;1] kle3e L64T WO 001 00964 24 DEC 2002 Description objective Lens for
Optical Pick-up 5 Technical Field of the Invention The present _invention
‘relates to a high NA (nunerical aperture) objective |ens inSt‘taDEreé’ n an
optical pick-up of an optical disc apparatus that is able to --
record/ r epr oWQ®®osdpl ural ity of kinds of, optical di scs whFEBHRRH13 ayers
have 1o different thickness. Particularly, the present invention relates to
the objective lens that has a diffractive lens structure forned
surface of a refractive |lens. Background of the Invention 15 ThWﬂ,ﬂWﬂlﬁW’"’"’“ﬂ,
disc includes an information | ayer eas¥higiodi gital information
recorded, and a transparent cover |ayer that covers the information!¥¥er.
A |l aser beamfromthe optical pick-up is converged to forma beam Sﬂmt on

the information layer through the cover layer. The distance betWﬂ“ ”wum,”,”mm
optical 20 pick-up and theiaftdvaakensh fogy@pticdli Bickepgendi ng u
t hi ckness of the cover |ayer. Nanely) the thicker the cover |ayer i*sgobhe

farther the distance to the beam spot fromthe optical pick-up is. For
exanmpl e, since, the.cover. haver 9f. a gogpact disc (CD) or that 25 of a CD-R
has the thi'ckness oOf I. and the thickhess of the cover |ayer of a
digital versatile dige ddd¥Bhe i $enfibM rdiR@eOPLd %alhighcﬂ@x URierf@auired to
nove the beam spot away fromthe 2 ~ pEc 2002 WD 00/ 00964 2

PCT/ JP99103413peapihirenlobpeckiveplys Gnbtameddnin he qunienl|@iyodr-up ®dfdamm in
air) when the DVD is replaced with the CD or the CD-R_ Al though a paraxi al
beam spot novedPtisal Helohjeeesraels dhst| is mhtedto tircosRangRrasfuceh t hi ckness
SL|;hﬁnsgge{hgﬁxgglgg?qggiigdgRﬂ?%&ﬁ?La Q%EE%t&ﬁggelé%vggehggﬁ%cgév£|0k up

10 different thickness. Particularly, the present invention
relates to the objective lens that has a diffractive lens

structure formed on a surface of a refractive lens.

Background of the Invention

15 The optical disc includes an information layer on which
digital information is recorded, and a transparent cover layer
that covers the information layer. A laser beam from the optical
pick-up is converged to form a beam spot on the information layer
through the cover layer. The distance between the optical

20 pick-up and the information layer varies depending upon the
thickness of the cover layer.

Namely, the thicker the cover layer is, the farther the
distance to the beam spot from the optical pick-up is. For
example, since the cover laver of a compact disc (CD) or that

25 of a CD-R has the thickness of 1.2 mm, and the thickness of the
cover layer of a digital versatile disc (DVD) is 0.6 mm, the

optical pick-up is required to move the beam spot away from the



objective I ens when the disc is replaced, wave front aberrargi.(ﬁico?m% he

| aser beamis deteriorated, thereby the dianmeter of the beam spot is

‘i ncreased, which prevents the optical disc apparatus from reproducing the
recorded information fromthe 10 CD. For instance, when the objective |ens)
which is dest@uwedeso mini nize the spherical aberration WRGFAHROMEcor ded
information is reproduced fromthe DVD, is used for reproducing the
information fromthe CD, the spherical aberration beconmes too large to
reproducing the information even if the objective 15 | ens noves to bring
the beam spot ofo; he £OLRAIASH o Y Wi (08 HNEQEIRLIQRY! AY & mp THETLGEPr e, there
is known, as a prior art, an optical pick-up that "adjusts the condition of
the | aser beawhemntwiel DYDiiH @ephecabjwdathi vige IcnsrackoOrab-rg to the thi ckness
of the cover 20 | ayer. For exanple, Japanese Provisional Patent Publication
No. Hei 7-98431 di #dkbsesh 8pelraziabpearsgbopimokesps threokjratdak lepst em shown
in this publication_enploys a hol ographic I ens on the | aser source side of
t he obj ecti velFéﬁ’é’e@or‘r—gF\%éég? Ré Yhesiickpeps o theorRisel avaseshasig@fce into a
zero order _parallel diffractive b and_a, fi.rst order divergent
ditfractive pERREE SREFEGHR, T 1PPacRt iRt hBARKT® GOdH TOs fBSopt i cal

di sc 2 ~r ; 9 i j cover

| ayer (i.e., Dtgﬁje&%{%)ev%n%gh%?lr téﬁr%dé gjrg%ze#g%i% #’-’ ? %é%t'?'i ‘g%@%\gg%g? gb%%eagqg ér t he
optical disc Bawhegl@sdhbédeh s GRMREibEYERIA, (therend thd di bRt andneD R

