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BACKGROUND OF THE | NVENTI ON Field of the Invention This inventi P8 EQ:EJ abes
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head usedTIPIB ©FOTHENN FBHON epr oduci ng an information recording
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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
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t he objective lens onto shorten the |ight em ssion wavel ength of the [|ight
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a so-call r%%n% zgcitgghg g&(?lg alens 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 sr;)urce. 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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for the Digital Versatile D sc (DVD), nunerical aperture NA of the
objective lens and the light em ssion wavel ength of the Iight source are
0.6 and 650 nm respectively. Wth this DVD, the recording d‘ier@s'st 2@

i nproved over that with the CDto render it possible to record prct 3
signals. The objective |ens, used for recording and/ or reproducing the
information for the routine.CD or DVD, is, preval entI%/ a shn&l €ical head
non- sphahé tight $ense ard A48 ahd IBOgINaS sspesHVplvagthessas, ¥hi OLphgt 8P4
non-spherical lens, carried by a | ens hol der, nmakes up an pb]ec[ive | ens
devi ce, fpthd Didinavegsaie Disc (PViahuinesidal Fwrtugs dhloé the pljesiing sl
spherical lens 1s bonded to and nounted on a reference surface of t'hé | ens
hol der . ; ; VNGt g soufed 8016 skh660aah, tespsctively.
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the obj.ective |l ens and the wave| ength of the l[ight radiated frompicture

si gnal s pessthie ép 1840a RICyIC SBBBISAm are required. It is however inpossible
to produce the single non-spherical lens with the nuneri cal.%ﬁertture NA not
smal | er t han DhaBbjretizedenofusei foi wprding and/HeRFOHENE HE MRS n
controlling the eccentricity at the tine of lens nmolding. That is, in

machi ni ngeaoiBhalChlioe HVD, ipehvaintlye singly romophepedeaamoldstsirgm glashe
nunerical aperture NA not less than 0.75 the tilt angle of the |lens
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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



along the optical axis fromthe apex of the lens surface to the outer rim
of the lens) is increased to- render netal die machining difficult. For
this reason, it is retained to be difficult to constitute an pifj ¢ Fpimg
lens with a nunerical aperture NA not less than 0.75 as a single [ens.
Recently, as a technique of realizing an -objective lens with the nunerical
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be used. Wth this double set objective lens, the objective lens is
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|l ens. This renders it possible to |ncrease t I'us o

non- spherg; S rfa ma e obj ectlve lens. with
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obj ecti vell enﬁlg W fh ge nuneri cal -apert ure NA an extrenely high
preci si o 9% dm“rCéha?alé o8 theppes olthedans podra t@riha@mufrmm ofttbe lens) is
assenbling the plural lenses into one set- For exanple, mcron order
accur acy Ipgreay ireadenietalie crmhiningidiffiarnt Rpahisngadmt, iesnetdiged anses,
whilst the mnute order accuracy is required of the lens tilt. By making
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assenble the lens to nmeet this precision requirement. However,

three- di gepRsigA8lleROsi tion adjustment is in need of an expensi ve j | g and
an advanced position adjustnent technique and hence does not lend itself to
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to high %em sj on
ith 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



The reference portion formed in the lens holder is set to a shape capabl e
of positioning the respective lenses as to the lens offset, tilt and the

| ens-to-1ens separation. The lens offset, tilt and separatiﬁ%tgrﬁ ferred
to below as three elenents. By formng the reference portio E igﬁ3
precision with respect to these three elenents, the objective |lens can be
assenbled to high precision without requiring the position adjustnent of

t he respeotductidngn®esss. Thai is, the objective |lens can be assenbled to

hi gh precision solely by sufficiently optim zing the shape designi ng of

the | ens hol deys mdfi ﬁﬁlﬁ@@@n@fgﬁﬂqé I%H§e§k%'£§%m§§e Nehelpddigte ?@'@Eg@vthe

i ncl usive of the presu acturing metho Figs.15 an

structur jective.lens devic 01 havi a fir llens 202 and a
second | S5 RS Grhsska 2R EPsEue Fdwt DY aBe hhbles i B Re  ens
hol der 204..The first lens 202 js a lens into which falls the |aser |ight

r adi at ed PPFUAR 82Yingrh refersnee surfase fehmmwntipgdhe lenges tagrgon s haen femnad d
portion facing the second lens 203, referred to below as the radiating
surf ace, ¢ Bighopigssiers a non-spherical |ens surface 202a, on an outer rim
of which is forned a planar portion perpendicular to the optical 1 8 SEP

2003 axis. OnThhaecfdrbece paition fdeneadid aeelds hblideh i sdtlts 4 fgagd giplableadt at ed
fromthe |light source, and which is the opposite surface of the first |ens
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the outer rimof the lens surface 202b 1s fornmed a planar portion
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disc. 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



The surface of the second |l ens 203 facing the disc, not shown, referred to
below as the facing surface, is formed to a planar shape, whilst the md
portion of the surface facing the first lens 202 as the opposite surf&t‘ae,
referred to below as the incident surface, is fornmed as a non1s&3tﬁrﬂa

| ens surface 203b. On the outer rimof the lens surface 203b is forned a
pl anar section perpendicular to the optical axis. The side of the objective
| ens deviaxis. 201 the odrdierfdglths sttfecd ighvhicladil gt Fglimadidied fightthe bighte i s
termed an object. point side, whilst the side of the objective |lens device

201 1yi ngo@lceNand RenidhSig tAE fdppoRle Qliffaed o®he 8t Iéns 202 hak 4 MRd PoigHn an
image point 1s forned by the objective | ens device 201 by the |ight
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the firs sec non-spherica nsS surraces are
formed on fhe object side, The lens hplder, 204 s far substantially.to a
t or oi dal lssf%@d HRiaRE Rastien p%@?@%ﬁaﬁéltoéhameak-%sgﬁﬁ@cﬁ%oa'&-wnvenﬁr med
a first nounting portion 204a carrying the first |lens 202, whereas, on the
i nner pepppbsiteyswfiacenis riefierged pobelowsagidie inpisteat serfaer.ned 5 1 8 SFP 2003 a
second nmounting portion 204b carrying the second | ens 203. The first

mount i ng port ifhe s20did lensf20Nied 1siiept the slouble mebjuctite tds sehwaichropposes t he
i mge point side aperture, and is formed as one froma first axial

reference ; gifa tiﬁ:gldfai]scf QB Jegﬁse@haﬁge 8P EAAiNObM mgRetRBE AR
e

cylindrically=-shape radi al ref nce surface 204a2 having the opti cal

axis as i n nt.i t] 4h i - Se
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axi al reference _surface 204bl fornmed facjn he .qQbj ect int side.and from
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axis as axis. This lens holder 204 is prepared e.P., L .

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



by nol ding fromsynthetic resin. In the above-described | ens hol den 204,
the first axial reference surface 204al of the first nounting portion 204a
and the second axial reference surface 204bl of the second m)hlggiﬂ;%z 3
portion 204b serve as a reference surface determ ning the separati- gq ong
the optical axis of the first and second | enses 202, 203. On the other
hand, the first axial. reference surface 204al and the second -axi al

r ef er encé ¥gphd geouRuih portis204 acirrpimgdhe st evrehbbms08f ace for control ling
the tilt of the first and second | enses 202, 203. It nay be said that the

orientation oflhehirstinsinting pbrtionf Z04ans €oaned sep-Rtalt ardvithdlie ik, the
second axial reference surface 204bl are at 180 along the optical axis. The

radial T offanenips PdiAc sideOfRguel, AiPid fdrded RUBhL RO Y it i A3ea0g L he

radi al reference surface 204b2 of the second nounting portion 4&t as
a refere raq.ni t he. ROSI:t | e first .and . second

| enses 2 g?faig?' Ofé?ggfggl?‘%g fg]c{}lgonﬁlglfg)ﬁ%di&bgg%sg%% ht%t%alcéﬁls“.dnﬁqni(ﬁﬁép%ns
hol der 204,. the first | ens 202 is pounted by its outer rim202c on the
first mdﬂﬁﬁaﬁ&%ﬁ&ﬂﬁﬁ&ﬁr@@aéﬁﬁéagg&% RS 358 FEXFDunt ed by its outer
rim203c on the second nounting portion 204b. This |ens holder 204 is
produced by dilderscandgowdingpemipne04btis farmegeasodrastop-odise on e mnearen di e
shown in Fig.17, referred to below as a first nmetal die, and a female nold

302, ref @ftkdaporibrel awiesinmagepaint sidetfabmdi seconblenxitlne fetiease stiface 3 Ar €
assenbl ed as shown in Fig. 17, a nolding material 204a for producing the

l'ens holfdene@@4cihg thdabpRd poftitGide SAY Floyn Ay IRRRichg-shaped rdBhRefdefc301

and the second netal die 302 to nold the | ens holder 204. In this. netal

die for mRAYEaobUbLMvIdEHEOR NP IR as 108, iiSTentBiRie D H é%e{afrcd 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-t.ap'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



provided with a nolding portion 301a for formng the first mounting portion
204a, referred to below as the first nounting portion nDIding portion
301a, whilst the second netal die 302 is provided with a nD portion
302a for form ng the second nounting portion 204b, referred OS%PIHWBas

t he- second -nmounting portion nolding portion 302a. The frrst netal die
301 is npgEuyBf ofic RpRase 301b and a projection 301c provided on this base
301b, and is generally formed to substantially a convexed shape, as shown
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of the rrgﬁ hsiurface 301b1 IZlB a 7 directjon to wards the second netal die
302. Thi MG BIGWhInERRIHER 20A8. dhesaernddeas 203ismepmtedby Ha onfer simp2Qic

towards the imge cg@r nt of the double objective Iens set 201 and is
r ef er r edondheeeenn Ounbngrmghorpa%b side direction. The vicinity of the
outer rim of the major surface 301bl of the base 301b is an abut nent

surface 301b2Thimrpnedsilaer agai istpraduedltiiendie sHidiaie. 3020 2kaniplé het second
nmetal die 302. The projection 301c is formed with steps 301d, 3(5J 301f
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facing the im poi nt side of the outer rimof the step 301d and an outer
ri m surf Bekleg@f: zs&ﬂlargerdengo apcasitydbetWresngbedinst metal diti s0Ba@nditbe wadend up
of a base 302b and a projection 302c set
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 be}ew 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 portien 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



upright at a mid port-ion. on the major surface 302bll. The base 302b is
made up of a substantially flat-plate shaped bottom 302bl and 3 glglge‘\/a?II
section 302b2 set upright on the outer rimof the mgjor surfac 0 i3
direction of the first netal die 301, that is in a direction towards the
obj ect point side of the double objective Iens set 201, referred to bel ow

as an ohjiecdtiopQbMardd GR GchBE @4l dik BORh IS aprRetioR t @lvatliseh8Becoridimetal
sidewal | section 302b2 is a portion lying on the outer rimof the
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301b2 of the. fir tal die 301. The.mjor surface .302cl th .
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the first nmetal die 301. The netal dies 301, 302, thus configured, ar
assenbl ef 4k gRalM surimey 30ibl ahdhe HeassoPBLhgiSnak efhuimenh ss %CccﬁQﬂBgd as
shown in Fig. 18 to nold the |l ens holder 204 by die nolding. Wth the

met al di @snPRisingQgainshun sbasaeil adfice &2l oftthe spodntd nptatedie308l  204a is
charged to produce the | ens hol der 204 whereby the | ens hol der 204 is

formed as onehdvpidjeb@bRIIMICEisSiHhaaasith MtepOS01E0BONg SOES ndrislebe2bie 203,
so that these |l ensés nay be assenbled to a doubl e objective | ens set
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in the e- nent’ one ree elenents, is the of tilt and the
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manufacturing method, the:first _nounting portion 2f0%a or I%)si ti ocpi g% t he
first |hedeal end elthemyoisrtionslicssrvesat he giface 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



