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DESCRI PTION (bj ective Lens Unit, Optical Pickup Device and Recording
and/ or Reproduci ng Appar at us TechnApp#rakisel d This invention relates to an
objective lens unit made up by plural |enses and

Technical Field '

This invention relates to an objective lens unit made up by plural lenses and

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

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

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

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

objective lens unit.

~.Background Art
Up to now, an optical recﬁrding medium, exemplified by an optical disc, has
been used as a recording medium for information signals. An optical pickup device is
used for writing dr reading out information signals on or from an optical recording
medium. The optical pickup device includes a semiconductor laser, as a light source
for radiating a light beam to be illuminated on the optical recording medium, and an
- objective lens unit for éondensing' the light beam radiated from the semiconductor
laser for illuminating the light beam to a signal recording surface of the optical
r¢cor_d1'n_g medium. | |

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




whi ch may be used w th advantage for an optical pickup d viceégggpted for
witing or reading out information signals for an opt %@l i ng
medium a method for nmanufacturing the objective lens unit, an opti cal
pi ckup device enploying this objective lens unit, and to a recording
and/ or reproduci ng apparatus enploying this objective lens unit.
Background Art Up to now, an optical recording nmedium exenplified by an

opti calyg, di J rdi i ' ' j.gnal s.
A opt ISP ERL RS RELHREBr 83 icFRCBI g AL RmEY KL AIRIb SIS
signal §.on or from.an .optjcal.recording. di um . The optical pickup. device
" nel udddeh regarding dersibl of thecinformation g@r’i‘gﬁs&ﬁ(’é‘é@d 0ihe safise Woagmgg ht
beamto be illum nated on the optical recording nmedium and an objective
| ens umin¢diior ta ematdn seadput lnd the giforbetion sigtiaks sxtordahia highsdemsitynduct or
laser for illumnating the Iight beamto a signal recording surface of the
optical re%r@eﬂﬁpif@thﬁ%?d)ﬂdiahﬁet@pbf Ghe 1ight lgéand Akimaiéd ensthetsighanet er
of the Iight beamillum nated on 9 January 2006 2 the signal recording
surfac : £ (@ 1.0g P - L edu | i.gh
recor di?ﬁg rgéljrig isp ;P/[Iagg ac{fh{g‘%i ﬁ?g}rﬁr]raﬁ@égdlg gﬁg?hs r’ecf:t ogdéggcgil‘%t F]cgﬁi&%ﬁlﬁga@e
recordin diumto enable readoyt of the infgryation sigpals recorded to
hi gh dév&eﬁreeﬂgtﬁo?f ﬂéed&g?lﬁgwfiﬁb rafigteditigae e BENG AT I R SRI4TER enat ed
on the signal recording surface of the optical recording medium it is
ef f ect inugearicad apertore (Mg) ofishvebbjegtie déns: ¢ondeinging the dight beamt ed from t he
| i ght source and to enlarge the .

The present Assignee has proposed an objective lens unit of a larger numerical

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

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

called a “single lens’r’, has been used extensively as an objective lens unit used in an
optical pickup device. The single lens can be prepared by so-called glass mold
- forming. A lens of high performance can be formed with high reproducibility by

fabricating the me¢ ~ Jdie to high precision and by high precision tempe:raﬁm‘&"-‘ﬁ'-f

management during casting. If the lens is to have a larger value of the numerical
aperture (NA) of for example 0.7 or larger, a larger refractive power is required of the |
lens, such that the first surface of the light beam incident side of the lens needs to be

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




nunerical aperture (NA) of the objective | ens condensi ng t he Iight beam -
The present Assignee has proposed an objective | ens unPtradfary 2P ger
nunerical aperture (NA) in JP Layi ng-Open Patent Publication H 8-31S404
and JP Laying-Open Patent Publication H 10-123410. The objective lens unit
disclosed in this Patent publication,is conposed of a double-lens set nade
up of two | enses, and has a numerical3 aperture not less than 0.7. Up to
now, a | ens conposed of one | ens set_ nade up,by a sjngle. or, -

cal | ed PAOP&Iities] H 1Segxirem sdﬁgéﬁlt@e@f&&;ﬁéﬁb}%ﬁtvca I H“BL?@?W&/@ [?ée%ns uni t
used in an optical pickup device. The single |ens can be .P_repared ’g)/

so- cal Ispegtalsairface of af largr cuyvaire esingod mtghdicpdlarepyiera s leam obedtyened
with high reproducibility by fabricating the ne Jie to high precision and

by hi ghesy &fit fHa@ih £ ABRLSPAKAES- surface BINAResB durdature gnd astargey. mirhetiba | ens

is to have a larger value of the nunerical = aperture (NA) of for exanple
0.7 or larger, J fracti T ' 1idtebe L6AGenseHCh
t hat tﬁé’cfﬁ’;fﬁt(@?@%@ggf %F%Igl lltaf%é}(ilf:&beamt?lﬁcl?@gtlgt&g%dg;% .thee | ens needs to
~be a non-spherical surface with.a |arger curvature. In |ight of .f xanpl e
mol d r diceuEAtely Qﬁrﬁbﬁr?gQ@OBe@fd‘ﬁgoﬁ'éﬁfg?"e?,vept01? é’cé’&!{fFBﬁ%&q E?’?Pf‘%"g{‘{“@t 0
formthe objective lens unit having a non- spherical surface of a large
cur vat uesultingrfrom theshghidisetilt wlativede thewpticalraXdbj ective |lens unit having

a non-spherical surface of a larger curvature and a | arger nuneri cal
aperture (NAyjhtthe dbjedtivedeasunadiongdsdd ofra doable-lhis ssbuomposed wtwoe

condensed accurately on the signal recording surface even on occurrence o
pertur Hgﬁgc%,nﬁs disclosed in the above Publications, the refractive power can be dispersed '
to two lenses to moderate the curvature of the respective lens surfaces as we}l as to
decrease the non-spherical surface coefficients. Consequently, the objective lens unit
‘can be formed to a desired machining accuracy, using a metal die, so that it becomes
possible to suppress deterioration of the optical performance caﬁsed- by for example -
-~ the tilt of the lens relative to the optical axis.
With the objective ‘lens unit of a doﬁble-l-ens set composed of two lenses, the
respective lenses can be molded with a metal die o prQVent its optical characteristics
from being: deteriorated. However, the respective lenses need to be registered to each
“other ‘h‘ighl‘y‘"a'c‘cu'rately','“i:e:;;"it:i&tﬁh&ssary to get the optical axes of the respective
lenses of the objective lens unit registered with each other high accurately without
' producing eccentricity in the respective lenses and to maintain the distance and

parallelism between the respective lenses highly accurately.

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




resulting fromthe slightest tilt relative to the optical axis. Wth the
obj ective lens unit conprised of a double-lens set con@o@@ﬂmﬁﬁoPQD

-l enses, as disclosed in the above Publications, the refractive power can
be dispersed to two |lenses to noderate the curvature of the respective

| ens surfaces as well as to decrease,the non-spherical surface
coefficients. Consequently, the objec#ive |l ens unit can be forned to a

desi red machi ni ng accuracy, usjng. ,a.netal die, so that it be S
possi blenses thespase sugh pcimetiod repsisking g C@bﬁmgé?leﬁéwdﬂ&lﬁn ofadhm dhe by for
exanple the tilt of the lens relative to the optical-axis. Wth the

obj ect objectigndensdst put tegetheh and BnfoswingcampmisHerahetendy ¢ns esspectiee
respective |l enses can be nolded with a netal die to prevent its optical

char acieskstd &djus ﬂh@rfbra%iiveg;ogﬁkﬁf IR &I dnd SRYEY Riothd @ohSISARE i ¥Audigpses
need to be regi'stered to each other highly accurately; i e.~ it i t essary

to get,the optical axes of the.,res tj;ve ¢ t he-nhj i ns
ani ¢ v it Guod gl PE oS THRREH tCopicBlPE TaMesonl Rl Bfrcii, b
eccentrjicity in the respective | enses and to maintain_ the dis ce and _
par al | ebserpingtheaardirdd patiparef the lnsst, @tﬁp@ﬁ?t&@%‘éﬁ@"w- \g’g{}‘ ‘gﬁeé%luci ng

an objective lens unit of a double-lens set conposed of two 9 January 2006
4 | eneethodsyehe phemomuaia abswaveddire andi cltanggdi indeperslemgiyt far respectiveé ght to
fall on the objective |enses, put together, and in form ng an

| nt er f gd;4R%h &t fA¥amBeers 88 ER fHat ¥@justRBAES ekﬁemfélyﬁmetmsﬁﬁﬁﬁgaw@mnﬁmg i on
t hereof ,” and such a net'hod consi'sting in causing the laser Tight to 'be
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In assembling, there is such a method which consists in providing a gap between

-~ the lens holder 3 and the lens and in adjusting the lens position within the gap range.

'With this method, an adhesive, such as a UV curable resin, needs to be charged into

~ the gap following the adjustment and cured in situ to secure the lens to the lens holder. -

“The lens secured in poéition in this manner in the lens holder with an adhesive is likely

t6 undergo misregistration due to environmental changes, such as inc‘rcasiﬁg
temperature or humidity;

In order to overcome the problems caused by an adhesive, it has been proposed

~ to set the tilt of the lens and its location along the direction of the optical axis

depending on the machining accuracy of the lens holder. That is, a step is formed

within the lens holder and the outer rim of the lens is abutted against the step to set the

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

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




nmet hods, the phenonena observed are not changed i ndepepdent |
respective adjustment parameters, such that adjustnengg?gﬁﬁigéﬁiely

ti me-consum ng due to many- | ooped procedures required for achieving the
final performance. In assenbling, there is such a nmethod which consists in
providing a gap between the lens holder 3 and the |l ens and in adjusting
the lens position within the gap. range. Wth this nethod, an adhesive,

such as a UfnGe2Leof, 381 Brampfdian dijoblivé Irisofsit coinposba ofapddubiiedenng the

adjustnment and cured I'n situ to 'secure the lens to the lens holder. The

| ens secyred,in posjtion in this NENT . ol dey - esive
is |i képy mady HIPIE) r{%o %@P%W%%nlgﬁgggﬁé%%&g#\fﬁﬁ%%n g{ls\é\h%%%sggrf%ch as
increasing tenperature or humidity. In order to overconme the pr(%bl ens
caused rhyinseinganeielise betwertsthsdure lsnseuen the ordsr ED.19RE. Fox MBMIZING o
and its location along the direction of the optical axi's depending on the
mac hi nights-aceafadyaitis sécdsbaryltemsaintdin ¢he errdhalonigthe apticelpaxis dfdherserfaed t hi n
the I ens holder and the outer rimof the lens is abutted agai nst the step

to set Otfqﬁe-_ohkgrtlegg rih{;@aﬁﬁﬂ%ﬂh@fsitc%ﬁw'iﬂﬁﬁtthﬁb@lﬁﬂﬂcﬂt'@ﬁa Qe thvxorder | f,

in this structure, t step I's ornmed high accurately, the | ens position

can be t simlarly accurately. ;.9 ‘ F Qfrs
oxanpt o1 T g ahoVePFeeRimed acRREE hbye Wetar s Iindifa MipihBhe
two lenses, with an effective diameter of 3 nm it |s .necessary to

mai nt alengholder a5 {nhighdagsee ohacquiacy ismaintamednAdsfitigrally, dEpeadine ob

mai ntaining this accuracy, it is necessary to maintain the error along the .
opt i cakh@mcuming drvisnmetefine dusteddirton thmerder of darmitend by be fretred
within the | ens holder to a value on the order _

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

L Embodiments of the present invention may provide a novel objective

lens unit which may be exempt from the above-mentioned drawback of the objf;ctive-
. lens unit of a double-lens set composed of two lenses, a method for p_roducing the
- objective lens unit, an optical pickup device employing this objective lens unit, and a
recording and/or reproducing apparatus employing the objective lens unif.
| \ o - Embodiments of the present invention rpaq; provide an pbjective _I‘ens unif, -
‘- whichiis i’néde up by plural lenses, each having a nuinerical aperture not fess than 0.7,
and in which the relative positions of the respecﬁve lenses are adjusted to high

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




of 1 m It is however- extrenely difficult to have the_tw |le nount ed
within the lens holder as this high degree of accurac?Jﬁgmﬂﬁgﬁﬁgined.