The optical pick-up of the publication enables to formthe

di ffracti on-| bedn ebolyeas Spoesssdf ovhicheprespest the agticeal didicscs when t he
hol ographic lens is designed to _obtain the nost_suitable |aser beans
accordi ng to BRRAEHUSKAEYSs rEPredueicgyhe reparded Hofevertios feem the opti cal
pi ck-up of the_publication al s.divides the ] aser pbeam.from.the .l aser
source intQ t g'ﬁgorzé?%éaélﬁg’f%%? tglred%l?Je(ﬁtflV?aic r}s\ienge% s ‘g%sdlggﬁfiy one of

these beans i$oUsafnfiok FRCQULHEROLLLREREVSE NG, LAERT IR QR Ak tiMe, the
maxi mum ef ficiency in use of the light quantity is not nore than 40%

Further) when iapernaftibhe stiddrodated Erbrans 0ve, el 0gedIS8H réprédicing

recordi ng/ reproduci ng the information, the other diffractive beamis an
unnecessary béhemingpkoationcEremdberftil.sbhe sghieticflupbheratitthebgwaerdi ng
density of the DVD is higher than that, of the CD, which requires the
optical pick- GBOFErIEITE DPIIBCLRY CHP M OTRAF i eBBRAMESHM OPIEGTiVRe opti cal

B exclusi e OB brakotp BSrHCel saf, Shel O BF tHEITAR: il FhE' L °°

positive correhabi@itivht laydie wavel ength of the | aser beam the optical
pi ck-up for the DVD requires the | aser source whose
Therefore, there is known, as a prior art, an optical

pick-up that adjusts the condition of the laser beam entering

into the objective lens according to the thickness of the cover
20 layer.

For example, Japanese Provisional Patent Publication No.

Hei 7-98431 discloses such an optical pick-~up. The optical

system shown in this publication employs a holographic lens on

the laser source side of the objective lens to divide the laser
25 Dbeam from the laser source into a zero order parallel

diffractive beam and a first order divergent diffractive beam.

The zero order diffractive beam is used for the optical disc



25 oscillation wavel ength is 635 through 665 nmthat is shorter éﬂﬁﬁn t he
oscillation wavel ength of the exclusive CD pick-up (i.e., 2B ®EEN gh 830
‘nn). On the other hand, the reflection 2 4 DEC 200Z WD 00l 00964

PCT/ JP99r 03413 4 characteristics of the CD-R requires the | aser source
whose osci | matdmopsnavel ength is about 780 nm Accordi ngl YWCTi#R®#341he opti cal
pi ck-up having a single | aser source as described in the publication

enpl oys a laser 5 source that emts a | aser beam having a shorter
oscillation wavel ength, it cannot reproduce the inf or mation fromt he CD-R

¢ i s ther of gug.an SBkealeoLoLP BLESENL d TVaN! boD | 9n10 ROV IR

obj ective | ens an op ical pi CK* WS Ch

recordi ng/ r eR{igdugt 19, d BEAK WBLIRA £8Y eheldytatat ralet: H%!v'i?lé Otnidgoptical
discs (e. g.) CD, CD-R and DvVD) of which the cover layers are different in

t he thi ckness:ovEurJtaIyerr (it.lee, prtheseEmnd IODER) L Mhel ptdica® ilcR-pp 0Fitde t he
objective lens that 15 has higher efficiency in use of the |ight quantity
than the conwawiieatioroprakdsls 4 Erruphadidfsattdcadlint tadebetyosrotisdent i fi ed
publication. For the above ob ect, cordi ﬂgnto t he present |nvent| on,

