9 January 2006 1 DESCRI PTION bjective Lens Unit, Optical Pickup Device
and Recording and/ or Reproducing Apparatus Technical FPe®BUaN280% nvention
relates to an objective lens unit made up by plural |enses and which may
be used with advantage for an optical pickup device adapted for witing or
readi ng out i-nformation signals for ah optical recording nmedium a nethod
for manufacturing the objective lens unit, an optical pickup device
enploying this objective lens unit, and to a recordi ng and/ or reproducing
apparatus enploying this objecqyggck§p§ﬂyﬂlt Background Art Up to now, an
optical recording nedlun1 exenplifired by an optical disc has been used as

a recordi medi S tical device is
used .f or %PW %TFS Iﬁgﬁdﬁﬁgcgﬁélcﬁﬂ?ﬁﬁ%ﬁ W@P‘@Q@F&g W SEopt i cal
recording medium The optical pickup device includes a sem conduct or

| aser, as a light source for radi&ppargtua |i ght beamto be illum nated on
the optical recordi-ng nmedium and an objective lens unit for condensing

t he | ilg:'&hnf&%?meﬁ@d' ated fromthe sem conductor Ilaser for illum nating the
| i ght amto a signal recording surface of the optical recordi ng medi um

In the opti.cal .picku vice, the spot dianmeter of the |ight bea
i I'lumn a{) ed ngvejlgﬁwg g@é@ an objegtive lens umt made up by plural lenses and

which may be used with advantage for an optical pickup device adapted for writing
or reading out information sig.nals. fqr an optical recording medium, a method for
manﬁfacturing 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 recofd_ing medium, exemplified by an optical disc, has
' .bepn.used asa recording' medium for information signal_s. An optical pickup device is
used for writing 6,r reading out -infqnnation signals on or from an optical recording
- medium. The optical pickﬁp device includcs‘ar semiconductor laser, as a light source
for radiating a light beam to be illuminated on the optical recording medium, and an
objective ._lcns unit for cOnciensing- the light beam radiated from the semiconductof
Jlaser for illuminating the light beam to a signal recording surface of the optical

- recording medium. |

In the optical pickup device, the spof diameter of the light beam illuminated on




2 the signal recording surface of the optical recordi ng nedi um maybe
reduced to realize high recording density of the inforddanuary 20§nal s
recorded on the optical recording nediumto enable readout of the

i nformation signals recorded to high density. For reducing the spot

di ameter of the light beamillum natgﬂ on the signal recording surface of
t he optical recording medium it is fective to shorten the wavel ength of
the Ii h mre}f|at5%fro heJ| ht g(gurce nd to enlarge the numerical
apert ICGPTHRE SHHAEL P qpéﬁ’é RS HARmAY §Ric tOFER1Z6; esent
Assi gnee has proposed an_objective lens unit of a |arger nunerical

aper t bigh teayding dmsiyyohtheGuéornmatiemsighaly fasardeh ob-tBe Jpical reoatding

Layi ng- Open Patent Publication. H 10-123410. The objective lens unit

di scl asatuinto driablPe¢Rlvut R thé BEfoirMativ sEATMOsRHrééd & FRMAESiKNS set made
up of two |l enses, and has a nuneri cal aperture not | ess than 077. Up to
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called a "single een -used ext as-an Jec %88 ens uni t

used in a ti.cal pickup device. The si e Iens an, be par ed_ by

so- cafffcé’(ﬁglj\gag‘érf%ff di’l% tﬁ‘& 8{?“631 gCp ggdpeﬁﬁgﬂ Itolsy ¢ ??Fh‘ﬁ’cé‘g) éﬁﬁrtBB s red
with high reproducibility by fabricating the ne .lie to high precision and
by hi ytavgleagthjainthee hight dxcane Iadmtﬂbémttmmghigscmlmgi to fenddngel thes is to
have a larger value of the nunerical aperture (NA) of for exanple 0.7 or

| ar genunrical @pelfrtﬂilef(NaA) of ehepobective 1¢mastndedsin gthbeigﬁﬂtmsm.such that the
first surface of the light beamincident side of the lens needs to be a

non- spher i e ggt;g;efnggggyg&e% s |pRSE¥e dGN HE i fe 1€kt _uhh&m{a BiodiMurfesaig! e ol d
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 éperture not less than 0.7.

~ Up to now, a lens composed -of one [ens set made up by a single lens, or so-

cﬁlled 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 glfl.SS mold

- forming. A lehs- of high. performance can be formed with high reproducibility by
fabricating the me - Jie to high precision and by high prccié-ion tempe;r&w&*‘?f'-e
management during casting. If the lens is to have a larger value of ﬁ.he.-numc';icai B
éperture (NA) of for example 0.7705 larger, a largér refractive power is required of the - "

lens, such t_hét the first surface of the light beam incident side of the lens needs to be

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




3 properties, it is extrenely difficult to formthe objective lens unit.
having a non- spherical surface of a large curvature usdanyasy 286l die.
Moreover, with an objective Ilens unit having a non-spherical surface of a
| arger curvature and a |larger nunerical aperture (NA), the |light beam
radiated fromthe |ight source cannot, be condensed accurately on the signal
~recordi ng surface even on occurrence Yot perturbations resulting fromthe
slightest tilt relative to the optical. axis. W.th the objective |lens unit
conpr iprepediesa iditupKtremshy dsﬁtcuégtq)é@@ﬂ the ohisctive dels undshayiag 2408~ n t he
above Publications, the refractive power can be dispersed to.two |enses to
moder ajphetitsl suifact of £lafe chevaterepesing uanteb dis Mbaaerawitheln objsctive
decrease the non-spherical surface coefficients. Consequently, the

ob) ectlgﬁgyhggﬁ.\% b noiShiReichPSIEACd B £ 141881 ERF BN Blardel WiuddticalS| Ng a

met al conmes possi “suppress deterioOration of the

optical perfo ce Gga d by far I he, tilt of -t-heyl ens l.aki ve to
the opmeaedNAD hpareiiaghrubeieTeltpan e et pvie GombrE b SR deBpel’
conposed of two lenses, the respective |enses can be nolded with a netal

di e t cqoneatelyt ont theopiginehirecording surface jqven pRopcPBresedet diargrbatigns
However, the respective |l enses need to be registered to each other highly

accur geshlyingefrom the lighessatiyt retatpet totthe oppicat akisaxes of the respective
| enses of the objective lens unit registered with each other high

accurately Wil ,tolgé&%ié?@ ﬁﬁﬁé‘d}hphﬁéd’ ¥f aidube 188PSG dotBpbLIBESvand tO.
~maintain the distance and paralleltfsmbetween the respective |enses highly

oo gL OS5 G108 BBt S, R et pAwEP b e st
| to two lenses to moderate the curvature of the respecﬁvc lens surfaces as we}l as to
' decreaée the non-spherical surface coefficients. Consequently, the objective lens unit
‘can be formed {o a desired machining accuracy, using.a méta'l die, so thﬁt it becomes
possible to suppress deterioration of the optical performance caﬁsed- by for example -
“ .the tilt of the lens relative to the dptical axis.

With the objective .lens unit of a doﬁble-lens set composed of two lenses, the
respective lenses can be molded with a metal die to prevent its optical characteristiés
from being deteriorated. However, the respective lenses need to be registered fo each

"’"“‘o‘théi‘“high‘ly“"'acizﬁrat'ety;‘i:_e':;;“it';'i*é'tﬁij‘.&ssary to get the optical axes of the respective

3 ~ 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




| enses, there are such a nethod consisting in causing the laser light to
fall on the objective |enses, put together, and in fddamzanap006
interferoneter by the respective lenses to adjust the relative position
thereof, and such a nethod consisting in causing the laser light to be

- transnmitted through the objective |l enses put together and in observing the

near-field pattern of the laser lightt to make the adjustment. Wth these
nmet hods, the phenonena observed are not changed i ndependently for = -
r espelenises, thedd ast saoch apmednst eossisdng lint detsimgrithestaseniighs texol eorethe
ti me-consum ng due to many . | ooped procedures required for achieving the

fi nal oBRICHVE TBASS, lplum 88588 iDin FHANh g An SHEHAOIRIEO By e CRspORRIStS 1N
providi'ng a gap between™ the |ens holder” 3 and the | ens and in adjusting

t he | gns Sj t.i w_thi.n the. r W ' t X | ve,
such E8sePRRALRO S PR BEm B Bua lich d SR B Ring 3B BRERLI
the. adj ustnment and cured in situ to secure the lens to-the | ens haol der..
The | tieslases lighy tprbg gansmitied thxaugh thenpBicdtive kases pyt fogeber apdningn
adhesive is likely to undergo nisregistratioon due to environnental '
changebsersinghthemdandicld pattgrn ofthedas¢kightoto hake the gdjushmentd &ith dheseer cone
t he problens caused by an adhesive, it has been proposed to set the tilt

of t hiyekigits, aRE plichon®sal bBserdt@ e At Shdffdd McpendORIPFbE Gaspetive

dependi ng on the machining. accuracy. of the lens holder. That is, a step
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In assembling, there is Such amethod 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 adhesiﬁe, 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 leﬁs secured in po.sitio_n_ in this manner in the lens holder with a.n-adhcsive is likely
t;) undergo miSregistration due to environmental changes, such as inc'réasiﬁg
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
depen_d'ing' on".t_ﬁe machiniﬁg_accuracy_of the lens holder. That is, a step is formed
within the lens hﬂ_ldef and the outer rim of the lens is abutted against the step to set the
"tilt of the lens and its’lo'catian along the optical axis. -If_, in this structure, the step is

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




~In the case of, for exanple, an objective lens unit conposed of a S
doubl e-1ens set nmade up by two lenses, with an effecti%daHagP®d of 3. nmm °
it is necessary. to nmmintain parallelismbetween the two | enses on the
order -of 0.1ldeg. For nmintaining this accuracy, it is necessary to

mai ntain the error along the optical gxis of the surface of the outer |ens
rimcarried by the step within the. lens holder to a value on the order of

Lpm It | SpDANeURE X RSBl &ﬁﬁﬂé&i&@ié}%\&ﬁﬁib el VFHLSoUBILIERS

‘Wi thin the degree of accuracy i s naintained.
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within the lens holder and the lens to render it difficult to maintain
par al |ehintaitopiratielismHzctweon|the t&o lembascom the erdst of Qel dag, heX BRIHABHRE nent s
of the present invention may provide a novel -objeétive-lens unit which may

be exeppd addurity HfisaRereaip s ivaedit ey hirokalohgithe opticalddiv ofithasufacd of a

doubl e-T ens set”'conposed of two | enses, a nmethod for producing the

0] £Ct el SIS sl ArflE b the BISMRIET ME RrRTRAGN. (00, Lilue QIIRGIKP | e

unit, reproduci ng appar at us oyi ng 't he objective

| ens unit. Enbodiments of the_present. |nyentij,0 rovi de .an. ohj.eciive
| ens. ok 1 imun ok howores eatieprely Lt 19 B e it el Byt bt
aperture not less than 0.7, and in which the relative positions of the
r espedens holdarssdhistigh diegeteenf acsuradygis mandaisiedn Additienaldy, depengdingiori ng
the objective lens unit, and an optical pickup device 9 January 2006 6 as
| }Nel I %é?néﬁﬁﬁﬁgbﬁﬁiraﬂﬂ{cﬂt, figpaedugiddireem thootder ofbyayitegd tabs intbpdat i ve
ens unit.
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
- 'Embodimelnts of the prgsént invention ﬁ_;ay provide a novel objective
lens unit which may be exempt from the above-mentioned drawback of the obj¢¢tive—
.Ief‘ns unit of a dbuble—lcﬁs set composed of two lense;, a method for .p_redu-cing the
~ objective lens unit, an optical pickup device employing this objective lens unit, and a
recording and/or reproducing apparatus c;mployi_ng the objective lens unit. |
* Embodimens of the present invention may provide an objective lens unit,
| ?v-vhich lsmade up by plural lenses, each having a numerical aperture not less than 0.7,
_ :-and in whiéh the relative positions of the rcspectivc lenses are adjusted to. high