Addi tional ly, depending on the nounting environnent, fine dust and dirt on
the order of Imtend to be intruded .into a space between the step within

the lens holder and the lens to render it difficult to maintain

paral l el i sm between the two | enses. Disclosure of the Invention Enbodi nents
of the present invention nmay provide-é novel objective lens unit which may

. be exenpt fromthe above-nentioned drawback of the objective l|ens unit of

- a doubdewell @ a reedrdogmaBedreptodusing gisestus eniptdyiag thieobjuctgy ¢emgutihe

obj ective lens unit, -an optical pickup device enploying this objective |ens

unit, . and a,. ar di r p i p enpl oy n 3 [.ective

ons’ uni . AepEERIEC 0% 38| Rt oREHE YRR RO e LR e

lens unit, which is made up by plural |enses, each having a nunerical

aper t uplgeeldee leas gnttieamuuising: and in which the relative positions of the

respective |l enses are adjusted to. high precision, a nethod for producing

the obj ectiyelk@nsy filtnsedChcBhARLS GRhuRietikhP ap@vireen® B39 4Rdy 02008 cas

wel | as a recording and/or reproducing apparatus enploying this objective

~lens unit.. According,to a first aspect, of the present invention, there is .
provi d@b‘f%lﬁy Ogg‘fné’g‘? }rg:éu 188 #Hﬁﬁfmé flseiaﬁtgqneasegpﬁé il?%)s’ 3P8I enses each

" having a nunerical aperture not less than 0.7, the plurality of |enses.

“includi ng a ¢ylstridablysshapet! kens hebder conBgereddndacyreltbaplurality of lenses,

cylindrically-shaped | ens hol der configured to secure the plurality of

| ensesyheplpr €i n

a posttion for seating the at least one secondary lens within said Iens holder is
compensated to correspond to a parallelism characteristic of an outer peripheral surface
of the seated first lens.

According to a second aspect of the present invention, there is provided a

‘method for the preparation of an objective lens unit, with a numerical aperture not less

than 0.7, including a plurality of lenses, the plurality of lenses including a first lens and

at least one secondary lens, the method comprising the steps of:
mounting and securing the first lens within a cylindrically-shaped lens holder
' formed of a synthetic resin material at an end of the lens holder;
| positioning the at least one secoﬁdary lens within the lens holder-using an outer
peripheral surface of the first lens as a reference with respect to a parallelism
-charaéteristic of the first lens; and
securing the at least one secondary lens to said lens holder.
- According to a third aspect of the present invention, there is provided an optical

piCkup device comprising:



a position for seating the at | east one secondary |l ens thin d lens
hol der is conpensated to correspond to a parallelisntgwé gﬁ&étlc of an .
outer peripheral surface of the seated first lens. According to a second
aspect of the present invention, there is provided -a nethod for the
preparation of an objective lens unit, wth a nunerical aperture not |ess
--than 0.7, including a plurality of |lenses, the plurality of |enses
_ |nclud|ng a h ﬁé | ens and at |east one secondary |ens, the nethod
conpri si ng $ HEMSIWBE®:0f : nounting and securing the first lens within a
cylindrically-shaped | ens holder formed of a synthetic resin material at
an end of tdame obgersivieolabsr ynip asinfiganed do t tomdanst emsit ilhneinsee antighy beams
wi thin the | ens hol der using an outer. peripheral surface of the first

| ens d?até&ff%drﬁrk%?d Yok saﬁfceet%t ndl PRk {51@5&% ﬁrchptéd;%lrg@g he

first lens securing t st one se o 0 sal

hol der . Accordl gtoathird aspect of the present inventlon, there is
provi d&d Wo?ﬂ‘fcal pi ckup device conprising: 9 January 2006 7 a |ight
source; an objective lens unit configured to condense and illumnate a

| i ght beama phdiodetdtdrr@mfigarel to detecsauemen beam of gnidllighe bendh rdlested ace
of an optical recording nedium and a photodetector configured to detect a.

retur rb:}?:%%lﬁfsaﬁﬂignéli@Qérdmrfa%fel, ected back fromsaid signal recording

surface,

said objective lens unit including a plurality of lenses including a first lens and at
least one secondary lens, and having a numerical aperture not less than 0.7, wherein
the plurality of lenses are secured within a cylindrically-shaped lens holder, and
wherein |
a position for seating the at least one secondary lens within said lens holder is
: ladjusted to correspond to a parallelism characteristic of an outer peripheral surface of
the seated first lens.
According to a fourth aspect of the present invention, there is provided a
recording and/or reproducing apparatus comprising: | |
a recording medium 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 to a
- signal recording surface of said optical recording medium,

said objective lens unit of said optical pickup device including at lcast 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 least two.lenses are secured within a cylindrically-shaped lens holder,




said objective lens unit including a plurality of lenses including a first
lens and at |east one secondary |lens, and having a nurmefaWafy Brture not
| ess than 0.7, wherein the plurality of |enses are secured within a
cylindrically-shaped | ens holder, and wherein a position for seating the
at | east one secondary lens within said7hens holder is adjusted to
correspond - to a parallelismcharacteristic of an outer peripheral surface

of the sea .0 ens. According to a fourth aspect of,.the sent
Chvent o Retoh 3br el HETR L BpRrlondily P R e IR ERBIER R
conprising: a recording medium holding unit configured to hold an opti cal

" r ecor dadigstedelcorrespond tare paselieism pharketeridey o€ an puter peiipheral surdaae afour ce
and an objective lens unit configured to condense and illum nate a |ight
beam raggisahied fikornwsai d 1ight source to a signal recording surface of said

optical recording nedium said objective lens unit of said optical pickup
device inclyding.at .|l east.two. | enses, the agt.least t | enses i.ncl uding a
frrst ot ens AP ot TRk Beetn e MRS RAN DTS RoRgrids an
aperture not less than 0.7. wherein the at |east two |enses are secured

wi t hi nobjacttwd lems nindtaincinditg p gdutabitys of bdndes incduding wafisst RoBGnal atdsagtiome f or
seating the at | east one secondary lens within said |ens holder is

adj USt?ééoﬁ@a;ﬁ?{aﬁ?%Bﬁ@plPﬁaelﬁg FEE"I%HC?' @1&&%@%&%@ ié‘r sfecBile Yhe HUBE first

peri pher al ade of eat rst lens. I'ng to a fifth aspect

~of th resent invention, there is provided an X )
elegs and -at least one secondary lens fo 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 opticai axis;

referencing an outer peripheral surface of the first lens as a reference to
compensate the positioning of .the at least one secondary léns 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.

.According to a sixth aspect of the present invention, there is provided an objectiﬁ: lens
unit in;:luding at least two lenses inélud_ing a first lens and at least one secondary lens,
and at least two lens holders for receiving a respective one bf the first lens and at least
one secondary iens to secure the at least two lens therein, th¢ objective lens unit being |

-constructed by the steps of:




.objective lens unit including a plurality of lenses including a first |lens
and at | east one secondary lens, and a plurality of | ARYREY & f or
receiving a respective one of the first |ens and at |east one secondary

|l ens to secure the plurality of lenses therein, the objective |lens unit
bei ng constructed by the steps of: nmounting and securing the first |ens
within a corresponding | ens hol der offbthe plurality of lens holders at an
end of the objective lens unit; positioning the at | east one secondary | ens

within a fuypthet ) Snp.aplife ihefirst hs withinl @dridspofdinkdoss Relddestthefatt he

objective I'éns umt opposite the first lens to align'the at |east one
secondary |l ens along. an optical, axi.s;.referencing an outer peripheral

sur f adeasstwe fens gl ?fslaéﬁ%eagogm%élﬂpﬁ%%%{%m@onpensate t he positioning of
the at | east one secondary | ens based on a parallelism characteristic of

the first |gpionngtieealedsngns beoatlatyeleas watien s duthetdens helder pbther® | ens
hol der based on the conpensation. According to a sixth aspect of the

Peast 1o OB CR ARG The SuBHIV (R (AR GimoRfo HTisE et ol IREM ) o

and at least two |ens holders for receiving a respective one of the first
| ens deast aneiseeandaryless alangadeptcal 888:t 0 secure the at |east two |ens
therein, the objective lens unit being constructed by the steps of 9

January 20Q6fefbncifiP i buted perigheal surifag oéfthe ffirstdend s refetenice ta, -
correspondi ng | ens hol der "of the at |east two |l ens holders at an end of the

ob] eCtéo\ﬁ‘?pén%Qtse O hbsitioning of the at least 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.
| Othcr 6bjccts, féatures ahci édvantages of thé pregent inventioln“\..vi-ll become
- more apparent from reading the embodiments of th}c-prcsent invention as shown in the

drawings.

Brief 'Description of the Drawings

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

to the present invention.
- Fig.2 is a longitudinal cross-sectional view of the objective lens unit built into -
a lens holder.
Fig.3 is a perspective view looking from the first lens. -

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




posi‘tioning the at | east one secondary lens within a further | ens hol der of"
the at least.two lens holders of the objective lens u P?"Wﬁ%gggge t he
‘first lens to align the at |east one secondary |lens along an optical axis;
referencing an outer peripheral surface of the first lens as a reference to
conpensate the positioning of the at geast one secondary | ens based on a
parallelism characteristic of the first lens; and securing the at | east

one secondary lens to the .lens holder b on the c nsaf.i er
- objects, fell&iPels 2PGTSREFHNE F3e¥ ‘béja ﬂ?f@aﬁg@éﬁ?mﬁ%ﬁ{?@we\%wgf%@c nor e
apparent fromreadi ng the enbodi nents of the-present invention as shown in
the. takingdeom Brfist ldsslttingtpationf the Drawings Fig.1 is a | ongitudinal
cross-sectional view of- an objective lens. unit -according to the present

i nvention. 'Fiigsas laSpspéuiBict vidnat therleas hokddri fonming thrwobjectilie lety eniti ve
l ens unit buiTt into ‘a lens bolder. Fig.3 is a péerspective view | ooking

fromthe f.ir ns. ' | & [§1 spective view | ookirtg fromthe second
| ens. goq}gﬁgﬁoﬁgo%gogdlfé?sgﬂgi | aﬂ?%élfspect ive view of a |lens hol der
f.or mng t heF?gheisC Ellp aen Jzi%\r;ﬁsh%%iglg a lens holder forming the objective lens unit of the

“present invention.
Fig.8 is a cross-sectional view taken along line VIII-VIII of Fig.7
Fig.9 is a bottom plan view showing the lens holder forming the objective lens
unit of the present invention.
Fig.10 is a cross-sectional view taken alor;g line X—X of Fig.9.
Fig.11 is a graph showiﬁg the relation between the eccentricity between the
lenses and the value of the wavefront aberration.
Fig.12 is alongitudinal cross-sectional view showing a metal die for forming the |
Jeas holder.
| Fig.13 is a graph showing the parallelism between the lenses and the value of
" the wavefront aberration. -
Fig.14 is a graph showing the distance between the lenses and the value of the
-Wavefront aberration. |
Fig.15 is a longitudinal cross-sectional view showing the process of assembling
_the objective lens unit.

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

e




l'ooking froma first lens fitting portion. Fig.6 is a perspective view of
the lens holder formng the objective lens unit | ooki ﬁdaf“r‘%’ﬁ?g}%econd | ens
fitting portion. Fig.7 is a plan view showing a | ens holder form ng the
objective lens unit of the present invention. Fig.8 is a cross-sectional
view taken along line VIII--VIlIl of Fig.7: Fig.9 is a bottom plan view
showi ng the l.ens holder form ng the objective |ens unit of the present
invention. Fig.10 is a cross-sectional view taken along.line X-X of Fig.9.
Fi g, 11 which Geiononddonnsl (he obiaiticdnB areh i cseRomventipp s Hsien  he
. lenses and the value of the wavefront aberration. Fig.-12 is a | ongitudi nal

cr oss- sigglodadéad intbahe disvholdea netal die for formng the |[|ens hol der.
Fig.13 is a graph showi ng the parallelismbetween the | enses and the val ue

of | Lhe wavepon APBEfRbEMe viw of WimbAiffcaiohiE Gledehs ol fdimimgntiee

bet ween t he es a he val ue of the wavefront aberration. Fig.15 is a

ob oct | QUerRYEleds vt foofSE from e RGP el BORERE, 1 7oc Cect Vonal
- view showi ng the state in 9 January 2006 9 which the second,|ens of the
~ objective | drig. 18nista psrspestivpviase af aiﬁmlé@ftmgﬂxf}pggmg@gﬁhe lecns [l]lolcierr%ormmg
- the objective lens unit, looking from the first lens fitting portion.
Fig.19 is a perspective view of a still further modification of the lens holder
- forming the objective lens unit, looking from the first lens fitting portion.
Fig.20 is a longitudinal cross-sectional view showing an objective lens unit in
~which a protector is mounted tq the lens holder.
Fig.21 is a plan view of Fig.20.
Fig.22 is a plan view showing an optical pickup device employing the objective
“ lens unit of the present invention.
Fig.23 is a side view of Fig.22.