301, whilst the second nounting portion 204b for positioning the second
lens 203 is fornmed by the second netal die 302, so that, if t?a nmol di n
material 204a is charged in a state in which the second netal’ SFB02003s
not properly positioned with respect to the first netal die 301, there is

pr oduced in.th e-nentioned thr el enents. For _ex l.e, i.f the
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second net I](gi 02 is positioned with an offset fromthe pre-set
position,m “in Fig.20, there is directly produced an offset as to
the offset, tilt or the separation between the first |lens 202 and the
second | ens 2@Beargjenbidacd B02dleohthl pedjertns 30Roliden abdhenSpechts aphingt
shoul d -t he second netal die 302 be offset relative to the first netal die
301, as tieommjormsubfage ZD1£1 bt fisstpradugieB@N of fset in eccentricity X due
to the offset of a center axis 02 of the second netal die. 302 with

respect to thgheqntn @ 01 0% éféltlﬁé(ﬂgoﬂ;f;glﬁsgg?&gglssgitn@l%ﬁés s ﬁggﬁéﬂ%f
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second. ?Séﬁl afﬁiﬁe ?132 -fromthe first netal die 301. These offsets
represenfrany RCINgf devi ati on between the first nolding portion 301a
on the first pmetal die 301 for - nolding the first nmounting portion 204a
and the seconWitibihft mgialaties 3013802 thns eseembleddngether ahedneld@fg raterial

nol ding the second nounting portion 204b; If the first and second | enses

202, 203264zisahergddl teprodudcidiell emshdideoe0d 2dkre®} dedehnhslieh 28454 fégned hat
the second netal die 302 has such the offsets with respect to the first
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in eccentricity, -offset Y inti and the offset Zin e separation add

to the emhoheasSEmbd & 4 Qolib ﬂ@@t‘?veolfeng REt 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



metal dies 301, 302, that is to the netal die producing error. The netal

di e producing error of approximately 3 gmfor the eccentricity and
separation and that of approximately 0.02 for the tilt may be, .estinmated to
be 10 1 8 SEP 2003 produced, so that, if the first netal die BOLSFE Mifset
fromthe second netal die 302, there is produced an error between the

first andeseeonttiansenrA0 st il FUBAE rofOIH:SHR0NAL00, LR Lhg St al

di e producing error p e anounts o ation ween

301, 302.._Si.n e eccentricity and the. separatjon_.betwen the netal dies
are esti ﬁﬁ?égﬁt%oaﬁe cdp ﬂ@filﬁ&@ﬁk}ceﬁga’k Sﬁﬁg‘? & tfﬂfhg F’i’\t{\ﬁbf)f Hpseparataee| v
0.067" is estimated in die nolding, these offsets add up to each other so
that the Rstvesh thefirs lsna A07cand she secanl lensoddd asseralpled drithatedidedIenam
whilst the tilt is approximately 0.087. If, in the above-described | ens

hol der ndmifiercils.i ng net hod, in which the first nounting portion 204a
carrying the first lens 202 and the second nounting portion 204b carrying

the second | espeffafiyesiiAd Ueesk il RebtaRHAR ARG BT Rt rddhiees 1 i's
produced at t% tinme gfes assenbling the first and sec{)nd netoealpcgfrgetzﬁ%gl,

302, thigie b1 sal sid@nsh %g{%ﬁ%tf?&ggﬁst lzlgjdﬁ.uh,gd Qhf sielet iR etcggrftﬁ%ft ?@%g tggégéce

usable as a reference in u I rst and secon ens

Th ul teei hat th ti it : the first d d.
lonses oeareebobAeularkiolon Be Rerond BRintale SPRomtEnevedbis egtrtrmaise
posi tion. 1SU % OF THE INVENTION It is therefore an object.of the present
mvent | o6l thecistiedalding Oholrthe it (here st LTSGR AGISeE Aol der |

metal die for producing I ens holder and objective |ens device constructed
usi ng t heluedaghdmdimationnofihieaddenpdrwxid Olerfstds seaondenetal die 302 with respect

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
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secured to high precision w thout adjustnment, and in which relative |ens
positions can 11 8 SF) |11in"3 be positioned to high accuracy. In one

aspect, the present invention provides a | ens hol der carryi g%wﬂj‘@gtl ve
|l ens with a nunerical aperture not |ess than approximately O. 0 by a

plurality of [|enses arrayed on an optical axis of an optical head adapted

for recorgi / teproduci ng .i nf ornat i ignals for ap informtion
recor di g g dhedha, T i meten dlg 0T isiclFoef 1B e afComhemel FiR A up
an obj ecthve lens device. Aplurality of reference surfaces respectively
carry t hdg5) 18 ProdhRedanssraer bedwsen thefirg gndssrond densee 2985243 bnen amougt |
the optical axes and the tilt of the |enses. The object point side

r ef er enc&€osigspondisg te timt molal diveppdsiciigorsomplon thd Amooptsiof kv Axios Ragethe
tilt of the lenses. In this |lens holder, the reference surfaces are forned

by machi thegeftalaiies BO1SIOE- Hincethd BcentficitPahdehe 38PEGtion bBAV LG Hhetal
i nvention provides a nethodfor -manufacturing a lens holder carrying an

obj ecti vaijdene eWikhtdi W@g@kin@@é{/fe%ﬁnp%hﬂ%gﬁ? iiﬂ%aaﬁﬁg’g%ag?q@ggwg@' 75

formed by a plurality es arr of an a al

head ada -for .. [di and/ or roduci ng i nformatio ignals for an

i nf or mat ?%%ﬂ]r%%lg Pdﬁ??ge %@Eﬁ%&% %F%B%&é a%?éﬁ’rgﬂ ?agﬁli‘t?‘ﬂg&s? ﬂ]aéihq FiferbISng
nmeans, usiﬁq a_netal. die including at |least a fenale; die and a nmale diegg
obj ect p@Nfidhe seRprationagaowRIkP ApPIRKImatelyb] 2 enwhilshthedal iz eppraxinatalgnce
portion form ng portion constituting a plurality of reference portions for
obj ect p@iQﬁ7 side |l ens holder respectively carrying object point side
plural |enses are formed on one of object point side nmale die or the

femal e die. |if,iinilse atrrvst describied genseidIger manufdteuriss fdtRbdeh wHilRHfigt ence

portions of the

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



12 -1 8 . SEP 2003 lens holder are fornmed by the reference portion nolding
portion provided on the male die or the female die. In still another
aspect, the present invention provides a netal die for nanufacturing a

| ens hol der having at least a female die and a male die, V\Athaﬁt‘&ﬁﬁﬂé&ft‘?
poi nt side nmetal die being used for manufacturing a | ens hol der carrying an
obj ectiv | ens formed by a plurality of | enses arrayed on an optical axis
of an op?’iec?éﬂs‘tﬁ?é‘;fd todHghrequiasy. r ecor di ng and/ or reproduci ng i nfor mati on
signals for an information recording nmediumusing the laser light, with
the object polhPngpsredt.dhs psesenkinmvgntipngnovidbj eddnsumldananydyd eobjctive
reference portion nolding portion for formng a plurality of reference
portions : r j . j j e Qi nt..si de
onses i o1 B fFineal A5 rpinof RSERE chBrba R b78 GMAESy R oEF o
di e for nigReAsaarayacthgnaan eptcaldxierof anheplicat deed cadgptad fenscofdinghandbens

hol der ar ; : or.tJ ol _di is - ovipded on the
ol 6 ol o IR iBtorh e SOREE 6P AAHId RGP 1ELREd Hodi Rt sl | o
provi des light.oihelbeinieal lensesduaekiog upfapr obiectivp ti¢rsatievinea dA ptlagpite of feference
recordin i L nE .14 Qy.Sii j Jmati

Fecor di ne ARG fosh Ak fing BRI WSS Br bial P T hOS b o
meki ng uph@rrrieileptesvand testildel theelensee  diieechjegataint sidel cefotgnee tswiacésens

device IARUARE paBohl 864 e AR RISl ar b kel ons. and a second

| ens, and a | ens holder supporting o poi nt” side objective lens. At
| east one surface of the first and second |enses having a md portion
formed as a lens surface, with the vicinity of the outer rim13 1 8 SFP
2003

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



of object point side at |east one surface proving a planar section

perpendi cular to the optical axis. The object point side | ens holder has a
first reference surface and a second reference surface for hﬂuSEmeggbject
point side first and second |l enses, respectively, for controlling the tilt
and the positions along the optical axes of the |enses. The object point

si de refﬁrgﬁc&k surqf acea ar§ or{ent ed in one direction al og% the optical
axis. A prandichaiticsmedibydhe detergrnciordpaanglding potios nrevidsdmnthamale t he
first reference surface to support object point side first lens, with a
pl anar p Ptqrdaegefm@,lgjcg@{ poi nt side second | ens being co-planar as the
second reference -surface to support object point side. second lens. Wth

the lens hol der sl amathpr espett,i theeprdsent inneMtibghpiedes ar endior gy ﬁjrural
reference surfaces for nmounting plural lenses for controlling the tilt and

the posimbenfctudingident 8o had| et Sasf f&ﬁﬁl@e%? Qhd E%AE BROGAH 18 d 2@&68

are provided in one direction along the optical axis direétion, t
ref er encistdifage b chi ni fr he_same direction. By
hi o ot ol doyerat 6 pBhe e Mo R ThRA, 1oh B st 03 GaoBlronin
preci si ip. an justpent.-fr fashi on to enabl e high-precision
posi ti 02?%‘49?%&@& a Pﬁgail&ﬁgﬁw‘\;ﬁé JEmesson @R eplécal ds Rbpaerptical head
manuf act urin PEt hod according to the present invention, in which there
are usedIARICS 1ofj Bsopdineyandfoa reprastusings informatinn nviguials fopamt informetiphed
for formng plural reference portions of the lens holder, in one of the
mal e andef@igmedius usinghiedaset highp witlathd sbjs elspaneside ldiisesi makies ﬁ?fa%r ence
portions Qf t he lens holder 14 1 8 SEP 2093 can be fornmed by the reference
por ti on abativedepodivies. OrdrBekRE paRoR indlBmIBé AT fdiaiiRLE S SbBlity of
reference portions of the lens holder for respectively mounting object point side lenses
is formed on one of the female die 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 die.
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



Wth the |l ens hol der manufacturing nethod, plural |enses can be secured to
hi gh accuracy in an adjustnent-free fashion, so that positioning between
the |l enses can be realized to high precision. In the netalj ﬂig}:p%gg

manuf acturing the | ens holder according to the present invention, Inh which
there-- is provided a reference portion nolding portion for formng plural

ref er enceyrRMiddt @88, Qk lder, on.a male die or a fe e die of
which pl urap I nsegﬁ(grgﬁ%ﬁn g&%r%ﬁg Prf%‘(‘é‘ﬁe%eié’“aﬁF??‘%PWCW&UI%A@ the| der
can be f -t reference rtion ding paortion fornmed in the male
die or i%rptﬂﬁgl éﬁnlﬁﬁ%ioéJe%H%?t ga%tlﬁ%stQgPJ&Félan%f”ﬁaW@ff&B%ﬁwfgC@h@daIens
hol der, it is EengSi ble tog manufacture a |ens holder on which plural |enses
can be pSEFbHdaransensehach & siowntingrobjactagpintsidatlirst ead fsasbhdnenseish

that the positioning between the | enses can be achieved to high precision.