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




According to a first aspect of the present invention, there is provided an
obj ective lens unit conprising: a plurality of |enses%28HaAA0Rg a
nunerical aperture not less than 0.7, the plurality of lenses including a
first lens and at | east one secondary |lens; and a cylindrically-shaped | ens
hol der configured to secure the plurality of |enses, wherein a position
for seating the at | east one secondary lens within said | ens holder is
conpensated to correspond to a paralﬁelisn1characteristic of an outer

peri pheral surface of the seated first |lens. According to a second aspect

of . t heg ek ag tredoTURIY drtlor Ecpesduding REIhEle EnlolRiAl SthEctineleRs aRAr ation
of an objective lens unit, with a nunerical aperture nof less than 0.7,

i ncludi ng lyral ity enses, plurality of. lenses including a first
ens-and® Arcrdizl; 1475 Yrst GRBER, of dfic Prtiin ineBliono diR i grovied B of
mounting and securing the first lens within a cylindrically-shaped |ens
hol-derbjegtivenhsds vhitgompnising:i c resin material at an end of the | ens hol der
positioning the at | east one secondary lens within the | ens hol der using an

outer perd pighBly SFNERES Qcht H%?viﬁ@%rashuhﬁ%apﬁp%f ROGENGS thhh . 7epRect to

a parallelismcharacteristic of the first |lens securing the at 1|east
i o ALY ERE R I T R s
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: a cylindrically-shaped lens holder configured to secure the plurality of lenses,
 wherein
a positioh for seating the at least one seconda‘x& lens within said lens holder is
c_ompens‘ated to correspond to a parallelism characteristic of an outer peripheral surface
df the seated first lens.
| According -to a second aspect of the present invention, there is provided a.
vl.zl.’leﬂlt)d for the preparation of an objective lens unit, with a numerical aperture not less
~ than 0.7, including a plurality of lenses, tﬁe plurality of lenses including a first Iens and
at least 6ne‘second’ary lens, the method compﬁsihg the steps of:
mounting and securing the first lens witﬁin_a cylindrically-shaped lens holder
- forméd of a synthetic resin material at an end of the lens holder;
: posit_i-oni-ng‘- the at least one secoﬁdary lens within the lens holderrusing an 6uter. |
~ peripheral surface of the first lens as a reference- vﬁth respect to a parallelism
..'chara\ct:eristic of the first lens; and
securing the at least one secondélry lens to said lens holder.
- According to a third aspect of the present invention, there is provided an optical

pickup device comprising:




a light source; an objective. lens unit configured to condense and
illuminate a |ight beam radiated fromsaid |ight sour@danugng2@iéynal
recordi ng surface of an optical recording medium and a photodetector
configured to detect a return beamof said |light beamreflected back from
said signal recording surface, said objgctive l ens unit including a
plurality of lenses including a first lens and at |east one secondary

| ens, and having a nunerical aperture not |less than 0.7, wherein the
plurality ®lightsmueeare secured within a cylindrically-shaped | ens hol der,
and wherein a position for seating the at | east one secondary lens within

‘said |ens holdtgective lal ﬂﬁite@bﬁﬁ%lﬁ@ﬂri@s pofderise anddllahligateSanITIIRI B&dner | Stic
0

of an outer peripheral surface the seated first lens. According to a

f f the. j e} h ' i ded '
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configured to hold an optical recording nedium and an optical pickup

devi camedhuhyandg a |ight source and an objective lens unit configured to
condense and illumnate a |ight beamradiated fromsaid |i.ght source to a

signal r ec@?ﬂbﬂﬂieféé’t&a@(ﬁlﬁgur§@it@ o faaﬂenhﬁﬁ%a% g saﬁilﬂii bSah Yepbitegtive

| ens unit of said optical pickup device including at ledst two |enses, the

and PR S NERPLECOURE Sufechor 1 eas than 0. 7, wherein oY S
said objective lens unit including a plurality of lenses including a first lens and at
least one secondary léns, and having a namerical apérture not less than 0.7, wherein
the plurality of lenses are secured within a cylindrically-shaped lens holder, and
. wherein o
a position for seating the at least one secondary lens within said lens holder is
| ~..adjusted to correspond to a parallelism characteristic of an outer peripheral surface of
- the seated first lens.
According to a fourth asbect O.f the present invention, there is provided a
'recording and/or reproducing apparatus comprising: | |
a recording medium holding unit configured to hold an optical recording
médium; and |
an 0pfical_ pickup-devibe mcluding a :lig-ht source and an objective lené unit
-configured to condense and illuminate a light beam radiatéd from said light source to a
signal recording surface of said optical recording medium,_

said ‘objective lens unit of said optical pickup device including at least two
lenses, the at least two lenses including a first lens and at least one secondary lens, and
having a numerical aperture not less than 0.7, wherein |

the at 1éast two lenses are secured within a cylindricall_yféhapcd' lens holder,




the at least two | enses are secured. within a cylindrically-shaped | ens
hol der, 9 January 2006 a position for seating the at |®danuasndt®econdary

| ens within said | ens holder is adjusted to correspond to a parallelism
characteristic of an outer peripheral surface of the seated first |ens.
According to a fifth aspect of the presgnt invention, there is provided an
objective lens unit including a plurality of lenses including a first |ens
and- at | east gne _secondary lens, and a pIurallty of .l ens hoI rs f.or

recei vi ng APPHYAR foF featingthsrat dgrst oneseconday lgnywathin said legp o Lfif‘edﬁdary
lens to secure the plurality of |enses therein, the objective lens unit

- bei ndjasted telcoeesponditbe pHreldelisnh charauiiistg ofiag obeperipbetdd suffhcsdf | ens
within a correspondl ng lens holder of the plurality of |lens holders at an
end . Ot%; Q&eﬁ gtclt e lens unit; positioning the at |east one secondary | ens
Wi t-hi t ‘ns hol der of the plurality of |lens holders of the
objective lens unit opposite the first lens to align the at |east one
secondary Aeerrdiimig arfibbtaspart afi the prsente mevengionn thereeis peovigaé

surface of the first lens as a reference to  conpensate the p03|t|on| ng of

the ajhjb@Rsd 1Al fnSCRmeRdRaY a'lﬁﬂﬁh‘?ﬁ%ﬂeﬁés andladidls! £fird Tenchiad acleakti 6hd ¢ of
the fi rst | ens; and securing the at | east one sécondary Iens to the lens
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| east two | enses including a first lens and at |east one secondary |ens,
and dens lasdsat least |ones s¢woinderys lémsr to eceirei thy  plurekiyeof ilomses niderding ilee f i r st
| ens and at | east
~ objective lens unit being constructed by the steps of:
mounting and securing the first lens within a corresponding lens holder of the
plurality of lens holders at an end of the objective léns unit;
positioning the at least oﬁe secondary lens within a further lens holder of the
: .plﬁrality of lens holders of the objective lens unit opposite the first lené to-align the at
least one secondary lens along an optical axis;
re_fere-ncing an outer peripheral surface of the first lens as a reference to
'. '_ coﬁlpenséte the positioning of -‘rhe at least one secbndaly Iéns based on a parallel_ism-
| chara'cteriéﬁc of the first 1éns; and
securing _tHe at least oﬁe secondary lens to the lens holder based on the
cbmpen-sation. |
According to a sixth aspect of the present invention, there is provided an o’t')jéctive lens
unit including at least two lenses. inciudin_g a first lens and at least one secondary lens,
.and at least two lens holders for receiving a respective one of the first lens and at least

one secondary lens to secure the at least two lens therein, the objective lens unit being

“constructed by the steps of:




one secondary lens to secure the at least two |ens therein, the objective
| ens unit being constructed by the steps of 9 January 20@@6udiy 2086unti ng and
securing the first lens within a corresponding | ens hol der of the at |east
two | ens holders at an end of the objective lens unit; positioning the at
| east one secondary lens within a further |ens holder of the at |east two
- lens hol ders of the objective | ens umibt opposite the first lens to align

- - the at |east one secondary |lens along an optical axis; referencing an

"~ outer peripheral sur .0f. i , 16 bR YR gat e the
posi tioni ndn%?rﬁﬁge&é({%%ggjs{ét%@nﬁr%é%%tr\‘gg@gf?gng gsgﬁ{ggfr%ﬁgh%gﬂrﬁl el gt?n

characteristic of the first lens; and securing the at |east one secondary

| ens tleast wollemsholdersat apgnd of dhe objective lgnsigdiion. .. .......... ... Ct her

obj ects, features and advantages of the present invention will becone nore

appar ent fr}mm v it dtheast Bhe dedtridady Rinstighinracfhether lems dldarofatbe ahown in
the drawings. Brief. Description of the Drawings Fig.l is a |ongitudinal

cross-sectional view of..an objective |ens, i Rl ng pr esent
i nventlf ‘?WPiq@‘.lszh‘i’l g qféﬁ%f’gﬁhﬁ‘ﬁ%ke*@r%&%g%ﬂ?gjﬁ%fﬁs&l%v%fd ' eﬂlggijtect i ve
l ens unit buirlt into a lens holder. . o

- least one secondary lens along an optical axis; '

referencing an outer peripheral su:face of the first lens as a reference to.
éompens'ate the posiﬁoning of the at least one secondary lens based on a paralielism

characteristic of the first lens; and

securing the at least one secondary lens to the lens holder based on the

compensation.
Othcr objects, features and advantages of the present i-nver_lt_ion will become -
- more apparent from reading the emboediments of the present invention as shown in the

drawings.

Brief’DeSc-riptioh 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
- lens holder.
Fig.3 is a perspective view looking from the first fens. -

Fig4isa p,crspective. view looking from the second lens.



Fig.3 is a perspective view |ooking fromthe first lens. Fig.4is a .

per spective view |l ooking fromthe second |l ens. 9 JanudyarR@6620i6g. 5 is a
perspective view of. a lens holder form ng the objective lens unit ‘|ooking
froma first lens fitting portion. Fig.6 is a perspective view of the |ens
hol der form ng the objective lens unjt 1ooking froma second lens fitting
portion. Fig.7 is a plan view show n§ a lens holder formng the objective
lens unit of the present invention. g 8 is a cross-sectional view taken
al ong | i neFig.5lis\a perspective viewrpiya denss haldsstfooming she whisetivgolfnagmite | ens
hol der form ng the objective lens unit of the present invention. Fig. 10

IS a Rokifg FRM adiat lensdivtinglyortianong line X-X of Fig.9. Fig.11 is a graph
showi ng the rel ati on between the eccentricity between the |enses and the

val ue of t f r TecTafel tional
Vi ew showi igF RS ﬁ@%&ﬂg \ﬁ@#dot‘r?fr;thﬁ':fe?ﬁjh%l & forlf Sthy%j@d_mﬁer RasaBe. o
show pg t,he par aI | el ISE Ween the | enses and the val uemof t he wavef ront
aberr 18 a156CP1 %Wgsﬂ My the di stance between the | enses and

t he val ue of the vvavefront aberration. Fig.15 is a_|ongitudinal

cr oss- sect Figidlis 2 pkan wibwvihogving@ lpnsbelder &ormingdhoobjrstiverenswpis of e | ens

S unit.

- present invention.
- Fig.8 is a cross-sectional view taken along line VIII-VIIH of Fig.7.—
Fig.9 is a boitom 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 tﬁe‘ :
lenses and the value of the wavefront éberrﬂation.
Fig12is a-Idngitudin_al cross-sectional view showing a metal die for forming the |
_lens holder. |
Fig.13 is a graph sho‘Wing the parallelism between the lenses and the value of
" the wavefront aberration. -
- Fig.14 is a graph shoﬁring the distance between the lenses and the ‘x_ralue' of the
wavefront aberration. | |
Fig.15isa longitudiﬁal' cross-sectional v.iew showing the process ofas-scm_bl_-ing
_the objective lens unit.

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




Fig.16 is a schematic |ongitudinal cross-sectional view show ng the state
in 9 January 2006 which the second | ens of the objecti¥danmns2@06 t of the
present invention has been introduced into the lens holder. Fig.17 is a
perspective view of a nodification of the | ens holder formng the

obj ective lens unit, looking fromthe first lens fitting portion. Fig.18
i's.a perspective view of a further nmo®ification-of the | ens holder forning
the objective lens unit, looking fromthe first lens fitting portion.

- Fi 9. 19vhichatiiResceoadtlens o\flthwoﬁ eetisd ldds Gnit tofethe pesdrit daventmorohas beeh ens
hol der form ng the objective Iens unit, looking fromthe first |ens

fitti rﬂtl%(a]'h}:é&’?nto t!lg 185 l\}\ﬁld%ﬁl ongi t udi naI cross-sectional view showi ng an

obj ectiv ens un a protector is mounted to the | ens hol der.

ol Skup o B Eﬂﬁ%%ﬁ@eﬁﬁﬁaﬁ?&{ oqifialtofiof Tt |G AREL B e 0Bk, 70r

Fi-g. 23 is a side view of Fi 22 Fig 24 is a side viewshowing an opti.cal
pi ckupokfeciiveleansdimit, lecking fngmd f@iﬂt lansditbimgpargosippar at us enpl oying the
obj ective Il ens according to the present invention. Best Mdde for Carrying
out the | nvEi i®i Appirepedtive iewtdra firther ngriifipatiéreof tie lendbaldeefurmiaf t he

present invention wl I be explained in detail. An objective lens unit of
the prggeiifiedtVeithk Hif, FodTBHE tHenthe Flrsf Rios fRARE poRA6H. O January 2006
Fig.19 is a perspective view of a still ﬁjﬂhcr 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 devicc and a recording and/or

reproducing apparafus 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 éxplained in detail.