there is pErO\ﬁOJeElheaﬁeFﬁfﬁW@d B gt/%csl ¥REN HF 1%1911°(9§PP]B’£ 1885 iad, whi ch
| ncl udes a re%r‘i‘éﬁé%(ruc alg.'t]'%% Qﬂ%\éknsq‘ti%aggf?:};alas\élet;e]:r)r;sagct:clo\é 1?0?’\% and a

diffraqgctive aving a p concen

ri ng- shaped Sékf%péhié]a{es%f etfatdedyep alydrgast one lens surface of the
refractive lens. The diffractive |ens structure has wavel engt h dependence,

w th whi ch spheri cidweerabeinsd itha sftairgespisk-apnay¥ etiengubl chadigds, such
that at least two light beams (L1, L2) having different wavel engths with an
i dentical di faiwarei Y icdederhd drrendiaaty nes thisobeseyplenFealinapetheati on i s

corrected approprr ée for at |l east two, kinds of
first order diffractive beams, and only one of these

beams is used for recording/reproducing information at a time,
the maximum efficiency in use of the light quantity is not more
than 40%.
Further, when one of the diffractive beams is being used
15 for recording/reproducing the information, the other
diffractive beam is an unnecessary beam, which increases
noises.
Still further, the recording density of the DVD is higher
than that of the CD, which requires the optical pick-up for the
20 DVDto forma smaller beam spot than the optical pick-up designed
for the exclusive use of the CD (hereinafter referred as an
exclusive CD pick-up). Since the diameter of the beam spot has
a positive correlation with the wavelength of the laser beam,
the optical pick-up for the DVD requires the laser source whose
25 oscillation wavelength is 635 through 665 nm that is shorter
than the oscillation wavelength of the exclusive CD pick-up

(i.e., 780 through 830 nm). On the other hand, the reflection



optical discs (D1, D2) respectively provided with 2 4 DEG 202200

001 00964 5 PCT/ JP99103413 cover |ayers having different Lhickpass. Nanely,
t he predet%?f’rqlor%ﬁd order diffractive Iight beam forns the appropriate
wavefront for the optical disc having a predeterm ned thickness cover |ayer
at the predetermined 5 wavel ength, and forms the appropriate wavefront for
the optical disc having a different thickness cover |ayer at the different
wavel engt h. clitictdriisttonsd wbki OPLR aeghinge wie QLheemaamirergilosd the | aser
beam corresponding to the thickness of the cover |ayer to of the optical

di sc causes oshellrtdgnt saveIragthr derahputf Y@@ thiwve |ight to converge onto each

of the information layers with formng of an appropriate spot. _Further, the
diffractive |lens WPE%?‘E&]@M ¥hen othe ng‘éc?]o FH'&@FHB BAVIRPe PeRtRH Sependence

such that a.short wa\(/:gl en tegcgsbedd fiLFQthi vgl!i‘i: hitorf %Irnggo an aaPst&pri ate

sSer sou A5}
wavef r ont f&la an optrl ca I"'SC”havi ng a 1 Rinner- cover a |1 ong wavel ength

diffractisve do,gbL dHQMEnffs BPREORF iile WRYELS ANGHEOEe AN RRYL £ o i SC having
a thicker cover layer. Mre particularly, the diffractive lens structure

may change sphelécahh,abersatdtOpepiodute tHderEMn=2Gbadra thHd €sir On as
wavel ength of incident |ight increases. As described above, the spheri cal
aberration varies in the overcorrected direction as the thickness of the
cover layer increases . Therefore ) when a |onger wavel ength | aser source
is Brief Description of the Invention
It is therefore an object of the present invention to
10 provide an objective lens for an optical pick-up, which is
capable of recording/reproducing information on a plurality of
kinds of the optical discs (e.g., CD, CD-R and DVD) of which
the cover layers are different in the thickness. Further, the
present invention is aimed to provide the objective lens that
15 has higher efficiency in use of the light gquantity than the
conventional optical pick-up as disclosed in the above-
identified publication.
For the above object, according to the present invention,

there is provided an improved objective lens for an optical

20 head, which includes a refractive lens (10) having a positive
refractive power, and a diffractive lens structure (11) having a
plurality of concentric ring-shaped steps that are formed on at
least one lens surface of the refractive lens. The diffractive