On the objsgselivelyl Emscatgrltingahe ttieapd esepositivmenilons thbadiidl hhes apaye-
mentioned | ens hol der, plural |enses, of the objective |lens constituting

t he obj ebdnses TH ARDIHESHE ' N ' i Si00:i n
adj ustnent-free e?iltsﬁﬁi olﬁ).l BRI E?I%E%&%?gtrf%té%h&%%fﬁéﬂwgr%ﬁbdnnﬁg{% tge

| ongi t udbpBAkalHQ@SSAS L - V1 1 th tructure of .an objective

| ens devi ge iln @mﬁcﬁ&?}\?\gagbf%%g f"\c;éﬁ?ﬁ’hg%st éstug(3 ilﬁetulﬁgf & By PR RS ‘JHSI

accor di ng.; f nbodi ment. (if .the, pgesent invention. 15 1 8 SEP 2003
o orefefbae sl P et oA B o e BlaRat apriinobelaest
second netal .cfi e used in producing the lens holder. Fig.3 is a

| ongi t udPREY! SE Secertlansging sovitl areraasiidieasecand feferemeoduciang to e plpons -

hol der into which is charged the material for nmolding the | ens hol der.
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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Fig-4 is a longitudinal cross-sectional showng a netal die for

manuf acturing the |ens holder in which the second netal die is offset from
the second netal die. Fig-5is a longitudinal cross-secti onal1 8’i§v ?pr@"{M ng
an objective |lens device having a |lens holder forned as the second al
nmold is offset fromthe first netal die. Fig.6 is a |ongitudinal

Cr 0ss- seein BOMrnydBYY Bleaafdiond ] neflon\dhel I g1 n
whi ch two sets of ﬁg(e obj ectri]v%@%gg’g&ggrgglﬁ%ﬁt?hb%mg%lggﬁs eoolqtﬁjllzerﬂg}ééc%@r di ng
to a secpé}galgrqqggi ment of the present invention.. Fig.7 is a |ongitudinal
cross-sectional view showi ng the state in which a holder for controlling

the position al.ong the tical axis and the tiJt of the second lens is
mount ed on thgvﬁ?léﬂg‘ InBs g@,deégxaw clemgdncdodon “ﬁ%ﬁ?‘.lsqﬁic@.“@eis§c‘§cﬁI‘%HI&I? ew
showi ng the structure of the holder. Fig.9 is a |ongitudinal

Cr 0Ss- seREquoHA! lﬂ/@@ﬁﬂBlﬁUWMgfrWléaSém(m,éOilhathSGhOmrljgigh}tW@cn tleolenset ¢annlee t he
position along the optical axis and the tilt of the second |lens is nounted
on t he | pndizhdltdbiglapradidosecond enbodi nent. Fig.10 is a | ongitudinal
cross-sectional view show ng the state in which a netal die for

manuf act uri nglf e hRRgl del e rmandabheiny! MeClehd M ENaddrRid ftgtﬂ?;aﬁﬁcrsieﬁ{ i's
charged into the netal die for manufacturing the |l ens holder, wth the

e 1 or PUEPHLAARA k1 RS BHBFpcRa Lol ol R PoRREPIY BBbhg 0,

ber rati DT ARG ppriSHs. AL bedent BeldbT7on & B3 B oCR iRy oL er se
aberration of the double lens set. Fig.13 is a schematic view showi ng an
opti cal #f 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-14 is a bl ock diagram showi ng a recordi ng and/ or reproduci ng appar at us.
Fig.15 is a longitudinal cross-sectional view showi ng the structure of an
obj ective lens device holding the double objective lens set b8 &Ep 2003
conventional lens holder. Fig-16 is a |ongitudinal cross-sectional view
showi ng the.structure of an ‘objective lens device in which two sets of the
obj ective | eddgg iarelohgitddimal chess-szotiveditviewashdveing shoiletirdie Bind.al®dosda

| ongi tudi nal cross-sectional view showing a netal nold. for -manufacturing

the | ensnéial drrudedvingoltinéint 188 terfsGeAner net al  dies used- for manufacturing
t he conventional |ens holder. Fig-18 is a |longitudinal cross-sectional view

ol i ng tho Comoentl ol RS srg oA Ho bR et PPl Elithe 1S

mol di ng the conventi o an vi

first t di e of .t.he tal ,die for.mlding,the onventi onal | ens hol der.
H o 20" Toierinf Svebs Tttt S rbing b SR whi ch < ne
second 17 1 8 _SEP 2003 netal die is offset fromthe first nmetal die..
Fig.21 is a W&dit alngiiuding ssossesectionalishowdng amstpldje forananyfaetuging & t he
doubl e objective I ens set having the conventional |ens hol der produced as
t he secdens heldat in wihich theofecsnt metehdiehe offiset frometls satioad DESCREPTI ON OF
THE PREFERRED EMBODI MENTS Referring to the draw ngs, preferred enbodi nents

of accordi ngRig.5tiber pngs@dinal ickyRMecabnl 4iewbehexilpaamedjdotivdaeas devide
first enmbodinment is directed to a |l ens holder carrying a double objective

I ens sethayafh lefls HBRRT 5 AHe RO LGRS RAUA RO 88 ffset 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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information on or froman information recording nmedium The information
recording nediumis a replay-only optical disc, a phase-chana'e optic h

di sc, a magneto-optical disc or an optical card. In the follo 'ngEFB 3
information. recording nediumis sinply referred to as a disc. On a |lens
hol der 4, § i 2. | en maki n up a
doubl ¢ | et AP ARaf b se8nd ilta iR (REERNG hETer hRBEL B BTSSR e
| ens hol gk fmerﬂre arranged on the optical axis to constitute an objective
| ens. The op?lca " system constituted by the lenses 2, 3, represents a
so-called i nf'.niat e. systemin which an aobject point, is |located at, an
infinite far fif& ]tlsc%grapﬁé%ﬂﬂgéhPéHbe@@ﬂ abgsragionn gsignett abpeationendA not
| ess than 0.75. The configuration conprised of the lens holder 4 and the

| enses Aistwraenehpiraidon of the Heubledsnhsdtder 4 is referred to bel ow as an
objective lens device 1. The first lens 2 is a lens on which falls the

laser |ight rRigilid fmpmshokiighthd Bas@rSERLEPN%N §PerC@ouH?9tlFTr§r§%Ym' Amd

portion of the surface of the first lens 2 facing the second ens 3,

referred to labong A% deniAR ALL/G ShLAECpd G hRLFR] as a non-spher| cal

|l ens surface Za. An outer edge ns surface 2a is formed with a

pl anar porti i.gul.ar_to the. optical ,axis., The opposite side
surface of t?}ii;}gfllﬂfié?i e[ﬂgﬁg dlé?grgﬁl Shgw ‘f5‘?q0§d’tnlgearfq/§ﬁEBWEB?‘QP%&PP?WW-he

i ght source,..referred to, bel.ow as the incident surface, has its md
portion for ma%ggée 5 Aoingiirdmad ropanectional aviewo showing ihe wtrmctyre nef ginde of
the lens _surface 2b is fornmed a planar section perpendicular to the optical
axis. TRPIRLEEnsnsdleyi helding ¢he donblenebiebiivctlens stteby adenriveatibnibbénzg t he
disc. The surface 3a of this second lens 3, facing the disc, not shown, is
pl anar, hafhdére t he opposite surface of-the second lens 3, facing the first
|l ens 2, has a md portion forned.

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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as a non-spherical lens surface 3b, and the outer edge of the lens surface
3b is formed wth a planar portion 3d perpendicular to the optical axis.
The surface 3a is referred to below as the' facing surface vvhilﬁ t he
opposite surface is referred to bel ow as the incident surlfBc®P 20his
second lens 3 has an outside dianeter d2 smaller than the outside dianeter
dl of theefal ksd is efifiset Zrdmlthe i@ mefandidre fol | ow ng expl anation, the side of
the objective I ens device 1 on- which falls the outgoing light fromthe

| i ght source Fig. :herobi _POk: I,; . i f | gctive
| ens device 1 a%lﬁﬁgﬁ?) 1“5%1@%{&? Sat i]s%tné1 ﬁ‘ggglisg{g)ngg?lﬁ%ao Jg%qﬁ}@@ﬁéﬁéfe

devi ce I; j i e.is forned by.the light radigted fromthe |ight
sour ce, ]Ol QQC{Wrfr%r%é§§lnh¥'aﬁg§éh%8PﬂY&%W¥é?rgﬁé?ldg{)?? "r?@gfaisrtg? SeeRPSEEHd

| enses 2,. 3 a&e f rms‘g] on 19 1 8 S EP 2003 the object point sides thereof
with norfi€ Fhetretiromdhe tast mstaddieThe first and second | enses 2, 3 may both
be the sane as the first and second |enses 2, 3 explained in connection
with t hdPESCRIEIION OFRRE PRERERREENEMBOIEMENTES cordi ng to the present
invention may -be forned by unified lenses 2, 3 to constitute the objective
| ens devi ce Refetrinpio thrachiwing, phelrehsmboapBentthe la@86rdigg @etherbSent
toroidally shaped and is formed with a nounting portion 4a for the first

lens 2 dnderdtisDwill bBexPREAdOM diail OFhd Afst SRARIEMERNS Ardited tb%riﬁﬂe?abme%i des
h y. e lens

facing the object and on the inage point side, respective _ _

"G rect RabSiA SRl I RE Rt th RS el ifiei dfg (ne

cur 1 aced AT Shiofnaier reci i mAdi Mol I lpEReal aRIGnE

direction. The lenses 2, 3 are mpunted on the reference surfaces for the

opt i cal "&S3 YIS REapldronly optieal disgs arpltass whapge optinal dist.emagneto-optieald of

2 -disc or an optical card. -In the following, the informa{ibn.rccording medium is 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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t her rohardening resin material. The nounting 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 side aperture, qn@-ﬁ}p mﬁj med
with a reference surface for the optical axis direction 4al facing the
obj ect angoyck Sk dai -sha referen sprface r .t he radial
direction 4a2 ’E%(\?}i ng tmherIg]?t? @é{tﬁ%}x&gﬂggul gggiﬁ%e. Hﬁ&rll C?Se{zg?%ﬂgzh%m
ly smaller than the

for the ragi ' ion, 4a2 is of ..-a dianeter, sligh t

out i de. ol anap SePrE8Hs BRI Es the it B85 in Teieib o maresphsuieel hens
portion 4a ffor hge first lens 2, referred to below as the first nounting
portion, TEIHG rdd OR QHer 68geef thoilens sirfaceota as peropet witina 4daexst pordiong
from the inner_peripheral surface of the object point side aperture al ong
the radi uBtFnékslardeciadptans a3is. afitle ioppbsitersitienurface 6£0RNEr 9E4 8NGY
surface for the optical axis direction 4bl facing the object and wth a
cyl i ndri cahigh Ghiapke liphf erdined footnftas BphEouidaerdreteako @eiﬁk? L5 %fe ﬁf&d&%‘“ ng
the optical axis as its axis. The reference surface for the radi a

di rect i onsudtie] Bagits Ridh MBI Fo sk abt h}ﬁnfsgg%}igﬁl IEH?‘E‘U&Q(%, %tl);.téhgfel é}?}i{]%g%'ler

d2 of the second l'ens 3. In the [ens ho arrange

above, t [ rface.for the optical gxis directiqgn 4al of
Che T st o b e tc SHERGC S GRRS) h dlana S P Emsndie Tatirhe epPiorlacdhe
optical axis direction 4bl of the second nmounting portion 4b. are oriented
towards the object point side and act as reference surfaces in determning
t he- separati between the first and second | enses 2,3 along the optical
axis directi ogx%eﬁfé“fjil?’%% 3rispdemnineths wbfentveflons theicspit facing thiel disell et i on
4al and the second reference surface for the optical axis direction 4bl

al so act s#sfacefir ehctis seéambledsad, faeitg did didg, 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 321‘ 1s 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-diameter-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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the tilt of the lenses 2, 3. The directions of the first reference surface
for the optical axis direction 4al and the second reference Z,Ju f§§e iaog
the optical axis direction 4bl along the optical axis are th a i 440
contradi stinction fromthe aforenentioned | ens holder 204 in which these
directions are 180 different fromeach other. On the other hand, the

ref er encehesabjeaqminosideneherésh @lthdioresglic@ital fehs afrfddes, first nounting
portion 4a and the reference surface for the radial direction 4b2 of the

second nount i e Ziksilarf %naqgl%eﬁz €] ﬁﬂy%tﬁq}e He sraﬁ{eeésem@qar%um@g&%nd

determ ning the radial positions first and second enses 2, 3. The

por &1 o TBCEY At fbleTRe P bonfecutsl AR, AEITAER 4L 2R ne 8%5‘)’#%%' {ng

portion 4b are fogrred on the inner per| pheral si dgﬁgf the Iens hol der 4
for faci AFoSUEPdBe Prgvant inventigianan be ermaeg Byunilipd denses énd tpspptituie
configured as expl ai ned above, the first lens 2 has its outer rim2c
mount ed MQM@thﬁqmsmumellnglll}mm nochdeing The lewcedragel ens 3 has its outer
rim 3c nounted on the second nounting portion 4b. The first and second

| enses 2, .3 alke faisiicldeod i ttﬁroidim?fmi padrandl Ryfopmedswith iathobugtite partsen t he
di ameter of the reference surface for the radial. direction 4a2 of the

flrst oD ENGCRRt 1Ay FanddARicihiRg SortToHY Aok HRIdccoRd 10k 3108 thelifthed ens
21is sllghtly smal l er than the outSi‘de diameter dl of the first lens 2,

