" *150159* 1 DESCRI PTI ON Obj ective Lens Unit and Optical Pickup Device
Enpl oyi ng this bjective Lens Unit Technical Field This i nmm mw"“mammes
‘to an objective lens unit nade up by plural |enses and wh ed
wi th advantage for an optical pickup device adapted for witings®f reading
out information signals for an optical _recording nmedium a nethod for

manuf acturing the objective lens unit, lan optical pickup device enpl oying
this objective lens unit, and to_a recordi ng and/ or reproduci ng appar at us
enpl oying this objective | ens unPESGRIINNd Art Up to now, an optical -
recordi ng medi um exenplified by an optical disc, has been used as a

recor di @bjeetiverehoUnindmd OpticahPickupaDsvicerEmploying tips Gbjpctiey Leas Unitised
for witing or reading out information signals on or froman opti cal

recordi ng nmedium The optical pickup device includes a sem conductor | aser,

as a light source for radiating a light beamto be illum nated on the
opti cal I egcordi dium and an objective lens unit for condensing the
| i ght bé'f&ﬁﬁmzs&? E?eelgef romthe sem conductor laser for illumnating the

light beamto a signal recording surface of the optical_ recording nmedium
In the opti cdhipinventianeiglaiss toma ehjective lenstwnit s1aderep by gurabdenses and
iIlum nated on Ul

which may be used with advantage for an optical pickup device adapted for writing

or reading out information signals for an optical recording medium, a method for

manufacturing the objective lens unit, an optical pickup device employing this

objective lens unit, and to a recording and/or reproducing apparatus employing this

objective lens unit.

Background Art

Up to now, an optical recording medium, exemplified by an optical disc, has
been used as a recording medium fof information signals. An optical pickup device is
used for writing or 're';adihg' out information signals on or from an optical fecording'
medium. The optical pickup device includes a semiconductor laser, as a light source
for radiating a light beam to be illuminated on the optical recording medium, and an
objective lens unit for condensing the light beam radiated from the semiconductor
laser for illuminating the light beam to a signal recording surface of the optical
recording medium.

In the optical pickup device, the spot diameter of the light beam illuminated on
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"2 -the signal recording surface of the optical recording nedium my be
reduced to realize high recording density of the information signals
<recorded on the optical recording nediumto enabl e readout of the

i nformati on signals recorded to high density. For reducing the spot

di anmeter of the light beamillum nated on the signal recording surface of
the optical recording medium it is effective to shorten the wavel ength of
the light beamradiated fromthe |light source and to enlarge the nunerical
aper t ur the(dignalatcottingbidats ofthe epsicaloederting mddiem may be behuoed To ecalizes ent
Assi gnee has proposed an objective lens unit of a |arger nuneri cal

aperturg; b s | ' ' -

oy ng- Bihfocg ik ety RRRECIR AR el ls oM o g ShEalioning

di scl osed j.n this t ent ubli catd on j.s co sed o ubl e-1 ens set nade
p ot s nabl Fedoud oF the itp Bt Sp ST Seofde ClhiEhdEns T Tp' (o
now, a |ens conposed of one lens set nmade up by a single |lens, or so-

cal l ed a "si Hgracteping, thmspweémmpéeﬁouh@ﬂﬂghvéeymaﬁhannwb?cb@nithé signal uni t
used in an optical pickup device. The single | ens can be prepared by

so- cal | esbortiigs siithee ofahei optical teeosdiaf miediumeitf i3r effeciéve o shertenrtired

with high reproducibility by fabricating the nf .pie to high precision and
bv hi ah i ; _ , , ¢ ot
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have a | arger *val ue of the nunerical aperture for exanp
I : I f ' i ired, of.th | h that th
first sonmenicalapesiure (NAY o Shichue e candepping e g tealtis 1o be

The present Assignee has proposed an objective lens unit of alarger numerical

aperture (NA) in JP Laying-Open Patent Publication H-8-315404 and JP Laying-Open
Patent Publication H-10-123410. The objective lens unit disclosed in this Patent
publication is composed of a double-lens set made up of two lenses, and has a
numerical aperture not less than 0.7.

Up to now, a lens composed of one lens set made up by a single lens, or so-
called a “single lens”, has been used extensively as an objective lens unit used in an
optical pickup device. The single lens can be prepared by so-called glass mold
forming. A lens of high performance can be formed with high reproducibility by
fabricating the me¢  Jie to high precision and by high precision tempe::i: .o
management during casting. If the lens is to have a larger value of the numerical
aperture (NA) of for example 0.7 or larger, a larger refractive power is required of the
lens, such that the first surface of the light beam incident side of the lens needs to be

- anon-spherical surface with a larger curvature. In light of for example mold release



"a non-spherical surface with a larger curvature. In light of for exanple
nold release 3 properties, it is extrenely difficult to formthe objective
«lens unit having a non- spherical surface of a |arge curvature using a
metal die. Modreover, with an objective I|ens unit having a non-spherical
surface of a larger curvature and a |arger nunerical aperture (NA), the
| i ght beamradiated fromthe |ight souPce cannot be condensed accurately
on the signal recording surface even on occurrence of perturbations
resul ti pgoq)eroiﬁs,t heisséxtgdmelt difficultrtel forny ¢he objd¢utiveplens ainitvhagingMat mori-he
objective lens unit conprised of a double-lens set conposed of two

-l enses E@J&E’ﬂl%kf&%@% laNat @G e'?iém‘g fﬂiété’ﬁ&ie. M6reb®ér, 3G 4§ ob 4 fvecan

be dispglr) to two [ens t o noder at e curvature of "the respective

| ens surfaces., as well as t .decrease t non- spherical ,surface .
coeffic ﬂ%‘}ﬁ umt %Gﬂg"gq% BHPTSP,?‘C’E]FIEI aé:&qtj\}’g] aF%errscn.ﬁ'ml{ure 80f 3 larged Hgerigal,
desired machi nig}g accur.ac%/ using a netal die, so that it becones  possible
to suppepeBuseiDA)ihe light deamneadinted dromfhe flightesousce sannat by condensgdnpl e
the tilt of the lens relative to the optical axis. Wth the objective | ens

unit of agculatdlyeeh ethe sighalc regoeding sdrface ebensers occhrrence syfepeiturbatiomses
can be nolded with a netal die to prevent its optical characteristics from

bel g dSEQINE T hERHENRS: (kREIAIERGEHE YpLANBAS necd Lo be registercd to

each ot y accurately, 1.e., 1t 1s" necessary to get the optical

Gach other niGRRaEaPiectivS e HBlConpBRReESt WBubTons el gOfoBRELT bt 1"

respective lenses and to mai ntain the distance and parallelism between the
r espect lenrsescassdisclasgd iy theebove Bublications, the refractive power can be dispersed

to two lenses to moderate the curvature of the respective lens surfaces as well as to
decrease the non-spherical surface coefficients. Consequently, the objective lens unit
can be formed to a desired machining accuracy, using a metal die, so that it becomes
possible to suppress deterioration of the optical performance caused by for example
the tilt of the lens relative to the optical axis.

With the objective lens unit of a double-lens set composed of two lenses, the
respective lenses can be molded with a metal die to prevent its optical characteristics
from being deteriorated. However, the respective lenses need to be registered to each
other highly accurately, i.e., it iztal essary to get the optical axes of the respective
lenses of the objective lens unit registered with each other high accurately without
producing eccentricity in the respective lenses and to maintain the distance and
parallelism between the respective lenses highly accurately.

For producing an objective lens unit of a double-lens set composed of two



" For- produci ng an objective lens unit of a double-lens set conposed of two 4
| enses, there are such a nethod consisting in causing the laser light to
+fall on the objective |lenses, put together, and in form ng an
interferoneter by the respective lenses to adjust the relative position
t hereof, and such a nethod consisting in causing the laser light to be
transnitted through the objective | ensds put together and in observing the
near-field pattern of the laser light to make the adjustnment. Wth these

met hods Jerises, theroarersachhs aretkod goasisting dharaysihg tikelasedHght Yo fall on the
respective adjustnent paraneters, such that adjustnent is extrenely

time- conguiRg laooped b ; ' I 8vh g t.he
Final _popstive Jeies, buldBketherOBRE R IORAMY BF iRRIRIORL Oy MR EREINECS, |
provi di a gap.,between. the |lens holder 3.and the lens and.in.adjusting
Phe' | endéhses i RamShifererativiepaiion e, ape BHCh tietrBiionSisunB finatsipg!
such as a UV curable resin, needs to be charged into the gap follow ng the
adj ust méhe lased lightde ber teansmitted shraugh thee objmetivieolenies puhdogatheeand imhe

| ens secured in position in this manner in the | ens holder with an adhesive

i s |i kelopserving ititeh&a-fidldrRiesh bfithelhserBghttoanske tivadjusimedtaMdieh thesech as
I ncreasing tenperature or humdity. In order to overcone the probl ens

caused byeRRIQARRShYEnohind 3DsASRR AeCRASERlandedd fififepkh@edtly foP redfletivens
Pl R o FR §

and its Tocati’on afong Irection tical "axis ‘dependi'ng on the
The | onddiBiaER BRTamelts S cuneDha ARy bmen L stiehiely i ot Bidce to Mot o,
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In assembling, there is such a method which consists in providing a gap between
~ the lens holder 3 and the lens and in adjusting the lens position within the gap range.
With this method, an adhesive, such as a UV curable resin, needs to be charged into
the gap following the adjustment and cured in situ to secure the lens to the lens holder. -
The lens secured in position in this manner in the lens holder with an adhesive is likely
to undergo misregistration due to environmental changes, such as increasing
temperature or humidity.
In order to overcome the problems caused by an adhesive, it has been proposed
to set the tilt of the lens and its location along the direction of the optical axis
depending on the machining accuracy of the lens holder. That is, a step is formed
within the lens holder and the outer rim of the lens is abutted against the step to set the

tilt of the lens and its location along the optical axis. If, in this structure, the step is

formed high accurately, the lens position can be set similarly accurately.



" formed high accurately, the lens position can be set simlarly accurately.
5 1In the case of, for exanple, an objective lens unit conposed of a

< doubl e-1 ens set nade up by two | enses, with an effective dianeter of 3 nm
it is necessary to nmintain parallelismbetween the two | enses on the
order of 0.1deg. For maintaining this accuracy, it is necessary to
maintain the error along the optical aRis of the surface of the outer |ens
rimcarried by the step within the | ens holder to a value on the order of
1 [tm It islhthecase eftforearampht, ahiahjectivelensumit temposed efia aloubberhensd
within the lens holder as this high degree of accuracy is naintained.