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




10.having a nunerical aperture (NA) of 0.7 or larger. Specifically, the
objective lens unit is nmade up by a double-lens set & Janward 2006es 1, 2,
and has a nunerical aperture (NA) of 0.85, as shown in Fig.1l. The objective
l ens unit of the present invention is built into all optical pickup device
having a |ight source radiating the 1'.ght_ beamw th a center wavel ength of
405 nm That is, the objective lens*unit according to the present

invention is mainly. used for condensing the || beam havi ng a cepter
wavel kawjng asumoscalmpertiyre Gﬂk)@ﬁﬁoﬁph@rgﬁrpl%ml%l(%ﬁy,itlﬂﬁP e&%‘é’ﬁg@f Wbt the
objective lens unit has an. effective dianeter of 3 am_ Specifically, the
manuf gGhade o b?fﬁi doabledens bet afttjneckenses 1) Zrendimsta mﬁmterl@agalwtmﬁ ention
is the nethod for assenbling an objective lens unit. An objective |ens

unit’ di thenpresent invention is made up by first and second
Iense@fq',%rSthgla&gml@ﬁ@%h%I der 3 for holding-the l-enses 1, 2, as shown in

Figs.2, 3and4,.The fjrst and.second |l.enses.l. . - for.oed. -\l L reous
mat eri al , iﬁﬁ objectiys k’ﬂﬁl"é’gl %@ﬁ‘sﬁo@’f@éﬁ"?‘e‘&"aﬁ gég lﬁlﬁﬁg{a@e{étﬁﬁ%tgﬂ ?’ ofming a
vitreous material using a netal. die, The shape of the lens syrfaces of
the | dendes haying a lightseurss radigtiagribe light bgam \gﬁﬁé\rqeél&?f wWayelspgd Oé‘g@f tion
rel ationshi ps between the |lens surfaces and outer rins la, 2a and so forth
depengmoTHab s, the bbjsotiyedensinnit pcobrding tothepresepsirvention!igmajnlyawied on t he
casting conditions. The lens holder 3 is forned to approximately a

Rl o R T R R S R
In the folowing explanation, it is assumed that the objective lens unit has an
effective diameter 0f3 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 acco_rdi-ﬁg 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,
" 3and4. |
The first and second _l-cnsés 1, 2 are formed of a Vitfeous maﬁerial, and are
prepaied by so-called glass mold casting of forming a Yitréous mat.eﬁallusing,a metal
die. Thé shape of the len_STSurfacas of the lenses 1, 2, formed as noni—sp‘herical or
| spherical su?faCcs, position relationships between the lens surfaces ﬁnd outer rims 1a,
2a and so forth depend-on:the machining accuracy of the metal dics for molding, and
on the.casting conditions,
The lens ﬁold’er 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




11 10. To this lens holder 3 are fitted the first and second | enses 1, 2.
The first and second lenses 1, 2, inserted in positio%Jamarn@ddens hol der
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 P,, that is positions of .the |enses in bi-axial directions,
corresponding to directions within t hd pl anar surface perpendicular to the
optical axi.s Pl, anong the relative positions between the |ens 1, é, are
set by10heTouthis lensahelder 3 axe fitted dhe dirst and sga?mi&elbﬂestlae%ﬁ%%éﬂﬂﬂ and
by the inner dianeter of the lens holder 3. That is; first and second |ens
fittingedsid 1@es4l, B inBetbd Gh posifion dntthtHens dslder 3, aZe medurdd whth aont r ol
the eccentricities thereof are fornmed in inner sides of the |Iens hol der 3,

as éh?ﬁge%iﬂs’%‘?f?‘s% ﬁwcgfablél(ffs}h‘g'nt he objective lens.unit formed by

conbi n and secon ses 1, 2, relative eccentricities are -

produced between the lens surfac of the.first..and secqgn 2,
the aberrati Br{%ﬂ%o HCHYgJERS P&%dgﬁ%PFﬁ?Ig'F&EWh st emses ae(rjzr 5¢1§ﬁ§§3° hél\%
shown . in Fig. 11. It is noted that the relative eccentricities between

t he | eoptisal dxisdy, tifattisipositions ofshe lenses in bi-exialdirectionge sarrgspendiag tof f set
in the planar direction perpendicular to the comon optical axis of the :
- | ensesgirecBon§ Witkinctheaplatir slrfacopéipeaticularsto tlie optical raxibPecamong thas

unit with an effective diameter of 3 mmand the nunerical aperture NA of

0. 85, e- e E@ﬂ% AP ARTS eligE HRsute di erObf thewutkt r st
and. . s%éggﬂggk%%isﬁéoglslﬁ e%c@gaé%g%n%ﬁ fﬂseétgys{ val l}gygéﬁftiﬁerﬁbgr ration 9
January L0 2a of the lenses 1, 2, and by the inner diameter of the lens holder 3. That is;

R first and second leris 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.

| K, in the objeétive lens unit formed by combining the first and second lenses 1,
: - 2, relative ecceniricities are ﬁroduced between the lenS‘.surfaccs of _the.first and second
Ienses 1, 2, the aberration is increased to deteriorate the optical pcrfo.rmancc, as shdwn .
in Fig. 11 .

. " Rtis noted'that the relative eccentricities between the lens surfaces of the first
and second liens-es- 1, 2mean position offset in the planiar :dixectiqn pgrpcndicular tothe
common optical axis of the lenses 1, 2, centered about.this optical axis.

If, in an objective Iens unit with an effective diameter of 3 mm and the

. -numerical aperture NA o£0.85, the relative éccentriéities between the lens surfaces of

thé flrst and second lenses 1, 2 exceed *30 pm,-the RM_S.value of the -a-berr_a_tion,
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12 -exceeds the Marshall criteria threshold (wavefront aberration of 0.07
“Arms). That is, if, in an objective lens unit, forned {apuaomiiofi ng t he
first and second lenses 1, 2, the effective dianeter is 3 m the nunerical
aperture NAis 0.85 and the working center wavelength is 405 nm the

| enses 1, 2 need to be secured to t | ens hol der 3 so that an error range .
of the coaxial degree of the lens surfaces of the respective lenses 1, 2

relative to the outer diageter of .the |ens, hplde | A 0 pm :
e f oxcasts She Marshall sriigiin BEesi @y Hn a0sa8lieof bid7 £k R i3, B e
eccentricities between the- lens surfaces of the first and secondq |l enses 1
and 2if, in( 43 objeetizedens umittfoemed by eombingnghobirsiaad serendlenses der Witer al

surfaces of the outer rins la, 2a of the lenses 1, 2 and the |ens

sur f a&ﬂ%al&@hlamﬁeﬂsrpmm nehe s @] alpertags Mg ix=d.86 andithe working ¢entémg
portions 4, 5 of the lens holder 3; and (3) the:clearance between the |ens

fittin BR &&‘ﬁﬁﬁ?ﬁ@% Pgrhfiﬂg 1% &s qugeﬁeerd d &ecutéd & tildRns HRIGES sd tha:

ese hree ctors determ nes the anmount of the
eccentricities of thelens urfac t he ve | en t is
essenfi §ITOTAaREH 1 tl}f‘e‘é%"cx‘?h G5O épei‘@bﬁr%ﬁ toﬁéi‘? 5‘???‘3?@?%5&55&& 2t he
respective lenses 1, 2 relative to the outer dianeter of the ?ns hol der 3 |

be wi rdlativé® ﬂlemuté'hdtamfrtsr ofthedens h@ldﬁiﬁewﬂbb? R 30 wr The fdlagingy of
the outer rins la, 2a of the lenses 1, 2 are formed as one with the |ens

sur f agRioRmay BE Sufffisedeabe regpoisibleforthesarelatiat eciantritiiies botweari théegr ee
betmeen the outer peripheral surfaces |b, 2b of the 9 January 2006
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 th.e lens éu.rfa'ccs;:
(2) the error in the coaxial dcg_l;ee between the lens fitting portions 4, 5-of the lens
~holder 3; and |
‘ .(3),the‘cle'arance between the lens fitting portions 4, 5 a—nd.the outer ri.rnsr 1a, 2a of the
: le-n'ses‘ 1,2
Since the accumulation of these three -fa'ctOrs detenﬁines the amount.of the
fcmmﬁdﬁmﬂhkmme$d&mmmﬁ%km%L%ﬂﬁw@ﬁﬂmﬂm
 least the coaxial degree of the lens surfaces of fhe respéctive I¢ns’es '1, 2 relative to the
outer diameer éf the lens holder 3 be _witlﬁﬁ 30 pm.
That is, since the outer peripheral surfaces 1b, 2b of the outer rims 1a, 2a of the”
~lenses 1,2 are férmed as one with the Jens sur_faces b.y‘glass mold casting employing

‘a” metal die, the coaxial degree between the outer pc:ripheral,s_urface_s 1b, 2b of the




13 outer rins la, 2a and the | ens surfaces depends on the machining . .
accuracy of the netal die for casting and on the castihdpsend2@€ns. Wien
the effective dianeter of the objective lens is 3 mm the outer peripheral

~surfaces 1b, 2b of the-outer rinms la, 2a and the |l ens surfaces are forned
so as to have a coaxial degree with an error range within 30 m A netal die
for formng the lens holder 3 is co I sed of a portion 101 for <casting
the first lens fitting portion 4 and. a portion 102 for formng the second
| ens dutex sing Ipp2a andile; lenh sufagasrdeapends an tie maichiping aseuraey of e matad
convex die 103, as shown in Fig.9. The netal die for-formng the |ens

- hol derdig fo$ casiRe DA 6h thé caseny @onditicnsl O¥hendha effeutiveadidnetdédofithe o
which is inserted the convex die 103. In this nmetal die, as the convex

di €1034j:5 .k ; ' _ i defined qveen
the cabSsivl ASUES T $i e SARARKR SlpfoctSdn, SHBLRARACHANNG 2 ALY
which _the nolten resin is_introduced. The ns.hol der 3.is forned.by the
ol ¢ orthe S sEIGRS s FOImSd M B B & orrgl dosree TR BB A TeBEBY N, f of
casting the first lens fitting portion 4 and the second lens fitting
porti G @m.respectively, provided to the convex die 103 used for form ng
the | ens holder 3, are formed by concurrent nmachining on a lathe, that is
by machi ni ng métal idie fopierningCihcrigns polddr Dis compiriset dffe poatdon dD1degr ee i s
‘mai ntained to high accuracy. In case the effective dianeter of the

obj ect U0 {o ds BT b0 b t&}ﬁ% j - M Se i 1Bhs
wavel gﬁéﬁﬁégﬁéiggi %enqsisfg%{ e cgﬁ%g*r‘greac}? t ?.WE%"S’#E% |-tt%= ng por?i on 4

S dittipgoeoition s, thebd pozlons 4! "8y TBrfta'ch R Safle LolVek BE'1053, %

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
;b.e-twe_en the convex die 103 and the concave dic 104 serves as a cavity 105 into Which-_
- the molten resin is introduced: The lens holder 3 is formed by the malten resin being
- charged into the cavity 105. |

The portioxi-s 101, 10'27for casting the first lens fitting portion 4 and the second

lens fitting portién 5, respectively, provided to the convex die 103 used for forming |
~ the lens holder 3, are formed -by concurrert machihi’ng‘ on a lathe, that is by machining
by the same chucking operation, so that the‘coax.ial degree. is maintaine,d.to,hi:gh
accuracy. Iﬁ case the effective diameter of the objective lens unit is 3 mm and a light
beam hav’ing 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




14 degree, with an error range less than 30 pm relative to the second
lens fitting portion 5. The first lens fitting porti 8Wanua2806ded to the
l ens holder 3, is formed to have an inner dianeter R approximtely equal
to the outer dianmeter R2 of the outer rimla of the first lens 1, as shown
in Fig.2. In case the effective dianetgr of the objective lens is 3 nm and
“the light beamw th a working center vel ength of 405 nmis to be

condensed, the inner dianeter the first lens fitting portion 4 is
e aatites, Bt 91 Shrgh raedess Bl 10,6 sefalive 1p TR sécanu1gts BRGk i
dianeter R2 of the outer rimla of the first lens 1. An inner diameter R3

of t.heSsecond lens fitting portion 5 is approximately equal to an outer
dianeter R4 of the outer rim?2a of the second lens 2. It is noted that, in

case the ef fReifireldisdittingiportion s pebiidedity ehe s holdér 3,95 formead talhave
i ght beamw th a-working center wavel ength of 405 nmis to be condensed,

t he inper.. di » > SE _ hidd i EoudESHmEf to
-~ suffer Qg%n@é@%%g%@{ %&)ﬂtbﬂﬁg@é%@&ﬁlﬁﬂﬁgé Bgﬁr%ﬁ? %%@Pbg)i aneter R4 of
the outer, rim 2a of the, secqnd s 2. If, dn, the,.objecti | ens unit
~accor dpgbhﬁ Frstdens, L .asshowpya 1&%?’3%%&?&#@&1?’&&%@9%&&5 t?‘ﬁeoeiyeﬁvf%nses
1 and 2 is deteriorated, the aberration_ is increased, thus |owering the
opt i calensris Banm ard thedighidwam with g working center wisvelength pf 405ams isfhbe with
aneffective dianmeter of 3 mqMmand with the nunerical aperture. NA of 0.85,

the | i ehidéiged) thetifiner dinfeterdR cofithe firvelens fingaypofticiDd indesignedtosuffer -
condensed, the RVS5 value of the aberration exceeds the Marshall criteria

thres fef Q¢ N Qe ok ol s €t { 2kt Hiaop
.0 2 PR S Pt o offe iy o e o
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.