N T T T e
out | de” STBL o6 o e second. | e 3 afd Lhe | ens. Patdep o aqfoRged o
press-fi ct;(gritroqhglgethlc ?J%Séﬁ?onzs SHdO?het B(Iats 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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| ens hol der 4, the lenses 2, 3 may be designed as | enses which take into
account the deformation caused by the press fitting. After p&g@é@tﬁl ng
the lenses 2, 3 to the lens holder 4, the |enses 2,3 may bé tr éerto t he
| ens hol der 4 using, for exanple, a U/ Ilight curable resin. 22 1 8 SEP
2003 The manufacturing nmethod for the Iens holder 4 is no%ég?plaiﬂe%‘ The
lens hol der 4hesmenntingqrartied 4ssfargths fiest ders &, saferred & Y4123 dne Y shown
in Fig.2, and a fenale nold 52 (second netal die). Wen the dies 51, 52
are assembpbudimspationnisiformé&d gn 8he abjerol phingsidavér padjectine Adwshtandéng figm esi n
material) 4a for producing the lens holder 4 is charged into a cavity

bet ween tieidder Heriphkal] sdifac®bfaps ob t?@ﬁﬁ@dﬂﬁp@:ﬂurdﬂilené%é padins df the

| ens hol der 4. The first nmetal die 51 of the metal nold used for producing

the lens sQ@ArﬂFfer}% %,Sand)ri%)IY%%? wg{ma%e%h&“rgﬁz&&%é k@2 EOfor ilfc%{%\%atl Neis

entire | ens nmounting por I's, a nolding portion (first nounting

portion | dj.ng .partion) . 51i .for forpging the, fiest . nount] orti and
a nol di n?‘ﬁ&b?ﬁé&ﬁ(@& ‘é‘er?d’é?é%i%& ‘ﬁmﬂtai %ﬂ‘ﬂ%f%ﬁ%@%@rﬁﬁir%%?g'?q?ﬁ“ffao%re%‘
formng the first. nmounting portion 4a are provided og, the- first n%;al
die 51. theradipkdicgiion 467 brwingitbe spdeal iSRS ASHRE 16 aHdeRFY S EfaSE BN
51c provided on this base 51b, and is substantially convex-shaped in its
entir et y theTredidladiecSidn 452 sublka dismetet slightlasphHanthap) the ousuds daeter da.
The base 51b has a. projection 51c at a md portion of the mpjor surface
51bl |yi g thesécaidleatizpn-of the second netal die 52, that is in a
direction towards the inmage of the objective lens device 1; referred to

bel ow as the :JH?H@] ih%ﬁ?c?@ﬁrﬁhé@@ﬁi EXplaitled Aotk the YirS refdin@kifacerform of

the major surface 51bl of the baSe 51b ‘'serves as an abutnent surface 51b2

COmpress itﬁ'@og‘g&i] rB(tls SRR BN e ¥ {aS Suét%?glp&ttic}rpfa SREARLe BB Alerichice?-

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
élong the optical axis are the same in contradistinction from the aforementioned lens

. bolder 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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The projection 51c is made up of steps 51d, 5l1le, 51f and 51g progressively
decreasing in dianeter towards the image point side. In the projection 51c,
the major 23 1 8 SEP 2003 surface 52gl. of the step 51g at tHeB8d$ER A00end
serves as the abutnment surface against the major surface 52bl of the
second netal die 52, as wll be explained subsequently. In this first netal
die 51, tHhaidd upt i j i ng: i.om: D1 4 of

Sur face Bigi "} agscn ot el hos et OEl SrPpBthL ralel posiBaSRE The thstins: ep
51d andsg&meﬁgespfré pheral surface 51d2 of the step 51d, whilst the
second nmounti ng porition nolding portion 51j is made up of a surface 51f1
facing the i”ﬁ‘%ﬁfﬁrm nt side of the outer periphery of the step 51f and an
outer periphe gt Mmuetingr porgiontfeissafdarees fiametes thast redsavendimaliing i s
made up of a bottom 52b, substantially in the form of a planar plate, and
a si dewaPPriwrébohabize thd fiistgn@mtidppartioardapend thkecabnd widanmeofortivhetb
bottom 52b .and which is -set upright on the outer rimof the-mjor surface
52b1~ iardfmnﬁidr@ctﬂdﬁlﬂnbﬂpm%mal bidefofripé lemthal deti £ 18rlfakfn PO 4188 §fiat t hat
isinthe direction towards the object point side of the objective l'ens
devi ce lis tbwﬁag%ggeggl ow as the object point side direction. The second
netal die 52 in its entirety is of a substantially recessed:

AP SRS T C R R et TR s R
51g of the ?tfeTﬁ Srég of h?rgi[fi rst .metal die 51. The sidewall section 52c is
a porti of"bf< AHAILEL gRd fétImHPBUBQPPVi‘q{’g‘?a-oﬂﬁhf{ sreomgilens dihwsafs quier rim -
projection 51c of the first netal die 51, with an end face 52cl being an
abut ment 3¢ Bquded earibe ssedmdmeyaitingtpartien dbut ment  surface 51b2 of the first

metal die 51. . -
The first and second lenses 2, 3 are mounted on the lens holder 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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24 1 8 SEP 2003 Wth the netal nolds 51,52 assenbl ed together as shown in
Fig.2, the nolding material 4a is charged into a gap of the netal nolds
51, 52, as shown in Fig3, to produce the lens holder 4 by dia gofEp 7803 The
first nounting portion 4a is fornmed by the first nmounting portion nolding
portion 51i formed on the first netal die 51, whilst the second nounting
portion 4b i sTh¢ enamdatiyringemstmadntbrtbedensiolder #iismawlkesphingbrilicolesl] .
Specifically, the lens holder 4 is nolded fromthe first netal die 51 and
t he secomaidery ais idheufaiurediubini 4 hrale Hio 51 (fiBtRidANdRYEh6RR ifFigNdahla
second nmounting portion 4b are forned by one of the dies, that is by the

o ; 1 e _ .
irst nmefedlaldinfolal2 (%Egé&ijnflﬁl r?géfn‘t\}h\én th@%fése‘fp@i z{SFiﬁggéergbl%d%% shQ%L tes

only as a .netal die'f no he outer [ateral of the I'ens hol der

4. 1t i t hat.,, i.n.th nuf act uri ng process of the |ens., hol der
4. the. FECheBBHIRE A Rt dBer G AREMAR SRR PEP R frdsa Y Sradib e
first and aecgnd enses 52, 53 as to eccentricity, tilt and separation to
mol d t heh9lapsd iprhrniged Inigaeavify Beiween; the first metalidie St ad thasesandbmetaet al
die 52 is offset with respect to the first netal die 51, as shown in

Fi g. 4. SpedZtocapldtheslenahdldend.second netal die 52 be offset relative to
the first metal die 51, as shown in Fig.4, there is produced an offset in

eccentri city FhafiestnoethhéieF1f sfathie nodtabmoddtissd foxipsodicial thdns detdyd 4Bt al
die 52 with respect to the center axis Objective |lens device 1 of the

first mejrabidbdevifa I@Idtix!fgaﬂeﬁmﬁffo@%ﬂﬂﬁngn?é&n%%ﬂ@@gﬁgﬂ%gen?érf.#ﬁaﬁspf

tilt due to the inclinatioh of the center axis 02 o cond netal die
52 with

~tal di aeﬁﬁ@fé%p%rgiotgf g%fx%%ﬁﬁ?ﬁé'p%g@é grg(g]icﬁ/r?g {J&qison(jej\{lii t6r Ebr?rriné Qﬁe Hrgis t

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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Z due to separation of the second netal die 52 fromthe first nmetal die 51.
However, if the second netal die 52 is offset relative to the first netal
die 51, such that offsets X, 6 and Z are produced as to the {Hr &gpepfients
of the eccentricity, tilt and the separation, the first and second
mounting portion nolding portions 51i,51 ) are not affected by these

of f sets,,,sd fi4 Nnt.i i i I i ]

second REY Baeban b Stepor i RS L ERE s a O BB Plfap BT,
die 51., Thus, the fi nting Jporfiaqn and..f.he secon ntin

por t on e St Frckeaod A HE e TRe i 8% A7 R e A sTBS B eREly
affected by the position shift of the first and second netal dies 51, 52.
The above i s IMaisdiepl mat A lothe fiest mayntng pestion meldingportionsyliis made
enbodi ment,. the manufacturing nethod for the | ens holder 4, the netal die
f or manuwfpasftasirfaret el 1l faoimg tholinage poanididmobiicecténperiphngy diethestep Iheé | ens
hol der 4 of the second enbodi nent is hereinafter explained. The | ens

hol der  4nafart Betdri pegipHRriIodirrRat 514w be €ies seepPs Id, e hilontiddsekBnl heo@uigs i m
of a- counter- surface 3a of the second lenS 3 facing the optical disc. The

| ens ho'p%‘?lrioén\%’élﬁ}r@éﬁﬁ%@l'.i?ﬂﬁ%idﬁe&fasﬁ&%‘b&e Ph1ofaRELD tHeS G digkd the

second Fens arrangi ng any- portion of the cohstituting portion on

Subscquantry St G aebep, oLl PEhind SR PrhirarRpre Bl SpIRE i fe Pt

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

second ﬁaﬁses 2, 3. 26 18 SEP 2003 The first nounting portion 14a is

substantially of the sane profile as the above- nentioned |ens hol der 4.

That is, the Fherssicondunttahgiefs} tsimadddp of @ Hattome §2hssubstangjnallysin thaéomitt h

t he inner periphery of the aperture of the object point side, and is forned

as- 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 52¢1

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

metal die 51.
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Hy

one froma first reference surface along the optical axis 14dhﬁ SEBiﬂﬁgthe
object point side of the first lens 2, and a cylindrically-shaped
reference surface in the radial direction 4a2, having an optical axis as
the axis. On the other hand, the second nounting portion 14b is provided on

the image point side aperture, and includes cylindricall.y:shaped, ,.

ref erence sur V4B theymetad m‘é]diiséll,57%1?%@6%‘?16&@%3?6%5??{?% nt"ﬂf 1%‘81{?1&“]01&{]% as
the axis. The second nounting portion 14b is not provided with §:he

funct i on nedtedaingda ¢4 chargedhintpesiapi ohtlenmetall mojds $hedbpas thawaip £1g.3, to
direction-of the second lens 3.- -.Thus,-the lens holder 14: is in- need of

nmeans fOrpro&mttthellbﬁﬁﬁoldi&e4S§3p@i&dnbmrilﬁg.3 as to the position and tilt al ong
the optical axis direction Referring to Fig.7, means for controlling the

position al angegﬁripmduﬂ?ihg?gr{{jmﬁag is $dtendd by (1Y fithenSERRRIp deidR rﬁol'din%

expl ained. In the s ens 3 1s positioned along the optica

axis and as.to.the tilt of the secqn . i 8

subst ant iPé’F‘l“&“ ? {lh&rﬂeﬁ%‘l g"r?atgréﬁn%ﬁaﬁlﬁq %1lr5 ?%ngtrt%églc%&% ng%glﬁg%%gﬁ é‘ér %(%ﬂ
That is, there_  is provided the holder 70 ,as havin he Junct i on of

control | ifﬁgn?%yp@%ﬁ??%? ANGHBLREH BOTHRIE MK 1%&?%1118%(14 Yn He’lcﬁcaglﬁ” ?theeleé’écond
lens 3, simlarly to the projection 4d of the |ens holder 4. ‘zl'_hi g

hol der - 7Chailderat isangblt ddmomhdedisenetad ditn s 1 anddhosegpndomstad dig 824 Whilgddhsnd

|l ens 3 and, by an image point side reference surface 70a of the holder 70,

the pl an&irstﬁluﬁf]ﬁﬁ% polidh 88 add tiof seched seuatidg ipensoB4bade tormsdrity ong elitheace
1l4c fornmed on the ? 1 8 SEP 2003 inner peripheral surface of the |ens

hol der 145t owRsdS E?%@@i@pfne@ile‘dime Blassh dbifefentgache ebbmrd hetabdie 62 t he
direction of the optical axis position and the tilt of the second |ens 3.

ot e S LEARLACR A O CFRRAREB e bR OB = 1
position al NG %shl?ovg-%ts;sg%led%ﬁgt? in %dm%plgfgclhlnling Eré&%s SRRt s dék 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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Specifically, the holder 70 is nmounted on the | ens holder 14 by inserting

the . holder 70 into the inside through an opening of the Ienfrﬁgw Znﬁ
in which to nount the first lens 2, in such a state in which q and

second |l enses 2,3 are not nmounted on the I ens holder 14. The inner surface
of the lens holder 14 is formed with a nounting surface 1l4c facing the

obj ect DIt 1588aralits 1AL hipialRHDEO% N hDicst ABUTLOG1 Sur face 14c.