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

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

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

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

PR ——




i ntroduced into the lens holder. Fig.17 is a perspectiye vie

modi fi cation of the | ens holder formng the obj ective Péﬁng%?SOGIooklng
fron1the first lens fitting portion. Fig.18 is.aperspective view of a
further nodification of the lens holder formng the objective lens unit,
| ooking fromthe first lens fitting pgrtion. Fig.19 is a perspective view
of a stiII further nndification of the | ens hol der forning t he objective

:gﬂ;,? fg{lngla 4}% Hcal apeit OnaqﬂIA 8?0'79&5121%&& 'S?;Qgﬁ&rai%e B Qct%%l'bﬁsﬁ‘nit

ew sho ect s unit 1n which
a protector is nDunte to the |ens holde S a n_view I g. 20.
Fi g. 2215 18ade Bp By aslenbierens i OéﬁWSHFF%“él 6‘38 é\ﬂ“&’éefg‘ﬁ’g ABSTIHY %T
objective lens unit of the present |nvent|on Fig.23 is a side view of
Fi g. 220f 6i85, 24 shewa isikig.lvi ew. showi ng an optical pickup device and a
recordi ng and/or reproduci ng apparatus enploying the objective |Iens

accordi ng tghth® éUt?u%el@hs uAVEsT the hrefias tinMattford RroudRIingo @iy optitaltpiekup
| nventi on ReferrT]ng to the drawi ngs, preferred enbodi ments of the present

;)P\éggtn%lgyr} 'ﬁlym(gna hgﬁﬁé@l @g gacggtlggrt 1gﬁ1%agrgh§gliﬁ\é§nﬂfg%ar g/Enf%l%f 4bs
oty cctne Hhekis, i pbISEkvinicRs Wi ageordii B eASbua? %?n%léﬂz‘isar'p'aﬁggysﬁ 2
and has a nunerical aperture (NA) -
for condensing the llght beam having a center wavelength of 405 nm.
In the following explanation, it is assumed that the objective lens unit has an
effective diameter of 3 mm. Specifically, the manufacturing method for the objective
 lens unit of fhe present invention is the method forassembling an objective lens unit.
An objective lens unit accordiﬁg to the present invention is made up by ‘first and
second lenses 1, 2 and a lens holder 3 for hp]ding the lenses 1, 2, as shown in Figs.2,
- 3 and 4.
The first and second lenses 1, 2 are formed of a vitreous material, and are
prepared by so-called glass mold casting of forming a vitreous material using a metal
die. The shape of the lens. surfaces of the lenses 1, 2, formed as non-spherical o1
spherical surfaces, position relationships between the lens surfaces and outer rims 1a,
2a and so forth depend-on thc machining accuracy of the metal dies for molding, and
on the casting conditions.

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

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




of 0.85, as shown in Fig.1l. The objective lens unit of the present
invention is built into "an optical pickup device havPngnda¥iZ§f® source
radiating the light beamw th a center wavel ength of 40S nm That is, the
" objective lens unit according to the present invention is nmainly used for
condensing the |ight beam having a center wavel ength of 405 nm In the
followi ng explanation, it is assunmed that the objective lens unit has an

effective dianeter of Speci fjcal Ly, the manufacturin t he
obj ecti 1. Tadbiglens hiﬁdglﬂé ﬂSg gﬁtﬁﬁft ﬁlﬁ#‘é‘.@?’@ﬂ@“ﬂﬂ&“ﬁ%‘t #?og ﬁ% [}g‘g‘s éﬁgl i ng
an objective lens unit. An objective |lens unit according to the present .

i nvent i second lemdes (p 2pjinsartest impositivacimthe lanscholder 3, 216 sp with @8 3
for holding the lenses 1, 2, as shown in Figs.2, 3and4. The first and

second }§ ,’Jsucﬁ 2R/NeViQiraBle re§ind vitreous material,- and are prepared by
so-called glass nold casting of formng a vitreous material using a netal -

di e.  The shape.pf Lhe | 4 S Ae 2 1.fPreRdivéSo the
non- spheri cafn Eﬁls é@ﬁgﬂlf@iﬂ?ﬂiﬁlﬁ ’Zﬁc%s?&cgggl p&)ﬁ’ﬁgﬁe{#sons i ps between the

| ens surfaces and outer ring la, .. .2a and sq forth depend on the hining
ncour acopigealaes Retthet th RASIRORS WoIte Tegsesicbi-ghial AUCEaats, spresRaRiRd 8 "Ye
| ens holder 3 is formed to approxinmately a cylindrical shape by inj e?gi on
mol di ngdivéctiquscwitldnithe platiargusface perpendicelsn taithg optirabaxis By, pmong t

shown in Figs.5 to 9 January 2006 11 10. To this lens holder 3 are fitted

the firgaieipssicions hetaees the lehsed B2 fare skt bpdhe sateantiainetess of the oater
inserted in pgsition in the 1ens holder 3, are secured with an

.rims 1a, 2a of the lenses 1, 2, and by the inner diameter of the lens hqlder 3. That is,

first and second leiis 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 3.
If, in the objedivc lens unit formed by combining the first and second lenses 1,
2, relative eccentricities are ﬁroduced between the lens surfaces of the first and second
" lenses 1, 2, the aberration is increased to deteriorate the optical performance, as shéwn :
‘in Fig. il .

- Itis noted that the relative e¢centricitics between the lens surfaces of the first
and second lenses 1, 2 mean position offset in the planar direction perpendicular to the
common optical axis of the lenses 1, 2, centered about this optical axis.

If, in an objective | lens unit with an effective diameter of 3 mm and the
- numerical aheﬁu;re NA of 0.85, the relative eccentricities between the lens surfaces of

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




adhesive, such as UV curable resin. in this objective lens unit, the
eccentricity of the lenses 1, 2 relative. to the opti @nexYL0P8 that is
positions of the lenses in bi-axial directions, corresponding to
directions within the planar surface perpendicular to the optical axis P1,
among the relative positions betweeny4he lenses 1, 2, are set by the outer
di aneters of the outer rins la, 2a of the lenses 1, 2, and by the inner

di aneter of  the_lLens holder 3. That /.S i Fitttng -
porti oﬁ%cqﬁdsép? M%ﬁﬁﬁ]ﬂ cf‘geri'%é’éﬁli“ﬁﬂ Wy, ﬁ’é%’gi %’C Ig&g%lgsﬁgi@?hirﬁi%hmhy iSf he
eccentricities thereof are forned in inper sidgs of the |ens holldgm&, as
shown if iFagebjective lens unit, fosmed dyotgrabinipg the §tl?ﬂfltsef3%?ﬁ?r\g'ﬂlsﬁ§/ cortfni ng
the first and second lenses 1, 2, relative eccentricities are produced
bet weegffebeive difnster i£8 aan ohetnen ériical tapantdreNoisd).85 end dwe workingtasater
aberration is increased to deteriorate the optical performance, as shown

i n F‘-gwalvla;e th hés@ﬁ{ fle 1d1Rks e deRliabi BescRasanto theilbheRokiRy Besatliate | ens
surfaces o e iF3t "and second 1 enses 1, 2 nean position offset in the

>, *conaBiestprRbas OF AR coptLarerss of Ty 16 EeBSbF IR 1peunticaRey L oeEs 0
Tel at1 wlative bniia ower dianeupctcngs BNEr SavHILEERIONn PN | he Pl Eec ond
| enses 1, 2 exceed 30 m -the RMVS value of the aberration 9 January 2006 12 .
exceedgadtbss ivay dbalitmisetite be sespomsitilotfar these eflative ecsatniciticd hetyfeen. the
Arns). That is, ‘ '
| * lens surfaces of the first and second fenses 1 and 2: -
(1) The error in the coaxial degree between the outer peripheral surfaces of the outer
rims 1a, 2a of the lenses 1, 2 and the lens suifaces;
(2) the error in the coaxial degree between the lens fitting portions 4, 5-of the lens
holder 3; and
(3) the clearance between the lens fitting portions 4, 5 and the outer rims 1a, 2a of the
lenses 1, 2.
Since the accumulation of these three factors de-termines the amount of Fhe
‘eccentricities of the lens surfaces of the respective lenses 1, 2, it is essential that at
~ least the coaxial degree of the lens surfaces of fhe respective lenses 1, 2 relative to the
outer diameter of the lens holder 3 be within 30 pm.
That is, since the outer peripheral surfaces 1b, 2b of the outer rims 1a, 2a of the

lenses 1, 2 are formed as one with the lens surfaces by glass mold casting employing

a2 metal die, the coaxial degree between the outer peripheral surfaces 1b, 2b of the




if, in an objective lens unit, formed by conmbining the first and second -
lenses 1, 2, the effective diameter is 3 mm the nume?'BAEHAE0G ure NA is
0.85 and the working center wavel ength is 405 nm the lenses 1, 2 need to
be secured to the lens-holder 3 so that an error range of the coaxial
degree of the |ens surfaces of the rﬁi ective lenses 1, 2 relative to the
outer dianeter of the lens holder 3 witl be within 30 m The foll ow ng

factors may_be surm.sed to be respgnsible for these. relative entricities
bet wee®uigidims das2aand taeé@lwrfms 3?]’%‘! S é@ﬁﬂﬂ%ﬂgﬁsgmfyﬁﬁﬁezm{ﬂ) The

error in the coaxial degree between the outer peripheral surfaces of the
outer di¢ fer tasti®pand drhthe easting tonditions. Wiken thesefeetive dismetey aftbicer ror
in the coaxial degree between the lens fitting portions 4, 5 of the |ens

hol der oBie @R IeA3 istMﬁ,ltB@bamPeﬁphmaufmecd BN Dbidfthé S@tepiis LZadnd5 and
t he out ef‘ rins la, 2a of the enses 1, 2. Since:the accurmul ati on of these
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coaxi al_. degree of the lens surfaces of the respective |lenses 1, 2relative
to the30d#er di ameter of the lens holder 3 be within 30 m That is, since
the outer peripheral surfaces 1b, 2b of the outer rins |a, 2a of the ‘
| enses 1, 2 Ametabdirefbraforomieg whe henshboldens iswdnaprsedof gippstiondd &ast i ng
enploying a netal die, the coaxial degree between the outer peripheral

sur f acegstify tRPfipét lehs fRtid@pation 04 4 portde 202 forforkding 2he sacoridkenkens
~surfaces depends on the nmachining accuracy of the netal
fitting portion 5, these portions 4, 5 being formed on the same convex die 103, as
shown in Fig.9. The metal die for forming the lens holder 3 is composed of the convex
die 103 and a concave die 104 into which is inserted the convex die 103. In this metal
die, as the convex die 103 is introduced into the concave die 104, the space defined
between the convex die 103 and the concave die 104 serves as a cavity 105 into which
] the molten resin is introduced: The lens holder 3 is formed by the molten ;csin being
- charged into the cavity 105. |
| The portions 101, 102 for casting the first lens fitting portion 4 and the second
lens fitting portibn 5, respectively, provided to the convex die 103 used for forming
the lens holder 3, are formed by concurrent machining on a lathe, that is by machining
" by the same chucking operation, so that the coaxial degree is maintained to high
| accuracy. In case the effective diameter of the objective lens unit is 3 mm and a ligh’i

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

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




die for casting and on the casting conditions. Wien the effective dianeter

of the objective lens is 3 nm the outer peripheral §r’?%‘t‘?é% 9% 20 of the
outer rinms la, 2a and the lens surfaces are fornmed so as to have a coaxi al

degree with an &r range within 30 m A nmetal die for formng the |ens

hol der 3 is conprised of a portion 101440or casting the first lens fitting

portion 4 and a portion 102 for formng the second lens fitting portion 5

Lhese PoAdRE Sy of B e R S 1 SRy SRS g g ORYR "

convex e 103 and a concave die 104 into which is inserted the convex die
103. InA+his metal die, as the convex die-103 is introduced into the
concave die 104, the space defined between the convex die 103 and the
concave die IDHe fisst fems fating parvionyd, padvided o tie kens hokder, lis formestiiorhave

I ntroduced. The lens holder 3 is fornmed by the nolten. resin-being charged

i nto t heyCiet alaﬁ%ier ﬁh maitly é al t&@ﬁe bter At Kgftﬁftﬁé béifer Irmqa

fitting portion 4 and second ns fitting portion respectively,
provi ded ex or.  f I e
Formed 5 BeiE BERE a&%h? by %% ﬁws‘fﬁ?‘ﬁﬁ@m%@@yirﬁ%%ﬂé obfRctide
same chycki pg operatio o that the . coaxial al ne o high
accur acyeny i wimm apd ghehighibeara veiflhaaver cetfﬂ%r 3}/@@%@@?@&@%1& ot 3 1
and a light beam having a working center wavel ength of 405 nmis to be
condens edndensed] thesinnerdiameter R| offhp Girstilens fitting pomtionehis desigied to stiffered | s
formed so as to have a high coaxial 9 January 2006 14 degree, with an
error- r afeerdrdess thaaB03PmMwithGespect to tie oier IeaAsRr FG6E thelduteoripold ofn -
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 andthe