Addi ti o \ t BifbAGvE QYA ORFRF3 nirhNf idUidcedSitydio t on
t he ord§€1I 0 dfqﬁgpﬁgﬁgl?ige%’e\b%%ded I nto a space bet Weeln thg stgp

within the ] ens h er and the.len rend L1, di ERicul t ' |

par al | ef}&d %P&k@#qFﬁbg?%eﬁng‘Rszg’% lkﬁgecsl cgtgﬁ{eeérg]cgpﬁé.lldé\geﬁofrgﬂgﬂtﬂ?@gn
therefore an object of the present invention to provide a novel objective
| ens unthisapeeaCKzY I9RECEREATH O ma;masmlﬂlea%%alﬁagttﬁ%ﬁﬁfdcaimagkhfb?ur 368
objective lens unit of a double-lens set conposed of two | enses, a nethod
for prod@chaguichéensotimecdriied byeths step witham thepkeins hlolderdkapvalee ondhe wpdearyi ng
this objective lens unit, and a recording and/or reproducing apparatus

enpl oyi gg 143, IPiLREWYFer Siferkelyldifficult fo RIRS ﬂﬁrtimmeg@és m‘guht&i WithHe the

i nvention t'o provide an objective lens unit, which is nade up by plural

h
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precision, a nmethod for prodycing the objective en§ unit, d’;\nd ap opjical
pi ckup #es/meanting environment, fine dust and dirt on the order of 1 pm tend to be intruded

into a space between the step within the lens holder and the lens to render it difficult

to maintain parallelism between the two lenses.

Disclosure of the Invention

It is therefore an object of the present invention to provide a novel objective
lens unit which may be exempt from the above-mentioned drawback of the objective
lens unit of a double-lens set composed of two lenses, a method for producing the
objective lens unit, an optical pickup device employing this objective lens unit, and a
recording and/or reproducing apparatus employing the objective lens unit.

It is another object of the present invention to provide an objective lens unit,
which is made up by plural lenses, each having a numerical aperture not less than 0.7,
and in which the relative positions of the respective lenses are adjusted to high

precision, a method for producing the objective lens unit, and an optical pickup device



‘6 .as well as a recording and/or reproducing apparatus enploying this
objective lens unit. The present invention provides an objective |lens unit
-made up of a plurality of |I|enses, each having a numerical aperture not
| ess than 0.7, wherein the lenses are secured within a cylindrically
-shaped | ens hol der, and wherein the position of a |ens(es) other than one
of the lenses is secured within the |eftls hol der as the position of the
other lens(es) is set with the position of the one lens as reference. The

pr esent ag Wetlnisiaascaiding pndfor deproducizigtappatatus enpl pyiagahistobjectiie lens unit.
objective lens unit, froma plurality of lenses, with a nunerical aperture

not less th ) I ' : J i -
aghg ﬂrf:sé i il%%\ﬁtﬁi_h ]gmldre%tzhp@bjleeﬁwm Uit fiadeGippeta pRaaliiynef one

l ens within n haped | ens hol der formed of "a synthetic resin

material, positioning other |ens(es), Wt € e r [ e,rnand
secur i n¢fFNSHS ?ﬁq]i‘eﬂa‘f@ﬂs*( Sumerye %’thgﬁ% nﬁ&ll%%rthggﬁbb’r glﬁlae i \‘}e‘?‘fﬁqﬁggﬁ Mni ng
the respective | enses. The present inventjon also provides an oPt I cal

pi ckup demtired wilhindi pglindticajky-shapsd tens heldes,; and jwheneghdhe, positiqy of a
condensing and illumnating a Iight beamradiated fromthe |ight source to

a_si gnallersgés)dlheothaurdmcef e lensess isealredecithili thg lersihalder asdhe position
phot odet ector for detecting a return beamof the |ight beamrefl ected back

f rom thoefd otk 166508 ds B8t 3 theposhich BPIIRCORY RrlseRSeRitbhcd.s made up_of a

plurality o avi ng nunerical aperture not |less than 0.7.

The rel ative,positions of .the,l ens r t L5l Qnd [
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which the method includes mounting and securing one lens within a cylindrically-
shaped lens holder formed of a synthetic resin material, positioning other lens(es) with
the one lens as reference, and securing the other lens(es) to the lens holder for
relatively positioning the respective lenses.

The present invention also provides an optical pickup device including a light
source, an objective lens unit for condensing and illuminating a light beam radiated
from the light source to a signal recording surface of an optical recording medijum, and
a photodetector for detecting a return beam of the light beam reflected back from the
signal recording surface. The objective lens unit is made up of a plurality of lenses
each having a numerical aperture not less than 0.7, The relative positions of the lenses
are set by positioning and securing the lenses within a cylindrically-shaped lens holder,
with the position of a lens(es) other than one of the lenses secured within the lens

holder being set with the position of the one lens as reference.



"7 The present invention also provides a recording and/ or reproducing
apparatus including a recording nedium holding unit for holding an opti cal
-recording medium and an optical pickup device including a |light source
and an objective lens unit for condensing and illum nating a |ight beam
radiated fromthe light source to a signal recording surface of the
optical recording nedium The objectivé lens unit of the optical pickup
device is nade up of a plurality of |enses each having a nuneri cal

. aperture not megﬁcidmﬁn@crﬂionTﬁlSo pedeidey @ rposiding and /o réeproducingeapparatuset by
positioning and securing the lenses within. a cylindrically -shaped | ens

hol der, ; wit kb ) : Bdfim,
secur edlﬁ%h@i’]ﬂ)ﬁh&@%%f@hgwgﬁﬁg ﬁgie(ﬁﬂgﬁggtfo\?\nm? Edl'? %teﬁrbaggﬂ ?%cr?tr gf?lgltlﬁe m | ens
as reference. her .abj egts, f.eatutes and. advanta of..th r 3

avent | BRO BRI PSR A e BREHAE » 1 REUARORE i BbitsdfeeRE Ty farne
present invention as shown in the drawi ngs. Brief Description of the

Dr awi ngsomdensing end illumjnating adighirhsem wgltamd]&lonw ths\light seurepjte @i signal) ens
unit according to the present invention. Fig.2 is a |ongitudinal

cross- segdor@iil swifave of théepabakrsdordingemedium! The objective lems Uritofitheder .

Fig.3 is a perspective view |looking fromthe first lens. Fig.4is a
per Specbbﬁ@a]"f}ﬁ‘ﬁub%&i@@ if Dl F of&F PRAalifNSE Iéhses each having a numerical
aperture not less than 0.7. The relative positions of the lenses are set by positioning
and securing the lenses within a cylindrically-shaped lens holder, with the position of
alens(es) other than one of the lenses secured within the lens holder being set with the
position of the one lens as reference.
Other objects, features and advantages of the present invention will become -

more apparent from reading the embodiments of the present invention as shown in the

drawings.

Brief Description of the Drawings

Fig.1 is a longitudinal cross-sectional view of an objective lens unit according
to the present invention.

Fig.2 is a longitudinal cross-sectional view of the objective lens unit built into
a lens holder.

Fig.3 is a perspective view looking from the first lens.

Fig.4 is a perspective view looking from the second lens.



"Fig.5 is a perspective view of a |lens holder form ng the objective |ens

unit looking froma first lens fitting portion. Fig.6 is a perspective
+view of the lens holder form ng the objective Iens unit |ooking froma
second lens fitting portion. Fig.7 is a plan view showi ng a | ens hol der
formng the objective lens unit of the present invention. Fig.8 is a
cross-sectional viewtaken along line $111-VI1l of Fig.7: Fig.9 is a bottom
pl an view showing the |ens holder formng the objective lens unit of the
present inveligdnis Fiperdgectiveaviewost adens hohddr forming theobjdctivg lensani- X of
Fig.9. Fig.11 is a graph showing the relation between the eccentricity

bet weenjddig glf?&ﬁqﬁﬁmqeﬁg’nﬁtt pérti. t he wavefront aberration. Fig.12 is a
| ongi t udi naf1 cross-sectional view showing a netal die for formng the |ens

the val ue o s aBeRBauieiehr ol W Rfisiodey Rl S5E Rolotfiy g Rair

di stance between the | enses and the value of the wavefront aberration.
Fig. 15 leokingdrymtaspcend leppEEiRgpertiMal  vi ew showi ng the process of

assenbling the objective lens unit. Fig.16 is a schematic |ongitudinal
cr oss- sect i ofRig. Mk aplshoiswishawingst lene holded forming the objective lens unit of the

present invention.

Fig.8 is a cross-sectional view taken along line VIII-VIII of Fig.7.

Fig.9 is a bottom plan view showing the lens holder forming the objective lens
unit of the present invention.

Fig.10 is a cross-sectional view taken along line X-X of Fig.9.

Fig.11 is a graph showing the relation between the eccentricity between the
lenses and the value of the wavefront aberration.

Fig.12 is alongitudinal cross-sectional view showing a metal die for forming the
lens holder.

Fig.13 is a graph showing the parallelism between the lenses and the value of
the wavefront aberration. -

Fig.14 is a graph showing the distance between the lenses and the value of the
wavefront aberration.

Fig.15 is a longitudinal cross-sectional view showing the process of assembling
the objective lens unit.

Fig.16 is a schematic longitudinal cross-sectional view showing the state in



" whi-ch the second | ens of the objective Iens unit of the present invention
has been introduced into the lens holder. Fig.1l7 is a perspective view of
+a nodification of the | ens holder formng the objective |lens unit, |ooking
fromthe first lens fitting portion. Fig.18 is a perspective view of a
further nodification of the | ensholder formng the objective lens unit,

| ooking fromthe first lens fitting poPtion. Fig.-19 is a perspective view
of a still further nodification of the |l ens holder formng the objective

| ens uniwihich ehkisacprid tenstdfetliei objectivadens unitraf therpiresent ifvention ihas been

| ongi tudi nal cross-sectional view showing an objective Iens unit in which

a prot e?ﬁt%dd drﬁﬂw{}?edlehghbnﬁrl ens holder. Fig.21 is a plan view of Fig. 20.
Fig.22 i's an vi ew show ng an optical pickup device enploying the

obj ective I nit of th resent.inve f
Fo 22 Fig 552 11y Sl Gidlbet f%&’%ﬁ?]ea S péienndlsek 6epflrg e
recording and/ or reproduci ngr ar at us S@ oyi ng f he objective |l ens
accor di @gjquwﬂenepuaﬂemomg/ ; fipst denHHING POTIORYF r vi ng out t he

I nvention Referring to the drawi ngs, preferred enbodi nents of the present
i nvention wi IRjg,18ds 8ptspeotive viewdef afurthedmadifieation of therlens holdeo fornhiag

pr esent |nvent|on I s"made up by plural |enses each 10 having a nuneri cal

aper tur e, d NNecibve erds @hit, 180Rflg froRfHe fifstléné fitting putieal | ve | ens unit

Fig.19 is a perspective view of a still further modification of the lens holder
forming the objective lens unit, looking from the first lens fitting portion.

Fig.20 is a longitudinal cross-sectional view showing an objective lens unit in
‘which a protector is mounted to the lens holder.

Fig.21 is a plan view of Fig.20.

Fig.22 is a plan view showing an optical pickup device employing the objective
lens unit of the present invention.

Fig.23 is a side view of Fig.22.

Fig.24 is a side view showing an optical pickup device and a recording and/or

reproducing apparatus employing the objective lens according to the present invention.

Best Mode for Carrying out the Invention
Referring to the drawings, preferred embodiments of the present invention will
be explained in detail.