By mounting- the holder 70 on t ens nce surface 70a
of the holder 70 is projected in the radial direction of the | ens towards
t he opti cal axis into abutnment against the planar porti on 3d of the second

| ens to serl¥ éff] ferenc surface directed .to the inage point side.
That |s t he HOVEYH dhdiepecentomialedican &Srféfﬂeéﬁelahapdeﬁhqﬂrst\mﬁtmsdlet5.13

second Iens 3 is nmounted on the reference surface 70a of the second | ens
3. In nouehithy afifsets Koot Fenrs paodireetites théhstiiot dimdnts of e pdantricippy ti on
3d of the incident surface 3b of the second lens 3. is abutted against the

r ef er enadt sud fhecepZfaion] Miesfipwshl semd MounERg 96dléﬁml&n?§3dr{mh§5 11,51
controlled in the position along the optical axis and til Thus, in

real i ty,art het ATFESEHNS MRES bﬁ&t&ﬁé&%@qﬁs%oﬁmng?& iBRIAS; 4pét>ﬁlotn pame

direction 28 1 8 SEP°2003 as the first reference ace alo e op Y cal

axi s 14 f t| ortlon as funtl r.to the
second ra%‘ gi;lee%léctgmsdluﬁ’?)té'ge %gj r[]ﬁ% Odfjincgaﬁorélm S Qﬁnc? 0“353§16§r?r9%81 A¥ns
hol der ? m@ t he second ref ren&e surfac for the optical axis
directi pf%l DOURENE RATEPE fa pBgh § ?ﬁecerb@reewwa POHRN dheaty | t
of the second |l ens 3. The holder 70 can be configured so that an imaginary
sur f ace IPHBFdarmEPrEmchin thedanpbolder diwithaut freajpeficoteddypipompositiprt $teft @hs at
at least three positions proves the

the first and second metal dies 51, 52.

The above is the explanation on the lens holder 4. of 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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reference surface 70a. Specifically, the reference surface 70a of the

hol der 70 is configured as boss-like projections 70al, 70a2, 70a3 on its
i nner peripheral surface. This controls and sets the positi on1aﬂ GEP 2008
optical axis and tilt of the second lens 3 by the reference surface
conprised of the imaginary plane containing the projections 70al, 70a2,

. 70a3. The hclkiefirsT thomyingediisAuua ieditaidmial nofMhe BgmiehgoSECANHe 18BF 3
fromthe |ens hol der 14. Al ternatively, the holder 70 may remai n attached

to the | goatibRdRMsHbIded . THE 1§1@hé1ﬁfstmour$tu~?gig8ﬁﬁﬂq 10 E%%%H%H'atsﬁcg:i %ef rom

the | ens hol der 14, the second l'ens ecured to the lens

usi unt d. By
haV| ng t ﬂﬁpg pgrrf gqggg{lw%m% ({iﬁég e()é%tnbgd{iens iés‘l ens
hol der 14 b |ve | en icelin.its en can be reduced in
wei ght 1&e ffﬂﬁ%\%éé&fﬁ E15RF9 STATHOBE B EPUEH D L4 BhHF T HRGLGAS Borve
| ens devi ceﬂé.mTQfe Secong IE;Crlls 3531 @%ﬂal SO ]t;e pOS!qé[l oned using a cylindrical
jig 71 hede heIFY 1anyg 2 SERd 200181 cilip-shapr sefecviacespdrati ngthe tadishe
maj or surface of the holder 70 in place of the above-described hol der 70.
That i s,dirdwticnetaydaversaB optiyalbxipasiltd aded with respect to the direction
of the optical axis and tilt by attaching a subsequently cylindrically-

shaped jig 710naSe offhand, fHieke@ond Rdduriting poRidN DAY & p@v%&ﬂoﬁ&]mﬂ%&g the
function of controlling the position along the optical axis of the second

lens 3 aiin §dé‘ﬁgéﬂgf‘ed afdd mélpﬂesO? HhdRel _Sﬁr%% WL RLEESR éeﬁl h(% ]é%%slecond

|l ens 3. By the réferenice surface a as e poi nt SI

e o T 0l oA B e OSSR bl e
peri pher, glno?g;gv?g ed grfltht tli]]g fllll?gt?OIlhgil‘- goenrtro ?m%rtge g%gﬁlcfnl griscp UWII% rt]hee ggtri]cacl)ta?c?sr to
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—pletc-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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control the position along the optical axis and the tilt of the second | ens
3. That is, the position-along the optical axis and the-tilt.-of the
second lens are controlled-by converting the direction of th8 §EPeilhce
surface along the direction of the optical axis by 180. Specifically, in

| oading the jig 71 on the lens holder 14, the jig 71 is inserted into the

| nsi de_thimitgheaphensBifdce b W YefnbRcPPURbwERE: o' LR Fadll aldIui

| ens-hol der. 14, "as the first and seco enses are

the |l ens B -] 71 j.n.positian on the i.nner peripheral
surface of ﬂ%mﬁgthelllfebn%&ﬁg Iggérid&g& %{F% gfl}calﬁé?ﬁ B?\%I[}BP agﬁﬁﬁ%&@ ofthe secondns
hol der 14, S «f ith.a mounting surface 14c facing the object point

si de. The]ej!n?g '(;Q{L?gs’%%ggac\}\ﬂﬂ Ehﬁéeéé?r&eé?@%@ﬂ@%@lm}di@é azus iedeingkdce

of the. jiLg.41 n . abutnment against the nmounting surface 14c. By | oading the
jig 71 REHE 1

Aiertiomalone theorticabpaisto cantrohdepeisiianadeng thé apicad@xis B
SFp 711fli 7la of the jig 71 is protruded towards the optical axis side

al ong t heandtiedslt of thhrsedomddenndo abut ment agai nst the pl anar -portion 3d of
the second |l ens 3 whereby the reference surface 7la is constituted as a

reference surfSpeiflcalégthd Hodddr) isMaenRe o¥ (s #8:s hahat 111~°b|y ﬁ%égfnfg the
S

nmounting the first lens 2 on the | ens holder 14, the second l'ens
mount ed .OioldBE7 @iis theliskea ' r ef e, 71la pf .the jig 71
as a reference. In munti%gﬂ?%ﬂggggﬁ ngecﬁ{stﬁgq%}lss#ﬂggfg%smh%ﬁl&grto’ﬂéf“ﬁhe
pl anar p [ . of thct dent rf.ace 3b of e second lens 3 is,
Dbt ed ansims % By Al FRlen b b Snddegond [ibsPEfel amuotanemiee. 71
has a posjtioni tign simJlar to that_of the first reference surface
al ong t heé%%%pi%% gwrf%alijh?ﬁénére%‘&ﬁ%q ehiheslens belder i1dnisdfarmed withsa
controlled as.to ‘]t%t}e ?iition along the optical axis and tilt. Thus, in
Shthety

reality, TABPLRG tf3aps theebjeeipaintsidn. The Hodder T isdmouhted on tHife

sane direction:as-the first
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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reference surface along the optical axis 14al of the first mounting portion
14a, has the function simlar 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 pds€t$Eﬁ12mB
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

Poi Nt S Ofys {ICARE U RELIRNGLRE LISMALERDHCANEx311 421 dieRefirdiheenpugporions

proves the reference surfac a,” as I'n the case of the above-descri bed

hol d 7Q., .S ifically,.th f
o 0t s SRS ELAER g 6 R SRR B Shgt e bl B3 o

surface of the jig 71. By this, the second Jens -3 is 0osi ti one y. havi ng
The opt i 4l bt s e EAQRRIBeGs BRaedandIceR o PR T IHE OBl S
2003 reference surface nmade up of an inmagi nary gl ane including the

proj ect i ahigectidh tveltich vensetothe positsoBaliongbe ioptisakaxis andiibe el the sgepnd4
and securing the second lens 3 with respect to the hol der 14, using an
adhesi vejafd® jig 71 is dismounted fromthe lens holder 14. Since the jig
71 is not kept attached to the lens holder 14, in contradistinction from

the hol der 70.rydg, e} 9Blcalifoe Afhefilirbd So RAOHH iniggians stavee mdludingreah

reduced to raise performance e actuator driving the objective |ens
device 1. The reference surface supporli i RlexqhLbe
arr anged 2REX Hoﬁ‘?te‘é{‘glﬁimf’lmg %‘ﬁBngrf%chﬂlgn%gggtS%% %@éfgﬁss} ﬁgﬁgrer 4

descri bed above. In this case, ., the projection 4d in e l.ens hgl 4. _may
be desi griefererce merfage B npasienlbhtBe TeHIFRtC %@C%?Eﬁe‘%fe@f?g‘@ﬂg‘gﬁgm}ss a
nmetal die for producing the | ens hol der havi ng a first netal, IC1“ €. 61 and a
second neicalfigtired 62 busetiké projeationsaédail,i T2 823 endtnismge perrbefal syipey

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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above with reference to Fig.6. This first nmetal die 61 is substantially of
the sanme shape as .the first netal die 51, whilst the second netal die 62
is substantially of the same shape as the second netal die 428 SER 2003 st
netal 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 sub%ﬁgtfg&;e%ﬁla ica the shape of a flat plate. The base 61b is fornmed with
a projection B61EPCCORIPANGnlY bnihsrmeuies shEaee of the heldes 18 in pract lnd thase
61b. Thebvi cinity of the outer periphery of the major surface 61bl of the
base 61B°PECEFEbed hotdersi: {Thee is 1b2sgand lensSEPTAYMeqeonitiesal Wihasspagt an

abut ment surface 62cl of the second netal die 62 as |ater explained. The

proj ect f@mMedisestiorn of thedopiicaltapsafd dlt Bl ewadiih Qrgg{5§§§gﬁ{ﬁ) é’ylﬁﬁﬁiéaﬁ’f in
di aneter towards the image point. In the proj EC%I on 61C, the 'ngj or sdrface