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

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

30 pm with respect to the outer d:.ameter R; of the outer rim
2a of the s£i:i.. second .‘U ! :

If, in the objective lcns unit accordmg.to the present mventlon, the parallellsm
between the two lenses 1 and 2 is deteriorated, the aberration is increased, thus
lowering the optical properties, as shown in Fig. 14. If, in an objective lens. unit with -

_ an effective diameter of 3 mm and with the numerical aperture NA of 0.85, the light
beam witha working center wavelength of 405 nm is to be condensed, the RMS value
~ ofthe aben'étion exceeds the Marshall criteria threshold (wavefront aberration of 0.07

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




5. The first lens fitting portion 4, provided to the lens holder 3, is
formed to have an inner dianeter RL approxi mately equdMapé&ry BOGut er
dianeter R of the outer rim la of the first lens 1, as shown in Fig. 2.
In case the effective dianmeter of the objective lens is 3 nun and the

| i ght beamw th a working center wavelength of 405-nmis to be condensed,
the inner dianmeter RL of the first lens fitting portion 4 is designed to
suffer an error less than 30 mwith respect to the outer dianmeter Rz of
the outlegreeimla of the first lens 1. An inner dianeter R3 of the second
lens fitting portion 5 is approxinmately equal to an outer dianmeter R4 of
the outer T ifingth e duter dietritet dfehs lehs of 2 mins theopaalieham, between ghe firss
effective dianeter of the objective lens unit is 3 mmand. the |ight beam

with a.ug %&g@i f&ﬁl@&§ i, Yyl ﬁé"@&rppﬁgc&lﬁﬁa pERgSof 90.?1&1%@8@!601‘5&(&6&@@?( itaner -

di anet er e second | ens tting portion 5 i's designed to suffer an

| t . .30 | t. tQ th | er- t
i oauBpotfae frst and ebpiderses 1 7. by Fhe s Bl £ YRR B clfbritonbCRIG

to the present invention, the parallelism between the two |enses 1 and 2
i s det eBi%pm inlacedrdangsewithithe dollewing equalidn: t hus | owering the opti cal
properties, as shown in Fig.14. If, in an objective lens. unit with an _
effective digmeingix h(€0.fdegl) #3815 pwe numerical aperture NA of 0.85, the
light beamw th a working center wavel ength of 405 nmis to be condensed,

the RVB val yejq a&re&ﬂaygﬁﬁg&ﬁuo%rﬁm@qeﬁs hBRIVES, shGlkikd @kidectheanttal didjol d

(wavefront abérration .07 Arns) in case the parallelismbetween the
first %Hg which ri'l%l(!l fiSfiSt and %ece(f(n(fiel%g?csol,jz RithnY "i';ra}(zaféqﬁn}a/ithin the above-
mentioned error range to high ieproducibility. Even if the lené holder 3 capable of
~ holding the first and second lenses 1, 2 with such high accuracy could be formed, it is
extremely difficult to put the first and secondlenses 1, 2 and the lens holder 3-together
without interposition of fine dust and dirt in-between under a working environment of . -
.' assembling the objective lens unit. As a result, it is extremely difficult to mount the
first and secénd lenses 1, 2 on the lens holder 3 with parallelism within the abox-ic-
defined error range.
- With the bbjectivc lens unit of the present invention, unless the distance
~ between the first and second lenses 1, 2, put together as the-optiqal axes P, of the
| lenses are coiﬁcident and as the parallelism within a preset error rangé is maintained,
is kept within a preset’ range, the aberration is increased, while the optical
characteristiés are deteriorated, as shown in Fig.14. If, with fhe effective diameter and

the numerical aperture of the objective lens unit of 3 mm and__O.SS,_respectiver, and




degree. If, wth the outer diameter of the lens of 2 the parallelism
between the first and second lenses 1, 2 is to be conpﬁ aWQS’erange of
0.1 degree, it is necessary to support the first and second |lenses 1, 2 by
the 1ens holder 3 within an error range of 3.5 min accordance with the
follow ng equation: 2 [m] x tan(0.1 . [deg]) = 3.5 m It is extrenely
difficult to formthe | ens holder 3, | ded using the netal die, and which
hold the first and second lenses 1. 2 with .the parallelismwthin ih

Above- Wittnificcligh baans fo pasgBaeed theiebaiayas oborkege SenEh wavelseth s

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

hi gh ad6fmaeyarcemdrinithe distamet, bétween thefirstemd spcaid fanses 1, 2 6xpeadstH i r st
and second lenses 1, 2 and the | ens hol der 3-together w thout

i nter pgﬁh,t IIRNRMIS TV dl6e BiStheambrfitidn eRchRIsWERNMIEDT the Wiakiind] eptérionnent
of asSenbling the objective lens unit. As aresult, it is extrenely

difficult t nt _the. ~fis4 d second lenses 1, 2 on-the [ ens holder 3
W th ,pg\”&Y?@PHQ%W%%“n”t‘?{feiﬁ{‘ag’{;e-- defined error range. Wth the objective
-lens unit of the present _inventjon, unles he di stance .. between the first
and second Helssadremely diffigult ytorpethelens E%ﬁa&épgﬁféﬁf l}sﬁag\g ‘?‘ﬁ ISt enses
are coincident and as the parallelismwi thin a preset error range is

 mai nt-aanddecorsd leapes 12, iormimgphe objectivariges, with thedistandedherebeiweerated,
while the optical characteristics are deteriorated, as shown in Fig. 14.

1, Wi file il ecliéBRdd ¥QofiaipR! & hiphdepiddudibilRy | wihg apgetalidie. of the
obj ective lens unit of 3 nmmand 0. 85, respectively, and 9 January 2006 16
It is extremely difficult to form the lens holder 3, capable of holding the
objective lens unit, based solely on the casting accuracy in using a metal die device,
as the optical axes P, of the first and second lenses 1, 2 are registered highly
accurately, high degree of parallelism is maintained between the lenses 1,2,and as the
error in the distance between the lenses 1, 2 is maintained to be within a preset range.
Withlthc objective lens unit of the present invention, the precision in the
barallelism and the distance between the first and second lenses 1, 2 are guaranteed,
using an assembling jig caplable of adjusting the assembling accuracy, without being
dependent on the precision in casting the lens holder 3.
That is, in setting the relative positions of the first and sécond lenses 1, 2
forming the objective lens unit of the present invention, the firSt lens 1 is inserted into
the first lens fitting portioﬂ 4 provided within the lens holder 3 and is immobilized

using a UV curable resin. At this time, the first lens 1 is introduced into the first lens

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




with the |ight beamto be condensed thereby having a wyrking center

wavel ength of 405 rim an error in the distance bet we@napHay20P8t and
second lenses 1, 2 exceeds 13 m the RV5 value of the aberration exceeds
the limt of the Marshall criteria (wavefront aberration: 0.07 Xrnms). It is
extrenmely difficult to formthe |ens holder 3, capable of holding the first
and second lenses 1, 2, formng the (}6’1 ective lens, with the distance
therebetween of the above-defined error range, to high reproducibjlity,
usi ng wilhbegirottnded fom thedens bolsley Xas shewnun fdgs. amds Tg‘ﬁglfﬁépﬂ!éf:e& .
.capabl e of holding the objective lens unit, based solely on the casting

accur .aS}O’of thd!Sirftidefs Tedpdrads asdgyintdentaidd fer thptlightibeaxe sadiatedf fromea f i r st
and second lenses 1, 2 are registered highly accurately, high degree of

G <t anfenEEt s e B BRfe R R0 s RORREd bn h PRGOS do P ST Bnge.

- Wth the objective |lens unit_of .the esent, i.nvention, the preeisi in-the
paral | el i smjraﬁdilrﬂ"ﬂ@nﬁli sseryged Héfh/&rglgﬁgg'ﬂg(f i% 4 Swrg%%%ﬂ%a%ﬁﬁé&l% are

- guaranteed, using an assenbling jig capable of adjusting the assenbling
accur aof thevjishdutthiscliimg, thicfisstdens 108 cabdedas dissius crznlcz:ggwliﬁ’g thadilstns

hol der 3. That is, in setting the relative positions of the first and

secondgk@asest the odteririin Taigplabed objaewippostingnafaoe 106afprofidedrastbebase
invention, the first lens 1 is inserted into the first lens fitting

portio v ded mithin the | ens holder 3 and i-s immbilized using a W
cur abl gloik@@/bg@%tﬁﬁs time, the first lens 1 is introduced into the first

e e Rt R 22 Bl I b By Tl FY6Fotth (RE oBfeciv e whit " 2
of the present invention, is held by a holding jig 107, the relative position of which
with respect to the base block 106 sﬁpporting thé first lens 1 along with the lens holder

" 3is maintained to high accuracy. The second lens 2 is introduced into the second lens
fitting portion 5 of the lens holder 3, carried by the base block 106, as this holding jig -

- 107 is moved toﬁards the base block 106.

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

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

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

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




will- be protruded fromthe | ens holder 3, as shown in Figs.2 and 15. The

~ first surface S1 of the first lens 1 operates as an i RCPOHY 28PQe for the
- light beamradiated froma |ight source when the objective lens unit is
nount ed on an optical pickup device. The first lens 1, secured to the.

| ens hol der 3, is supported on a basggbl ock 106 of the jig. At this tine,
the first lens 1 is carried as its surface 1c towards the first surface of

the outer rimila is p]aced on a,supporti surface 106a.provided on.the
base bl ock ig]B stﬂcopﬁe{ﬁnﬁgi 1“% oducednitp o %C(’Bangqnﬁe :4 tPOt'ﬁgnfffa’r B 1ens
1 toformthe objective lens unit .of the present invention, is held by a
hol di npositigned,withtbe fishlansel pessired oo thst fivgtilens fiflingperigned oftthe {405 pase
bl ock 106 supporting the first lens 1 along with the |ens holder 3 is

mai nt aj sk r Bashi @ier@acdlrardis bbaded s thedehe holdr i35 ukingrapcidbesiviensicht ase
second lens fitting portion 5 of the Iens holder: 3, carried by the base

bl ock I.s.;nolding jig 107 is noved towards the—base bl ock. 106.
I\/Eanvm%?‘gy'ﬁaeglﬁgﬁﬂphg jig 107 is connected to an air suction device so as -

to hold thg second.lens 2 . at its. distal b Lr suction,n.a,direction
i ndi cated b ”r'g\ﬁ/%fﬁt Cﬂsﬁilfﬁe%‘?d %@cgﬁ%ﬁ‘gdfifé@hﬁPP%%"&&%%@&S&??% o the
second lens fitting portion 5 so that the Iens surface bei ngf.conve to a
| ar ger 1 ralangdtsaiptival axisuvhiraspest to thedensihelder 3andghe gt of the Tirst keps les 1
secured to the lens holder 3. The convex surface of the second |lens 2,

f aci ngwliitheresped 16l et xs ofthe 11 hdlders ajeeontrb]led bynm abutting siirfacef ace S.
of the objective lens unit. 9 January 2006 18 _
1d towards the second surface S, of the outer rim 1a compressing against a step 3a
provided to the first lens fitting portion 4 formed on the lens holder 3.
An adhesive film with thickness on the order of 10 pm is interposed between
- the abutting surface 1d of the oufer rim 1a of the first iens 1 and the step 3a within the .
lens holder 3, for securing the first lens 1 to the lens holder 3. As the adhesive, a UV
'. curable resin, curable by illumination by the UV light, is used.