- Itis 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 Jess than

30 um with respect to the outer diameter R; of the outer rim
2a of the second lens 2, -

If, in the objective lens unit acéord.iﬂé'tb the prf;sent invéntion, the pzimﬂe_lism
| .: between the twé lenses 1 and 2 is detef_iorated, the aberration is increased, thus |
lqwéri_ng the optical properties, as shbwn 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 aberratidn 0f£0.07

| lﬁns)'in case the parallelism between the first and second lenses 1, 2 exceeds 0.1




9 January 2006 15 degree. |If, with the outer dianeter of the |lens of 2 mm
the parallelismbetween the first and second | enses 1,9 2angryd08& conprised
. inarange of 0.1 degree,. it is necessary to support the first and second
" lenses 1, 2 by the lens holder 3 within an error range of 3.5 min
accordance with the following equation: 2 [m] x tan(0.1 [deg]) 3.5 m It
is extremely difficult to formthe |dAs hol der 3, nolded using the netal
die, and which hold the first and second lenses 1, 2 with the parallelism
wi t hi dehee.above- mentioned. error range to high reproducibility. Even if
the I ens holder 3 capable of holding the first and second lenses 1, 2 with

such hi gh- 3¢ WA Gt Qlal?ﬁetfspbm leht of S m@X tiepmalleihitietwben tes fitst t he
secon

first and enses 1, 2 and the |ens holder 3 -toget her w t hout

o aaadepng T o2 DB Wallid O ERET AT Heeft KRSy 07N

dlfflcult t o nmount the first and second Ieng 12161 Z.E the | ens hoI ger 3
“wi t h supportdhedmshand secanstleases & 2 byrthg dens helder Sy ain 4§ EFFArHangs Olet i ve

lens unit of the present invention, unless the distance between the first

and Sef_a?ﬂ(ﬂxdleﬂae&orﬂanae“rithtlteo@éldveingafﬂ]-ttalhi@mpticaI axes P, of the |enses
are coincident and as the parallelismwthin a preset error range is

mai nt ai ned,s iy k)@?&nﬁ%tlh{d?:gﬁ) presglpange; the aberration is increased,
while the Op[ICJ ar ac stics are deteriorated, as shown in Fig.14.

b e e IEAECHRbBpo AL forle DG AUERF liaa bt mbdi e
“and which hold the first and second lenses 1, 2 with the parallelism within the above-
- mentioned error range to high feprcducibility. Even if the ]ene holder 3 capable of
holding the first and secondlenses 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 iﬁtcrpﬂs-i-tion 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 ﬁoldcr 3 with parallelism within the abmfe—
- defined error range.

- With the cbjectivc_ lens unit of the present invention, unless the distance
between the first and second lenses 1,2, put tcgethcr as the optical axes P, of the
lenses are coiccident and as the paraliclism within a preset error range is maintained,

- -is ke‘pt wifhin a preset’ range, the aberration is increased, while the optical
~ characteristics are deteriorated, as eh'own in Fig.14. If, with fhe effective diameter a-nd

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




9 January 2006 16 wth the |Iight beamto be condensed thereby having a
wor ki ng center wavel ength of 405 nm an error in the Qilaneanc200et ween t he
first and second lenses 1, 2 exceeds 13 pm the RVS val ue of the -
aberration exceeds the Iimt of the Marshall criteria (wavefront
aberration: 0.07 )Lrns). It is extrenely difficult to formthe |ens hol der.
3, capable of holding the first andSsecond | enses 1, 2, formng the
objective lens, with the distance therebetween of the above-defined error
r angewithahbilight bepnotiubé bohdenseduberehyshavingla workingcenterexavalpagih of
difficult to formthe | ens holder 3,. capable of holding the objective

| ens W8 hm, RasefbiSaliBé Histindd BetGrRehithgfidgGndaviond leiesd, 2 oxekads €18
device, as the optical axes P, of the first and second lenses 1, 2 are

bt weld e R ol 06 8" A plerr il AESAL R RS Uy B, MR RalT Ry

| enses 1, 2 is _naintained #10 %e within a preset range.- W.th the objective
| ens (racelgmtaberatione 07 A8t i on, the precision: in the parallelismand
the di stance between the first and second | enses 1, 2 are guaranteed,
using an alSsewtrentely idifficapttel forof thediens hiohdertheapsblnol holgling the fiesf,

w t hout being dependent on the precision in casting the | ens hol der 3.

‘That e sé.d@mﬂ%ﬁéd%gl_,tz)foxﬁﬂngtm objasdivie lens, withithe distafte diegelstoeem dfenses
1, 2 formng the objective ['ens unit of the present invention, the first

e AR g gt GRS bl g0V
LT ot bt S et RIS ok e SRR 57 b 4 BohReRE, L &
- 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 hi'_ghly
_ 'accurately, high degree of parallelism is maintained between the lenses 1,2, an_d 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
' pzi;allelism and the distance between the first and second lenses 1, 2 are guaranteed,
using an assembling jig capé;bl-e of adjusting the assembling accuracy, without be’i_ng _
dependent on the brecision in casting the lens holder 3.
That is, in setting the relative positions of the first and sebbnd“ lenses 1, 2
| forming the objective lens unit of the present invention, the firét lens I isinserted into
.?tl:;e first lens fitting portion 4 provided within the lens holder 3 and is immobilized |
_ﬁsing a UV curable resin. At this time, the first fens 1 is introduced int6 the first lens

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




9 January 2006 17 wll be protruded fromthe I ens holder 3, as shown in
Figs.2 and 15. The first surface S, of the first |en® Janopsr2(t0és as an
incident side for the |light beamradiated froma: - |ight source when the
objective lens unit is nounted on an optical pickup device. The first |ens
1, secured to the lens holder 3, is supported on a base block 106 of the
jig. At this tinme, the first Iens | Iifs carried as its surface 1c towards
the first surface of the outer rimla is placed on a supporting surface

106a Hi1pye ?ﬁﬁr@dhd fienbaredehs 86ldet 36 a9khowa iniKigs Phads S ollie fiasssufaceonbi ned
with the first lens 1 to formthe objective lens unit of the present

| nvery é@%‘é‘é’{ fipsh Ttk Dorfrle Hsh Irlcdclil Siad B6r fHfe BEhLGedi Thdliafli Honthl Ch

W th ock supporting thefirst lens 1 along with

~the lens holder 3 is maintained to .high acquracy. The second, lens 2 is

| nt r digiiagurer Whendhe obisriiedgas untt s s waIEd shas oppcak ik dexitie; 5
carried by the base block 106, as this holding jig 107.iLs npved towards
the base bThefirstdéns Lesoonmed & thenkens blotiderd, jis gupparted oagrbrssitdack d08n ai r
suction device so as to hold the second lens 2 at its distal end by air
suct '(ﬁ”tlieﬂjig. Alt tREtHiRe; tndiieatieds yisanifed af itsirfgeel be tdwardietimnfirdtens 2
‘Is introduced into the second lens fitting portion 5 so that the " lens

surface.bei r r,aghi HrRREGefort BfOBdesur f ace
S2 o%“ﬁ%%‘ﬁﬁ’é?ﬂ‘%ﬁgﬁ?agseé%r‘:%%{l 3@?@8@%%@%@%&The convex surface of
~the second | ens 2, facing the second surfaceS2 of the first lens 1, forns a
t hi r blegkfl6ertdBediS t he objective Iens unit. -

The second lens 2, combined with the firstlens 1 to form the oﬁjective lens unit
of the present invention, is held.by a holding jig 107, the relative position of which
with respect to the .ba'seblock 106 Sﬁpp‘orting’ thé first lens 1 along with the ler-ls-.holdef
3 is maintained to high accuracy. The second lens 2 is introduced into the sepbn_d lens
.ﬁtt'in_g portion 5 of the lens holder 3, carried by the base block 106‘, aé this holding jig -

107 is moved tm‘;vards the base block 106.
Meanwhile, the holding jig 107 is connected to an air suction device so as to
B hold the second lens 2 at its distal end By air suction in a direction indicated by arrow
' Ein Fig.15.

The second lens 2 s inttoduced into the second lens fitting portion 5 so that the
lens surface 'licinQ convex to-a ‘lar'gcr radius of curvature faces a second surface S, of
the first lens 1 secured to--tﬁ_e ]ens'holdet 3.

The ~oonvc£ surface of fher' second lens 2;-.faCii1g the second su_rface S2 of _the_

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




9 January 2006 18 The second lens 2, introduced into the second lens .
~fitting portion 5, is. positioned, with the first | en®9Jdameagu2®sb to the
first lens fitting portion 4 of the lens holder 3 as a reference, and is
bonded to the | ens holder 3, using an adhesive, such as a WV curable resin.
When the first lens 1 is. secured to,the |ens holder 3, the position of the
first lens 1 along its optical axis i th respect to the | ens holder 3 and
the tilt of the first lens 1 wth respect to the center axis_ of the |ens
hol der 3 albecsavond lens By intoducad iintg the tsaeend jlans dikhings perion & did
surface S. of the outer rimla conpressing against a-step 3a provided to
the fhdsitiohedswitht therfikspderis Doeduredrtoniic dirst hems|fitting lpairtion 43of fire keabesi ve
filmw th thickness on the order of 10 mis i nt erposed between the

\%b?ml'lagﬁ Srafsl ensé%npé" éﬂ@s%@l’édﬁb%éf’elﬁflﬁhﬁ?x rstsﬁf%ﬁl?ﬂﬁhésl@@%u gsStep 3a |

Tor securing t ns 1 to t’he Tens

hol der® As lghe adhesive, a W curable resin, curable-by illum nation. by
the UVHY ghHf2 ledesled  The objective Iens unitaccording to the present
invention is. used for an optical pickup device adapted for witing or

readi ng ouWhert thefinst lems diig ﬁ@ﬂlﬁedlﬁo the Jens hokder 3o the pasitiorebihgifirgt leBdi um

- When used in an optical pickup device, the objective-lens wunit of the

pr eselltalbﬂgmtoplfbaﬂ axiy withgespao té biad IenBeholders3 ahé tiwe: filt afidh¢ fiestdepobd | ens
2 wll be | ocated towards the |ight source radi ating the | |ght beam and

tovvar C]g&ft't&ﬁ{ @Hﬂﬁf?ﬁlh@?&iﬁé‘ﬁ%ﬁép?} £ tﬁﬁllc‘(ﬁiﬂan Futhi %‘@iﬂrfa@e Figs.1

and he o Jectlve ens unit use optlca pi ckup device is.
zfgﬁaic?&%@g%e@g IERTIERGE TR R R
provided to the first lens fitting portion 4 formed on the Jens holder 3.
An adhesive film with thickness on the order of 10 pm is interposed between. -
- the abutting surface 1d of the ou.tcr rim:1a of the first lens 1 and the step 3a within the
-icns holder 3, for securing the firstlens 1 to the lens holder 3. As the adhesive, a UV
o curable r_esiﬁ, curable by illumination by the UV light, isused. |
The objective lens unit according to the present invention is used for an opticel _
"pi(_:kup .(ievice adapted for writing or readiﬂg out information signals on o1 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 f_he second lens 2
. will be Jocated towards the light source radiating the light beam and towards :an.0p¢§®1 :
recording medium 110, rc_spectively,_ as shown in"Figs.l and 2, Since the objective
lens -un‘it.use'd in the optical pickup device is use.é for converging. the light beam

radiated from the light source on a signal recording surface 111 of the o_p.tic‘_all‘



9 January 2006 19 recordi ng nedium 110, the first and second lenses 1, 2
‘are conbined so that the first surface S, and the thi Bdasuary@086S" bei ng
convex to a larger radius of curvature, will be located towards the |ight
source radiating the light beam In the objective lens. unit of the present
invention, the nmounting position of the second lens 2 is set with the.
nmounti ng position of the first lens ¥ as reference. Thus, with the
objective lens unit of the present invention, the second lens 2 is

posi treoomting wa¢diutrh®1 6, thé first and sécanddensesel, 2 are ¢ambinediso that the fisshs 1, on
which falls a light beam L" as a reference surface,~-as shown in Fig.2. The

secong +R8S ZnEMeUhie sufdces, Bamghelmex 13 aldrfet Adivpahtinatpesiilion of
the first lens 1, secured in position to the lens holder 3, as reference,

is introdu intq. .and . 1 : s fitting portion 5 of the
Iensri]r?oll%(?@*e tomgﬁgﬁccggiﬁégidt}?g rg%la{slpgttgg?%ﬂ\?\kkgﬁ't he-eccentricity of the
first lens 1 relative to the qgptical axjs of, the first..-lens.is ressed,
that ‘i s i ninfheopjetivedensunit of theRrosepkinveatien;the mauniing posiio ',Bgn
perpendicular to the optical axis is suppressed. Wien introduced into the
secondcbaddend 2 iis setgvith the mowBtingpositonf the figstdens Lias referanee.skliitse whi ch,
as the eccentricity thereof relative to the optical axis of the first |ens

lis -\%ﬁﬁﬂhé%bj‘ébﬁig%][léﬁéﬁﬁit&fﬂt_!:lé-tp?@éﬁnt Ghvértion, pliealecohd $eno? ig pesitienedd | ens’