61f 1 of shiped jig @p, &lhAs s balTien nespraj et 1c is. a surface
corrpressiﬂgi ajzgai nst the Iﬁgij]g;?gbsﬂrﬁégséqéﬁgge]o]’f irst sgﬁsa'gg{ér\{ %Caﬁ‘mﬁﬁ”éné. I'n
this figg I di : first mountin rtion form portion 61i
mount i nge e pE psin Gohk Ui BT 5ol Bise ind fhid Rl R aranesd omge
poi nt sjde the outer. periphery of the step 61d and an outer peripheral
surfac e{}%ﬂgg%{fp O?Iﬁtes “iet ¥ihg EHP&WP ?/léetsec?ﬂ‘é I§§c£ Ry Husfensgcpantaasi/ faasi ng

portion_61j nmounting the second lens 3 is nmade up-of an outer peripheral

sur f acea%iﬁln EBPLHeSIEE epdotinee (Tefsremeonufaret Ala)litke plarias poaden 4. f (i

substantially flat-plate-shaped bottom 62b and a sidewall section 62c set

upr i ght SésAndiensodead the mqhaing swirdeatk: WrmiddetoRRiras th§%]%§ﬁ§oiﬁ?§ﬁﬁetcﬂ¥‘ﬁr ds
e

t he object point side. The vicinity of-the md portion of maj or surface
62b1 ofthehenbopedph&@bsiFace of the lens holder 14 are made flush with each other to
control the position along the optical axis and the tilt of the second lens 3. That is, the
postition-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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an abutment surface conpressing against the major surface 61f1 of the step
61f of the first netal die 61. The sidewall section 62c is a.pqrtion_of
the second netal die 62 lying on the outer periphery of the pf% SEPi 3%3610
of the first netal die 61, with the end face 62c proving an abutting
surface conpressing agai nst the abutnent surface 61b2 of the first netal
die 61. 3Ba b8tisHky 2008 ptatrided 16tvatds tha oplicahaxibsidestlahg tid delidlof the leans
assenbl ed together as shown in Fig.10, the nolding material 4a is charged

i nto_ t heirgapbbeh MRFatiRe Bl aha P Eon 8l of tRe sé @i RANGExhidIELY BRtSrehabAes 14
by die nolding. The objecti've lens device 1 is constituted by nounting the

two obj egt.i . | I.Sk: ...3 on the
| ens. ol dat 46t F% osREhRERYS afBdind ki ceidirRRPa 16 R na iRt Sioe

manuf act ur ed in tal die for manufacturjng the |ens. holder having
ot and sechitl febefors meuintgae ST BE Gl len DRIQTIE, MeeaRond 1ant | st
mounting_portion and a second . nounting portion extending in the sane

di r ect i of isyntqunted padhe {ens ddend # aith dke sefegenecsydace ﬂ?ﬁjgf theyjig Hé asia st
and second nounting portion formng portions, provided on the sane netal

di e, therdferacholnercuingltheaceofidiansd on the lehe hbldestldpthmplangr pert fonadd
-and the second nounting portion. The nolding portions form ng the nounting

porti onsof GRihY¥idedt siadeeTPBEIHMR RN ESS ik abligedRgafit theresd8BcdBirfhcdi e,
so that, if offset is produced as to the eccentricCity, tilt.or the

separati ‘?E%V‘@ﬁﬂ:cttﬂg ﬁ%@eﬁﬁﬁrfﬂeeﬁaﬁzﬁ a gﬁﬁﬁ@iﬁﬁ}rﬁgﬁh@?ﬁlﬂa} W%/Haglca)?rtﬁé/ €

position tween- the. and -second nountithg portions nma
IR N R LT O 0 T
of the 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 su_rfacc 71a, 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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| ens hol ders 4, 14 depend only on the errors in the machining precision of
the metal .nolds, as to errors in the relative position, such that'. if
the objective lens device | is assenbled free of adjustment, jt is
possi bl e to suppress errors as to the eccentricity, tilt and E@pSF&tﬂm@
between the first and second lenses 2, 3. This dim nishes optical 34 1 cco

gnL3 abe offset .nol d. That is,
si nce thgé%%%ﬁ%%gﬁggr ?%% E npﬂala&?efr?’c? %ﬁd?&%ﬁﬁ&p{%c 1R85 nounti ng
portions are provided in their entirety on the tal die, only the
netal nold p ch ﬁgse«?PPSh]eHFﬁe’ét%osfll'%‘etdh?%éh"e qgef ﬂiﬂ)raﬂéxsé?ﬁﬁﬂég ience
the eccentricjty,_ tilt and separation are derived only fromthe

manuf act SFFHY lghs 3willFrespectdolles heldar 14iiusing emedbesientthe {igtAl iadisrseymatedt | on

anount only to approximately 3 Mm whilst the tilt is 0.02. In this case,

t he wavefroomthealses haldarl MES Hcothé fig 7dds et kepi zitYadh%on@ﬁ)@]efn@}o'!der thah for
the separation error is 0.012 rnsA and that for tilt is 0.008 rms.., such

that thecohRgdistipdlide Honh mghamess% hﬁ@k‘fé{it%‘f%& kxhﬁé@w gv ikﬁgéchﬁ?ethe

Mareshall criterion value W-E of as at

mount i ng PPt RRuELH %nrglsgol'h% poer}for a%cgrc%cfv hnd dadctuﬁgg?ﬁlvq'%%g te[?gﬁtteﬁleps the

di es, the-manufacturing
conbi ned 9@;519" S, SO t hat t he of fset and the separation are appr oxi mately
13 m vvh| the tilt is approximately 0.087, so that, even if the |enses
2, 3, whi ch ar t he sane as those of the objective |lens device 1 of the
present i nventfgdeiererce sedace supprrtingribetssrand lomu3 mapakbriomarrabged asi on
WFE for the eccentricity is 0.023 rnms. X, that for the separation error is
0. 051 r niiréc-padrt dsatshape in thd tasesofGhe Ens Inlder 4wlesciibed ebdwy. g thihassd, hose
with the lens holder 14 of the present i nvention. Since the lenses 2, 3
can be ntienprefecrivr 4¢ ih emsidigliigas 4 mallbé dedic8bd REqEE SF@Rmentioned 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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wi t hout adjusting the nmounting positions, shape designing of the |lens
hol ders 4,14 can be optim zed sufficiently. Also, since the |lenses 2, 3
can be nounted on the lens 35 1 8 SEP 2003 holders 4, -14 to hlﬁE lﬁm$n
wi t hout adjusting the nounting positions, mass production becones feasible
with a reduced production cost. Since the first and second nounting
portions are nounted facing a given direction along the optical axis on

the | enscﬁgg&rggnﬁ%%ﬂm ID8bLENSASufacd G2 dEthasseoht ethetdsdib 62 &otater

exanpl e, ng the respective lenses 2, 3, this operation can be
perforne%gﬁ%thgut re-attaching the | ens hol der s 4, 14 to the lens hol der
hol di ng Also, if the dianmeters of the reference surface in the

radial direction of the first _and_ second ngjn ortions. o

hol ders 4, 14TAf®repcties lrSof%féleélarSg%?H%/g?‘iréﬁ %rﬁtﬂ{gﬁretsﬁwebh%%%ge?nﬁ

di anmeters of the lenses 2, 3, and the |lenses are npunted in crglrﬁ1 &n by
press-fi tianmger toveartle iseisnaze piohnindke PﬁUﬁ@‘é@léb@»rtW“@ﬂW%ﬁ}C@ fhoflpss 4,

-14; whilst the lenses 2, 3, can-be positioned easily in the radi al

di recti obtepH1dks b Histal dnctdiﬁhe isjcetignpl ¢ is 4 hafacadioalprdssieg egainsidhe maior ens
bet ween the | ens hol der and tﬁe | ens nounted thereon, the lens is offset

in an a@@?&&@%ﬁf%ﬁ%@éé&nﬁon@ﬁ gagoat the maxi mum Such. offset of the

| enses?2 I'mnated bypress-fitting the lenses 2, 3 on the lens

hol ders 4, 14 iﬁH %hﬁé{%‘ggf L@ﬁ a¥is gpmo%nﬁ‘ﬁ?botrﬁoﬁ e6ith g,tﬁbx{lgﬁ B‘li‘ﬂlo‘hhﬁngens

hol ders 4, 14IIil ening re ng materi al
permts hrgh pr.eci si,on formaron t fere ce surf G the
posi t i ondhofirsideny éis gwds upso Féf" Qﬁgil acyig ﬁémc?@teﬁo gt %lﬁé%n’é??e?bg

|l ens is approximately 3 mm and the nolding  materi e ther trc
resin, apedpbenyof thetsjer6ldppd axiqwieepsyiplwrahsurkace 6%(12 of the step &JTD“H“?%

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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36 1 8 SEP 2003 produced- |If thernohardening resin is used, the
eccentricity may be suppressed to approximately 3 m The separation
between the disc surface and the ultimate surface of the objectfi gect=ran’s
ternmed the working distance. In the |l ens holder 14, this working distance
of the objective |lens can be di m ni shed because the counter-surface 3a of

the second | Frpﬁle?‘stéé i r\?ﬁchqﬁg nP%?XPx% 1ds"61 C%f?res%sggwe L(%%Qie er afzflﬂ%v\lr ¢ns

hol der 14 and t here rtien o
rotrudl ul t.i mat,e surface of t he tive
P (ColPEEIEL? roldiag ite DA bigasadinl byt S S eeq thg petal shelih o

bet vveenv\ﬁ%JEe d| s and the | ens hol der can be secured even in an optical
syst em wPt 0 BROBICBAdIRs heddeiold wyrdie mpldingt ance of the objective lens. It
may- be- presuned that the anount. of protrusion of the projection 4d of the
| ens hol der 4The objadiyedtns deviee dusfcanstitated be mbjsting e tvensblcting lehe
optical axis is not |less than 0.5mm because sufficient strength of the

proj ect i suts fgu of thEeHikA andadRehd 18RS SUrEEn Whi khﬁshﬁolambwtwiieﬁrg}erdls' on
not larger than 0.5 mm Thus, vvlth t he-1éns-hol der 4, the working distance

of the! %\I%Ctﬂh\éQchéaHéld%}s Jleﬁfé ﬂ'b{aﬁ:ﬁlrgd%s alSef! ggtgu{o?qnaﬁwé?tur}c’ﬁgt h

the |l ens hol der 14 not provide foje |on

positio se ond I the obj ective |lens deV|ce can be
construgeth@ge@%ﬁ%gd%gﬁ 'gigetk&] f%glsﬁ‘f‘@“ﬁﬁ”lﬁf??tdﬁ%s wor ki ng di stance not | arger
than 0.5 mMm _ W 1th the objective lens with a_high nunerical aperture NA,
especi al | y anTB%ﬁ%hQ}éeilsé‘hsm or foraedyrith 2 figt maming pertignand heeqmidki ng

di stance is reduced, so that the above configuration is effective if the
nuner i camoaptsngmtmlm dx¢ermbing liesthe tshare dird@ias with réeped? td tBe SIpPical akis

direction. Thus, I?y 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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case of the present two-set objective lens. Since the double set objective
| ens, enabling the high nunerical aperture NA, can be assenbled to high
precision, it is possible to naintain optinum performance of 1tme¢qugmti ve
|l ens to realize high density recording and |arge capacity of the )
information recording nmedium Mreover, if the reference surface of the

hol der 7fbegrationecauked % th€ SPfsEOlh hBG o L Lo} long the optical axis
and tilt of the 'secondg‘l ens 3 vviIth resgp;lg](%ﬂ{&gﬁ%%ﬁe 0elﬁ's hol der 14, is

construct ed drhiceer pai zLike projecti.ons 70al; 7032, 70a he
contact ar eab%}? Plhg’eglsrggoﬂri:% ?‘3’?@“35 f?w%fﬁa&fe%‘%% ROFHOpS JO?%OHHW&@% ed,
urities are.i.n adﬁd_intp the holder 70 or the jig 71 at the

so that, if ..i . .
time poirﬂ?“’é‘l’“gg%}ﬂﬂsi%apf?‘ﬂéc UG5 edstyonthersaang metalie.culy te metak e i s

no risk of the inpurities being captured between the second | ens 3, hol der
70 and tRelq prgdugingsyrenaffecthghe decoridnicats Borammygle, sinoatlededennasig,i on
on the lens holder 14. If, for exanple, the holder 70 and the jig 71 are

fornmed ttdt suppeparatidrearenddrivedotle frave thamanifefuditee S6£onthe!s8NSm3tal dit. MY
be feared .that the inpurities be. captured between the second lens 3,

hol der _fke anctrtfieity a@d séhatatioh AHER fl§ 19hBRGRAY!S Lo v{/ﬁﬁstgﬁg? flid ens

3. However, by supporting the second | t’hree poin

ef f ect herd pt; i.0 I itie be, elimnated alize
ot 1 ony o o P ¥ien T @haly Bt R W % g ek G el DRSS 1
t he aboyg: 1 bed enbodi nent objective |ens device 1 |s constituted
by o dodi et Ubd SR erPERO- DTS 63k Gl bt oy Ak s GRS rmbBrhatie
linited.éo this 38 1 8§ SEP 2003 configuration. That is, the |ens hol ders 4,
14 may B C@o‘?ﬁ‘i‘bﬁr‘@ﬂigﬂ%g GAR g siBciemtlyesmzllerrtbrn thetMarskhald msiderion valied

al ong the %pti cal axis. In this case, the reference surface
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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facing each I ens 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-described enbodi ment, the | ens holders 4, 14

are fabricated by die nolding. The present invention is, ‘T"BV‘SEPV ua{gt
limted to this configuration. For exanple, the |ens holders ,1%0 y be
produced by machining, in which case a cutting byte may be introduced from

a given sol.e direction. 1 K. £:QL.:f OFTi t, | 159, dgrasand
nence-t hEOKEEN( g borEBEeEd, SRRl cadiBuRe L Mol e e R o
re-attaching the cuttin trix,.to the topol to.permt the nounting portions
of the IEﬁ%@@“OQFwﬁoﬁﬁﬁ gay ﬁﬁﬁﬁFdeHPﬂ%PBV%@Fgggﬁpsgn-iIIustrative
structure of the double set objective | ens made up of the first and. second
| enses 2, 3 afthcanthiel fitsstarat seeonst mesmiing periians aiScBIwied {aeipgra grven
reproduci ng apparatus for |oading the objective lens device 1 are
her ei naf §gectespladbriiethe opficiihexikadd ové bepsTholdersl4, tlHe tbhdpasest?; dfcanhie
first- and second lenses 2, 3 is shown. Table 1 39 | 8 SEP 2043 z
) assembled easily. For example, when mounting the respective lenses 2, 3, this
operation can be performed without re-attaching the lens holders 4, 14 to the lens
holder holding members.