The objective lens unit according to the present invention is used for an opticﬁ] '
pickup device adapted for writing or reading out information signals on or from an
optical recording medium. When used in an optical pickup device, the objective lens

- unit of the present invention is arranged so that the first lens 1 and fhe second lens 2
will be located towards the light source radiating the light beam and towards an optical
recording medium 110, respectively, as shown in Figs.1 and 2. Since the objective

iens unit used in the optical pickup device is used for converging. the light beam

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




The second lens 2, introduced into the second lens fitting portion 5, iIs
positioned, with the first lens 1 secured to the first21Jan4ary 2096 ng portion
4 of the lens holder 3 as a reference, and is bonded to the | ens hol der 3,
usi ng an adhesive, such as a UV curable resin. Wen the first lens 1 is.
secured to the lens holder '3, the poibtion of the first lens 1 along its
optical axis with respect to the lens”holder 3 and the tilt of the first

lens 1 wth respect to the center axis of t | ens hpl der nfroll ed
by an e&ﬁﬂrflmggm@dméé& the fﬂfé&éﬁgc%@s @Bé%ﬂe%ﬁﬁer %Eg@ﬁﬁ%bﬁét%ﬁcﬁéi rim

| a conpressing against a step 3a provided to the first lens fitti ng

por t i osuffaéoBpend oire thisd Siefizcen), Bemgaconnexdorrekirger fadius of ewrvahirexwess on
the order of 10 tmis interposed between the abutting surface Id of the

outer pkMddae@towhRis the Hght §98rcé radidtingahs 1ight Baami thin the |ens hol der 3,
for securing the first Iens 1 to the | éns holder 3. As the adhesive, a W

curabl e res ﬁ@eﬁ%j?@tgg% ge?()a %hgﬁ@éﬂ?h}c%@npﬁvﬁpﬁoy\/thkinqg'ﬁniiljislf B@%‘QQP of fife

obj ective | e present I nvention i or an

optical pickup device, adapted for wi.ting_or readi ng. out |nfor i on

si gnal secsmdolens Qdmsﬁh“mgﬁgPéW“th‘&PQﬁ‘HBn%’éd\['%ﬁﬁtStaﬁ’égl@ééﬁkqfﬁ“‘?fn i cal
pi ckup device, the objective lens wunit of the present invention. s

ar r angwdtisthetdhjectiveleiis it dfethe presand inventiass othe sesprd tensyd is posdtionicht ed
towards the light source radiating the |ight beam and towards an optical

r ecor digigh fR&uHAce HQ of the R il Va ofthesti@Mensn, bingwhichafialls 2.liglitbeent he
objective lens unit used in the optical pickup device is used for

conver i gt Hycipes gashepgiagmLhe 11 ot source on @ sianal
The second lens 2, secured to the lens holder 3 with the mounting position of
the first lens 1, secured in position to the lens holder 3, as reference, is introduced into
and carried by the second lens fitting portion 5 of the lens holder 3 and hence is such
a state in which the eccentricity of the first lens 1 relative to the optical axis of the first
_ lens is suppressed, that is in which the offset of the first lens 1 in a planar direction
perpendicular to the optical axis is suppressed. When introduced into the second Ieﬁs
fitting portion 5, the second lens 2 is in such a state which, as the eccentricity thereof
relative to the opt'ical-axis of the first lens 1 is suppressed, enables-adjustment of the
parallelism of the second lens 2 relative to the first lens 1, that is the tilt and the
distance with respeci to the optical axis.
.That is, when forming the second lens 2, the metal die is pressured in a direction |

“along the thickness of the second lens 2, thatisina direction paralle} 1o its optical axis.

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




recordi ng nmedi um 110, the first and second lenses 1, 2 are conbi ned so that
the first surface S1 and the third surface S3, bei ng crBiary@086| ar ger
radi us of curvature, will be |located towards the |ight source radiating
the light beam In the objective lens unit of the present invention, the
mounting position of the second. leng 2 is set with the nounting position.
of the first lens 1 as reference. Thus, wth the objective lens unit of

the pr i t 2, Iyt | ' ; ace 1c
of t he OB g Pl 18 PP FY Oylshain 24, SulpR e PPus Shiterial Fedhed 20T
as a reference surface, as shown in Fig. The secqnd lepns 2, secured to
the | efastring the Gasting: HECRSw RESSTEL ﬁBg‘f?zq W%‘f’esv vﬁgr«pqsrﬂp PYHOMIN ALy e
in position to the Iens holder 3, as reference, is introduced into and
carri ecubgr péréplearabsutfaceriZb of the ougepvim 2arnwhichfbachmelseneylindrial sgrfasel hence
Is such a state in which the eccentricity of the:first lens 1 relative to

the oplyagaiielapdl theUpticAPakis'cFithe k&&tnd Rns PRI @A§adortidatwith al widhiWh of he
of fset "of the first lens 1 in a planar direction  perpendicular to the

P BB Pl AGHHEC o B REEROS, e | 1

ens n suc as the“eccentricity

‘thereof . relative to the optical axis aof ,the first_.]e | is su essed,
enabl ei’lg-;léj The romiacspuring of the-9Wer PerpBsT urlage Shet o ouBr IR SE T o
the first lens 1, that is the tilt and the distance with respect to the
opt i caltheso fornWdsecond laas@with the inger peripherahsurfacesofthe senongdens fiting i s

pressured in a direction along the thickness of the second lens 2, that is
in a dbbﬁ%ﬁ 8his palyiteating Shapel pationadf @wiidth WiVdflthe bedeyasfol0d panAs2a

formed”t hrough thi's nol di ng process, corner portions 2c, 2c 9 January 2006
, 20 result, the second lens 2, inserted into the second lens fitting portion 5, can be rotated
in a direction perpendicular to the optical axis about a ring-like portion of the width
W, of the order of 100 um, contzicted with the inner peripheral surface of the second
lens fitting portion 5, as the center of rotation. Additionally, the second lens 2 can be -
.. moved in a direction along the optical axis within the second lens fitting portion 5.
When the objective lens of the present invention is used in an optical pickup
device for writing or reading out information signals for an optical recording medium,
such as -an optical disc, it is necessary for the normal operation to be guaranteed in a
fange of a temperature environment from sub-freezing point to 60°C or higher. If the
temperature environment is changed throughout this range, the air present in the space
for;lled between the first and second lenses 1, 2, inserted into and carried by the lens
 holder 3, is changed appreciably in dcnsity; ‘

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




~on the outer peripheral side of the outer rim2a, which the vitreous -
material reaches |ast during the casting process, preSef@uayr2PB@ surfaces,
whereas the portion in an outer peripheral surface 2b of the outer rim 2a
whi ch becomes a cylindrical surface parallel to the optical axis of the
second lens 2 is only a portion with a width WL. of approximtely 100 m at
.a md portion along the direction of2k hi ckness, as shown in Fi g.16. The
contact surface of the outer peripheral surface 2b of the outer rim2a of
the solémsesel] 2dsaimnedspprediablyt ine pnowaatipgegtise luesty chapgst it HBe second
lens fitting portion 5 is only the ring-shaped portion of a width W of

the or gghpefatdR0e®irdimant. ﬂeﬁulié,,if&ne,taﬂPmmﬂemszthd pseumetic ipressurhe
second Ieﬁs fitting portion 5, can be rotated in a direction perpendicular

second Tefis 11t 1 ng po an _ | ]
of 100 A RERMTERSe T i 2 Fosmt g b PR plctfut it préducnthe, 27 S

fittif ti 5 th t f tation. diti |-by. £h d I

2 can' ebsewin athich nd ARcepBr G IBReRMS doteda Smeyshan fesh GibEcdbng °°

lens fitting portion 5. Wen the objective lens of the present invention is

. used i eoaversply thel tepipekatpre fidlsi ¢he poeumaticipaessure betavsendhe densesl i on

. signals for an optical recording nedium such as an optical disc, it is

necess ¥mhafler théh fIRY ARhospheriaipressure, thas pradacing edpiessure whitgeteads to
tenperature environment from sub-freezing point to 60C or higher. If the

eTber Sl yRILANTES 3 3 SRPBRGTG BigheRt (e ange, the a1 present
AT present MiaRWBIRaRoRrE APy 1sbas & ARREn, SPRAET 1Bl kel e cona o
anuar >éegc())r(l)c;s surface S, of the outer rim 1a, bonded to the step 3a of the first lens fitting
portion 4 with a UV curable resin. The second lens 2, on the other hand, is bonded in
- position with an adhesive, charged into three recessed adhesive coating portions 3b,
'formed by cutting out portions of the inner rim of the second lens fitting portion 5,as
“ shown in Figs.4 and 7.
Since the first and second lenses 1, 2 are secured to the lens holder 3 with an
adhesive, as described above, the adhesive securing the first and second lenses 1, 2to
- the lens holder 3l-, in particular the adhesive securing the second lens 2 to the lens
holder 3, is subjecied to a stress, due to repeated chahges in temperature, representing
a so-called heat cycle, thus producing irreversible variations in the distance and til:t of
.the lens to give rise to deteriorated optical aberration characteristics.

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

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




21 ‘lenses 1, 2 is changed appreciably in pneumatic pressure due to changes
in the tenperature environnent. That is, if the tenperhiainuan4td6s the
pneumati c pressure between the lenses 1 and 2 is larger than the ' ,

at nospheric pressure, thus producing the pressure which tends to separate
the lenses. 1 and 2 away fromeach othgr. If conversely the tenperature
falls, the pneumatic pressure between-the lenses 1 and 2 is smaller than

the at npspheric pressure, .thus praduci a.pressur beh. t . ause
tho | CREENG SeRahd ITSCR P onErE S EHb BRUE SERELHIF S IREREd P p€ns°T
has an abutment surface 1d, lying towards the second: surface S2 of the

out er linmtdldetdafled maunting thedirstlenstl emehg lanstholders3 s withithg resydt thapn 4
with a UV curable resin. The second |l ens 2, on the other hand, is bonded in

- positi g %‘fcfsé\u%rhcﬁggQ&s\éﬁarafi@ﬂ'iegﬁiisésﬂ,OZtahffqefrbﬁﬁesﬁedtm liepiasentatall ng
portions 3b,. forned by cutting out portions of the inner rimof the

second,.l ens LitL] rtj ,pas shown in Figs.4 and 7--Since the first
and seg%cgﬁ?eéﬁ@é% lﬁ% 1%315& a2,

are “secired to the lens' holder 3 with an adhesive,
as descri bed_ above he .adhesi ye securi the first and second | 1, 2
to the | endhHs) with the qbjeciiye Yedﬁl'“a‘?l pﬁgﬁ%&?ﬁ@%éﬂ%@[ﬂ%ﬁ& Hhe egﬁ?%ﬁ% | ens
2 to the lens holder 3, is subjected to a stress, due to repeated changes
in tenperdted én theelens hoddérhy asshovwrcial Figs-haad Scpughothat m&smc&ﬁterman o
irreversible variations in the distance and tilt of the lens to give rise

t o det g{d BFshhRd s€indiahs@Eighispace bamanircating odth Ascuter sigeofithe lehe space
"between the first and second lenses 1, 2, carried by the Ilens holder 3, is .

| ?5252?5%8?'- YRR A1 BRGE forkil B fortliBgatect® 3R SpatRsinesepthe 9
compressing against the abutment surface 1d of the outer rim 1a of the first lens 1, so
that the recess 3d is not contacted with the abutment surface 1d of the outer rim 1la,

‘and by forming a cut-out 3e_.for--estallz>lishing 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 tﬁe lens holder 3, the space between the first and
second lenses 1, 2 does not prove a hermetically sealed space, while air in this spaée
is not subjected to changes in the pneumatic pressure, even if the density 1Is changed
with changes in témperaturc, so that no pressure is app]ie'd to the lenses 1, 2, and

~ hence no deterioration in optical aberration characteristics is produced de‘spitcl
occurrence of repeated changes in temperature.

Since the space between the first and second lenses 1, 2 does not prove to be a

hermctically sealed space, there is no risk of air present in the space between the first -

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




22 first and second lenses 1, 2 is pressurized, when the second lens 2 is
inserted into the |ens holder 3 after nounting the fi PRy <L096 on t he

| ens holder 3, with the result that the pressure acting to separate the

| enses 1, 2 away fromeach other is present at all tines between the

|l enses | and 2. Thus, with the objective lens ~ unit of the present
“invention, an air vent 3c is providé%’in the I ens holder 3, as shown in
Figs.3 and 5, such that the space between the first and second | enses 1 ~
2 is asepuzklensPimd the leng halder afteumauntingsthefirshiens dnie thedpachelderyi s
airvent 3c is fornmed by formng a recess 3d in a portion of the step 3a,
conpregsi ng agai nst the abutnent surface |d of the outer rimla of the-
first lens 1, so that the recess 3d is not contacted with the abutnment

surface |d of kgﬁvuiﬁﬁg{herljeg%ésaﬁd irf";??ﬂm'ox{ 8f fﬂc"%gﬁ 3\%3{?%9%' ensholdér 3, the

est abl i shin I'on bet'weén e recess e outer peripheral

surface of the_lens holder 3, as sho in Fi . f.or m- t he .,ai.[_vent 3c
in t hePPEA0N ﬁ%ﬂ’&é‘rmlé’?xtqcﬂj% 19%5%505@% e []fWé ‘%1‘?%&3%%'0{1 é%@%’:ﬁ‘eﬁéﬂ formy 5
does not prove a hernetically seal ed space, while air in this space is.not
subj ectledracess Rdnigasmavedthy quttingdoiproduesthersiepdgen if the density is
changed wth changes in tenperature, so that no pressure is applied to the.

lenses 1, 20 othereemd)a gfd&t @[ pryvadédforichasginp ardltabesimpintoa metal die
characteristics is produced despite, occurrence of repeated changes in

tenper gf g{jggﬁﬁ;&a Higld h%ﬁ@ﬁﬂ@%iﬂ@,e{?; eﬁj&%iééd ﬁltat gﬂ%v%%m@rdc_ariﬁ Re duteg does

not prov nmetically sea space, ere is no risk of air
Compr cpedBbebS Aot ths Sorao s it Fgis B i G i rghe 4R O
3c, as shown in Fig.5.