25 lens structure has wavelength dependence, with which spherical
aberration changes as a wavelength changes, such that at least
two light beams (L1, L2) having different wavelengths with an
identical diffractive order form wavefronts whose spherical

aberration is corrected appropriate for at least two kinds of

optical discs (D1, D2) respectively provided with



used for an optical disc having a thicker cover |layer, and a ﬁ ﬁh@ﬁz er
wavel ength | aser source is used for an optical disc having 62‘t ? ner cover
‘layer, the change of the spherical aberration due to change of the cover

| ayer's thickness is 2 4 DEC 2002 WO 00/ 00964 6 PCT/JP99/03413 -
corrected byWwe@pro3dove- nenti oned wavel eggt h dependence of PEHIPOYIFT act i ve
| ens structure. An additional optical path |length added by a diffractive

| ens structure is expressed by the followi ng optical path 5 difference

function ~(h): ( h) - ( P2hz + P4h4 + P6~1~" -h . . . ) X a, where P2) P,
and P6 are di thiactiayersoeffing 0t fertneseritheskourth and sixth orders, h
is a height fromthe optical axis and ~, is wavel ength of incident Ilght

i o The obj ective |Namslucahedprefidrertheeproedentdiiffrantivn gyt S@binsfy t he
followi ng condition (1); (1) -15 < d~(h,s) /~ - Pz X(hq522 < -7 where h,5
is the height fprwt@lﬁeawppéa@t%wye’élfor& por rihenptcad Aighhavig whose NA

is 0.45 mtersecés t he di ffra(f(tlve 15 l ens structure. Further, jt is
desirabl e for Pt treé:f“ﬁﬁﬁ 9 8ﬁ§saciﬁi’th Vi fartaEP?v%r?d@ﬁ?@’tri ture to

have tot al Longipuclpa ;hengthr@ogf-ng helbon, such dha e aclfacs

i ncreases as t I NCreases . ch a

case, <l t Cﬁp\g@ibé%‘%%@% dfederthe e‘hqlckﬁgxgggoegflqgl&leJ@%t(@ae bSsSdlentf 1 €d; (2)

wavelength.

With this construction, a change of the wavelength of the

laser beam corresponding to the thickness of the cover layer

10 of the optical disc causes the predetermined order diffractive
light to converge onto each of the information layers with
forming of an appropriate spot.

Further, the diffractive lens structure is preferable to
having a wavelength dependence such that a short wavelength

15 diffractive light forms an appropriate wavefront for an optical
disc having a thinner cover and a long wavelength diffractive
light forms an appropriate wavefront for an optical disc having
a thicker cover layer. More particularly, the diffractive lens
structure may change spherical aberration in the undercorrected

20 direction as wavelength of incident light increases.

As described above, the spherical aberration varies in
the overcorrected direction as the thickness of the cover layer
increases. Therefore, when a longer wavelength laser source is
used for an optical disc having a thicker cover layer, and a

25 shorter wavelength laser source is used for an optical disc
having a thinner cover layer, the change of the spherical

aberration due to change of the cover layer’s thickness is



where ACA is a novenent of a paraxial focal point with shift of wavel ength
and SSA is a variation of spherical aberration for margi nal 24&yRBEGN20R t he
‘shift of wavelength. 25 The diffractive |lens structure of the objective

| ens according to the present invention nmay have a snall lpar axi al _power,
and it is d¥1004p6& to satisfy the foll gwing condition FCTAPYEMI3002 WO
00/ 00964 PCT/JP99/03413 7 _ (3); (3) -0.020 <f / fp < 0.020 where fo is
the focal length of the diffractive lens structure that is defined as the
foll owi ng equation; 5 fD = 1/ (-P2 x 2~,). \Wen the optical discs includes

at |east two &bzl KPELE Abodk SkchtiBAsE WaQ¥Eénd BY 8&SerdtRYBe bbr2eiEn and 0. 6
mmin thickness, the followng condition (4) is desirable to be satisfied;

io (4) 0.75 <diflffredtiv®. Baswherecturk.i s wavel ength of the light for the
optical disc having the 0. 6 mmcover |ayer, and 7~2 is wavel ength of the
light for the optiPeaddditdéenphwipigceh@athlangitddsted| by erdifiriackivert her,