Also, if the diameters of the reference surface in the radial direction of the first
and second mounting portions of the lens holders 4, 14 are set 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 Ienses 2, 3 can be positioned easily in. the radial direction. That is; 1f-
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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produced. If thermohardening resin is used, the eccentricity may be suppressed to
approximately 3 pm.

The separation between the disc surface and the ultimate surface of the
objective lens is termed the working distance. In the lens holder 14, this working
distance of the objective lens can be diminished because the counter-surface 3z of the
second lens 3 is protruded beyond the disc side end face of the lens holder 14 and there
is no risk of a portion of the lens holder 14 protruding towards the .disc from the
ultimate surface of the objective lens (counter-surface 3a of the second lens 3). That
is, the separation between the disc and the lens holder can be secured even in an
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 objec'tive 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
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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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4 . ~ UU OVI U r- Q 41 In this Table 1, an object is OBJ, an
aperture stop is STO and the lens surfaces are Sl1, S2, S3, ---, with the
di sc recording surface being an imagi ng surface (IM3. Figs. ]11 and 12 show
optical characteristics of the optical system by the double satS@bj;gﬁ ive
| ens. Figs.1lla, 11b and 11c denote the spherical aberration, non-spherical
aberration and distortion aberration, respectively. Figs.1l2a and 12b denote

the transverse aberration w.th t | i.el d- .

transverse abiprtﬁlsﬁga}llj?% :,l|, an %CEWE?B f’}gl pa}ce?{uvré IS3F/(1.p E%T‘??%g ﬁg%éﬁ;ﬁsurfaces
Il lustrative _structure aof an gptical head havi ng t he .above- dgscrdﬂgﬁg
obj ect i v&rt Sds Sdevice Wilhhhedlise eeord g FuTtpeei ReTRg 40 dHaGH &S LS, )-
and/ or reproduci ng apparatus for recording and/or reproducing the
i nf or mation f digaldiasd 12(simmapmal@harmuaﬂqs@fﬁb@pphyalwet,enagm tpdoubles
for radiating the laser light to the- disc and for detecting the return
light frombbRcalserd0Pigs Tat NEb igd 1 Dol eihtel etsecsphiet icalhs betriuticali, aon-4pDerisala
phase- change optical disc for which the information signals are to be

recorded gl glhn’ §RE CfYREHon HVEYARIon, L8pectively. 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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i nformation recording medium may al so be a replay-only optical disc, a
-magnet o- optical disc or an optical card. The phase-change optical disc is
substantially a flat disc conprised of a substrate 401 on whi ¢h§ IEP
recording layer 402 and a protective |layer 403 are layered in this o?ppér.
The optical head 101 includes a |ight source, not shown, a polarizing beam
splitter 102, a quarter wave plate 103 and an objective |lens device 1

havi ng aedaebh ehe FEht Shiee aindant potarizingbédmaglitien 1@2at i ng and a col | i mat or
| ens, not shown, are arranged 42 1 8 SEP 2003 between the |ight source and

the. polarizi nﬁh@ﬁgmp%tﬁjrl:é }8K sdflfeon8ifol 1486 i Imedr polaTipandliset Highl aser

radiating a |1’ nea ari zed ser lig of, for” exanple, 635 nm The

i ght so e radiate he l.aser. ]ight of const ci ng
i nf or mat o FPTGRS 3100 h edfngf&t %b'@?e Wﬁ?tsgﬂb"a@?é{ ﬁgféj‘pﬁ%c%%taerﬁ?{tggyof
the radiated | aser |ight depending on the inforpmation si% al s hor. .

r ecor di nfgr r¢pnodug maationsigantsinemithe dis dURDE thednterpibY e i s
no particular limtation to the wavelength X of the laser |ight radiated
from t heofl ilghtadssteddeserl lightsdemerelide onr bl eformatier sigrals dgereqargiag, dpr a
shorter wavel ength for achieving a higher recording density and a |arger

recor di ngc6ARAEIHEY infbhRal 86 kgldlgbh thadiset€d. Mhers isheo pagiculas dimitdions to
diffracted by a diffraction grating,.not shown,-.and thereby split into a

zer o O Al i Hlbnerh off%ﬁl{asér'lg%g&ﬁdﬁgﬂtfﬁ?m%he@f e5ohic@htt iskABroddipranzer o

l'i ght an ar asse ough collimator |ens, not

shown, to a collimted. li.ght beam _The imnei dent |I. r i .

ol 1 mat @iy R fRsee S s Aohopen gy ERg AL sy PR highth ecpldlip density
beamsplitter 102 to fall on the quarter wave plate 103. The [|ight beam on
passi ng ¥t alpger rejdbng eapagiiye plate 103 is turned into a circul ar

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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pol ari zed light which then falls on the objective |lens device 1. The
objective lens device 1 has the first lens 2 and the second lens 3, as
expl ai ned above. In the present enbodi nent, the objective | ens device 1
includes the |ens holder 14. The laser light, turned into the16i8§plgm3
pol ari zed |ight by being passed through the quarter wave plate 103, TS
transmtted through the first and second | enses 43 1 8 SEP 2003. 2, 3 of
t he obj eé B\wd thepbjegtivicdensidesncat st as bebe oblledtddndhe shpmad i@mﬁinﬁ@@:@fﬁﬂeng
surface which is the surface of the recording | ayer 402 of the disc 400.

The i nci adnthlis gie sur€ald gahedeoasrditjelasicgnel ofehoditbotneur f ace of the disc
400, is reflected by this signal recording surface to prove the return

l'i ght, which ' ; ' t I ' j f..th .

obi ect i ve | ena et hiend 1 Ellcelid i B iale ARIEHL WifatCOR0Y daTa0 i, ur n
light is 14t . through the. quarter wave plate .103.to prove a linear
pol ar i ze&%%gﬁlt@ézﬁﬂs ?Ig{]g]?é%f%glr\% Wﬁ?’cé:stﬁeefm}t%o ChEPtRig} \%&BH Vhigh then 1s

pol ari zi ng di r.ec(ii on. This linear polarized |ight beamthen is reflected by
the ref| depsmited throyeh Be objechne donsohtienebisfuye lensedevige 1 ®héll enuthe
light, reflected by the polarizing beamsplitter 102, is passed through a
f ocussi nguRrBAEWaYA phate 183nlhis notuanlight is1tosnsnoitteddhewtghdhelyarter wave plate

phot odet ector-106. The multiple | ens 105 produces the astignmatic

aber r at i d03ftoprdvea lineideirizddditht eem)roltudoGiswithmesieet aPdkfahiaa 1gaab! es
focussing servo signals to be detected by the astigmatic aberration Dy the

so-cal | eﬂp%iﬂi%iﬂe@tiéﬂ%ﬁq {8y H&Eﬁ%’d ligﬁﬁo&*ﬂﬁ’i}%ﬁk e &t ed ﬂag ®he {c’f%cﬁﬁgf he

e.g., : Six ph di odes and outputs el ectrical signals consisten

i ntensit uH&#ﬁg@ﬁé@&&#@gﬁ%ﬁ%ﬁilﬁgr w%i dent light on the respective

phot odi odes. reéproduci ng apparatus applies pre-set
D " onTHSsnEh T FaEeii®}the pH Dt Bhmlpliie: PO O RSt G g ©
- - 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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signals and tracking servo signals by the astigmatic aberration nmethod and
by the so- called three-beam nethod, respectively, to drive a biaxi al
actuator 107. Based on the. focussing servo and focussing servo signals,
t he biaxial actuator 107 actuates the 44 1 8 SEP 2003 obj ect‘lig/ﬁg{_e?ﬁ :
device 1 along the optical axis of the objective |ens and al ong e g;adi us

of the disc..400. The .photodetector. 106.al process the.,electrical.

o gnal s OBV ETens it L o i pBficdai o e BHpER T et g SIREBEFETR « ne
respective photodi odes to generate and output playback signals fromthe

di sc 4061 the disg 40Qus possible for the optical head 101 having the objective
|l ens device 1 to wite and reads out information signals for the disc 400.
An enbodi nentlhefphatedatoctdr hG6 ahsd/pocessps tuucenigicap pat usortsastemigrithithe
optical head 101 is explained. Referring to Fig.14, this recording and/or

r epr odugitBgsityapp ikt Mght desidentsi Ml fesptve pRGIddIbdePIAEEMTaled ¥nd
driving the disc 400, the optical head 101; a feed notor 122 for causing

novenen i : dem 124 for performn re-set
Buﬁ)fuékmlcijﬁ/c}%%k ch 210 8 1L disR 470 p gnp

nodul ati o no at1on operations, a servo control circuit 125 for
perform ng servo. contral, of the tijcal 101 .and ystem eontrol.ler
126 for pert Dy verr Fo(peae bAgC ST dng PR THEIFR 483 T
rotationall yﬁgri ves the disc 400, | oaded oa_:a. rotary table, not shown, at
a pre-s&tlteFRf 15a¢s Put Wfpyadtignsieaalsfon thofisc#00%i gnal fromthe servo
control circuit 125. The optical head 101 is connected to the nodem 124. In
recor di ng i nfarembodimensiofnatcording dnel/eli repro@ing fppagtusdwvingids qutical
illumnates the laser light, subjected to light intensity nodul ation, on
the di sheddQ01The ekpidned. gRefditiagbreFigadyltaiededordinghind/or reproducing
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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intensity based on signals outputted by an external circuit 127 and

nodul ated in a pre 45 '18 SSp Phal set nmanner. by the nodem 124. In
reproduci ng information signals, the optical head 101 iIIunindyq? the | aser
light of a pre-set output on the disc 400 to generate playback s éﬁﬁ!?m@rom
the return light to route the playback signals to the nodem 124. This
optical head 101 js also connected to the servo control circuit 125. The
opti cal Egﬁmfﬁinbﬁﬂﬁ?HFéQHTé@ﬁssing servo signals fromthe return |ight
fromthe disc_ 400 to route the servo signals to the servo control circuit
125. The ser vén éeprodgcing infeimatickoSigpelsf trenapti e traldnd) lantimhinacdd me jgaat T ol
by the biaxial actuator 107 under control by the systemcontroller 126.

The modeligh?4f hpreasneatped onQhé descsRt @ng&ﬁrﬂ&t@ﬁiti?g@%ﬁ%ﬁgﬂg@@%#@&%& he

recordi ng-and/ or reproduci ng: signals under co

controll @ffghﬂ-&ﬁro@efﬂ@@?ga{y%eﬁ S%ﬁ%htogpg%ﬂéﬁz?fﬁﬁ feeding the optical head

101. to a pre-set rad pos SC 400 and is driven under a

control signaksf . saervg control circuit 125. The-servo control
circuit 125 cggﬁgr gﬁesl&{lﬁgagp]i(ﬂd'ls@?%?%‘?qeﬁ?f%ﬂlet VP&t ceHcuIt 25, yhber
control b %"Qﬁ}ﬁSﬁ mcontrol |l er 126. Wth the above-described recording
and/ or ré’ép i Sf c3giGs fqoupsingriervq signaladtom the aptupe light fuoe theadist or

reproduced on or fromthe disc 400. Wth the recordi ng and/ or reproducing
appar at ud0@borouseihesgrvg sighelséplexserve conteokcidemit t25.1Thavéme donerolioibhie set
objective lens in which no position offset. is produced between the first
and secoihd>s perfeems Zocssing dmbtraeiiyg a6htdsl B0t HRIKIa2BS actif@tor 107 under contiol

by the system controller 126.