An objective lens unit of the present invention is made up by plural lenses each



‘is.made up by a double-lens set of two lenses 1, 2, and has a nunerical
aperture (NA) of 0.85, as shown in Fig. 1. The objective lens unit of the
«present invention is built into an optical pickup device having a |ight
source radiating the light beamwith a center wavel ength of 405 nm That
I's, the objective lens unit according to the present invention is mainly
used for condensing the |ight beam hai ng a center wavel ength of 405 nm
In the followi ng explanation, it is assunmed that the objective |lens unit
has an he¥ingatnuredcalmpeeturo{NA )i 0. Bpelai gérc Speyificahly, therlfjactive leng umitt hod
for the objective lens unit of the present invention is the nethod for

assenbl jng, g0 uP ?ﬁgbﬂnlglgl-e}%g% s%{;}i'fttwo 18Asé¥01 B laindhaks %ﬁﬁnﬁé‘iiéa]aagﬁ%% gN |A20 the

present 1 nvent first and” second | enses 1, and ns
hol der 3 hol di ng 1t lenses 1, 2, as shown in Figs.2, 3 and 4. The
first aﬂgli)%eé‘ﬁ&gp@&’s‘é‘gﬁg;fz are formed of a vitreous material, and are
prepared by so-called glass nold casting of formng a vitreous materi al
usi ng a net aThedibjectiveclenn amit of therpresar dneention issbwilt intean eptisal pickyp
formed as non-spherical or spherical surfaces, position rel ationships

bet ween détviee R ing allighe ssurrdbdadiatiap the hight beam 2eitlancdenter fwavdienigthefdtl03n t he
machi ni ng accuracy of the netal dies for nolding, and on the casting

oo’ B RO SHIRAR T LANGELIRA o RDpAL ARSIy il s,
the 11 r St Canfebsgr e ight Bl oV iRgpoontoeyadslgith of A5 A.cor 3 are Tiited
In the following explanation, it is assumed that the objective lens unit has an
effective diameter of 3 mm. Specifically, the manufacturing method for the objective
lens unit of the present invention is the method for assembling an objective lens unit.
An objective lens unit according to the present invention is made up by first and
second lenses 1, 2 and a lens holder 3 for holding the lenses 1, 2, as shown in Figs.2,
3 and 4.
The first and second lenses 1, 2 are formed of a vitreous material, and are
prepared by so-called glass mold casting of forming a vitreous material using a metal
die. The shape of the lens surfaces of the lenses 1, 2, formed as non-spherical or
spherical surfaces, position relationships between the lens surfaces and outer rims 1a,
2a and so forth depend on the machining accuracy of the metal dies for molding, and
on the casting conditions.

The lens holder 3 is formed to approximately a cylindrical shape by injection

molding of epoxy resin, using silica (silicon dioxide) as a filler, as shown in Figs.5 to



" second lenses 1, 2, inserted in position in the lens holder 3, are secured
with an adhesive, such as UV curable resin. In this objective lens unit,
-the eccentricity of the lenses 1, 2 relative. to the optical axis Pl, that
is positions of the lenses in bi-axial directions, corresponding to
directions wthin the planar surface perpendicular to the optical axis P1,
anong the relative positions between Yhe I enses 1, 2, are set by the outer
dianmeters of the outer rinms la, 2a of the lenses 1, 2, and by the inner

di anet elOof Totthis kems halderd @ fitted thesfirstfandssecond leasemd, Lehberfirst pnd
portions 4, 5 in which to insert the lenses 1, 2 and which control the

eccent r sgddnidefenksbered, insartddinpdsition nelie $érbeholder t3)eareeseulied eeith an as
shown in Figs.2 and 5. If, in the objective lens unit formed by comnbi ni ng

the fi r%{lhé;s’??e %%%B”ﬁ ﬁ?naﬁﬁ?]]eresﬂlr relative eccentricities are produced
€

bet ween s surfaces of the first and second |enses 1, 2, the
aberration is ipcreased tqQ deteriqQrate the opti.cal .perfo nce,. as shown
in Fig.s8. 't In hisopbigcive deas, unjtefhe ¢orendicitn af 1Be dPBSEs Lt adelativedo tBes
surfaces of the first and second lenses 1, 2 nmean position offset in the
pl anar dptiealtaxis Ppethpt isipositians o6 thekensevimbiraxial dirgrtians,cosresppadingioes 1,
2, centered about this optical axis. If, in an objective lens unit with an

ef f ecti Wfrediian®iathial the plamandirfae petpendicokir tonhe R)?MﬁaN&xisfPlQ afifong the
relative eccentricities between the |lens surfaces o the first and second

2nsee, g EBRni il p BRI, B S Rl Ml raRea e
_rims 1a, 2a of the lenses 1, 2, and by the inner diameter of the lens holder 3. That is,
first and second lens fitting portions 4, 5 in which to insert the lenses 1, 2 and which
control the eccentricities thereof are formed in inner sides of the lens holder 3, as
shown in Figs.2 and 5.

If, in the objective lens unit formed by combining the first and second lenses 1,
2, relative eccentricities are produced between the lens surfaces of the first and second
lenses 1, 2, the aberration is increased to deteriorate the optical performance, as shown .
in Fig.8.

It is noted that the relative eccentricities between the lens surfaces of the first
and second lenses 1, 2 mean position offset in the planar direction perpendicular to the
common optical axis of the lenses 1, 2, centered about this optical axis.

If, in an objective lens unit with an effective diameter of 3 mm and the
numerical aperture NA of 0.85, the relative eccentricities between the lens surfaces of

the first and second lenses 1, 2 exceed *30 um, the RMS value of the aberration



“if, in an objective lens unit, forned by conbining the first and second

|l enses 1, 2, the effective dianeter is 3 nm the nunerical aperture NAis
- 0.85 and the working center wavelength is 405 nm, the lenses 1, 2 need to
be secured to the lens holder 3 so that an error range of the coaxial
degree of the lens surfaces of the respective lenses 1, 2 relative to the
outer dianmeter of the lens holder 3 wild be within 30 ~Irn. The fol |l ow ng

factors may be surm sed to be responsible for these relative eccentricities
bet weenexdeeds tieeMarshdlhceterid threshdld (wavefront abermationeaE@87Arms). Thatis, The
eff or in the coaxial degree between the outer peripheral surfaces of the

outer {fi {fFad Bbjetfiveleddienit Fos@ed by corabthiad thd fift apdistoswd lenses 1f Dether r or
in the coaxli al ‘degree between the I'ens fitting portions 4, 5 of the |ens

hol der 3;. and (3) the. [ S: fd kil m,& and
t he out %ﬂf‘*?‘i%g”la)ﬂée,tefzﬁ%o %%@ﬁﬁuﬁé@@?%&gﬁré&lﬁn&clg dt'ﬁgehgg(t:urm g@:ﬁgné 8}ét hese
three factors deternines the ano n% of th% eccenfrigities o]f tge I n§

sur f acewagglenggh i%%%am,\ﬁbeﬂméi Jegd tp{be secy mﬁ%ﬁlle{‘?ﬁ?dﬂ F‘éﬁlq t he
coaxi al degree of the lens surfaces of the respective lenses 1, 2 relative

to the ametror rangerof tie cdaxiakdégmee ofidhelkansSusfaces ofithe Bopretiverteases €, 2si nce
the outer peripheral surfaces 1b, 2b of the outer rins la, 2a of the

| enses Jolagv@iEtHebiBAdRAIABEoRIHeleh§RoldeRS will beeathiR B0gimasFherfdllbwiagt i ng
enploying a netal die, the coaxial degree between the outer peripheral

surfac ef@;i&ﬁsr{ﬁ%% Bfg éﬁﬂﬁg%g tggg %ﬁgé)d’rlrlé[ﬂg‘ £ 68y the8e AlGHYdEcdentiScifies bethsedfrends

on the

lens surfaces of the first and second lenses 1 and 2:

(1) The error in the coaxial degree between the outer peripheral surfaces of the outer
rims 1a, 2a of the lenses 1, 2 and the lens surfaces;

(2) the error in the coaxial degree between the lens fitting portions 4, 5 of the lens
holder 3; and

(3) the clearance between the lens fitting portions 4, 5 and the outer rims 1a, 2a of the

lenses 1, 2.

Since the accumulation of these three factors determines the amount of the
eccentricities of the lens surfaces of the respective lenses 1, 2, it is essential that at
least the coaxial degree of the lens surfaces of the respective lenses 1, 2 relative to the
outer diameter of the lens holder 3 be within 30 pum.

That is, since the outer peripheral surfaces 1b, 2b of the outer rims 1a, 2a of the
lenses 1, 2 are formed as one with the lens surfaces by glass mold casting employing

a metal die, the coaxial degree between the outer peripheral surfaces 1b, 2b of the



“die for casting and on the casting conditions. Wen the effective dianeter
of the objective lens is 3 nm the outer peripheral surfaces 1b, 2b of the
.outer rinms la, 2a and the lens surfaces are forned so as to have a coaxi al
degree with an error range within 30 jAm A netal die for formng the | ens
hol der 3 is conprised of a portion 101 for <casting the first lens fitting
portion 4 and a portion 102 for fornmi nidthe second lens fitting portion 5,
t hese portions 4, 5 being formed on the sanme convex die 103, as shown in
Fig.9. ®herriahalaaearfdthelenssurfacthdepants dnahdenachinmgacopreydidlic miseal
convex die 103 and a concave die 104 into which is inserted the convex die

103. In d}'jéll kSt aggtﬁ{% gﬁ'&sl S)e{lcgﬁd%%ﬁr{%gwrgdgtighﬁ il the! SFEQTHE 8%6'%&‘53%’ a}fthlﬁlg

concave e 104, t tween the convex die

concave die 104 serves as,a cavity 105.i nt.o i, C t nol ten resin i

P o ORIFCtiTRde Rl ah duf oSiEr peiphrtshl et thap s a%ick i 7 2 b geo
into the cavity 105. The portions 101, 102 for casting the first lens
fitti ngtlipolenssurfacemare fiosmedsorag tohare afqoaxial glegege wn?n ) erresange withip,
provided to the convex die 103 used for formng the lens holder 3, are
fornmed B9 gancurrent machining on a lathe, that is by machining by the
sane chucki ng operation, so that the coaxial degree is maintained to high

accuracy. |nA£as&af bife ﬁfrfﬁﬁﬁﬁf{g_tﬁ'é IR Fo1def 3ti§f‘cgglgélﬁ§égc Hﬁggﬂ%ﬁoﬂrﬂﬁlf 3 mm

and a |ight eam having a working center wave mis to be
condens el ol HE9UchE nb PR AP A o o8 I5r Ammlohe SherpL RHET ' ©
than 30 | ki postion 5. these portions 4. S beng formed o the same convex die 103, as
shown in Fig.9. The metal die for forming the lens holder 3 is composed of the convex
die 103 and a concave die 104 into which is inserted the convex die 103. In this metal
die, as the convex die 103 is introduced into the concave die 104, the space defined
between the convex die 103 and the concave die 104 serves as a cavity 105 into which
the molten resin is introduced. The lens holder 3 is formed by the molten resin being
charged into the cavity 105.