The air vent 3c, provided in the lens holder 3, forming the objective lens unit
of the present invention, is not limited 1o a form defined as above, and may be formed
by forming three cut-outs 3e extending in three directions from the recess 3d of the

' step 3a, as shown in Fig.17.

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

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

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




23 'second lens 2 into the |l ens holder 3 after nnunting t he firgé lens 1 to
the lens holder 3. For providing the recess 3d in a pBrgféHyEP%8 he step 3a
of the lens holder 3, the portion of the convex die 103 for formng the
| ens holder 3, which is destined to form the recess 3d, is renoved by
cutting to produce the step 3a. On thg other hand, a gate G provided for
charging nolten resin into a netal die in injection nolding the |ens

hol der 3, i royj ded. ip a,groq 3f fornmed in the out.er '

surface of e ﬁ?&oﬁﬁpﬁgﬁ” ]%‘Si ?f/&'&éffg?fé}t 1y enfiop @u‘fs-ﬁgdfl %e&ﬁi)dra%%@%e air
vent 3c, as shown in Fi 35 The air vent 3c, provided in the |ens holder
3, f or devige forwshingoenreadingrout informatipnsignals fos anoptissbiscorhng medigm,
limted to a formdefined as above, and may be fornmed by formng three

cut - oujtSs Aecenshey forntieinbrinal epetitionctoi engudrantectitin o mogs of ademiperdtere st ep
3a, as shown inFig.17. The air vent 3c nmay also be formed in the lens

nol der o, Yol 8hIT AGNA BHORKEZAB polin BS 0710t Sfighds. LIf ¥ Rekipketufo f or

provi di'ng” comrunicati on from recess 3d of step 3a through this

groove 3g and through the . lateral .side of the first .l ens 1.to0. Qutside, as
Shown SViECRmEnt 15 lengedt fHreRghoft s Fingh e sistint heBiSe B Fird AR
formng a through-hole 3h leading fromthe first lens fittin ﬁortion 4
and r esegendglensies dulds ohengethdpaltodhemagleexpsmsianeor enairaciion of she dens

provi ding communi cati on fromthe recess 3d of the step 3a through this

tzg(r)gughomke itdelf.0 outside the lens holder 3, as shown in Fig.19. 9 January
| | If, with the effective diametef of 3 mm, the working center frequency of 405 nm
and the numerical aperture of 0.85, the distance between the first and SCéond lenses
1, 2 is subjected to an error within 13 um, and the linear expansion coefficient of the -
material forming the lens holdef 3 is «, the following relationship:
exAtxL < 13x107° (mm)
“is derived. |
Here, At (temperature change) and L (length of the lens _holder) are set as
follows: |
At =60/2 =30(°C)and
L =2 (mm).
- From these conditions, the following condition for the linear cxpagsion
coefficient « of the material making up the lens holder 3: |

< 210

is derived.




24 \Wen the objective lens of the present invention is used in an opti-cal
pi ckup device for witing or reading out information sPdAa¥aY£8P6 an opti cal
“recording nedium it is necessary for the normal operation to be
guaranteed in a range of a tenperature environnment from sub-freezing point
to 60C or higher. If Ihe tenperature environnent is changed throughout this
range, the distance between the first2>and .second lenses 1, 2 is changed
due to thermal expansion or contraction of the |lens holder 3 itself. If,
with the ef Meanwhile fnan epoxy rssimnhaving wididai (sijicamdioxideleanianbiller, it 405
- nm and the nunerical aperture of 0.85, the distance between the first and

second skRifRFas the attfalSioRinead g 16as Bolder Bpthevindai bxgahsion eveffichent canear
expansi on coefficient of the material formng the Iens holder 3 is a, the

(tenperBeypBraRLRTg i Ay h ol AT IO 191 der) “are st &S fol 1 ows:
A 002 s o o BB RIEToS B %,
up the lens holder 3: a < 2x10-4 is derived. 9 January 2006
: numerical aperture (NA) of not less than 0.7, has a working distance (the physical
distance between the surface of the optical recording medium and the end face of the
objective lens) sméller than that of a single objective lens used in a conventional
_optical pickup device. In the optical pickup device, the objective lens position is
controlied by focussing servo in such a manner that the distance between the surface
of the optical recording medium and the end face of the objective lens will at all times
be a preset working distance. The focussing servo, in turn, controls the light beam,
| -convergcd by the objective lens, so that the light beam, converged by the objective
lens, will be focussed on the signal recording surface of the optical recording medium.
For example, if disturbances, such as external shock, is api)licd to the optical pickup
device, the objective lens unit may become offset from its design position. If, in this
case, the workiﬁg distance is long, the probability of collision between the optical
recording medium and the objective lens unit is low. However, if the workiﬁg distance
is short, the probability of collision between the rim and the objective lens unit
becomes higher.

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

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




25 Meanwhile, if an epoxy resin, having silica (silicon dioxide) as a
filler, is selected as the material forming the | ens h8lJaavarg200hie |i near
expansi on coefficient can be suppressed to a value on the order of 1x10"5.
The objective lens unit of a double-lens set, made up by two | enses, with
the nunerical aperture (NA) of not Ie§$ than 0.7, has a working distance
(the physical distance between the sufface of the optical recordi ng nedi um
and the end face of the objective.-lens) smaller than that of a single
obj ect i weithethe lenssurface ebthe ebjesitie leps: vuih thesskenrfaess are damaged to
optical pickup device, the objective lens-positionis controlled by
- focussi niptedorate revosdinp andferweprodicing charadteristiose bet ween the surface of
‘the optical recording nmediumand the end face of the objective lens will at
—all tinmes b ' it i i .6 i mblffed
controls theQW?gﬁPEE§Qﬁ¥R%?o§€g§gggqgg9Fﬁgﬁgﬁ?§?F?§éﬂﬁg2§?M§b %hat t he

“1'ight beam . conyerge t he  egtd ve e 1 ]

si gnal  REOPEPY FREFPL R TR paldeR gl fok EpncirEfile gt s et BHUREF RisdcsRd ¢

di sturbances,, such as external shock, is applied to the optjcal pjckup

devi ce, lems2dnjcrdes net toalamags the suifase ebthe eptica re¢qrding medinm; oy thelanis: | on.
If,.in this case, the working distance is long, the probability of

col | i si sarfact wfdhe tdbjective leak unig asrstiawn e digs26nand 24. dHjeeprdteetor énis uni t
is low However, if the working distance is short, the probability of

col I'i si gpriR&d }sg_?& éfm@b@ A of fl@ofhk 8&5ih ¥Lhibiing blisticit) andi® prdvideefor | f,

when the collision occurs between the optical recording nmediumand the

~objiect i §g@&$§0&ﬁ@&h§1§%§ Jé?{{}é gﬁﬁg&f recBfdifR thédihmi $16' AN P Tells WlkrtaBe of

directl

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
medium 110 with the lens surféce of the objective lens unit, while buffering the force
of impact caused by collision between the optical recording medium 110 and the

~ objective lens unit. Moreover, since the protector 6 has an only small frictional
- coefficient against the surface of the optical recording medium, it is also possibic to

avoid scorching.

If this profcctor 6 is provided as described above and should collide against the

surface of the optical recording medium 110, the protector 6 operates effectively to
prevent the surface of the opﬁcal‘ recording medium 110 from being damaged.

' Howcvé‘r, the ﬂuoﬁhe resin or the like material, forming the protector 6, is exfoliated.
Such debris 6a from the protector 6 becomes ‘acc;umulafed on the lens surface of the

-sécond lens 2. .. If the debris 6a is accumulated within an arez of the lens surface of




26 with the lens surface of the objective lens unit, these surfaces are .
~darmaged to deteriorate recording and/or reproducing chraeeadyir8Pfcs. Wth
the objective lens unit of the present invention, a protector 6 is nounted
- on one end face of the Iens holder 3 for encircling the outer periphery of
the second lens 2, in order not to danage the surface of the optical
recordi ng mediumor the |ens surface?df the obj ective lens unit, as shown
in Figs.20 and 21. The-protector 6 is forned by for exanEIe.a film, of

f1 uori nhersesbnddghs Bi traveysed dut s lighhhaains the dight path ef thedighy bheast isided
closer to the optical recording nedium 110 than the |l ens surface of the

second jnefiFupiellYb RAVEHRS Aahshissidifratiol whilk affecting opticalacharagteristicshaweh i n
Fig.20. The protector 6 helps prevent direct contact of the surface of

t he. opt ] Cgﬁtm?ﬁﬁﬁﬂ%l}’i?ga‘%%”m 110 with the lens surface of the objective

| ens unft Ing“the force of inpact caused by collision between

the optical recording.. nedium 110 and the ohjgective |ens=unit. Nopegver,
since the prMeéﬂ’t"g‘(‘P% the Cbﬁlsl ’)PIQHHWJ]PPi?&bﬁﬁ'&‘Pn %E(?)‘B;\?‘F(Rrgfﬁ(“t%rggi st 't he
surface of the optical recording nedium it is also Bossi ble. to avoid

scor chi migrated alonlgi the lireotionoef ®lativeomovemsat of the opticaleecartivg medubhoul d
collide against the surface of the optical recording nmedium 110, the

prot ect pro &idRespé@ 3o eid ebjeciiet Yerdsanif) tieatdshldrigethe tadgontiab Hirebdon pf ikzal '
~recording medi um 110 from'being . damaged. However, the fluorine resin or

e || Koy o A 1102 EMRECA pParroy Rihdibatied. ~ such debris Ga

fromth ecomes accunul ated-on the lens”surface of the secon
L-ﬁpfs ag'e' of lg{'hlg%h Sg(rjtglgrzgéggt?vé e G Ahe dpr\é\één '{vaidhe ?heobrottlé'&ol' B |
formed as one with a cut-out 7 larger in breadth than the diameter R; of the light beam
L1 on the lens surface of the second lens 2, as shown in Fig.21. In use, this objéctive
" Iens unit is mounted so that the cut-out 7 is on the path of relative movement of the
optical recording medium 110 with respect to the objective lens unit.

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

As an dbjective.]ené driving unit, on which is mounted the objective lens unit

- according to the present inﬁention, any suitable conventional device may be used. For
“example, in an objective lens driving unit, having fouf wires carrying the objective lens

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




27 the second lens 2 traversed by the light beam the |ight path of the

| i ght beamis interrupted to |ower the transmn ssion raﬁﬁaywvﬁﬁpé affecting
optical characteristics, such as optical spatial frequency. Meanwhile, the
debris 6a, produced on exfoliation fromthe protector 6, is mgrated al ong
the direction of relative novenent of,ithe optical recording medium 110
wWth respect to the objective lens unit, that is along the tangenti al

direction of the .optical_ recqrdi medi um 110, as indicated b rQw X in
Fi g. 21formgyement {%%j%ﬁ&?@ﬁpgﬂﬁi&m fovaffev NHWESS fp 45 SR AR Fin2; he
protector 6 is forned as one with a cut-out 7 larger~in breadth than the
di anet and ®8. Bhe pruciiriag hideb efithese wirns 4, iserniechby the ase dlods 10, 1nae peasiied | ens

2, as.shown in Fig.21. In use, this objective lens unit is nmounted so that

the culyigidumpts PN Wﬁo@ﬁbffﬁgﬁoilrﬂ ahd werdokiesrestt 16faré htourved baahe teitor di ng
medi um 110 wi Ph respect to. the objective.lens unit. The objective |ens

uni t 'Of;,oel!r;]‘i?l.é?rﬁ?ﬁgénétg\ﬁﬁa;ﬁdfegoﬁeslyﬁged%'%ﬁhtt?c{]oﬂHfé G4 BIOCEED. THE Yhdifet S | S

t he conv i onal as S1 1ig jective lTens, or an objective |ens

formed_of syntheticg_resin. The_objective |lens unit of .t sent .i.nvention
o | oaibandihe ikedsas msntahitaos ianngihs lodiSsineeil Lol B daskiny
optical pickup device, as is the conventional objective lens unit, as
shown coil B3¢ the maghcpw. figdd therebpjgsoerated. | ens driving unit, on vhich is
mount ed the objective lens unit according to the present invention, any

sui t abl e cowwigdii fhenkivifig ¢ufen@¥upplied esithefotussingopil 42, the abjectbjedens ve
l ens driving unit, having four wires carrying the objective lens wunit in a.

canti| gﬁg{@%'g%ﬁ%agav&%ht SORRI oo SRS I el fBBu RS Alrb¥foh §Ralle] S

nount e

to the optical axis of the objective lens unit, under the interaction of the driving current
and the magnetic field generated by the magnet 14 and the yoke 15. On the other hand,
when the driving current is suppiied to the tracking coil 13, the objective lens driving
unit causes movement of the coil bobbin 8 in the tracking direction which is the planar
_ -direction perpendicular to the optical axis of the objective lens unit, under the .
interaction of the driving current and the magnetic field generated by the magnet 14
and the yoke 15.
The opticai pickup device controls the driving currents supplied to the focussing
~ coil 12 and the tracking coil 13 to move the objective lens unit to control its position
- so that a light spot of the light beam converged by the objective ]cr_;s unit will be
formed at all times on the signal recording surface of the optical recording medium to |
follow up with the recording track formed 0ﬁ the optical recording medium.