2 relative to't irst lens 1, that is the tilt and. the distance with

' espe‘%lgpéﬂF tglrllﬁagés) glc ?gh@éhﬁar &Ilﬂafat é)Pthe‘@ﬁplén%rlgﬁ&?ﬁlflikglhﬁdggqygﬁ%ng’ the |

nmet al- dred in a direction ong the the second

lens 2, that is in a direction parallel to its optical axis. Wth the
secorleluIaéﬁsfeﬁ‘?fcﬂﬁ‘?ﬁ‘éﬁa%@éééﬁ“f‘ﬁmsﬁ%ﬁdi ng process, corner portions 2c, 2c

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 holc}er 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 1;firs't lcns-l relative to the optical axis of the first

. iens is suppressed, that is‘ in which the o‘ffgct of the first lens 1 in a planar direction
perpendicular to the optical axis is suppressed. When introduced into the second -lehs
fitting p_oﬂioﬁ 5, the second l_ehs 2isinsucha state which, as the eccentricity thcrqof ,
relative to-the 0ptticalAaxiS of the first lens 1 is suppressed, cnables adjustment of the
'par'alle‘lism of the second lens 2 relative to the first lens 1, that is the tllt and t-he.- |

distance with resp.ect to the optical axis. |

That iﬁ, when forming the second lens 2, the-:metal'- die is pressured ina direction

~along the thit;kness of the second lens 2, thatisina ‘d'iréctioh_parallei to its optical axis.

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




9 January 2006 20 on the outer peripheral side of the outer rim 2a, which
the vitreous material reaches |ast during the casting armassa06pr esent
curved surfaces, whereas the, portion in an outer peripheral surface 2b of
the outer rim 2a which becones a cylindrical surface parallel to the
optical axis of the second'lens 2 iﬁxpnly a portion with a width W.. of
approximately 100 mat a md portionalong the direction of thickness, as

shown in  Fig.16., The contacgt surface t he outer.peripheral surface 2b of
*he. oondhe pRrRSTihrAlNG of Hos sles SR RS he JReu DAt b phor al
surface of the second lens fitting portion 5.is only the ring-shaped
por t i kast disringvihdtdasting giroctss, present chira@bsunfages, avheregs the ppHeog de6Ad | ens
2, inserted into the second lens fitting portion 5, can be rotated in a
di r echiyi RRIMRPI s¢tRE IPof (IR QRET gith 2axvhiokIsedondes a BglihdKealnairfdcen of
the wdth of the order of 100 m contacted with the inner peripheral
-surfage t.h c .ens {1 1L t4 t.er tation.
Ad + POFSI5y0 TR SBBER S AL she SELCIR RIS By, £poftith SRH £t WAL
optical axiis within the second lens fittjng.portio . . When the objective
| ens ‘apPro¥amgiedy dR0 ymat mm&iupPél%@&ngﬁha%hl%&?Peé& tgv%%aﬁ% aaéglp%i oy
witing or reading out information signals for an optical recording nmedium
such Hig.26. Thecontict siface of thesouter pspiphgral snrfake 2horinthic aer dm 8aof o be
guaranteed in a range of a tenperature environnent from sub-freezing point

t 0 60feNo forRAscchid IS 2 WwRRiHle Rinet peipliéfabbiiEace dftheRaogeadildniitiggout
this range, the air present in the space forned between the first and

chanobor BT i S MAGEARI POIGRGE £ AHHUERY, Ve O R BRB 00U Ada L2, o

space be en the first .and secon s .
pag resuit, the second Ecns-i inserted into 8‘16 second lens fitting portion 5, can be rotated

in a direction perpendicular to fhe optical axis about-a ring-like portion of the width
W, of the order of 100 pm, contécted with the inner peripheral surface of the second
' lens fitting portion 3, as the center of rotation. Additi;o‘nally, the second lens 2 can be -
~moved in a direction along the optical axis within the second lens fitting portion 5.
Whien the objective lens of the present i_nventi'on-is used in an optical pickup
‘device for writing or reading out information sig_nais for an optical recording medium,
such as .an, optical disc, it is necessary for the n_orméi operation to bé guaranteed in a
rﬁnge of a temperature environment from sub—ftcczing peoint to 60°C or higher. If the
temperature em.rironment is changed throughout .this range, the air present inbthe space
fbrl;lcd between the first énd second lenses 1, 2, inserted into and carried by the lens
- holder 3, is éhangcd appreciably in density.

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



9 January 2006 21 lenses 1, 2 is changed appreciably in pneumatic pressure
due to changes in the tenperature environnent. That iSJanubnt2006t enper ature
rises, the pneunatic pressure between the lenses 1 and 2 is |arger than

t he atnospheric pressure, thus producing the pressure which tends to
separate the.lenses 1 and 2 away fromeach other. If conversely the
"tenperature falls, the pneumatic predlsure between the lenses 1 and 2 is
smal  er than the atnospheric pressure, thus producing a pressure which

t endsjenges G2UB¢s bhﬁné@:ﬂ%ggréciﬂﬂ? i pacematioapiestirecdish totdmmgensiantlie | e, |
the first Iéns 1 has an abutnent surface 1d, |lying towards the second

surface S t he -out. ri : e, : ' f o ens

fitt?f?&lg%gﬂrﬁo%%A&\#ﬁ%maw str,gb e%@?ﬁl& “ h@%isgégﬁgﬂ IE‘eﬂrﬁswf , Ibl?):ﬁ&%rlﬁe ot her
hand, is bonded in _posjtiqn w apn. adhesi ye,. charged.into thr ecessed
adhesb%‘éve@@ébpi@l rltar’lﬁirélsaﬁr,g“ttﬁm&@&QWSB&?FHES&&G%& V3 P cgrfg{ e inner
rimof the second lens fitting portion 5, as_ shown in. kigs.4 and 7. Since

the fpressurensviiek dends ¢nsepamate 2harlensescdr eudtd avtry fome ayehdetbes. Wit h an
adhesi ve, as descri-bed above, the adhesive securing the first and second

| ens eéoﬂverﬁel;thett@mpleﬁd”tﬁrehﬁﬂI@e thépnémmaticipressuae betveearihedensesskand 2ng t he
second lens 2 to the lens holder 3, is subjected to a stress, due to

repeaj.e, _ ' -_ L atur r | ; 4 ferfdsCloe, thus
br oduts RN a6 4 ETRERELL FReaRE GRS Hiblicing # Presutamiariaiitls 1o
give rise l&g det er} or a ed o tic?lls abe ratéi on characteristics. Assum ng that
't he - sFAEE thedGRiss it O $8fkes 1, 2, carried by the Iens
holder 3, is a hernetically seal ed space, the air present in the salace

bet ween t hdeanwhile, the first 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 v;/'ith 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,
Vf_ormed by cutting out po_rtions. of the inner rim of the second lens fitting ponion 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 chaﬁges in temperature, representing -
aso-called heat cycle, thus pré.ducing' irreversible variations in the distance and _tilf of
the lens to give rise to deteinIated' optical aberration characteristics.
Assuming that the space bf;tween the first and second lenses 1, 2, garr-_ied'by the

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



9 January 2006 22 first and second lenses 1, 2 is pressurized, when the
second lens 2 is inserted into the |ens holder 3 aft e Jamuang 2006 t he first
lens 1 on the lens holder 3, with the result that the pressure acting to
separate the lenses 1, 2 away fromeach other is present at all tines
between the lenses 1 and 2. Thus, with the objective lens unit of the
present invention, an air vent 3c i 2 provided in the | ens holder 3, as
shown in Figs.3 and 5, such that the space between the first and second

| ensefirst and secomd kpace 12 impressetizedy wihemthasesondlers 3és prserigd 1ptonhe no| der
3. - This air vent 3c is formed by formng a recess 3d-in a portion of the

st ep. 13as hofdF 86t NibuAtRbLE firkelenlut ornhe feislladdet 8, wiith the restléthati m | a
of the first lens 1, so hat the recess 3d is not contacted with the '

at aoPEaEyrEaRie SspbAR Pl lntte Ly 2 g ot Ao SRR if Rttt e, T

peripheral surface of the | ens holder 3, as shown in Fig.S. By formng the
air Viémes detween He keBses ﬁépg?@r 3, the space between the first and second
- lenses 1, 2 does not prove a hernetically seal ed space, while air_in this
space is Thas,swithahtebjedivehtengamit of the presantdnyentinb Ayl veilele ISt t he
density is changed w th changes in tenperature, so that no pressure is

app!l i gévided fittHedens holder3, agRHowiEHCRiglB drd &) soctathaiihe spat between
aberration characteristics is produced despite occurrence of repeated

R s A R e S N L TP e S
compAIEES arthiA bR Pettagar e Kmedy rer R 3 HiePSri S S e 300 19
| 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 abutmcnt'surface 1d of the outer rim 1a,
and by forming a cut-out 3c_.for-r 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 3¢ in-the lens holder 3, the space between the first and
R Sécgnd Ienses 1, 2 does not prove .a hermetically sealed space, wﬁile air in this spaée
is not subjected to changes iz_l- the pneumatic pressure, even if the density is-chang.ed
‘with changes in témp_erature, S0 thé.t no pressure is applied to the lenses 1, 2, and
~ hence no deterioration in optical abcrration characteristics iS -f)roduced' devsp_ite‘
g .occmrcnce of repeated changes in temperature.
- Since the space between the first--and second lenses 1, 2 does not prove tobe a
- _'.hermctically sealled 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




9 January 2006 23 second lens 2 into the Iens holder3 after nounting the
first lens 1 to the lens holder 3. For providing the S&neesy ZW6i n a
portion of the step 3a of the lens holder 3, the portion of the convex die
103 for formng the lens holder 3, which is destined to form the recess
3d, is renpved by cutting to produce the step 3a. On the other hand, a gate
G, provided for charging nolten resi2ZBinto a netal die in injection

nmol ding the Il ens holder 3, is provided in a groove 3f fornmed in the outer
peri pSsiond IeHs Raae tie Iehe Hotder haltdemahuiting ¥l firselens 1 to theclens ol dde
formng the air vent 3c, as shown in Fig.S. The air.vent 3c, provided in
the Il gns holder 3, formng the objective lens unit of the present
invention, is not limted to a formdefined as above, and may be forned by

formng three cut-outs3e extending in.three directi fromthe. .rgcess 3d
of the st EGYBECVIdPEeTRCESS 34 i 4 portigpobfhe yepast thgje b3t Breg
the lens holder 3 by fornming.a.groove 3g in the first lLens fitting portion
4, f oportianebigonyerdini 02 fsnforniogthe Ensdwider Rovbichindestings GO ough

this groove 3g and through the lateral side-of the first lens 1 to outside,

as shdrelcBss3d; s Fembvta byadtiiag o fp’;bduéé thevstap 33¢c may al so be forned by
formng a through-hole 3h"leading fromthe first lens fitting portion 4 and

reaching tag, to‘?ﬁer&:'arnidpggé?nggfd;ﬁ&ﬁié&‘;ﬁhrggggg?ﬂélt&?{'&% imofaQhef 8i¢ di ng,

conmuni cat 1/on Prom the fe
in injection molding the lens holder 3, is provided in a groove 3f formed in the outer

 peripheral surface of the lens holdcr'3 in register with a cut-out 3¢ forming the ai'r_ vent
- 3¢, 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 ébovc-,_ 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 3¢ may also be formed in th'e lens holder 3 by forming.a groove 3g
in the first lens fitting poﬁion 4, for providing communication fr_o‘mathe recess 3d of
| the step 3a through this grc')ox;fa 3g and through thef_lateral side .6f_-7 the first lens 1 to
outside, as shown in Fig_.lg. | |
Alternatively, the'a:ir.vent 3c_rﬁa'y also be fOrrﬁéd-by -fon_n‘in'g a-t:.h.rough-hlole 3h
leading from the first lens fit‘ting portion 4 and reaéhing'the outer peripheral surface
of ihc lens holder 3 for pjrov'id_i'ng, communication frbm the recess 3d .0—_f the step 3a.