The portions 101, 102 for casting the first lens fitting portion 4 and the second
lens fitting portion 5, respectively, provided to the convex die 103 used for forming
the lens holder 3, are formed by concurrent machining on a lathe, that is by machining
by the same chucking operation, so that the coaxial degree is maintained to high
accuracy. In case the effective diameter of the objective lens unit is 3 mm and a light

beam having a working center wavelength of 405 nm is to be condensed, the first lens

fitting portion 4 of the lens holder 3 formed is formed so as to have a high coaxial



5. -The first lens fitting portion 4, provided to the |lens holder 3, is
formed to have an inner dianmeter R approximately equal to the outer
~diameter 112 of the outer rimla of the first lens 1, as shown in Fig.2.
In case the effective diameter of the objective lens is 3 nmand the |ight
beamwi th a working center wavel ength of 405 nmis to be condensed, the
inner diameter R, of the first lens filding portion 4 is designed to suffer
an error less than 30 ~tmwith respect to the outer diameter R2 of the

outer ridegter, ®fith dherrbt raigellessthan 3B umpredativie toriesvecthd Mnstfitei idn! ens
fitting portion 5 is approxinmtely equal to an outer dianeter of the
outer riem 2a of the second lens 2. It is noted that, in case the effective
di aneter of the objective lens unit is 3 Mmand the |ight beamwth a

wor ki ng cent vel ength of 405 nmis .to,be caondensed, .the.inner, .di ameter
R3 of the seﬁl&?\é\%%lﬁm&ﬁ{lflgm%%gp BFP‘@B?Q?(blglﬁolﬁ%ﬁofdgréu?%f@lrmg tohayf | ess
than 30 [trn with respect to the outer diameter R4 of the outer rim2a of
t he firaniheersdiametdr R; approzinatcbcequed to ghesoutsr diametor B, g theouteerign daent
invention, the parallelism between the two lenses 1 and 2 is deteriorated,

the abepf@lhd fifstilens NaeseWn if RIS 2. | Iavedsk 1Be effectipé diaheter opehid bbfectivs
showmn in Fig. 14. If, in an objective lens unit with an effective dianeter

o TRy B RUTER el SR 4 6 M, Ongh Bl i e ot 1 <
aber 1 ot FBRJHS, B Inner diamales Reeine FESRnS HITE BRI HSF B o suftes ng
second lenses 1, 2 exceeds 0.1 15 degree.

an error less than 30 um with respect to the outer diameter R, of the outer rim 1a of

the first lens 1. An inner diameter R, of the second lens fitting portion 5 is

approximately equal to an outer diameter R, of the outer rim 2a of the second lens 2.

It is noted that, in case the effective diameter of the objective lens unit is 3 mm and the

light beam with a working center wavelength of 405 nm is to be condensed, the inner -

diameter R, of the second lens fitting portion 5 is designed to suffer an error less than

30 pm with respect to the outer diameter R, of the outer rim 2a of the first lens 2.

If, in the objective lens unit according to the present invention, the parallelism
between the two lenses 1 and 2 is deteriorated, the aberration is increased, thus
lowering the optical properties, as shown in Fig.14. If, in an objective lens unit with -
an effective diameter of 3 mm and with the numerical aperture NA of 0.85, the light
beam with a working center wavelength of 405 nm is to be condensed, the RMS value

of the aberration exceeds the Marshall criteria threshold (wavefront aberration of 0.07

Arms) in case the parallelism between the first and second lenses 1, 2 exceeds +0.1



“1f with the outer diameter of the lens of 2 nm the parallelismbetween
the first and second lenses 1, 2 is to be conprised in a range of 0.1
-degree, it is necessary to support the first and second lenses 1, 2 by the
| ens holder 3 within an error range of 3.5 n1in accordance with the
follow ng equation: 2 [mm x tan(0.1 [deg]) = 3.5 m It is extrenely
difficult to formthe | ens holder 3, B ded u3|ng the netal die, and which
hold the first and second lenses 1, 2 with the parallelismwthin the
above- degtéeoned error range to high reproducibility. Even if the lens

hol der 3 capable of holding the first and second lenses 1, 2 with such

hi gh accur acyf ¢aw fhetzﬁu&owﬁfbteﬂ &f the lefVGF B the Pﬁfdllfé'lﬁlshl betweh théfirdti r st

and second | edses 1, and the | ens hol der 3 toge her without

of - absanBPRY #@'Sgﬁ}e%w § eoblish iS558 oL B ahrtBf B 4@%““

difficult to nount the first and second |ens the I ens hold
wi th pasappenttkefissttand.sacpaddpeses-1, deby H@dleﬁﬁﬁwéﬁfai&éﬁ"wmﬂf%em@s}? tlve
| ens unit of the present invention, unless the distance between the first

and seceafd henireacdordancepwithithgdollewing eqatiampt i cal axes Pl of the |enses
are coincident and as the parallelismw thin a preset error range is

mai nt ai ned, §B ta v+t mdeeprLe8ts pange, the aberration is increased,
while the optllzn ch‘ggactgriépl (o ar% deteriorated, as shown in Fig.14.
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beam to ag(ei vgl?lrc]ﬂeh%?g (tjhe;[ fquSrt g% sgggﬁé] fenses T ’rf with { 3%%11%‘1’1? Iweir}g}l rt]hg ];bove-
mentioned error range to high reproducibility. Even if the lens holder 3 capable of
holding the first and second lenses 1, 2 with such high accuracy could be formed, it is
extremely difficult to put the first and second lenses 1, 2 and the lens holder 3-together
without interposition of fine dust and dirt in-between under a working environment of
assembling the objective lens unit. As a result, it is extremely difficult to mount the
first and second lenses 1, 2 on the lens holder 3 with parallelism within the above-
defined error range.

With the objective lens unit of the present invention, unless the distance
between the first and second lenses 1, 2, put together as the optical axes P, of the
lenses are coincident and as the parallelism within a preset error range is maintained,
is kept within a preset range, the aberration is increased, while the optical
characteristics are deteriorated, as shown in Fig.14. If, with the effective diameter and

the numerical aperture of the objective lens unit of 3 mm and 0.85, respectively, and



405 nm an error in the distance between the first and second |l enses 1, 2
exceeds 13 m the RVSE value of the aberration exceeds the limt of the
Marshall criteria (wavefront aberration: 0.07 arnms). It is extrenely
difficult to formthe |l ens holder 3, capable of holding the first and
second lenses 1, 2, formng the objective lens, with the distance

t her ebet ween of the above-defined errl& range, to high reproducibility,
using a netal die. It is extrenely difficult to formthe |ens hol der 3,
capabl ewaith the! lightddaneto bbjcontensed therehyrhaving asedriog eeptarwahel engtht mﬂqg
accuracy in using a netal die device, as the optical axes P, of the first
and secgpd phengeSrdr m?theﬁaﬁ& Biif/eRd tﬁé Gk danPREShATSkSEs 1120k (deas eg30f

parallellsmls mail nt ai ne etween the lenses 1, 2, and as the error in the

di stance_betwe en 2.1 e e range.
O Lo SRR k€ 1o oo Rk Tk, S MR oo,
paral leli sm and the di stance between the first and second | enses 1, 2 are
guar ant égayefrogf ﬂgﬁfm’(l%@e%llﬂﬁgh i g capabl e of adjusting the assenbling
accuracy, W thout being dependent on the precision in casting the |ens

hol der 3. Thatisiextrentelyedifficidt tdforhetied lens hoddért 3,arapable ohholding thefidst
second lenses 1, 2 formng the Obj ectlve | ens unit of the present

| nventi g sE&ﬁlJ $ts 1 89150 i {1, ﬂ/é l@h@ éﬁﬁhfe'dlﬁfanh@ﬂ&rébéﬁ#d%ﬂ of

porti on pr OVI W thi'n t ens der Is immobilized wusing a W
curabl e I n At thstlrre thefl n r.o nto the first
| ens fp{et? Vesdeting CHOL FaTlgE {0 1y ?ﬁpﬁgﬁu‘gﬁ?h‘gcgg@i &%ﬁagddéénvex with a

| arge radius_of curvature 17 wll rude r%m t he J fs ?(llder 3, as
shown in Figdt B grxigenwly hilficult ¢o fgﬂflf &’@e ens holder 3, capable of holding the’

objective lens unit, based solely on the casting accuracy in using a metal die device,
as the optical axes P, of the first and second lenses 1, 2 are registered highly
accurately, high degree of parallelism is maintained between the lenses 1, 2, and as the
error in the distance between the lenses 1, 2 is maintained to be within a preset range.

With the objective lens unit of the present invention, the precision in the
parallelism and the distance between the first and second lenses 1, 2 are guaranteed,
using an assembling jig capable of adjusting the assembling accuracy, without being
dependent on the precision in casting the lens holder 3.

That is, in setting the relative positions of the first and second lenses 1, 2
forming the objective lens unit of the present invention, the first lens 1 is inserted into
the first lens fitting portion 4 provided within the lens holder 3 and is immobilized
using a UV curable resin. At this time, the first lens 1 is introduced into the first lens

fitting portion 4 so that its first surface S, being convex with a large radius of curvature



S, «of the first lens 1 operates as an incident side for the |ight beam
radiated froma |ight source when the objective lens unit is nounted on an
-optical pickup device. The first lens 1, secured to the lens holder 3, is
supported on a base block 106 of the jig. At this time, the first lens 1
Is carried as its surface 1c towards the first surface of the outer rimla
is placed on a supporting surface 106alhrovi ded on the base block 106 of
the jig. The second lens 2, conbined with the first lens 1 to formthe

obj ect i wdlllbemrounided frdm thelansdrddér 3,sshbinanin Figs/2ednt by. Thbdirst sugfideg
107, the relative position of which wth respect to the base bl ock 106

supportign kel l4e | h L : i | hngd to
i g cSueh (e fippfehs 10B5eretcs 0% Mheidehidb TP (NPLER beatn BARR IS
itting,pprtion 5 of the .l.ens hol der . carrjed by th se.block.106, as
this noliBRhgofies whewicobigudve faidiniCis HRuplsEon ¥n obticBbPRpBRRNITe,  « he
holding jig 107 is connected to an air suction device so as to_ _hold the

second | ens Thatfinst lengils sacureddotbe lens holder 3risisuppoded eata baseitlackdPed by
arrow E in Fig. 15. The second lens 2 is introduced into the second | ens

fitti ngopehé l_]%n A s tiass, tho€irst Rns Isiy daeiedsi ing swidacee L c towardsattgefirstadi us
of curvature faces a second surface S2 of the first lens 1 secured to the

| ens ho | ' d

sur ace"Lgray of (ROl SR PIE%R Al Wb R B 0 Bl IR RE e

l ens unif. .1 T??hsecond l ens 2, introduced into the second lens fitting
i)goc]q §060 € Jig.

portion

The second lens 2, combined with the first lens 1 to form the objective lens unit
of the present invention, is held by a holding jig 107, the relative position of which
with respect to the base block 106 supporting the first lens 1 along with the lens holder
3 is maintained to high accuracy. The second lens 2 is introduced into the second lens
fitting portion 5 of the lens holder 3, carried by the base block 106, as this holding jig -
107 is moved towards the base block 106.

Meanwhile, the holding jig 107 is connected to an air suction device so as to
hold the second lens 2 at its distal end by air suction in a direction indicated by arrow
E in Fig.15.