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




28 for novenent relative to a base block 10 by four resilient wires 9, as
shown in Fig.22 and 23. The proxi mal sides of these wPraRuasy 2886 ried by

t he 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 nounted-on the base bl ock 10. {Qe magnet 14 and the yoke 15 are
nmounted for positioning the focussing“Coil 12 and the tracking coil 1.3 in

~the magnetic field thereby generated. Wien the drjving current i.s.supplied
to t he dissstion wyFupel angd h@f%}%PPU@‘\%éﬂéaf te the H&%&S‘F&%é’éﬁ*"&%mm
of the coil bobbin 8 in the focussing direction parallel to the optical
‘axi s ofcotfespohd ¢e theadiatdirection of tindepticalalisa varkecthe deft endrrightadirestion
current and the magnetic field.generated by the magnet 14 and the yoke 15.

On the 'ﬁtﬁiﬁé.zb%@ 23 WhgBsdiRisdb it Rehgemt B BircbBos UPBd Sptital die tracki ng
coi l 1§, tHe objective lens driving unit causes novenent of the coil

bobbin 8 in.the tracking djrecti | i , e ' :
per pendi cul a—thet ?Ptl"F?g Pbcp‘tg‘l‘ipc VSR frg&gw}{gﬁgcggf{é%ﬁe g%%%bjaﬁl{‘?&hﬁgéﬁy H%%e '
Interaction of the driving current and the nmagnetic field. ener?tﬁd by the
magnet unit andnaniolkicgve lans unil ageprding 19 e pPrefent dBVERI o CIHARS & i vi ng
currents supplied to the focussing coil 12 and the tracking coil 13 to
nove t lsenribpmdddtoeldsend 16, aperatong ash light spexse; aoshovewin Rig 24 Aligear spot
of the I'ight beam converged by the objective lens unit will be forned at
call ti mRgaied ggﬁt BiGRA | FREAEE IR AWeniiconictbh aseplé asldiveagendiighy, tedi um
to follow up th the rlecord'ingtrackformed on the optical recording .
medi um m@%%}ia é:'Pyn%gﬁ)é?gM PRlandORR it RO TR BEN 6y 80° BYLIRfttodiSo the

up- and-*4
fall on a polarization beam splitter (PBS) 19. The light beam, transmitted through the

polarization beam splitter 19, is turned into circular polarized light by a A/4 plate
(QWP) 20 to fall on a beam expander 21 formed by a concave lens and a convex lens.
. The light beam is thereby enlarged in diameter to fall on an objective lens unit 51. This
objective lens unit 51 is carried by an objective lens driving unit, not shown, for
movement in a focussing direction F, parallel to the optical axis and in a tracking
direction T, which is the planar direction perpendicular 1o the optical axis.

" The light beam incident on the objective lens is condensed and illuminated by
the objective lens 51 on the signal recording surface of the optical recording medium
110, such as an optical disc. The light beam L, illuminated on the signal recording
.surface‘ of the optical recording medium 110, is modulated in its .directioh of

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

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




29 direction in Fig.22 and the direction perpendicular to the '
drawi ng. sheet of Fig.23 correspond to the radial direfrfBW¥E%P%e optica
disc, while the left-and-right direction in Figs.22 and 23 corresponds to
the tangential direction of the optical disc. The optical pickup device,

I ncl udi ng the above-descri bed obje6fiuye -lens driving unit and an
- Objective lens unit according to the gresent I nvention, includes a

sem conductor | asey. (LD) 16, . operatjng.a | ght. souy.ce, as.sho |
g, 2aexpandendmdisiconveded byght b it 1oWRk i iBFar S RaieR Naht o
| aser 16 as divergent light, is collimted by a collimator_lens 17, and
has it beamdiavingthh directiolyf alarizgtion peipeodicudarte the directinn of pdamzation i on
beam splitter (PBS) 19. The light beam transmtted through the

pol ar i 3pdrieqipH®REMSR) inkident dPthd ptidal Fasbrilinganedingul B0, soaisao beeetuknght by -
a X4 plate ™ (QAP) 20 to fall on a beam expander 21 fornmed by a concave

| ens-a Odgﬁa%@?fé%f‘?%ﬁ?fm spiling{ h'gght beamis thereby enlarged in diameter to

fall o enstuni 1. This objective lens unit 51 is carried

by an obj.ective |l ens, driving unj.t ot own, for ve t in a focussing
direction Flt isaoied dhat @etwg“@phg@aﬂma‘?isgz’ gﬁgeq:tﬁdd))["?l& E«?fﬂegctm& YN T,
which is the p~anar direction perpendicular to the optical axis. The |ight
beam i withie the beam splittér) k% s incident onjassecond pelasization beprusplittared- BWIS t he
objective | ens 5 1 on the signal recording surface of the optical

r ecor didun@Rsl aizatiohlifbans sslit 2288 seid thal theirstarn fipht béayh 1, reastals not
i1 lumnated on the signal recording surface of the optical recording

T P s Rt oyt
‘ :];mj;r g&cégg:gric%leé%dtﬁg%t,l ﬁ:%*ffgh?%%ﬁ‘m%%s 6? W&lgcqlnésrgictq%gfitot eharc?xucﬁnc}. e ORI
- light beam L, transmitted through the second polariiation beam splitter 22 is
condensed via enlarging lens syétems 23, 24 on a first photodetector (PD1) 25. The
return light beam L, reflected by the second polarization beam splitter 22 is condensed
‘through a light condensing lens system 26 and a knife edge 27 on a second
photodetector (PD2) 28. Based on detection signals of light outputs of these
| .phptodetectors 25 and 28, a'irariety of signals, suéh as RF signals, focussing error
signals or tracking error signals, may be generated to read out information signals
~ recorded on the optical recording medium 110,
As a focussing error signal detection system, the so-called astigmatic method,
or the so-called differential concentric method, may be used in place of the

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

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




30 expander 21 and is converted by the X/ 4 plate (QAP) 20 into a linear .
pol arized |ight beam having the direction of polarizaPi8RudecBehdi cular to
the direction of polarization of the |light beam Li incident on the optical
recordi ng medium 110, so as to be returned to the polarizati on beam
splitter 19. It is noted that the return light beam L2, reflected by the
reflecting surface wthin the beamsplitter 19, is incident on a second

pol ari zati on beamsplitter 22. This second polarization beamsplitter 22

i s set the sphedlladhBPikmathod,i may heamsedz ktris aotadathat tlis optisalipiakegp dgviehe
optical recording nedium 110 will be split into the transmtted |light and

the rethﬁg'tb%%dddqmt,oﬁl ot r&itiny Qut iRforRiativhi Sn#lk Fremual opticaaebodiner .
The retur | 1 ght beam L2 transmitted through The second pol ari zati on beam

splitter, 22 | 0] S} [ ' I 23, 24 on a first

phot ode@gél{"@iapﬁﬁq% F“%h‘gh@ggﬁbf\d‘ﬁagﬁ’t" Sggg%%@&%e [ected by the second
pol ari zati on beam ssplitter 22 .is, condensed through a |ight condensjng -

| ens syst emAdeeniding mﬂ/pér%géugﬁgéﬂparaé%w%%g%aae Yooy ngﬁgﬁfs
Based on detection signals of light outputs of these photodetectors 25 and
28; a vaptical pickupsdayied,slesstibéd alsows; andgracerding evediimchaldingy mechanise, or
tracking error signals, may be generated to read out information signals

recor degiaphed f5t IRABipPdnd ﬁﬁlatlfishﬂgy Hﬁdiﬂ%’flhlﬁ&ptie% récdrdinSaieduariia), sacignal

detection system the so-called astigmatic nethod, or the so-called

So- cal B f S, ok SheEh A e 2 1R RSOl nff e prdiEind RIS, | S

E)? eg?‘(])- alaslfrfj 912 %@ng(_),p t lel sig%% sorc(la’adtorllx% bsyot_h%atl)gl)t(lagal %15:1‘21?15 ﬁg‘}ffo% lfrglltjlst?lépouplticafmt hod
recording medium 110 are processed by the signal processing circuit to generate RF
signals and various error signals. .The signals input to this recording and/or

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

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

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

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




31 the so-called DPD nethod, may be used. It is noted that thjs optical
pi ckup device nmay be used not only for reading out iné%EﬁH Wgﬁﬁgignals
froman optical recording medium 110 but also for witing information

- sighal s thereon. A recording and/ or reproduci ng apparatus my be
constructed by providing the opticaleickup devi ce, described above, and a
recordi ng nedi um hol di ng nechani sm "adapted for holding and rotationally

driving the tical recording medjum 110, su tical. disc,..as
ahown T Fi SingsiiesspaRbonteby e emaghs R e Souhlp-BBb G ot BEE Ry | ¢
Fig.20, the signals read out by the optical pickup device fromthe optical
r ecor diobjectisti lens undt, as avepk acparaleliym betiween Himalenses vy bagnaintained byo
generate RF signals and various error signals. The signals input to this

r ecor difhg adAfthey of SRE Aoty FpPieadhisctivoBne it ﬂﬁ%&fﬁ%flﬂf&ﬁlﬂ%ﬂ witht he
signal processing circuit so as to be witten by:the optical pickup device

on the- i cal l: k ikpgustrial Applicabirtity According to
t he pré’%@m‘ﬁ?‘r{\?éﬁ@%@lﬂ%%‘g?fgﬂﬁg ){]lé:l;llg unit conprised, for exanple of a
doubl e-1 ens set, conposed of two |lenses, with a |arger value of the

nurmeri cal aperture NA not less than 0.7 can be assenbled efficiently in a
'short tine by relatively positioning cylindrically-shaped one lens, formed
of a.synthetic resin material and secured within lens holder, and the
other lens, with the one lens as reference for relative positioning. The

| ens hol der needs to be of the necessary m ninum degree of -preciston, thus
assuring facilitated manufacture of the lens holder. 9 January 2006 32




Since the separation between the two | enses of the double-lens set, formng
the objective lens unit,.as well as parallelism betweef JeABaY@R88s, may be
mai nt ai ned by the accuracy of the nounting jig, the objective lens unit may
be manufactured with opti numreproducibility and inproved yield. 9 January
2006 33 CLAIMS 1. An objective lens unit conprising: a plurality of |enses
each having a nunerical aperture not 3¥ss than 0.7, the plurality of

| enses including a first lens and at | east one secondary |lens; and a
cylindrically-shaped | ens hol der coifApysed to secure the plurality of

lenses, wherein a position for seating the at | east one secondary | ens

W thin s&i}lq{ﬂ.%@s qol der.is conmpensated to correspond to a parallelism
charactl‘e SVESF %H-?‘BHE%?I“B‘&W heral surface of the seated first lens. 2.
The objective lens unit according to claim1, wherein the objective |ens
unit has ana rdurfaity iof detsesnencdr hofing armpmeriset lapﬁ@rcemte}esmixm énjttheof 405
nm and the nunmerical aperture is 0.85 or nore and wherein an outer

per i phen@hlitg Wil aees Mcledab atirst Pos Rhd b ldakyonddecbff9Icdangd coaxi al degree
wi thin.30 pm about the center of e lens surface of "each of the plurality

the |
ens hol derd IURRRALE THAPER gl R IdSH o ERMO: i secues fot Patibing! idehe -
plurality of lenses are inserted as an outer peripheral surface of each
| ens ofvhetedn
a position for seating the at least one secondary lens Wiﬂﬁn said lens holder is
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, wherein 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 d'egreé within 30 ym about the center of the lens surface of eéch
of the plurality of lenses.
3. The objective lens unit according to claim 1, wherein
said lens holder has lens"fitting portions in which a respective one of the
plurality of lenses ar’é inserted as an -outer peripheral surface of each lens of the
_ ﬁlu:_rality of lenses is positioned to suppress eccentricity of the plurality of lenses, and
_Whérein