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




t hrough this through-hole 3h to outside the |Iens holder 3, as shown in.
Fig.19. 9 January 2006 24 \When the objective | ens of thiEanpessZIO6 | nventi on
is used in an optical pickup device for witing or reading out information
signals for an optical recording nedium it is necessary for the nornma
operation to be guaranteed in a raan of a tenperature environnment from
sub-freezing point to 60C or higher. 4f tTre tenperature environnent is

- changed throughout this range, the distance between the. first, and second
| enses 1, When thraobjedtivedensoof ther presertdipyantion ivnsebin amoplisal pickupe | ens
hol der 3 itself. If, with the effective diameter of 3 nm the working

cent eﬂexfib@@@ﬁﬁ@ﬁinig{]oﬂ@{édim@ ommﬂfdrhﬁtmrﬁ’gﬁa’l@fomﬁiz[itm rédor@iomictien,
di stance between the first and second | enses 1, is subj-ected to an error

the't BiEReEherdfl 0\ il opERARA! Arbe BRI PradditofBidhbdui! 11 09
ol deppvigpumeet oM shboRESing; Poiiofs c0%aos her 15 e Ipeiifese
conditions, the follow ng condition for. the linear : expansion coefficient
a of eimeiromment i chakgatbthrpugheuﬂ this rangdetheadistatme1ipetween the first and
second lenses 1, 2 is changed due to thermal expansion or contraction of the lens
. . -l_ioldcr 3 itself.
| If, with the effective diameter of 3 mm, the working center frequency of 405 nm
and the numerical apertufe of 0,85,,.the distance betwecnrthe first and second lenses
1, 2 is subjected to an error within 13 wm, and the linear expansion coefficient of the
_ﬁMmmmmmyMEMMM&SBm&ﬂﬁh@gmM@ﬁ@i_
 -dxAbd;<]3x103@nn0
-is derived. _
Here, At (temperature change) and L (length of the lens holder) are set 5_5 -
follows: _
* At =60/2 = 30(°C)and |
L=2 (mm)
_ From these conditions, the following condition fdr__ the linéar- _-gxpa:i_s_ibn
.Coeffi-cient o of the material making up the lens holder 3: o
o< 2x10°

is derived. -




Is derived. 9 January 2006 25 Meanwhile, if an epoxy resin, having silica
(silicon dioxide) as a filler, is selected as the mat &rdaaliady@006ng t he | ens
hol der 3, the linear expansion coefficient can be suppressed to a value on
~ the order of 1x10.5. The objective lens unit of a double-lens set, nmade up
by two | enses, with the nunerical aperture (NA) of not |less than 0.7, has
a working distance (the physical di2fance between the surface of the
optical recording nedium and the end face of the objective lens) snaller
than that oflenwhilgl & 'ﬂbje?@ky\&%sin?ﬂﬁvﬁl‘i%dili@ gsitioow elivxideplas fitleralis pi ckup
device. In the optical pickup device, the objective lens position is
contrQly , | I Ly, i ween
the sorieEd ¥ heTReLRPrREHE MR ROl It EkphifioR LBL ARG Ry
objective lens will at all tine e a .y eset working distance. The

f ocus Pﬁg?ﬁmﬁé\n‘@ﬁ %?né}éﬁ?F(Eré)?tlﬁglqO{ ght beam converged by the
objective lens, so that the |ight beam converged by the.objective |ens,
will be fodlesebjective knssijhaf ardeublatleny soty iasls ugf by hwodpasesawitletlsr di ng
medi um  For exanple, if disturbances, such as external shock, is applied.
to t hguaRiricadlapRiie FEN&PMf fﬁ@t 1dsbehAPDEL thasen LWwipkingndistatmy (tecphysiolf set

fromits design position. in this case, the working distance is |ong,

t he pr Ld 4 1 _ LS. t | &l e 18] nd the

ob; eIt P ShifBLEBE BEL ARG ARly SR Turh SHATHL BAATRS ST | 12

probabjlity of collision between the rimand.the objective |ens unit

becon@biagtiykelens) smallgr thar, that ?§P‘?ﬁ]ed)é’é?ﬁq§veo %tﬂ‘eaocﬁlnivﬁ‘ﬁ 1opg. o1 i ng

medi um and t he : '
_optical pickup device. In the optical pickup device, the objective lens position is

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 apreset 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.
_ Fof example, if disturbances, such as external shock, is api)lied to the optical pickup

'dcvice', the objective lens unit may become offset from its design position. If, in this

case, the IWOrking distance is long, the probability of éd]lision between the optical

: recofding med'iuﬁl and the ob‘jectivc. lens unitis low. HchVer, ifthe workiﬁg distance
: is short; the probability of collision between thc_ rim and the objective iens. unit

becomes higher.

If, when the collision occurs between the .opﬁcal' recording medium and the

objcctiire‘-lens unit, the surface of the optical recording medium is directly contacted




objective lens unit, the surface of the optical recording nediumis
~directly contacted 9 January 2006 26 w th the |ens sgrkagay®ooshe
objective lens unit, these surfaces are damaged to deteriorate recording
and/ or. reproducing characteristics. Wth the objective lens unit of the
present invention, a protector 6 is nounted on one end face of the |ens
“holder 3 for enC|rcI|ng the outer per2fhery of the second lens 2, in order
not to damage the surface of the optical recording nediumor the |lens

sur f acevitli thedenbjsacfaice eof tires objectivealensamif, tlresei gscfaCesanrk 2amaged to
The-protector 6 is formed by for exanple a filmof fluorine resin.

exhi bi rotruded closer to the
Hbf&&h?f#gﬁir%ggum / fs[e?han dtiﬁg ch@factdiitieg. P

optical recor | ens surface of the second |lens 2

oot ector 6 Withté APisGEe s b SEahe Breep} Heofn; diiesior o ﬁl%aeﬂ%déf

recor.ding . medium 110 Wi t h the lens surface of the objective _|lens un|
whi | e pofans eidyfacecofithedens heldergdor easirshing the ewierpsriphens S@%l
optical recording medium 110 and the objective lens unit. Mreover, since

t he pr hmQ,dn oddémasotdo dantagestiresurface of thmaptical ve¢drding niedigm msﬂheﬂtm
surface of the optical recording nedium it i's also possible to avoid

scor chiggnce of fthid Wbfedivel RaS Unif asSsHovay il Figd 200886 310 Theaptecrn® shoul d
col'lide aga| nst the” surface of 'the optical record| ng nedi um 110, the

prot ec A rate ff al

Decor cistedaf Bt alaaTois AL bl Alsie sk SXERbRBISHELD RS pRORBE LS,

thellke material, formng the protectaqr ated. . Such_debrjs 6a

f rom t being protwdsd Qo0 e ORtiEHEPaI G Shedines 14AShR i IasITAS O '
- thé 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

- meédium 110 with the lens surface of the objecti%/e‘lens-unit, while buffering the force-
. of impaci caused bjr 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 su{face of the optical recording medium, it is also possﬂ:le to

avmd‘scorchmg. |

* Ifthis profcctbr 6 is provided as described above and should collide against the

surface of the optical recording medium 110, the protéctor 6 operates effectively to
prevent the surface of the op‘tical" recording medium 110 from being- damaged.

A | Howsvér; the fluorine resin or the like material, foxming the protector 6, is exfoliated.

B .~ Such d'ebris. 6a from the protector 6 becomes acc;umul'afed- on the lens surface of the

‘s‘e'cond lens 2.. .If the debris 6a is accumulated within an area of the lens surface of



second lens 2.. If the debris 6a is accunulated within an area. of the lens
surface of 9 January 2006 27 the second | ens 2 travewskguly 20068 |ight

- beam the light path of the light beamis interrupted to | ower the

- transmssion ratio, while affecting optical characteristics, such. as
optical spatial frequency. Meanwhile, the debris 6a, produced on
exfoliation fromthe protector 6, is27mgrated along the direction of

rel ati ve novenent of the optical recording medium 110 with respect to the

obj ectj ¥ ebSAG 184 D triided Dyt tighh behm) ahe light Aith efttherlighit beéwn jspt i cal
recordi ng nedium 110, as indi'cated by arrow X in Fig..21. Thus, in the

one. wittprapiiE (e the b RisSREadlr AR affechBDpBcat AR it fstics, shof TTT 22

~beam LI on the |l ens surface. of the second lens 2; as shown in Fig.21. In
use, tHiptis] spatialdrequenEYunit i s nounted so that. the cut-out 7 is on the
pat.h of relative novenent of the optical recording nmedium 110 with respect
to. the objMennwhilectbe debris 68)prodjeed oneeifolstionifroms thehproteatee & is

i nvention is used for an optical pickup device, as is the conventional

gl ass-phded Aoig'the AMREbI\GT fefittve RlovefepRiof thé vpticeNfedogdingdnedium.
synthet € resin. "The objective lens unit of the present invention is |oaded

on . gﬂ@@tﬁﬁ%ﬁ“gﬂ td ﬁ{ksolﬁgé.bt\ﬂ'r@ ﬁm‘é’ﬂ;ﬁt tHagd Fle(ﬁl he Q?Nféﬁsda‘? @echBh iogi‘ﬁe- pi ckup

devi ce, €" “conventronal “objective > uni as” shown I n Figs. 22
o] cotPHEal Errording medtiridthgs o ARy XiDdIE D, "any cui table
conventional device nmay be used. For -exanple, in an objective |ens driving
uni t, “havi rfifdsyun the radgedtize Jansgunih@fobe quesend inwamtion, the protector 6 is -
~ formed as one with a cut-out 7 larger in breadth than the diameter R of the lighi beam
.'Ll' on the lens surface of the se_co-nd, lens 2, as shown in Fig.21. In use, this .obj_éctiVe
lens imit_'is mounted so that the cut-out 7 is on the path of relative movement of the
| optical recording medium 110 wi-th. réspect 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 'I-ens-
formed of synthetic resin. The objective lens unit of the present invention is loaded on |
an objective 'l'cné. driving unit, used in a conventional optical pickup device, as is the
: @ﬁ?entiohal objective lens unit, as shown in Figs.22 and 23.
Asan dbje-,c_tiVe..lens‘ driving unit, on which is mounted the objective lens unit
| according to the present inifen‘ti_on, any suitable conventional device may be used. For
| _ '. example, in lan dbj ective lens driving unit, having fouf wires carrying the objectiffé' lens

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




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

l ens, is mounted 9 January 2006 28 for novenent rel at iQuanuary200dse bl ock 10
py four resilient wires 9, as shown in Fig.22 and 23. The proxi mal sides of
these wires 9, carried by the base block 10, are provided wth dunpers 11.
A focussing coil 12 and a tracking coil 13 are nounted on the coil bobbin
8. A magnet 14 and a yoke 15 are nod% ed on the base bl ock-10. The magnet
14 and the yoke 15 are nounted for positioning the focussing coil 12 and

t he tfoackdovementaielativ o bire blaghdOihy foun resilicat whitesghneshowa.inWig22: he
driving current is supplied to the focussing coil 12, the objective |lens
dri vigg M'ThWaMﬂ@%ﬁe@é Wity  Qatri€®bp tic Baseblodie 10 ore o vided
direction parallel to the optical axis of the objective lens unit, under

‘the i raction Qf th rLving: : 104 et Lgl ated by
t he n§ tﬁe(ﬁﬁ'&h&gr} 'tﬁ‘efoyéglégel\ﬁggg llg}?'? ﬁg%&{@négﬁﬁgﬁﬁ%@'&g& ggit\g:é%gﬂcurrent
i's supplied to the trgcking coil_13; the objective |lens.driyvin uni.t

S dSOhRID &b maiet A A 4 YL Arcmaint -Ovﬁ%ﬁwﬁepﬂ& O TRSEH [ s ¢ he
planar direction perpendicular to the optical axis of the objective |ens
uni t , 1dianidthe yeke 15 arg mroaaédforpositianidgithe fecusaingamil Bhand Hee tragdogi c
field generated by the nagnet 14 and the yoke 15. The optical pickup

devi CaiF 0B tin ths nidpaeticifidld Shereby @einerAwgpl i ed to the focussing -coil 12 and
t-he tracking coil 13 to nove the objective. lens unit to control its

POt Sl ek gipplBad R AR EAIIS B ickla oot e
{he optoal PeRrding TEdium (B do B.MbHRS B 2 foRSsdisg & ohdn il O ¢
to the optical axis of the objective lens unit, under the interaction of the driving current
and the magnetic fig:ld*gené'rated by the magnet 14 and the yoke 15. On the other hand,
when the driving current is Suppiied to the tracking coil 13; the objective lens dr‘iviﬁg
. unit causes movement of thé-éoiif bobbin 8 in the ffat_:king direction which is the planar
-direction perpendicular to the optical axis of the objective lens unit, under the .
_ interaction of the driv,ing-currenf' and the magnetic field generated by the magnet 14
 and the yoke 15.
‘The optical.pickup device controls the driving currents supplied to the fé‘cussing
~ ooil 12 and the tracking coil 13 to move the objective lens unit to céntrol its position -
so that a light spot of the light _b'_c'a'm converged by the objective -1393. unit will be
- formed at all times on.the signal :recor:ding surface of the optical recording medium to |
follow up with the recordi_xig'track formed on the optical recording medium.