The second lens 2 is introduced into the second lens fitting portion 5 so that the
lens surface being convex to a larger radius of curvature faces a second surface S, of
the first lens 1 secured to the lens holder 3.

The convex surface of the second lens 2, facing the second surface S, of the

first lens 1, forms a third surface S; of the objective lens unit.



positioned, with the first lens 1 secured to the first lens fitting portion
4 of the lens holder 3 as a reference, and is bonded to the | ens hol der 3,
*using an adhesive, such as a UV curable resin. Wien the first lens 1 is
secured to the lens holder 3, the position of the first lens 1 along its
optical axis wth respect to the lens holder 3 and the tilt of the first
lens 1 with respect to the center axi$8of the I ens holder 3 are controlled
by an abutting surface |d towards the second surface S2 of the outer rim

| a conpressi Atheagedorst lenss2¢infadupediintiethe secomd flenst fittings pbrtion rfy is
portion 4 formed on the I ens holder 3. An adhesive filmw th thickness on

the or d?bsﬁ’fon%@ With th% f1f§t%19§§%€c@x%ﬂ%etﬂe ﬁﬂaﬁlaﬂtﬁﬁmlg%o%%ha%f théfershe

out er mla of the first lens 1 and the step 3a wth the 1ens hol der 3,
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obj ective | ens un|t according to the present invention is used for an
opti cal @ YVcourgblesigsie adapted for witing or reading out information
signals on or froman optical recording nmedium Wen used in an opti cal
pi ckup devi c&Vhehetheofifst ddrisvieisiseasreduaithe lensthoddgrr3s sleeposition of thefifss lens

arranged so that the first lens 1 and the second lens 2 wll be |ocated
tovards 1t Qﬁ)dg E&‘Bgﬁ@éﬁa@ﬁs wad 1%52&3 tb ke lelﬁmola@la%ﬁa (ihé ﬁl”tﬁffqﬁe @ﬁsﬂehs qal
recordi ng nme respectively, as shown in Figs. . Since the
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provided to the first lens fitting portion 4 formed on the lens holder 3.

An adhesive film with thickness on the order of 10 um is interposed between
the abutting surface 1d of the outer rim 1a of the first lens 1 and the step 3a within the
lens holder 3, for securing the first lens 1 to the lens holder 3. As the adhesive, a UV
curable resin, curable by illumination by the UV light, is used.

The objective lens unit according to the present invention is used for an optical
pickup device adapted for writing or reading out information signals on or from an
optical recording medium. When used in an optical pickup device, the objective lens
unit of the present invention is arranged so that the first lens 1 and the second lens 2
will be located towards the light source radiating the light beam and towards an optical
recording medium 110, respectively, as shown in Figs.1 and 2. Since the objective
lens unit used in the optical pickup device is used for converging the light beam

radiated from the light source on a signal recording surface 111 of the optical



surface S, and the third surface S3, being convex to a |arger radius of
curvature, will be located towards the |ight source radiating the |ight
beam In the objective lens unit of the present invention, the nounting
position of the second lens 2 is set wwth the nmounting position of the
first lens 1 as reference. Thus, wth the objective lens unit of the
present invention, the second Iens 2 i¥positioned with the surface 1lc of
the outer rimla of the first lens 1, on which falls a light beam L1, as a
r ef er encecadiignediva Klit)the first lﬁmg.szcoﬂ'cﬂﬂaemes dn? arecembinedswthad thofitste

| ens holder 3 with the nounting position of the first lens 1, secured in

posi ti OQUFﬁC%Be ah@Mfe mlraigﬁrfﬁce 8s Heqﬁg cBRGEx td & uu;%f 9M9§@flcnh¢htuﬁmwu

carried by the second | ens |tt|?1’g po t|on 5 of t l'ens hol der 3 and hence

I S such at centrl e first lens 1 relative to
t he opt |b8 tﬁfigogpr(\i‘m@ '];g}@ Soh & @dllag %'Sqé%lit ani ‘hat is in which the
offset of the first lens .1 in . a planar direction perpendjcular, to

optical axisIngheqbjsctivelens Wb?f‘ihﬁtpfﬁﬁfd’éé’éi"qmm, themounting nospion ‘Pf‘thFl ng

portion 5, the second lens 2 is in such a state which, as the eccentricity
t her eof secandhidnse fsaset mdtlptitel matinting positicnhef thierfsist lemssl 4s refeemopr 'Ehssd,
enabl es- adjustnent of the parallelismof the second lens 2 relative to

the firshith S hyechf?é“leﬁssuﬁlh%f thd %rge%@ﬁt fn%ntléhsﬁﬁé@&dﬂdtl'éné Qsiﬁg%ltidhc_ﬂhe

optical axis. when form the second l'ens 2, the net dieis
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formed through this nolding process, ¢corner portions 2c, 2c 20 on the
outer pdni %érrafergm@étﬁfaqehes shewp 1RiFigZa, which the vitreous materi al
reaches

The second lens 2, secured to the lens holder 3 with the mounting position of

the first lens 1, secured in position to the lens holder 3, as reference, is introduced into
and carried by the second lens fitting portion 5 of the lens holder 3 and hence is such
a state in which the eccentricity of the first lens 1 relative to the optical axis of the first
lens is suppressed, that is in which the offset of the first lens 1 in a planar direction
perpendicular to the optical axis is suppressed. When introduced into the second lens
fitting portion 5, the second lens 2 is in such a state which, as the eccentricity thereof
relative to the optical axis of the first lens 1 is suppressed, enables-adjustment of the
parallelism of the second lens 2 relative to the first lens 1, that is the tilt and the
distance with respect to the optical axis.

That is, when forming the second lens 2, the metal die is pressured in a direction
along the thickness of the second lens 2, that is in a direction parallel to its optical axis.

With the second lens 2, formed through this molding process, corner portions 2¢, 2¢



| ast during the casting process, present curved surfaces, whereas the
portion in an outer peripheral surface 2b of the outer rim2a which
~beconmes a cylindrical surface parallel to the optical axis of the second
lens 2 is only a portion with a wwdth W of approximately 100 [tmat a md
portion along the direction of thickness, as shown in Fig. 16. The contact
surface of the outer peripheral surfac? 2b of the outer rim2a of the so
formed second lens 2 with the inner peripheral surface of the second | ens
fittingonphetcuber peripheral side fod the ngteyhrame2h, wohichdhe vitreous materid reichese
order of 100 [tm As a result, the second lens 2, inserted into the second

| £ e : , ; . ; . h
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optical axis about a ring- rtion of the w W of the order of 100

[tm contacted.with the inger peripheral surface of the second ,len
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2 can be noved in a direction along the optical axis within the second

| ens fi paralieldorthemptivcal owisrofithe seeprd lanse iscorlyor pemtionpwitbenwidiby Whtofon | s
used in an optical pickup device for witing or reading out information

si gnal s approximateltyi XG0 pmestor tiid portioh along thedireetionwfahickaass, ds showint ini s
necessary for the nornmal operation to be guaranteed in a range of a
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t enperat ure environment 1's changed hout this range, the air present
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The air present, in_the hernetically, sealed space between the first and
second ZortipeAdssnly the risgshapedodinn eka abkih W oh et ob1003umAade (o

changes in the
result, the second lens 2, inserted into the second lens fitting portion 5, can be rotated

in a direction perpendicular to the optical axis about a ring-like portion of the width
W, of the order of 100 pm, contacted with the inner peripheral surface of the second
lens fitting portion 5, as the center of rotation. Additionally, the second lens 2 can be
moved in a direction along the optical axis within the second lens fitting portion 5.

When the objective lens of the present invention is used in an optical pickup
device for writing or reading out information signals for an optical recording medium,
such as an optical disc, it is necessary for the normal operation to be guaranteed in a
range of a temperature environment from sub-freezing point to 60°C or higher. If the
temperature environment is changed throughout this range, the air present in the space
formed between the first and second lenses 1, 2, inserted into and carried by the lens
holder 3, is changed appreciably in density.

The air present in the hermetically sealed space between the first and second



"tenperature environnment. That is, if the tenperature rises, the pneunmatic
pressure between the lenses 1 and 2 is |arger than the atnospheric
*pressure, thus producing the pressure which tends to separate the |enses 1
and 2 away fromeach other. If conversely the tenperature falls, the
pneumati c pressure between the lenses 1 and 2 is smaller than the

at nospheric pressure, thus producing a2bressure which tends to cause the

| enses 1 and 2 to approach to each other. Meanwhile, the first lens 1 has

an abut ienes slyr2 ds echhdged yappgediablyr its mbemaslecpmdsm'erdmeo%mfgesm thet er
rimla, bonded to the step 3a of the first lens fitting portion 4 W|th a
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position esl| ve, ar ge Into three recesse es| ve coatl ng

portion or.nmed C n rtions f .the inner, rimaof the.second
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second lenses 1, 2 are secured to the lens holder 3 wwth an adhesive
descri b@messum/evhmheteadﬁéguSﬁ@aw@dhﬁdgns% 1f prdt2 aneays Skosn eachnather.y Ifo to
the lens holder 3, in particular the adhesive securing the second lens 2 to

t he | engonhelsdBy the tehrpesatorefdlixd the Pﬂeamaeisq)resimee betweanethieddnsdsahged 2i n
tenperature, representing a so-called heat cycle, thus producing
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to deterlora ed optica ration charact ristics. sun1ng tﬂgt the space
2 her mocPbs {1y Easfe aeﬁ?ét%danméfﬁfwlﬁcig@ﬁ?r ied by the lons hoder 3, 1
first and second |enses 1 is pressurized, when the second lens 2 is
i nsert ed i nt Meamwhile, the flrst lens 1 has an abutment surface 1d, lying towards the
second surface S, of the outer rim 1a, bonded to the step 3a of the first lens fitting
portion 4 with a UV curable resin. The second lens 2, on the other hand, is bonded in
- position with an adhesive, charged into three recessed adhesive coating portions 3b,
formed by cutting out portions of the inner rim of the second lens fitting portion 5, as
shown in Figs.4 and 7.
Since the first and second lenses 1, 2 are secured to the lens holder 3 with an
adhesive, as described above, the adhesive securing the first and second lenses 1, 2 to
the lens holder 3, in particular the adhesive securing the second lens 2 to the lens
holder 3, is subjected to a stress, due to repeated changes in temperature, representing
a so-called heat cycle, thus producing irreversible variations in the distance and tilt of
the lens to give rise to deteriorated optical aberration characteristics.