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 the




plurality of lenses is positioned to suppress eccentricity of the plurality
of lenses, and wherein the objective Iens unit has an %el@E®idpE6di anet er
of 3 mMm a working center wavelength of 405 nmand the nunerical aperture
‘is 0.85 or nore, and wherein the 9 January 2006 34 coaxial degree of the
lens fitting portion controlling an eccentricity of the at |east one
secondary lenses is within 30,um 4.3%he objective lens unit according to
claim1l1, wherein said |l ens holder has a lens fitting portion in which an
out er .fi _ ' LSyl '
cont r SRR HeGRE Bihe 1R AHHEphtibn oGRS ah kot RAPHF SII0¢ 2 IREEIS ective
lens unit _ has an effective dianmeter of 3 nm a working center wavel ength
of 405‘39‘%(1&%?@%%5 is iR 0¥ Maperture is 0.85 or nore and wherein a
difference between an inner dianeter of said lens fitting portion and a
di ametdeTlef oljettdwis ldnssatit @dcording tdheldimns, HbietdinGabidnsololdes hag ahens 30
~dam 5. A nethod for the preparation of an objective lens unit, with a
nuner i e t i {, 0G: A s, the
ol ur atfithe 3PRidhE whith, o Giler HRP0Peloh OGS ARG R AhRS lindined BTEY
‘lens, the nethod conprising the steps of: nounting and securing the first
| ens wihigh ﬁOIatr@lwthmme@&mlgy ghegddor thephhelide of lgnsesdye @bjeé;tlyya@nﬁeumt: resin
material at an end of the | ens holder; positioning the at |east one

secon@as vinl efsetive tdibmetdieofl $remhal WorkilsideateR v Adl@igth RET 40 afdhnd thid ace of
the first lens as a reference with respect to a. parallelism

char aGh Sl ekt e(l:pe?{uré ?seO.%'lS ros_ftmclJr%nasﬂ’d %ngein a difference between an inner diameter

of said lens fitting portion and a diameter of a lens inserted into the lens fitting portion
1s within 30 zm.
5. A method for the preparation of an objective lens unit, with a numerical aperture not
- less than 0.7, including a plurality of lenses, the plurality of lenses including a first lens

aﬁd at least one secondary lens, the method comprising the steps of:

mounting and securing the first lens within a cylindrically-shaped lens holdér
formed of a synthetic resin material at an end of the lens holder;

positioning fhe at least one secondary lens within the lens holder using an outer
peripheral surface of the first lens 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 preparation 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

fitting portion positions the outer peripheral surface of each one of the plurality of




securing the at | east one secondary lens to said |l ens holder. 6. The nethod
for the preparation of an objective |lens unit accordin§Japuany 20865, '
wherein in the step of securing each of the plurality of |enses to said

| ens holder, a lens fitting portion positions the outer peripheral surface
of each one of the plurality of 9 January 2006 35 I|enses to control an
eccentricity of each one of the plurasity of |lenses with respect to an
optical axis of each one of the plurality of |enses is provided to said

| ens I er.elNy. 0 ' . been
inserDghgﬁdeﬁgg?%%ﬁﬁﬁgeQFF?ﬁhgﬁg%%%?ﬁ%ﬁ%F%yﬁ%ﬁ%¢§f${%éséigéﬁﬁéﬁﬁ?éﬁﬁof
each one of the plurality of |enses, each one of the plurality of |enses

i s secureRiaabaskiof gachonpeitdbe plurehtyef lgpsrsds weovided theaiddentokolder, apde
preparation of an objective lens unit according to claim6, wherein in the

step afh&efl s ch imeddf thRasiurag oTdemedaia BerAsink@téd entbeaid kb datingt he
~at |l east one secondary lens is held by a holding jig and noved in a

- directiop along the. optical.axi-s 1,0 adjust the .separation with r ct to
the 1 iHgBof & Bouiing BRbe g bt 3t oBEled Rle.p PE BRIl el FBECc it e
w th an adhesive to said | ens holder. 8. The nethod for the preparation of
an objmutaliy of Emsevisisecurcdde diddenshelder with, an adhssiien in the step of
securing the at | east one secondary lens to said |l ens holder, the at | east
one setOopR@mieth6f Sfok ShEhrdpition ¥ gh bjédtheaRdhsahiv HcBOrdise t§ dlamald el ism
with respect to the first lens, the at | east one secondary | ens being then

seour e ML, 2. Bdbeplve, L0, S8l g | SPoROldhuaty 14 ORhb 18l RbGHAREe €

at least one secondary lens is held by a holding jig and moved in a direction along the

optical axis to adjust the separation with respect to the first lens and the at least one

secondary lens is subsequently secured with an adhesive to said lens holder.

8. The method for the preparation of an objective lens unit according to claim 6,
wherein in the stép of securing the at least one sécondary lens to said lens holder, the at
least one secondary lens is held by a holding jig and adjusted as to parallelism With
respect 1o the first lens, the at least one secondary lens being then secured with an
adhesive to said lens holder.
9. An optical pickup device comprising:
~ a light source;

an objective lens unit configured to condense and illuminate a light beam
radiated from said light soﬁrce 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,



an objective lens unit configured to condense and fllugLﬁgte %%%ight beam
radiated fromsaid |light source to a signal recording Y <9F%an opti ca
recording nedium and a photodetector configured to detect a return beam
of said light beamreflected back fromsaid signal recording surface, 9
January 2006 36 said objective lens unit including a plurality of |enses
including a first lens and at | east3®ne secondary | ens, and having a
~nunerical aperture not less than 0.7, wherein the plurality of |enses are
secured within a cylindrically-shaped | ens holder, and wherein a position
for seating the at |east one secondary lens within said I ens holder is

adj usted to correspond to a.parallelismcharacteristic of an Puter

peri pher al S3ishoRise s leng yaitdnelndmera plrality o lensgs 11;91?@@3 @ﬁ% e @dndpat
reproduci ng apparatus conprising: a recording medi um hol di ng unit

conf i dease dnt eedmlddrpenepiriciedving g @ndictdal apdturenoalhds @mnoRlj wakrebh ckup

device including a I'ight source and an objective lens unit configured to

Ponal r ccapa PRIy fulhs T nERNARR LTI Aabed 1AL R, P, 2

| ens unit of said optical pickup device including at |least two |enses, the
at | eagherelmo | enses including a first lens and at | east one secondary
| ens, and having a numerical aperture not |less than 0.7, wherein

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.

10. A recording and/or reproducing apparattis comprising:

a recording medium 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 td a
signal recording surface of said optical recording medium,

said objecti\}e 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 least two lenses are secured within a cylindrically-shaped lens holder,




t he at Ieast two | enses are secured within a cylindrical]y-sha ed Iens

hol der, 9 January 2006 3,~a a position for seating the9a@nyay
s‘econdary_lens within said lens holder is adjusted to correspond to a
paral l elismcharacteristic of an outer peripheral surface of the seated
first lens. 11. The objective |ens umga of claim1, wherein the |ens hol der
further conprises: a vent forned in a surface of the | ens hol der, the vent
positioned to coincide with a gap area between at |east two lens of the

plurality of ph&fissYor %tlnyﬁerﬁtle&q e sﬁ:'cahﬂrérg JTehd! Wilth sGRIMNs HdlGer i

‘providing a vent in a surface of the lens hol t he vent p05|t|one to

coi nC|d W, t h ea bet n at, | east. two Ienses of e plurality of
| enses? %edtﬂéoegﬁ?%ﬁ {657 OREALICHAT CHATBREERUS AT 8 R PR Bertpwétc £ a
vent for med in a surface of the I ens holder, the vent positioned to

coi nci the seated firat lgap ar ea bet ween at | east two | enses of the plurality of
| enses. 14. The recording and/ or reproduci ng apparatus of claim 10, wherein

the |epp hOTH@B?JeEH&é s uﬁngfrc‘lefiﬁft @géﬁ%ﬁf@fﬁ%ﬁ@eﬂom - furt EE?@@A&ES .the |ens

hol der,” t he vent” positioned to col ncl at | east

- two Ienses of the plurality of |enses. 15. The Ob] ective lens unit of claim
| . further 2Ya¥iPENegIn & syifesecel be lensoholder the ve nostiosed to goinsidls Wehder i n
“the vicinity of the first lens. 16. The nethod of claim5, further
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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 of claim 9, further comprising:
a vent formed 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.
14.  The recording and/or reproducing apparatus of claim 10, wherein the lens holtier
further comprises:
a vent formed 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 lens unit of claim 1, further comprising:
a proteetor provided at an end of the lens holder in the yicim'ty 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 the first lens.

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




17.. The optical pickup device of claim9, further conpr.i si ng January
2006 36b a protector provided at an end of the |ens thdEPW¥M29W% vicinity
of the first lens. 18. The recordi ng and/or reproduci ng apparatus of claim
10, wherein the lens holder further conprises: a protector provided at an
end of the lens holder in the vicinity3@ the first lens. 19. An objective
l ens unit including a plurality of lenses including a first |ens and at

"l east one secondary lens, and a plurality of |ens holders for receiving a

respective @gxet&fmr eldetilart%h cn@T tRORnd hol RASA HRIFCERGARE Yirbtdass.t O
secure the urality of lenses therein, the objectlve | ens unit being
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the objective lens unit; positioning the at | east one secondary lens within
a f ur tfeether emsphsdsder of the plurality of |ens holders of the objective
| ens- unit opposite the first lens to align the at |east one secondary | ens

al ong an Opaffgl%?éct r%vﬂeﬁfa‘%%ﬁ%ﬁﬂr?ﬂtﬁ‘tﬂle%'th%[de?% HRNGE 't[yhséel’tfhé“iﬁstqfenst he first

| ens as a referenc conpensate e positioning o | east one
and Scitl i o OhiECRYE IgHoinib RTulis ATUPHIRGAE arBes pehiCig afdveiens Badah on
the conpensation. 20. An objective lens unit including at |east two | enses
“i ncl udeay oaefsecaidatelens pardl aplurhléwysif lomehsldesrfdaraceiving a respdctive baasf two
| ens hol ders 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 positioning of the at least 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
compenstttion.
20. . An objective lens unit including at least two lenses including a first lens and at
ieast 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:




the first lens and at | east one secondary lens to secure the %b éeast t wo
lens therein, the objective lens unit being construct @d2BY¥ 8%t eps of . 9
January 2006 36¢c nounting and securing the first lens within a

correspondi ng | ens hol der of the at |east two |lens holders at an end of
the objective lens unit; positioning36ke at | east one secondary lens wthin
a further lens holder of the at least. two |l ens holders of the objective
lens unit opposite the first lens to align the at |east one secondary |ens

al ong an ophbeAling@¥hs sedi@fify BRAiROlcAb vatiifa RATdsphediak 168y hader of thehg first
|l ens as a reference to conpensate the positioning of the at |east one

secondary .l ens d.on.a r el ism. characteristic of the first |ens;
and. sggﬁ%{itwgq?]ﬁsebﬁ@ﬁqseagﬁp e(%ﬁeoaflsth%f?hﬁgbye Feé’ﬁémt% the | ens hol der based on
- the conpensation. 9 January 2006 37 ABSTRACT An objective lens unit used

for an opt ipmsitiquieg the deldasteons seravdanypleos vwdphinraafirther lofks hodderesf tedithas a
nuneri cal aperture (NA) not less than 0.7. The lenses (1) and (2) are

secur qeadhitlsd) ’nd HI8dR T ®al dbjetRarRds h%nso@sﬁe "thé First TEAS tHAbichi AR K1 the
| ens(es) (2) other than one 0f the | enses secured wthin the Fens hol der

i s.set vvith—thel{)d)siiion of the.one lens (1) as reference.
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 least 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.
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ABSTRACT
An objective lens unit used for an optical pickup device is made up of a plurality
| of lenses and has a numerical aperture (NA) not ies_s than 0.7. The lenses (1) and (2)

are secured within a cylindrically-shaped lens holder (3). The positian of the lens(es)

' (2) other than one of the lenses secured within the lens holder is set with the position

of the one lens (1) as reference.