Meanwhile, if the optiCal-fecdrdi-ng medium is an _opticaI disc, the up-and-down



Meanwhile, if the optical recording mediumis an optical disc, the

- up-and-down 9 January 2006 29 direction in Fig.22 an® Jsheagi2086ti on

- perpendicular to the drawi ng sheet of Fig.23 correspond to the radial
direction of the optical disc, while the left-and-right direction in
Fi gs. 22 and 23 corresponds to the tangential direction of the optical disc.
The optical pickup device, including2fhe above-described objective |ens
driving unit and an objective lens unit. according to the present
i nvendireotionnial Bije32 andsthei divedtiont perpeasiéculat B) the drawingshens ofskig.23 ght
source, as shown in Fig.24. A linear polarized |ight- beam L1, radiated

from g,Hed Hed i6ndT (K6 vpfieddise, ivililé tiedeftcald-right éifebtiom
colliﬁ?slfrg W?l? ag%agﬂﬁlgg |?s lig ?ﬁ atﬁ bent by 90 by a %hrror 18 to

fall b t tted
L oulhERHGE2 AONEET 'g@r?m?%i&t@é ﬁ{& &?ﬁf@é&w%}?#é%gPﬁf%e@%cu{ e
Formed by AN pidkP Séezlaé%gt%@ai@ove scbehebReats | oBragy
orne

enl ar gedyl n dianeter to. fall on an objective lens unit 51. This obj gctlve

| ens uhitt ahd s alfectied lbys amiphiceotding toetlse gresdnt ginyrition,ndoclykdesn f or
novenment in a focussing direction Fl parallel to the optical axis and in a

trac ks&a;&sﬂcﬁf&bpﬁs& 1% } £6, d[ferﬁﬂhgg BS aniwht bl AOsh@eh ReF. 24| Allideart he

opti cal axis. The eam ent on the Obj ectlve | ens i s condensed

fhe opPH) %ilé%d%t?%ﬁ Tt g o '%3293%‘%& AT g GO el L0
e L%«')l‘i%é‘f‘édié’m%&eilgﬁa@r AR SSRGS 18008 SRE G
a preset manner, and is thereby reflected to faI I on the
fallona polarlzation beam splitter (PBS) 19. The light beam, transmltted through the
polarization beam splitter 19, is turned into circular pola_rmed light by a /4 plate
(QWP)20tofallona b‘eam exﬁande_r 21 formed by a concave lens an_d a convex lens.
“The light beam is ‘thereb.y enlarged in diameter to fall on an objective lcné unit 51. This
- objective lens unit 51 is'ca_rriéd by an objective lens driving unit, not shown, for
' movement in a focussing direction F; parallel to the optical axis and in a trac‘k.ing.
d_irectiqn' T, which is the pﬁz__mar direction perpend.icuié_lr to the optical axis.
- The light beam incident on the objective lens is cqndensed and illuminated by :
the objective lens 51 on the signal rémrding'surface of the optical recording medium
110, such as an optical disc. Thé light beam L, illuminated on the signal recording
Asurface' of the optical re‘.i;ording_ ‘medium 110, is modulated in its ‘directioh of
‘ .polarii_ation, for example, in a preset mannet, and is thezeby reflected to fall on'the

objective lens unit S1. This return light beam L, is transmitted through the beam




objective lens unit 51. This return light beamLz is transmtted through
the beam 9 January 2006 30 expander 21 and is conver teshrpnt 2@mex/ 4 pl ate
(QNWP) 20 into a linear polarized |ight beam having the direction of

pol ari zati on perpendicular to the direction of polarization of the |ight
beam Li incident on the optical recording nedium 110, so as to be returned
to the polarization beamsplitter 1801t is noted that the return |ight
beam L2, reflected by the reflecting surface wthin the beamsplitter 19,
i s i netpiiler 2N adsiexondertpd byrthe a4 phate QRVE) 120t inéw a Rireal polarizeddigit

pol ari zati on beamsplitter 22 is set so that the return light beamL2 in a
st at . : hiG8h pERsQfdid b difcédiBn OF pblakizatibhi t i nto
t he ??éé&éé%a%hﬁﬁgﬁfﬁagﬁgf?lﬁg%gfé#g& ed dfi'«lb%]ﬂ{{m%i%gmlel ght vgl umes of which
are e i ach ot.her, The,retuctn,_light be PR _ gh the
seco n%y'g‘ﬁlhfﬂ%t E’Si’ . BSIIENE B e i '7?%‘9‘?8%‘5‘% g’eué% \}itlgf%%{ﬂafrogﬁrgc tt'l“é‘%g

systenms 23, 24 on a first photodetector (PD1) 25. The .return |ight beam L2
ref | etetthe polaxivaticrebeard spbittsr 19at i on beam splitter 22 is condensed through
a light condensing | ens system 26 and a kni fe edge 27 on a second

phot odet ecltois 1d2E8)thaBtheBasech lightibeant Loreflegteal by dhe Ireflectingtspufiase of
these photodetectors 25 and 28, a variety of signals, such as RF signals,

f oCUSSifgn Bd 9am SHEAG! £9, G irlciditiotta §EdoRd (il tfon Puin BpligepeRArd to -
read out information signals recorded on the optical recording nmedi um 110.

ot hotf ORI Rt S e BB R TR pRA iR |
_ glr ?grem%];lpiaqu %;g{rlgggat@eipﬁgggrd?gg_ fn%ldligl(ljl HB \f:v%l %g-%glitnﬁittg ‘?l’(ljé tr@ﬁsﬁit&gdal?g 9.
| ‘and the reflected light, the light volumes of which are equal to each: other. The seturn |
- light beam L, transmitted through the second polariiation beam splitter 2215
| _ condensed via enlarging Iené_ syétems-ZB, 24 on a first photedetcctOr'.(PDl) 25..The
return light beam L, reflected by the second polarization beam splitter 22 is condensed
'~tﬁrough a light condensing _lené system 26 and a knifc edge 27 on a second .
pho.todetector (PD2) 28. Based on detection signals of light oufputs of these
.ph_otodetector's 25 and 28, aA\.rariety of signals, such as RF signals, focussing error
signals Orrtracki-n:g error signals, may be generated tb read oﬁt' information signals
~ recorded on the optical recording medium 110, |
As a focussing error signal detection system, the so-called 'astigmétic m_ethod,
or the so-called differential concentric method, may be used in place of the
‘aforementioned- so-called knife edge meth(;d; As a tracking,crrbr.éignal_ detection

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




system the so-called push-pull nethod, the so-called differenti al .
~push-pull method or 9 January 2006 31 the so-called BRRnoatyl®2®86 nmay be
used. It is noted that this optical pickup device nay be used not only for
readi ng out information signals froman optical recording medium 110 but
also for witing information signals thereon. A recording and/or '
reproduci ng apparatus may be construdtled by providing the optical pickup
device, described above, and a recordi ng nmedi um hol di ng nechani sm adapted

for hehdshgafied PPDANeHR], | agbevised. t ds adtéd fat RRisaspsticad piekip deditd, such
as an optical disc, as showm in Firg.24. In the recording and/or reproducing

appar at us i ieQ. .1 h I: O - elate]l Biekyp
devi ci“‘?ﬂ? B%'ﬁgg\%ﬁﬂ%&gf& %%(%#g%r% ireai u%oﬁgggélest%?%{%ls gggb@f}l etc Plgﬁglggnal
processing circuit to t%ener,at e ,Rg)r{siagnal a'a% gari ous error signals. The
si gnamedinpui 19 but glse fog yprting dntgigmalion YgPR3HEEIEP tappar at us from out si de
are processed by the signal processing circuit so as to.be witten by the
optical pi Xigroiditigzmdior teprodntingaippardus diaydenentistmcterthy praviding the
Applicability According to the present invention, an objective lens unit

- CO”prbZ:ﬁ@al Rkup PRI, ﬂeﬁri@ccﬂ%’&l’&;nhﬁ@re@@idingeﬂwﬁﬁﬁh@lﬂiﬁg@dcﬁﬁﬁﬁm, with

a largér value of the nunerical aperture NA nol less than 0.7 can be

assempl fdi Gl YA . afy s DOS LA Q0 :

oyt 1 ndfreis i dofBing sk a8ty e fe SEUGI LEOURE BCAiRR TR, such

secured withjn_ |lens hol der,. d_the gther lens, w,th the,one | ens as

" of or 8RB GrSical dFsgs Ay ehoa in Fagi2ig I HitcrecarEing angLer rREIGIBE BB She

necessary mnimum degree of precision, thus assuring facilitated

nmanuf ahowmeinoFig. 3@, thensighalsdead out by the optical pickup device from the optical

| ~ recording medium 110 are processed by the signal processing circuit to generate RE
signals and various error signals. The sig’h_als input to this recording and/or.

teproducing apparatus from outside are processed by the signal processing circuitso "

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 doﬁb]e-lens set, composed of two lenses, with a larger value of -the-.
numerical aperture NA not less than 07 can be assembled efficiently in a short time
by rélatively positioning éylindrical.ly—shaped" one lens, formed of a synthetic resin
| -material and secured Within lenis holder, and thé- oth‘uer lens, with the one lens aS
" reference for relative positioning. The lens hoider needs to be of the necessary

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



‘9 January 2006. 32 Since the separation between the two | enses of the.
doubl e-l1ens set, formng the objective lens unit,.as vieldnuasy 20Gal | el i sm
bet ween the | enses, may be maintained by the accuracy of the nmounting jig,
the objective Iens unit my be manufactured with optinmumreproducibility
and inproved yield. 9 January 2006 33 CLAIMS 1. An objective lens unit
conprising: a plurality of |enses eath having a numerical aperture not |ess
than 0.7, the plurality of lenses including a first lens and at |east one
secondary B theseparatiphibetiveathieywolapsss dfdhe dusibliedensaet,ifgomaag the secure
the plurality of |enses, wherein a position for seating the at |east one

secon Jc:kétib@']én%hﬁ,i.ﬁs GRilhd PAal18esH Hetiween ERIRIRES Ay b melntetRd sy to a
par al ismcharacteristic of an outer peripheral surface of the seated

first lens. 2. The objective..le L Le: 2954 Al ks in the
ob; ectievRsusRey B Fud GRS ikl b b E R Pl e AaRutacttfld Rih | O
wavel engt h of 405 nm and the nuner) c_a‘ aperture is 0.85.or nore and i
V\herei?ﬂtlﬁwﬂéiﬁ?lé‘i@dﬁ@mlb%?%ﬂl B igtd-each of the plurality of |enses has
a coaxial degree within 30 pm about the center of the |ens surface of each
of the plurality of Ienses. 3. The objective lens unit according to claim
1, wherein '




said I ens holder has lens fitting portions. in which a respective one of the
‘plurality of lenses are inserted as an outer peripher @ Japuafygrg®eof each
lens of the plurality of lenses is positioned to suppress eccentricity of
the plurality of |enses, and wherein the objective lens unit has an
effective dianmeter of 3 mm a working center wavelength of 405 nm and the
nunerical aperture is 0.85 or nore, gd wherein the 9 January 2006 34
coaxi al degree of the lens fitting portion controlling an eccentricity of
the at | east one secondary Ienseﬁlggpﬁgthin 30 pm. 4. The objective |lens
unit according to claim1,. wherei id”lens holder has a lens fitting
portion in which an outer rimof each of the plurality of lenses is

i nserk den ghigctivilasls weheampesinge eccentricity of each of the plurality of

| enses, the objective lens unit has an effective dianeter of 3 mMm a

wor ki ng cenipffrakBy ef a8ked Qich/Rivingn AndnidtRal RPERGFCALL HRSthHA 0. 7S 1k 85 or
nore and wherein a difference between an inner di ameter of said 1ens

fitti rti.on and iameter, of a.leps jnserted.into the lens fitting
por ¢ et ol fihsinsBifing BaiiShichs afd af sl SRS dsoaBuBnb ATt “an ob ect v

|l ens unit, with a nunerical aperture not |ess than 0.7, including a

pl ural ity otyliedeedly-tHapedlems holder aonfignssk to sedurdithg plufalits ofllenses, and at
| east one secondary |ens, the method conprising the steps of: nmounting and
SeCUWHﬁgeﬁPe first lens within a cylindrically-shaped | ens holder forned
of ‘a synthetic resin material at an end of the |lens holder; positioning the

at | east one secondary |lens within the |l ens ho]der using.an oufer, .
a position r}or sganng the at least one secondary {ens within sgani1 lens fnglder 18

compensated to correspond to a parallelism characteristic of an outer peripheral surface
of the seated first lens.
2. The. objective lens unit according to claim 1, wheréin the objective lens unit has an
effective diameter of 3 mm, a working center wavelength of 405 nm and the numerical
" aperture is 0.85 or more and wherein an outer peripheral surface of each of the plurality
of lenses has a coaxial degree within 30 x#m about the center of the lens surface of eéch
of _t‘he*piurality of lenses.
3. The objective lens unit according to claim 1, wherein
said lens holder _has, lens " fitting 'i)ortions in which a respective one of the
' ";piﬂra’lity‘ -of lenses are hmcﬁcd as an -outer peripheral surface of each lens of the
| ,plurality of lenses is pc')s-itioﬁed tfo suppress eccentricity of the plurality of lenses, and
. wherein
the objective lens unif has aﬂ-effe.ctive diameter of .3 mm, a w-drking center