Assuming that the space between the first and second lenses 1, 2, carried by the

lens holder 3, is a hermetically sealed space, the air present in the space between the



"l ens holder 3 after nmounting the first lens 1 on the lens holder 3, with
the result that the pressure acting to separate the lenses 1, 2 away from
-each other is present at all tinmes between the lenses 1 and 2. Thus, with
the objective lens unit of the present invention, an air vent 3c is
provided in the lens holder 3, as shown in Figs.3 and 5, such that the
space between the first and second | ed#ses 1, 2 is a space communi cati ng
with an outer side of the lens holder 3. This air vent 3c is formed by

f or m nofigstapdeRsord lénses 1p2ris Pﬁ&%sﬁﬁzédt@vhémﬁl@@conddem 2ésinsgrted antoghet he
abut nent surface |d of the ou rimla of the first lens 1, so that the
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between the first and second lenses 1, 2 does not prove a hernetically
seal ed Hpmesdetwoeh thalensesn 1tamds2.space is not subjected to changes in the
pneumati c pressure, even if the density is changed w th changes in

t enper at ur e, This! With the cbjestive ferisSuipRifithe preséntdnventiag ah aiz, vemt@c igence
no deterioration in optical aberration characteristics is produced despite
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23 second lens 2 into the lens holder 3 after nounting the first lens 1 to
t he | enbolder 3erThis air vent 3¢ is formed by forming a recess 3d in a portion of the step 3a,

compressing against the abutment surface 1d of the outer rim 1a of the first lens 1, so
that the recess 3d is not contacted with the abutment surface 1d of the outer rim 1a,
and by forming a cut-out 3e for establishing communication between the recess 3d
with the outer peripheral surface of the lens holder 3, as shown in Fig.5.

By forming the air vent 3c in the lens holder 3, the space between the first and
second lenses 1, 2 does not prove a hermetically sealed space, while air in this space
is not subjected to changes in the pneumatic pressure, even if the density is changed
with changes in temperature, so that no pressure is applied to the lenses 1, 2, and
hence no deterioration in optical aberration characteristics is produced despite
occurrence of repeated changes in temperature.

Since the space between the first and second lenses 1, 2 does not prove to be a
hermetically sealed space, there is no risk of air present in the space between the first

and second lenses 1, 2 becoming compressed and pressurized on insertion of the



- 3. «For providing the recess 3d in a portion of the step 3a of the |lens
hol der 3, the portion of the convex die 103 for form ng the |ens hol der 3,
which is destined to form the recess 3d, is renoved by cutting to produce
the step 3a. On the other hand, a gate G provided for charging nolten
resin into a netal die in injection nolding the |lens holder 3, is provided
in a groove 3f forned in the outer pe?3pheral surface of the lens holder 3
in register with a cut-out 3e formng the air vent 3c, as shown in Fig.5.
The ai r second I2as 2pinte thietensrhdlder 3 aftsr hooutsing3theffarstiems 1 teethebliens hiolder| ens
unit of the present invention, is not limted to a formdefined as above,
and maysbe fornmed by forming three cut-outs 3e extending in three
directions fromthe recess 3d of the step 3a, as shown in Fig. 17. The air
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recess 3d of the step 3a through this groove 3g and through the Iafteral
si de of perion of the qanyexie 403 dor mrwngage lansiolder Fiwhich is gestanaddoitoemy
the air vent 3c may al so be fornmed by form ng a through-hole 3h | eading
from t héhd tecess Bénis rentdvieddbypouttingrtojpraddce twcstepGat he out er peri pher al
surface of the lens holder 3 for providing conmunication fromthe recess

3d of the stmﬁeoth%ﬂ%a%@g, fcRHEEUM&a?@ilng%élﬂéﬁféiﬁﬁﬂiéahﬁam aiel der

3, as shown in Fig. e he objective ns of the present

i nventign iriljgctli'gr()a gnélainagnth%qtehé: Rb1dek %l,( #provided in a groove 3f formed in the outer

peripheral surface of the lens holder 3 in register with a cut-out 3e forming the air vent
3c, as shown in Fig.5.

The air vent 3c, provided in the lens holder 3, forming the objective lens unit
of the present invention, is not limited to a form defined as above, and may be formed
by forming three cut-outs 3e extending in three directions from the recess 3d of the
step 3a, as shown in Fig.17.

The air vent 3c may also be formed in the lens holder 3 by forming a groove 3g
in the first lens fitting portion 4, for providing communication from the recess 3d of
the step 3a through this groove 3g and through the lateral side of the first lens 1 to
outside, as shown in Fig.18.

Alternatively, the air vent 3¢ may also be formed by forming a through-hole 3h
leading from the first lens fitting portion 4 and reaching the outer peripheral surface
of the lens holder 3 for providing communication from the recess 3d of the step 3a

through this through-hole 3h to outside the lens holder 3, as shown in Fig.19.



"dewice for witing or reading out information signals for an optical
recording medium it is necessary for the normal operation to be
-guaranteed in a range of a tenperature environment from sub-freezing point
to 60C or higher. If the tenperature environnent is changed throughout
this range, the distance between the first and second lenses 1, 2 is
changed due to thernmal expansion or coraction of the lens holder 3
itself. If, with the effective dianmeter of 3 mm the working center

frequency of Whén e objedtivedemioftliecpesemteinyenttonis s&bin dihepticsl pickep
between the first and second lenses 1, 2 is subjected to an error within

13 m apg\éfréégof W?ﬁﬁ{% ﬁfg'@?gﬁg%ht‘h?ﬁ;rﬁiaﬁoﬁ%ﬁ ﬁ]% f n dpHical }@éoraﬁfgy?%m,ei .

| ens ho IS a, ow ng relation axAt'xL < 13x10-
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conditions, the followng condition for the |inear expansion coefficient a
of the saviohmentraftony swb-freezingnpotit der 68°Caox Irighen- ¥f the thmperatire2s
Meanwhi le, if an epoxy resin, having silica (silicon dioxide) as a filler,
IS environment is changed throughout this range, the distance between the first and
second lenses 1, 2 is changed due to thermal expansion or contraction of the lens
holder 3 itself.
If, with the effective diameter of 3 mm, the working center frequency of 405 nm
and the numerical aperture of 0.85, the distance between the first and second lenses
1, 2 is subjected to an error within 13 pm, and the linear expansion coefficient of the
material forming the lens holder 3 is «, the following relationship:
axAtxL < 13x10? (mm)
is derived.
Here, At (temperature change) and L (length of the lens holder) are set as
follows:
At = 60/2 = 30(°C) and
L =2 (mm).
From these conditions, the following condition for the linear expansion
coefficient a of the material making up the lens holder 3:

o < 2x10*

is derived.



" sel'ected as the material formng the |l ens bolder 3, the |inear expansion
coefficient can be suppressed to a value on the order of N10O-5. The
*objective lens unit of a double-lens set, made up by two |l enses, with the
nunerical aperture (NA) of not less than 0.7, has a working distance (the
physi cal distance between the surface of the optical recording nedi um and
the end face of the objective lens) s#aller than that of a single
objective lens used in a conventional optical pickup device. -In the

opti cal pi ckiMeatewhile, ift &1e epbkyaesing hawing spjirsi (silicon slioxide) asld Edleby is
focussing servo in such a manner that the distance between the surface of

the opt keRlctddeEThe mde ABoIMIRS the 18fs RBMeh 3Cthedindal ExpMsi6h CYELficedIR conl | at
all times be a preset working di stance. The focussing servo, in turn,

[ Tgnt  bessupBIed 188 Bhus RETEHRRY P4, 7 T R Focusaed on the

signal recording surface of the optical _ recording nedium _For exanple, if
di st ur bances, I hsiebjegldve Jansrymt OEaMb?q-krﬁpw,i @a%pdlptwétwetlm%qs, Wi

device, the objective lens unit may beconme offset fromits design position.
If, in nhinsericadaperture (NKXkohgotlless almare0i% Has gworkimgpdistamioe I(theyplyfsical
collision between the optical recording nediumand the objective |l ens unit
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collision between the rimand the objective | éns unit becones higher. If
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controlled by focussing servo in such a manner that the distance between the surface
of the optical recording medium and the end face of the objective lens will at all times
be a preset working distance. The focussing servo, in turn, controls the light beam,
converged by the objective lens, so that the light beam, converged by the objective
lens, will be focussed on the signal recording surface of the optical recording medium.
For example, if disturbances, such as external shock, is applied to the optical pickup
device, the objective lens unit may become offset from its design position. If, in this
case, the working distance is long, the probability of collision between the optical
recording medium and the objective lens unit is low. However, if the workihg distance
is short, the probability of collision between the rim and the objective lens unit
becomes higher.

If, when the collision occurs between the optical recording medium and the

objective lens unit, the surface of the optical recording medium is directly contacted



" detreriorate recordi ng and/ or reproducing characteristics. Wth the
objective lens unit of the present invention, a protector 6 is nounted on
one end face of the lens holder 3 for encircling the outer periphery of the
second lens 2, in order not to danage the surface of the optical recording
medium or the lens surface of the objective lens unit, as shown in Figs.20
and 21. The protector 6 is forned by Jtor exanple a filmof fluorine resin
exhibiting elasticity and is provided for being protruded closer to the

opti cal wiicthidliles RedhtenctlBiet bbjective leaoumyrthase surfacebaarsedandgédns 2
| ying closest to the optical recording nmedium as shown in Fig.20. The

pr ot ectaétegsm?%k%cq{{ﬁf{%%ﬂ}qrﬁ Od%%msgi%aargéte%?ﬁfﬁurface of the opti cal

recordi ng  nmedium ens e objective lens unit,

whi |l e buffer] he force .of inpagt, caused by callision between the

opt i cal  recotthieaBicaye 1ensHnll of ihe Bissert njehfignss Biteciofd s deeimiod; ne
the protector 6 has an only small frictional coefficient against the

sur f aceonfonerandofaice efIthe e livldgr 3ddr engir¢ling thesouer periphenyeot the seeond
scorching. If this protector 6 is provided as described above and shoul d
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protector 6 operates effectively to prevent the surface of the optical

ctor 6 operat es. vel , surface of the opti
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surface of 27 the second lens 2 traversed by the |ight beam the |ight
pat h of being progudededoserdo the optical recording medium 110 than the lens surface of
the second lens 2 lying closest to the optical recording medium, as shown in Fig.20.
The protector 6 helps prevent direct contact of the surface of the optical recording
medium 110 with the lens surface of the objective lens unit, while buffering the force
of impact caused by collision between the optical recording medium 110 and the
objective lens unit. Moreover, since the protector 6 has an only small frictional
coefficient against the surface of the optical recording medium, it is also possible to
avoid scorching.

If this protector 6 is provided as described above and should collide against the
surface of the optical recording medium 110, the protector 6 operates effectively to
prevent the surface of the optical recording medium 110 from being damaged.
However, the fluorine resin or the like material, forming the protector 6, is exfoliated.