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 device 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 6 SEP 2003 information signals can be recorded and/or reproduced on or
fromthe disc 400 without containing the deterioration producgqd ﬁfﬁ%ﬂf
above-nentioned three elenents of the errors. 47 1 8 SEP 2003 CL 031
A lens holder carrying an objective lens with a nunerical aperture not |ess
than approximately 0.75 forned by a plurality of |enses. arrayed on an
optical axis of an optical head adapted for recording and/or reproducing

i nf or mat 1n<f@m§m%r%lgnmrcaﬂrbe re&dQEABA AP répR0an g BEfotMmhesiingt 00w ithasser
|l ight, said | enses nmaking up an objective lens device, wherein a

pl ural i ty, of; lgé?ﬁee A& v dh%é@%gtrhm YyEaheN ik Pirde bRARERS b8the
controlllﬁb b (o)) |ons a the optical axes an e tilt of the

| enses, said reference surfaces controlling the positions along the
optical #®$-and the tilt of the lenses. 2. The lens holder according to
claim11 having two reference surfaces for supporting the two sets of

| enses arrayed on the optical axis. 3. The- |lens hol der according to claim
| wherein- a reference surface: in -the' radial direction for positioning
the lens along its radius is provided adjacent to the reference surface.
4. The lens holder according to claim3 wherein the |ens holder is forned
of an elastic material and wherein the lens is press-fitted to the radi al
reference surface. 5. The | ens holder according to claim1l wherein the
reference surface is an i maginary plane containing apex points of

proj ections supporting the lens at at |east three
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positions. 6. . The lens holder according to claim1 wherein the |ens
hol der is fornmed by die nolding. 48 1 8 SEP 2003 7. The Ienﬁ holder
according to claim1 wherein the lens holder is fornmed of a th ening
resin. 8. The lens holder according to claiml wherein the morklng |stance
between the information recording nediumand the objective lens is not

| ess than approximately 0.5 mm 9. The lens holder according to claim1l
wher eFAAEHE? | ens hol der supports an objective lens in an optical head
having a |ight source radiating the laser light and |ight reception neans
for receiving the laser light reflected back fromthe |ight source. 10. A
met hod. f or Aremsuicdd4ruairmiggaan cmjmtihellemsrwiﬁm nyt'ma(jcairalpetipteoftdtms lters With a

e LSBT s B 55 ! PILBL REPUE Yo oo TR i Byl

recor dptivgl dredd oadapied cfducréagdmg nami/natremndsclggalh&)rmahorarslgrraisotfmmtanon

o ot TR [P Bl P o588 e pes et el R ABkn Bp e PR L psos

maki nignsipedibe,0bj ective | ens device, wherein ‘a reference port| on form ng
portion constituting a plurality of reference portions for said | ens hol der
respecti velyereg{ rying said plural lenses are formed on one of said nmale
die or the temale die. 11. The manufacturing nethod according to claimlo

wherein plurality of reference surfaces respectively carrying said lenses for controlling
the positions along the optical axes and the tilt of the lenses, 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 whercin the lens holder is formed by die

molding,.
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the lens holder is forned from a thernohardening resin. 49 1 8 SEP 2003 12
. The manufacturing nmethod according to claim 10 wherein each reference
portion having a reference surface for controlling the tilﬁ agg %ﬂﬁ -
position along the optical axis of each | ens of the object @e % 33

formed for each lens of the objective lens by a reference portion nol ding
portion. 13. The manufacturing method according to claim12 wherein a

phural Ty, Ofrieelefs ARy SEORRES 10Tc1B T HeA R ARCRIBAHIHENTs BondeidTedl 1
a sole direction along the optital axis of the objective |lens. 14. The
nanufac;ghin met,hod according to claim 13 wherein the reference portions
are for c%@°*ﬁ8¢?%%€?éﬁbe portion nol ding portion as having reference
surfaces for the radial direction for positioning the |enses of the
objective lens along the radial directions of. the |lenses-: 15. -The
manuf act uri ng met hod according to claim 14 wherein,the reference portions.
are fornmed by the reference portion nolding portion as having projections
supporting the-lenses of the objective lens at at |east three positions so

that imag nFhy |OhARSRIcr @eBbRIiAE Mo chiime]l agftepPilRl woting i stanod detweas theove
to. be. the reference surfaces. 16. A netal die for manufacturing a | ens

hol der hayj ! i Fﬁzﬁh ' ie@tiVBleds iFh&leSthdn AEp AxiMage1 V. 519
used forq}r{r%nu agf&nurrg?(?]%ilgg ens ﬁ‘oﬁq‘gglﬁ@g%???%g&% 0 jgct Ehvrelqﬁlger}lis1 faorrpnsd by
a plurality of |enses arrayed on an optical axis of an 'optical. head
adapt ed B recording and/ or reproducing information signals for an

information _recordi ngnedi um using the | aser |ight hgl%i d | enses ng)abki ng%gp

an obj ectd-velhedgss Geldes acconghing o ¢laizg 1 wherein thelens er supports an objec

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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1 0 SEP 2003 a reference portion noldingportion for formng a plurality of
reference portions of the I ens holder for respectively nounting said | enses.
is formed on one of the female die and the male die. 17., 1T®65E}'Et23|]3 di e
for manufacturing a | ens holder according to claim 16 wherein said :
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 e | ens . f et : T | die for

manuf act ugucﬂgc 81q%@étHépggﬁpéggg&%ﬁddﬁ go gﬂdglln ({I%’H\Agﬁgﬁiei n the portions of
said reference portion nolding portiopn formng t refe e re
fornmed in on@aSBrf ?W.P%P“%H‘émgé‘trﬁferﬁ?%e %@ﬁ?&ﬁﬁ?§%\réﬁ%th§%ﬁ%€&ﬁ% der
according to claim 17 wherein said reference portion no d};{%:%fportcithﬁn forns
each refpsitimealpogtihonptisaltais eeach lers @f@ﬁé@]‘%@]?"f%@@%‘o&% PREATHEDE | | t

and the position along the optical axis of each |ens of the objective

lens. 2Qyf thb@bjedtile 1dhe bl or refareutapbitiémmoldingepartionl der according-to claim
17 wherein said reference portion nolding portion fornms each reference

portion as . mgufmgiiﬁgmaﬂédaewﬁm'ﬂa,gclafrmﬁ&ﬂm@impm@n@mmﬁmcbens,

at at | east ree posi w th 1 magi nary planes contai ning apex points

of the projectiaqn aving the fer 2t J IMRida&NS
devi co Tt gpiie ekt byl BuS AEF Fmakln 38R deldiaRREARe dfficd®
information signals for _an information recordi ng mediumusing the |aser 51
1 8 SEP Z99f thgynbicci¥e deNenses nmaking up an obj ective' |l ens device, said
obj ective | ens device i . ] .-

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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conprising: an objective lens nade up of a first I ens and a second | ens;
and a | ens hol der supporting said objective lens; at |east one surface of

the first and second | enses having a md portion forned as a i mug ce,
with the vicinity of the outer rimof said at |east one surfac ﬁ | a

pl anar section ndicul.ar tg the optical axis; said |ens holder having a
first refer enc%&%}r&% %Boéhﬁ’ﬁl @d’@ﬂlﬂ’f&)@ﬂ‘ Endaoaingin phuelityf of refrants pertioaisd -

first and f}?‘Cznd rI@Hse , respectively, for controlling the tilt and the
posi ti ons?G g Bbﬁzrémpwﬂslmounnng snigdsnsesds ot P Lo o Pl REFSe
being oriented in one direction along the optical axis, a planar, portion

of said f‘i’lﬁs}*ﬂldltéhgﬂﬁeidig co- planar as the first - reference surface to
support said first lens; and a planar portion: o said second | ens being

f
co- P! e STt ancdorof a8 A R Saa PR Ay teon e 22

The objective | ens device according®o clarm

includes a firsgld ¥ face.for the first radial direction formed
adj acent to sasi d fe'?f;'lg:th %?g% éﬁéﬁ&&gw% pgerRsSach ssferenaerportionss Hawisg

with res radial directign of the first lens, and a second
refer enc%elg?rlg gg%gé]o?cet ﬁ%&géﬂ’&‘rgd‘ Cﬂﬁﬂi‘%ﬂ thei pedtiporaléng tealoptfd i of easi d
second rzfer(gﬂ%e ?quJrface for positioning. the second |lens with respect to
the radi af™-%i PeQNHie bmst he second I ens, said first |ens bei.ng supported
withits geri pheral surface conpressing against 52 1 8 SEP 2003 the first
r ef er encé® s Uhlicastal die fier madivfi cidiing atitanhoRig a%@bﬂiiﬁg?@ Eﬁiﬁfi‘? “ﬁfe'rélg

i t

supported with its peri pheral surface conpressing agar nst e secon
reference surflacpoitiodshef saidi Rker@hé€pbitRMh 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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23, The objective | ens device according to claim?21 wherein said first |ens
is supported by press-fitting into a cylindrical portion constituted by
said reference surface for the first radial direction, and wherei sa|%
second lens is supported by press-fitting into a cyllndrlcal parg 003
constituted by said reference surface for the second radial direction. 24.
The objective | ens device according to claim21 wherein said first and
second | dighds Sailde_lem%malédganuasegm@ﬂveb}eﬁ%éevﬁﬁs saigl ghrechivejengfevice
adhesive: 25: -.The objective lens. device according to claim21l wherein
sai d f|r$bHQQnﬁngs supported by press-fitting into a cylindrical portion
constituted by said reference surface for the first radial direction and

by subsequent b digi e RREWiAR W bia Bl aEYS $2ohiachonmanol der , and

wherein. said sec ens-is supported by press fitting into a
cylindrical portio nstituted f nce surface for the second

r adi al dlrectldﬁ %ﬁaﬁ%§SEHB%iwﬁéﬁ¥? 3%81H§18 %ured mnth an adhesive to the
| ens hol der. 26 The obj ective | ens device ccord to claim?2.t. wherein
at Teast one of et ane pudaccpiihsdiishend cases harlpga miLRoRiay tox
outwards fromthe end face of the |l ens holder. 53 18SEP 27. The objective

| ens  deviasea lansaurdacey with theavinirdty ehigeeiutenria of saifat {¢ast pne AfaceRIgNIng
| enses which has its end face projected outwardly fromthe end face of the

| ens hol dgslahsr sctiangBrpéiicaliani@iley ofthail adig ot her -l ens and has its
pl anar portion positioned inwardly of the reference surface which is
co-planar as thgs RhHEABIdRHal iy 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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54 Lens Hol der, Method for Manufacturing Lens Holder, Metal Die for
Produci ng Lens Hol der And Objective Lens Device ABSTRACT A |ens hol der

which is able to secure plural |enses in an adj ust ment-frfg Sﬁhmg and to
achieve relative positioning between the | enses to high precPsfofrt*'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
nount i ngPpéirsli t6ferancaswrfien ingde redinndidectidie andj ect point side to serve as a
reference surface for determning the separation along the optical axis
bet ween t he fseidiccand lasdeing uppsdsd vithd!s pephieral surfage¢ampressing agfadcst f or
the optical axis direction 4al and the second reference surface for the
opti cal thgisscalid rdticanc 4bifaat sothepediat dirkotiocontrolling the tilt of the

|l enses 2, 3. Fig. 1

23. The objective lens device according to claim 23 wlhierein
said first lens is supported by press-fitting into a cylindrical portion constituted
by said reference surface for the first radial direction, and wherein said second lens is
supported by press-fitting into a cylindrical portion constituted by said reference
surface for the second radial direction.
24. The objective lens device according to claim 23 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 lens 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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-27. The objective lens device according to claim 21 wherein
one of the first and second lenses which has its end face projected outwardly
from the end face of the lens holder is of a smaller diameter than the other lens and has

its planar portion positioned inwardly of the reference surface which is co-planaras the

planar portion.
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