wavelength- of 405 nm and the numerical aperture is 0.85 or more, and whercin the




peri pheral surface of the first lens as a reference with respect to a
parallelism characteristic of the first |ens; and secidameary P06t | east
one secondary lens to said | ens holder. 6. The nethod for the preparation
of ~an objective lens unit according to claim5, wherein in the step of
securing each of the plurality of |lenses to said |l ens holder, a |lens
fitting portion positions the outer speripheral, surface of each one of the
plurality of 9 January 2006 35 Ienses to control an eccentricity of each

one of t | ur al.i th spect to optic axi,s of each one
of ¢ feipl aEarbe t b I St criralts anceacBRefiy Sio ety of .
as each one of the .plurality of |enses has been inserted into said | ens
fittsevgndpor kenses isevidont30gkmt he eccentricity of each one of the plurality
of Ienses each one of the plurality of Ienses is secured to said |ens

hol dgr Ty ﬁ,dﬂ;%%'tﬁﬁt alcor & tdaeh 0% éﬁx%a‘?ﬂ%ﬁé helie?fha’ fhisective
cor

| ens 'unlt Ing to clarm V\/nerelh | epo securing the at
| east. one seconda lens to the | ns hol d : east. one s dary
| Ienshﬁ@&BPﬁl%ymaV%bqfhﬁﬁg"-ﬁt‘?fgﬂﬁhB S84 the RIem ﬁaep% dnsgp a%gnS@Hfsg a&ati cal
axis to adjust the separation with respect to the first lens and the at
| eastwhidlecomesio nhinescdneticity of sadls of danphiyalitgaifrienkes] tHe ebjectifeleny@nito sai d
| ens hol der. 8. The nethod for the preparation of an objective |lens unit

2 OhELBG dfecthE oo 058 A bl SBus wAEARARO0L NG S SO
hel d by a hoI di ng 11& and adj usted_ as taégaral lelismwth_ respect to the
fi r saumerisal apestuse 15 G83tor snercsarbwlisrein et sfepaicsPatwenn g dnpergligneter an

adhesive to said | ens hol der.
of said lens fitting portion and a diameter of a lens inserted into the lens fitting portion

is within 30 pm.
5. A method fbr the preparation of an objective lens unit, with a 'n'LmIericai aperture not
~ less than 0.7, including a plurality of lenses, the plurality qf lenses including a first lens
:aad at .Ie_ast one secondary lens, the method comprising the steps of:
mounting and securing the first: Jens within a.cylindﬁcally—shaped lens holdér
formed of a synthetic resin material at an end of the lens holder;
pdsitioniﬁg fhe at least one sécondary lens within the 'lené '.holder uSing an outer
- peripheral surfaae of the first .ilens as a reference with respect to a parallelism
~ characteristic of the first lens; and

securing the at least one secondary lens to said lens holder.

6. The method for the prepafation of an objective lens unit -according to claim 5,
wherein in the step of securing each of the plurality of lenses to said lens holder, a lens

ﬁttmg portion positign_s the outer p_eﬁpheral_,s_urface of each one of the plurality of




-9. An optical pickup device conprising: a light source; an objective |ens
unit configured to condense and illumnate a |ight beagjanuadiziosd from said
Iight source to a signal recording surface of an optical recording medium
and a photodeteetor configured to detect a return beamof said |ight beam
reflected back fromsaid signal recording surface, 9 January 2006 36 said
objective lens unit including a pIur ity of lenses including a first |lens
and at | east one secondary |ens, havi ng a nunerical aperture not |ess
than 0.7, wherein the pluralit Ienses are secur ? within a

cyl | meéafmcynm&ﬁ@cﬁcpémmw aéﬁaclhﬁae ofiilas B ufaatspeg SR Widh IS Yy t he
at |l east one secondary lens within said | ens holder is adjusted. to

cor r aapsptidal 8xie of@hdh batiotthe parakityes iehses iofpravidedttesaikelchphelddr, st f ace
of the seated first lens. 10. A recording and/ or reproduci ng apparat us

corrprl S| or ne. ho | t n I cal
Qb olTRE: 28 A O ALY Y rheRs s 6 T BHER %é?ﬁf.l%%ﬁamm e and
an Obj ective lens unit configured to condense and illumnate a |ight beam
1 adi goddor topenfeldhe iegeentsiolly ©f cach gne of gaapluralitr of legsen eaelene pf glsﬁ
optical recording nedium said objective lens unit of said optical pickup

- devi pfuralis) SRSl sbaash tb\WRid lens holder with an adhesive.

7. The method for the preparation of an objective lens unit according'.to claim 6,
wherein in the step of securing the at least one secondary lens to the iens holder, the
| at least one secondary lens is held by a'holdin'g jig and‘moved in a direction along the
| optical axis to adjust the separation with réspect‘to_ the first lens and the at least one
secondary lens is subsequently sécu_red_ with an adhesive to said lens holder.
| 8. The ineth_od for the preparation of an objectivc lens unit according to claim 6,
wherein in the stép of securing the at least one secondary lens to said lens holder, the at
~ least one secondary lens is held by a holding jig and adjusted as to parallelism w1th
respect to the first lens, the at least on¢ secondary lens being then secured with an
adhesive to said Ieﬁs holder.
9. An optical pickup device comprising:
_ a light source;
an objective .Iens. un_it configured to condense and illuminate a light beam
radiated from said light source to a signal recording surface of an optical recording
medium; and |
a photodetector configured to detect a return beam of said light beam reflected .

back from said signal recording surface,




| enses, the at least two lenses. including a first-lens and at |east one
secondary |l ens, and having a nunerical aperture not |2dsnudmaB0@ 7, wherein
the at l.east. two |l enses are secured within a cylindrically-shaped |ens
hol der, 9 January 2006 a position for seating the at | east one secondary
[ens within said Iens holder is adjusted to correspond to a parallelism
characteristic of an outer peripherﬁb surface of the seated first |ens.
11. The objective lens unit of claiml1, wherein the | ens hol der further
conprises: a vent forned in a surface of the | ens holder, the vent
positioned to coincide with a gap area between at |east two | ens of the
plurality. of |l enses. 12. The nmethod of claim5, further conprising:

provi di ng saidvejtctive Rens ubftdaeluding hphiralisy dbledess inchiding & firstlens khdaed t o
coincide wth a gap area between at |east two | enses of the plurality of

| enses,. .13, .The optical Dj jce.of . claj r I ing: a
vent Tt i sokpgRE I R o At G aB A o et B ERRGHE
coincide with. a gap area between at |east two | enses of the plurality of

|l enses. 14he phwalitcof tnsep anedicenredewitbiiuaiclindyipalhashapedslens Aplderoand
wherein, the lens holder further conprises: a vent forned in a surface of
the |y@Rsgefpol der, the vent positioned to coincide wwth a gap area between at
| east two | enses of the plurality of |enses. 15. The objective lens unit

FIFRREREAT don 4 IR O E S T R
further conprising:
adjusted to correspond to a parallelism characteristic of an outer periphera_l_ surface of
the seated first lens. |
10. A recording and/or reproducing app_aratlis COmPprising:
a recording mgdium holding unit configured to hold an optical recording
- medium; and
an optical pickup device including a light source and an objective. lens unit
configured to condense and illuminate a light beam radiated from said light source t‘é a
" signal recording surface of said optical recording medium, |
Said-objecti;re' lens unit of said optical pickup device including at least two
.len'ses, the at le_ast_ two lenses including a first lens and at least one sécondary lens, and
| ] .having a numerical aperture not less than 0.7, wherein

the- at least two lenses are secured within a cylindrically-shaped lens holder,




providing a protector at an end of the lens holder in the vicinity of the
first lens. 17. The optical pickup device of claim?9, Fdanubasr2a0enpri sing: 9
January 2006 36b a protector provided at an end of the lens holder in the
vicinity of the first lens. 18. The recording and/or reproduci ng apparat us
of claim 10, wherein the |ens hol der, _ further conprises: a protector

provided at an end of the |ens hol de-‘af*ﬁ-*ﬁn the vicinity of the first |ens.

19. An objective lens unit including a plurality of |enses including a

first lens and.at . | east aone condary lens, and a .pl.urali of |ens

hol der s gr DB fomipalingdl ol (FAns cotesegpnaimyaens mathingid 18ps BOIIBES one
secondary lens to secure the plurality of |Ienses therein, the objective

| ens admsted & ngrrespostdrioct parablelisimectstraqieristic obantouter pexdplsalisurfacet e fir st
l ens within a corresponding | ens holder of the plurality of |ens holders

at anpenehied firiigeb) ective lens unit; positioning the at |east one
secondary lens wthin a further | ens holder of the plurality of |ens

hol der.s of .t he .objective Jens ynil opposite the first lens to align the at

|'eastl lone Bicehiggtivy leahunitpo ﬁbal’é’h{a ¢re) thelers holder Futhsr mENISSSt or

. peripheral surface of the first lens as a reference to conpensate the
posi ti oni ngvarft foineedin 4 aaficerteths ¢emyigsidyr, lenvedigasttivhed tbaodddidt ndth
‘characteristic of the first lens; and securing the at |east one secondary

Lo o e e e R AL B OIRSRE T, 20, 8 ot e e
12.  The method of claim 5, further comprising:
‘providing a vent in a surface of the lens holder, the vent positioned to coincide
with a gap area between at least two lenses of the plurality of lenses.
13.  The optical pickup device éf claim 9, further -comp;'ising:
a vent formed in a surface of the lens -holdér, the vent positioned to coincide with
a gap area between at least two lenses of the plurality of lenses.
14.  The recording and/or reproducing apparatus of claim 10, wherein the lens hol(ier
further comprises:
a vent fo_r.méd in a surface of the lens holder; the vent positioned to coincide with
- a gap area between at least two lenses of the plurality of lenses.
15. The objective léns unit of claim- 1 » further comprising:
a prote;;tor provided af an end of the lens holder in the yicinity of the first lens.
16. The method of claim 5, further comprising:
providing a protector at an end of the lens holder in the vicinity of thé- first lens.

17.  The optical pickup device of claim 9, further comprising:




| east one secondary lens, and at |east two | ens holders for receiving a
respective one of the first lens and at | east one se&lthaayy 2086s to secure
the at least two lens therein, the objective lens unit being constructed
by the steps of 9 January 2006 36¢c nmounting and securing the first |ens
within a corresponding | ens holder. ofigthe at |east two |l ens holders at an
end of the objective lens unit; positioning the at | east one secondary |ens
within a further I ens holder of the at least two | ens hol ders of the

obj ective | en nit o si,te the first lens t.o align the.at ..l east one
secondary 3 eiotrg YRR AR S thé RnsuBferf e VR B e faisF s, o
surface of the first lens as a reference to conpensate the positioning of
t he di8.| eabhe wrerding end/ar yeproducingspyamusobelamn (18], wherciotthe dutsdralder ¢ of

the first lens; and securing the at |east one secondary lens to the lens
hol d%ﬁh@ﬁ@&nﬁﬂsésbe conpensati on. :
a pfotector provided at an end of the lens holder in thé vicinity of the first lens.
19.  An objective lens unit including a plurality of lenses including a first lens and at
least one sccbndary lens, and a plurality of lens holders for receiving a respective one of

the first lens and at least one secondary lens to secure the plurality of lenses therein, the

objective lens unit being constructed by the steps of:

mounting and securing the first lens within a corresponding lens holder of the
plurality _of lens holders at an end of the objective lens unit;
| positioning the at least one secondary lens within a further lens holder of the
plurality of lens holders. of the objective lens unit opposite the first lens to align the at |
least one secondary lens along an optical axis; |
referencing an outer peripheral surface of the first lens as a reference to
compensate the pdsitioning of the at least one secondary lens based on a parallelism
 characteristic of the first lens; and
éecu_ring the at least one secondary lens to thé lens holder based on- the
cormpensation.
.-'2'0.. : An objective lens unit including at least two lenses inc‘luding'a first lens and at
least one secondary lens, and at least two lens holders for receiving a re'spéctive one of
the first lens and at least one secondary lens to secure the at least two lens therein, the

‘objective lens unit being constructed by the steps of:
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mounting and securin-gr the first lens within a corresponding lens holder of the at
least two lens holders at an end of the objective lens unit;

positioning the at least one secondary lens within a further lens holder of the at
least two iens holders_ of the objective lens unit opposite the first lens to align the at

least one secondary lens along an optical axis;

- referencing an outer peripheral surface of the first lens as a reference to

compensate the positioning of the at Teast one secondary lens based on a parallelism

characteristic of the first lens; and
securing the at least one secondary lens to the lens holder based on the

compensation.