Such debris 6a from the protector 6 becomes accumulated on the lens surface of the

second lens 2. . If the debris 6a is accumulated within an area of the lens surface of



“interrupted to lower the transm ssion ratio, while affecting opti cal
characteristics, such as optical spatial frequency. Meanwhile, the debris
-6a, produced on exfoliation fromthe protector 6, is mgrated along the
direction of relative novenent of the optical recording medium 110 with
respect to the objective lens unit, that is along the tangential direction
of the optical recording medium 110, %k indicated by arrow X in Fig. 21.
Thus, in the objective lens unit of the present invention, the protector 6
i s for tedsecontnkensi 2 trawerseid bytthe lightdseam,nthier bglit pathhefhthehlighit bermeis R
of the Iight beam L1 on the lens surface. of the second |lens 2, as shown

in Fig. %ﬂtﬁrrhgg«#ﬁ% l?%f ePIRALiSi8n rét?d‘%vhil‘éhéefféc‘hr{g)(zpﬂ&‘l' cﬁﬁ’rabf@istfc@esu‘éﬁt out

7 is on at1ve novenent of recordi ng medi um 110
with res thot %;l?ectlvelens unit. The objectlvelens unit of the
present @ ﬁ?]i%’r?qa% QUE¥Y%r an optical pickup device, as is the

conventi onal | ass- nol ded si ngI e objective lens, or an objective |ens,
formed of syMeamnwhile.ediendebmise 6apprasuced qmﬁgfqlmtmnofrwméﬁ%pé@t@ﬁtori ®wisnt i on
is loaded on an objective lens driving unit, used in a conventional

opti cal nﬁgﬁdqa@ alleng ties dizectiien oheelatioarovément oftheaspiticat reevslingimediam
shown in Figs.22 and 23. As an objective lens driving unit, on which is

mount ed &b%vm&ﬁ;e thE b dtivie 1e§séaﬁﬁdﬂhaglst£oﬁ thlafge Bfial dl‘iYé‘éﬁle@ft_h@ny

sui tabl e conven evi e nmay used. For xanp , I'n an objective

cant | oOBHER r‘r’eﬁéﬁﬁmgaﬁ% gt i ?gciéW%%%BfHﬁPiﬂ)?iLY?vLeFZns””i s e
nmounted 28 for nmpvenent relative to a base block 10 by four resilient
wires 9, as Jiwanin gheppjexpive lens unit of the present invention, the protector 6 is
formed as one with a cut-out 7 larger in breadth than the diameter R, of the light beam
L1 on the lens surface of the second lens 2, as shown in Fig.21. In use, this objective
lens unit is mounted so that the cut-out 7 is on the path of relative movement of the
optical recording medium 110 with respect to the objective lens unit.

The objective lens unit of the present invention is used for an optical pickup
device, as is the conventional glass-molded single objective lens, or an objective lens
formed of synthetic resin. The objective lens unit of the present invention is loaded on
an objective lens driving unit, used in a conventional optical pickup device, as is the
conventional objective lens unit, as shown in Figs.22 and 23.

As an objective lens driving unit, on which is mounted the objective lens unit
according to the present invention, any suitable conventional device may be used. For

example, in an objective lens driving unit, having four wires carrying the objective lens

unit in a cantilevered fashion, a coil bobbin 8, carrying the objective lens, is mounted



and 23. The proxinmal sides of these wires 9, carried by the base bl ock 10,
are provided wth dunpers 11. A focussing coil 12 and a tracking coil 13
-are nmounted on the coil bobbin 8 A magnet 14 and a yoke 15 are nounted on
t he base block 10. The magnet 14 and the yoke 15 are nounted for
positioning the focussing coil 12 and the tracking coil 13 in the magnetic
field thereby generated. Wien the drivdthg current is supplied to the
focussing coil 12, the objective lens driving unit causes novenent of the
coi | bofdrimo8ement hedafivetsas base biockdt( oy faar@kilient wiresth)asshownan Rigi22 of
the objective lens unit, under the interaction of the driving current and

the mag '23.E}elégiﬂoﬂﬁﬁ?Eﬁfegfé;fhyesb%ré@@,rt%ﬂéctﬂg?t biR Bl@lél@l@?ar_elcﬁ?ggf,&{iﬁte her

hand, en t riving current 1s supplie e tracking coi

obj ective,l ens driving, ;unit.caus movenent, .of t oi |_bobbi.n 8.i n the
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optical axis of the objective lens_unit, under the interaction of the

dri vi ngbebbinght Aanagnetd danshaypke 15 arel mpued pa dhe basemalogk dfe tThesmagnet t he

yoke 15. The optical pickup device controls the driving currents supplied

to the fl¢audthagokedSlard handed fier positiéning the foculsingcoib¥2 ahti¢hetrpekingve
lens unit to control its position so that a |[ight spot of the |ight beam

conver gggfi 18 e GRERIc RekARErAHY Ceibleqbe Tormed at all times on the

signal recording surface o cal recording mediumto follow up with
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direction in Fig.22 and the direction perpendicular to the draw ng sheet of
Fi g. 23 driving unit causes movement of the coil obbin 8 in the focussing direction parallel
to the optical axis of the objective lens unit, under the interaction of the driving current
and the magnetic field generated by the magnet 14 and the yoke 15. On the other hand,
when the driving current is supplied to the tracking coil 13, the objective lens driving
unit causes movement of the coil bobbin 8 in the tracking direction which is the planar
direction perpendicular to the optical axis of the objective lens unit, under the .
interaction of the driving current and the magnetic field generated by the magnet 14
and the yoke 15.
The optical pickup device controls the driving currents supplied to the focussing
coil 12 and the tracking coil 13 to move the objective lens unit to control its position
so that a light spot of the light beam converged by the objective lens unit will be
formed at all times on the signal recording surface of the optical recording medium to

follow up with the recording track formed on the optical recording medium.

Meanwhile, if the optical recording medium is an optical disc, the up-and-down



" correspond to the radial direction of the optical disc, while the

| eft-and-right direction in Figs.22 and 23 corresponds to the tangenti al
*direction of the optical disc. The optical pickup device, including the
above-descri bed objective lens driving unit and an objective lens unit
according to the present invention, includes a sem conductor |aser (LD)
16, operating as a |ight source, as sh®wn in Fig.24. A linear polarized
light beamL,, radiated froma sem conductor |aser 16 as divergent |ight,

i s col tireetien ibyFig.2>hhd rthe alirdction pétpenditulastoi the- dtavghg. sheeh obdtig.28y 90*
by a mrror 18 to fall on a polarization beamsplitter (PBS) 19. The |ight
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into circuladar polarized Iight pl at e 20 on a beam
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objective lens unit 51 is carried by an obJectlve | ens dr|V|nq uni.t, . not
shown, for heapbical pickupdsuisssingdudingshe abayesdeseatbed abjeqtiyelpas drvings)

axi s and in atracking direction T, which is the planar direction
per pendunitl and tan tdbjecple dais anitsacdihdiﬂg’ dotthbepresentiinienttion) inckuddsj active

| ens is condensed and illum nated by the objective |lens 51 on the signal
recor di %wﬂmﬂaséﬂ(@mqs CplerdtffPisa H%hf@ﬁir@én asshowrbiafgest. 201iAear cal
disc. The |ight beamlL, | unmi nat ed on the signal recording- surface of

pol ar 2B rseiRg r%%*éc? frebd e Rk ARG lgsb 216 ne PGB sy 1o
{1 arisni cobmaRAGIghee @ﬁgiiﬁ”r%bf SR Uz Bath berldor 08 P marars 10 4
plate (QAP) 20 into a linear polarized |ight
fall on a polarization beam splitter (PBS) 19. The light beam, transmitted through the
polarization beam splitter 19, is turned into circular polarized light by a A/4 plate
(QWP) 20 to fall on a beam expander 21 formed by a concave lens and a convex lens.
The light beam is thereby enlarged in diameter to fall on an objective lens unit 51. This
objective lens unit 51 is carried by an objective lens driving unit, not shown, for
movement in a focussing direction F, parallel to the optical axis and in a tracking
direction T, which is the planar direction perpendicular to the optical axis.
The light beam incident on the objective lens is condensed and illuminated by
the objective lens 51 on the signal recording surface of the optical recording medium
110, such as an optical disc. The light beam L,, illuminated on the signal recording
surface of the optical recording medium 110, is modulated in its direction of

polarization, for example, in a preset manner, and is thereby reflected to fall on the

objective lens unit 51. This return light beam L, is transmitted through the beam



" beam having the direction of polarization perpendicular to the direction of
pol arization of the |light beam L, incident on the optical recording nedium
- 110, so as to be returned to the polarization beamsplitter 19. It is
noted that the return |ight beam L2, reflected by the reflecting surface
within the beamsplitter 19, is incident on a second pol arizati on beam
splitter 22. This second polarizati oBdbeam splitter 22 is set so that the
return light beamL2 in a state not nodul ated by the optical recording

medi um éxdfantdelr 21tendsisl danvierted tyhthetA/d pdatiet(QAWP)i26hinto abimeahpolaeizeddight
l'ight, the light volunes of which are equal to each other. The return
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(PD1) 25,,,The,.return light be L2.refl ected by .t he.,sacond | arj.zat ij,on
beam spb EdfetsDeptt Cotmstiins 85 TR pRical reciiie mEghIS 1P S PP by o6
and a knife edge 27 on a second photodetector (PD2) 28. Based on detection
si gnal staothel poJarizatien heamaiplittes d@. phot odet ectors 25 and 28, a variety of
signals, such as RF signals, focussing error signals or tracking error

signal s, maylths geedrtabethd eetuandightbeam by neeflectedsbyrtat yefleeting darface t he
optical recording nedium 110. As a focussing error signal detection system
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modulated by the optical recording medium 110 will be split into the transmitted light
and the reflected light, the light volumes of which are equal to each other. The return
~light beam L, transmitted through the second polarization beam splitter 22 is
condensed via enlarging lens systems 23, 24 on a first photodetector (PD1) 25. The
return light beam L, reflected by the second polarization beam splitter 22 is condensed
through a light condensing lens system 26 and a knife edge 27 on a second
photodetector (PD2) 28. Based on detection signals of light outputs of these
photodetectors 25 and 28, a Variety of signals, such as RF signals, focussing error
signals or tracking error signals, may be generated to read out information signals

recorded on the optical recording medium 110.

As a focussing error signal detection system, the so-called astigmatic method,
or the so-called differential concentric method, may be used in place of the

aforementioned so-called knife edge method. As a tracking error signal detection

system, the so-called push-pull method, the so-called differential push-pull method or



" the so-called DPD nethod, may be used. It is noted that this optical pickup
device may be used not only for reading out information signals froman
-optical recording nedium 110 but also for witing information signals
t hereon. A recordi ng and/ or reproducing apparatus may be constructed by
providing the optical pickup device, described above, and a recording
medi um hol di ng mechani sm adapted for3hol ding and rotationally driving the
optical recording medium 110, such as an optical disc, as shown in Fig.24.

In the glgeos-Galled IDPDomertR, agacbeasadpdt & nsted thiotis bpti€algpicRup tdeeice
signals read out by the optical pickup device fromthe optical Trecording

medi um y. ' [ | ' :
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and/ or reproduci paratus.from outside, ar rocessed by the signal
processmﬁﬁﬁmgmggggﬁ‘)%rﬁ‘ﬂ“ﬂgWrPPf'PéHOBWgWiS ﬁl‘}t’?%l pi ckup device on the
optical recording nmedium 110. Industrial Applicability According to the
present i nvew fenording anidy exrepuadicing apparatusonpy be ednstouctedkyppoeiding the

doubl e-1 ens set, conposed of two |lenses, with a |arger value of the

numer i c gbtigflepickip diidetedctftfedidbiveland & décdidimsmedium hotdingthécianism) a
short time by re atlvefy positioning cylindrically-shaped one | ens, forned

ot her | AdaBieliTof B\ dng Wil Aloia, ARFMg e YpliealocBRindtneium 310, SR,

| ens hol der needs .to be .of the_ne m ni. mum ree qf precisign, thus
nsour | nd® PAGPICALIS PR S FLE of. T ibirearoies ad/of toprodupiBe Apparatus,
separation between the two | enses of the double-lens set, forming the
shown in Fig.20, the signals read out by the optical pickup device from the optical
recording medium 110 are processed by the signal processing circuit to generate RF
signals and various error signals. The signals input to this recording and/or

reproducing apparatus from outside are processed by the signal processing circuit so

as to be written by the optical pickup device on the optical recording medium 110.

Industrial Applicability

According to the present invention, an objective lens unit comprised for
example of a double-lens set, composed of two lenses, with a larger value of the
numerical aperture NA not less than 0.7 can be assembled efficiently in a short time
by relatively positioning cylindrically-shaped one lens, formed of a synthetic resin
material and secured within lens holder, and the other lens, with the one lens as
reference for relative positioning. The lens holder needs to be of the necessary

minimum degree of precision, thus assuring facilitated manufacture of the lens holder.



* objective lens unit, as well as parallelismbetween the | enses, may be
mai ntai ned by the accuracy of the nounting jig, the objective |lens unit
»may be manufactured with optimmreproducibility and inproved yield. 33
CLAIMS 1. An objective lens unit made up of a plurality of |enses and
having a nunerical aperture not less than 0.7, wherein said | enses are
secured within a cylindrically-shaped 32ns hol der; and wherein the
position of a |lens(es) other than one of the lenses is secured within said

| ens hol der Sqgcd the seesratibibeblesbihi tRid1ensdsaitihe Jouble-bais sot,ifbrihgy the
position of said one l1ens as reference. 2. The objective |lens unit

accor ! Bflid fve1ghdhihit ELRIIad it NRIGH HerR el IR Whsks, Mal $8dnatithingd by
opti cal ch up ‘device’ used for*witing or reading out’” I'nformation signals
for an optical regording nmedi um .and .wherejn sai.d one |ens ratj ng,as a
r ef er enHie AGUIRGYE Pf ﬁ%m@%m&ulgt W&r&? gqueeLﬁ)nsilgn H‘:ftyebeomé'mb‘?‘?‘gﬂ’é@(i \éfg@es
which is renotest fromthe optical recording nedium wth the surface of

t he out eptimum aéproaiuditility hrd smpeonsdegield.r om sai d optical recording medi um-
operating as a reference surface for positioning said other lens(es). 3.
The objective lens unit according to claim1l wherein the objective |ens
unit has an effective dianeter of 3 nm a working center wavel ength of 405
nm and the nunerical aperture of 0.85 or nore and wherein the outer

peri pheral surface of each |lens has a coaxial degree within 30 m about the
center of the lens surface of each |ens.



4. ~The objective lens unit according to claim1 wherein said | ens hol der
has lens fitting portions in which said |enses are inserted as the as the

-outer peripheral surfaces are thereby carried to suppress eccentricity of
said 34 | enses, and wherein the objective lens unit has an effective
diameter of 3 mMm a working center wavelength of 405 nm and the nuneri cal
aperture of 0.85 or nore, and wherein 3¥he coaxial degree of the lens
fitting portion controlling the eccentricity of the other |lens(es) wth
respect to the lens fitting porti onCGIogAIMS |ing the eccentricity of said
one lens is within 30 ~tm 5. The objective lens unit according to claiml

wher el n 1S3 diggsiidel gﬁaulg.ﬁ 6%f o phizhi, BP1CRE o HAVRD o Bemeticar rim

of each’'lens I nser con eccentricit ens,
the lens unit ef f e dlaneter of 3 Mm a working center

mavelen@PﬁrBﬁawgaeﬁ%ﬂgﬁﬁﬁ %ﬁﬂﬂﬂrlcal aperture of 0.85 or nmore and wherein
the difference between the inner dianeter of said lens fitting portion and

t he di amet er saisklenses arersecureslewithin a eylindrieallyshaped lansdrodder; apd whergin hi n
30 Rm 6. A nethod for the preparation of an objective lens unit, with a

nureri cal apehé position@f alleas{es)dthefthan dnewthe Ensesis seyurdd withiesaid lens
conprising: nounhting and securing one lens within a cylindrically-shaped

lens ho;haﬁier ag% Gsmonao@ém Bﬂfekg rsgésgnsgeé&ith%he eﬂlo?ﬂge ﬁBh@ HtdRer

| ens(es one lens as re e and secur ng sal ens(es)
to said It%ns hoI der for relatively positioning the respective |enses.

2. The objective lens unit according to claim 1 wherein the objective lens unit is used
for an optical pickup device used for writing or reading out information signals for an
optical recording medium, and wherein

said one lens operating as a reference for positioning said other lens(es) is that
one of the lenses which is remotest from the optical recording medium, with the
surface of the outer rim of said one lens remotest from said optical recording medium
operating as a reference surface for positioning said other lens(es).
3. The objective lens unit according to claim 1 wherein the objective lens unit has an
effective diameter of 3 mm, a working center wavelength of 405 nm and the numerical
aperture of 0.85 or more and wherein the outer peripheral surface of each lens has a
coaxial degree within 30 um about the center of the lens surface of each lens.
4. The objective lens unit according to claim 1 wherein

said lens holder has lens fitting portions in which said lenses are inserted as the

as the outer peripheral surfaces are thereby carried to suppress eccentricity of said



- 7. ~The nethod for the preparation of an objective Iens unit used in an
optical pickup device adapted for witing or reading out the information
«signals for an optical recording medium according to claim®6, wherein 35
said one lens operating as a reference for positioning said other |ens(es)

Is that one of the |enses which is renpotest fromthe optical recording
medium with the surface of the outer34imof said one | ens renotest from
said optical recording nedium operating as a reference surface for

posi ti opndgs SAidwhkRgn | ens(es). 8. The nethod for the preparation of an
objective lens unit according to claim6 wherein, in securing each lens to

sa d Lens hoglebpictuvEind bl AREHeRNEHANERS 'S ml'nhoRBhERRGE

surface of e o contr eccentri Ci ["fens W respect
to the optical axis qf each |ens is provided t Ld I ens hol der, an
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control the eccentricity of each lens, each lens is secured to said | ens

hol der woaxiahdegrieesf tlee léns Titingegrdrtidnfeomttdiingrtbp sacaeniwiciiyf ohtheobilert i ve -
l ens unit according to claim8 wherein, in securing said other |ens(es) to

a | ens Msg@ggiwﬁmééﬁg&h@rthbwﬁﬂﬁin Srtiopl dhntiolling B dédgtditity anshidewed in

a directio ong t optical axis 1o adjust the Separation W th respect

to said . eds: e subsequently secured with an adhesive to said
| ens ho eﬁ@ﬁ_s vqlg&m'alfﬂjejuﬁét hod for the preparation of an objective |lens unit
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parallelismw th respect to said one |lens, said other
fitting portion in which the outer rim of each lens is inserted and which controls the
eccentricity of each lens, the lens unit has an effective diameter of 3 mm, a working
center wavelength of 405 nm and the numerical aperture of 0.85 or more and wherein
the difference between the inner diameter of said lens fitting portion and the diameter
of the lens inserted into the lens fitting portion is within 30 pm.
6. A method for the preparation of an objective lens unit, with a numerical aperture
not less than 0.7, from a plurality of lenses, comprising:
mounting and securing one lens within a cylindrically-shaped lens holder
formed of a synthetic resin material; and
positioning other lens(es) with said one lens as reference and securing said other
lens(es) to said lens holder for relatively positioning the respective lenses.
7. The method for the preparation of an objective lens unit used in an optical pickup

device adapted for writing or reading out the information signals for an optical

recording medium, according to claim 6, wherein



“lens(es) being then secured with an adhesive to said |lens holder. 11. An
optical pickup device conprising: a |light source; 36 an objective |ens

“unit for condensing and illumnating a |light beamradiated fromsaid |ight
source to a signal recording surface of an optical recording nedium and a
phot odet ector for detecting a return beam of said |light beamrefl ected back
fromsaid signal recording surface; sald objective lens unit being made up
a plurality of lenses and having a nunerical aperture not |less than 0.7;

wher ei n sai dsdidnarslens epsetingad aveférencafeypisidoniag!said othep bshs(ev)ds tint der ;
and wherein the position of a lens(es) other than one of the l'enses is
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set wit he po Ion sal d one ns as reference. A'recor

and/ or reproducing apparatus,.co I si ng: ,a.recordj medi um hol di ng. unit
For hol e W e Hirietaie REE Jariira ot SN drom sl Rtical AR Teg e
including a |ight source and an objective lens unit for condensing and

i |1 um napénating asi yrefetenemsnrface ferpositioning said othar lens(esl to a si gnal
recordi ng surface of said optical recording nmedium said objective ' |ens
uni t of 8salke eméthed! fopithk yirepanation Gkandbj@dieulensfurt agddrdiig to/ chiiml €nses

and having a nunerical apérture not less than 0.7, said | enses are
wherein, in securing each lens to said lens holder, a lens fitting portion carrying the
outer peripheral surface of each lens to control the eccentricity of each lens with
respect to the optical axis of each lens is provided to said lens holder, and wherein, as
each lens has been inserted into said lens fitting portion to control the eccentricity of
each lens, each lens is secured to said lens holder with an adhesive.
9. The method for the preparation of an objective lens unit according to claim 8
wherein, in securing said other lens(es) to a lens holder, said other lens(es) are held
by a holding jig and moved in a direction along the optical axis to adjust the separation
with respect to said one lens and are subsequently secured with an adhesive to said
lens holder.
10. The method for the preparation of an objective lens unit according to claim 8
wherein, in securing said other lens(es) to said lens holder, said other lens(es) are held
by a holding jig and adjusted as to parallelism with respect to said one lens, said other
lens(es) being then secured with an adhesive to said lens holder.
11. An optical pickup device comprising:

a light source;



- segured within a cylindrically-shaped | ens holder, the position of a
|l ens(es) other than one of the lenses is secured within said | ens hol der
»as the position of said other lens(es) is set with the position of said
one |l ens as reference.
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an objective lens unit for condensing and illuminating a light beam radiated
from said light source to a signal recording surface of an optical recording medium;
and

a photodetector for detecting a return beam of said light beam reflected back
from said signal recording surface;

said objective lens unit being made up a plurality of lenses and having a
- numerical aperture not less than 0.7; wherein

said lenses are secured within a cylindrically-shaped lens holder; and wherein

the position of a lens(es) other than one of the lenses is secured within said lens
holder as the position of said other lens(es) is set with the position of said one lens as
reference.
12. A recording and/or reproducing apparatus comprising:

a recording medium holding unit for holding an optical recording medium; and

an optical pickup device including a light source and an objective lens unit for
condensing and illuminating a light beam radiated from said light source to a signal
recording surface of said optical recording medium;

said objective lens unit of said optical pickup device being made up of a
plurality of lenses and having a numerical aperture not less than 0.7, said lenses are
secured within a cylindrically-shaped lens holder, the position of a lens(es) other than
one of the lenses is secured within said lens holder as the position of said other

lens(es) is set with the position of said one lens as reference.