t he bl azed Wai/el eng%h ~ of .the diffractive J. ens structure in the center

regi on around-¥He ® PF‘_E:%_e aRi SRRRPSEHt PEf eafgb A oRPhEcal pathy_ g8 <« ~ 7
N 1 bt #ﬁ@igﬁ%@g%ﬁ&%&gﬁé%@dt LS i t1ractive | one strastucein the
peri pheral regiongmy be(shortermt hannt he bl azeqd wavel ength ~ of the
diffractive lens structure in the center region. Aternatively, peripheral
regi on of the | ensheuefrace, and\shiaech dif€retf fucacddffd clemss st rseebude i S
formed may be a 25 continuous surface w thout steps. The peripheral region
is defined asfeurtdgprpd sixdheorddrsi ghtid poheidie: Spon cdle arficHlapkssin the
range of about B9~;Lhrough 100 of the.glfqqthye radius
10 The objective lens according to the present invention may
satisfy the following condition (1);
(1) =-15 < ®(h,) /A - P, X(h)? < -7
where h,; is the height from the optical axis of a point
where a light ray whose NA is 0.45 intersects the diffractive
15 lens structure.

Further, it is desirable for the refractive lens and the
diffractive lens structure to have total longitudinal chromatic
aberration such that the backfocus increases as the wavelength
of the incident light increases. In such a case, it is advisable

20 that the following condition (2) is satisfied;
(2) -0.8 < ACA/ASA < ~-0.2
where ACA is a movement of a paraxial focal point with
shift of wavelength and ASA is a variation of spherical
aberration for marginal rays with the shift of wavelength.
25 The diffractive lens structure of the objective lens

according to the present invention may have a small paraxial

power, and it is desirable to satisfy the following condition



2 4 DEC 2002 WO 001 00964 PCT/ JP99/03413_ 8 of the refractive I%Psz(mt

shoul d be noted that the diffractive |lens structure bl azed 2?'er he shorter
~wavel ength or the aberration-conpensated continuous surface for the shorter
wavel ength may be formed inside the peripheral region. 5 Brigj /B‘?ﬁ’-;’ ~gtion
~f the Ac~o-WQPUMWHy awi ngs Fig. |Ais asfront view of an B et VE | ens
according to enbodinents; Fig. 1B is a vertical cross-sectional view of an
objective 10 lens according to the enbodinents; Fig. 1Cis an enlarged view
of Fig. 1B; Fig. 2 shows an optical system of an optical pick-up on which

t he objective (kgps according to the enbodinents is nounted; 15 Fig. 3 is a
| ens di agram of the objective |ens according to a first enbodinent with a
cover |ayer of a tHhi3n ebvd0 wype/ dpt kc@I02@i sc such as a DVD;, Figs . 4A, 4B
and 4C are graphs show ng various aberrations of the objective |lens
according to the fiWhetreehbddi HhtfogRenlegtibhelt e dddFerctiifele®tical disc
is used; Fig. 5.is a lens diagramof the objective |ens according to the
first embodi mEnt“WitHT gﬂ?:%v’esr Fg%? 8¢ 50t h#%lﬁ‘o&’&{}%re%éof}bti cal disc such
as a CD or ;a CD-R #i9s ,-6A) 8f.and 6C are graphs show ng various
aberrations 25 of the obj ective 1'ens accordi ng to the first enbodi nent when
the thick cover typmeapth€adptdcst discdsedclddd af 1&ask lt@bskicgbam of the

obj ective | ens according 2 4 DEC 2002 WD 00/00964 9 PCT/JP99/03413 to a

second enbodi wehical 1 sthevlomeerover drayetstiwve Ai-A Bovwd 0.6 mm in
thickness, the following condition (4) is desirable to be
satisfied;

10 (4) 0.75 < AJ/N, < 0.87

where A, is wavelength of the light for the optical disc
having the 0.6 mm cover layer, and A, is wavelength of the light
for the optical disc having the 1.2 mm cover layer.

Still further, the blazed wavelength A; of the diffractive

15 lens structure in the center region around the optical axis may
satisfy a condition of A, < A; < A, and the following conditions
(5) and (6);

(5) 0.87 < Ay / Ay,
(6) Ay / Ay < 1.13.

20 The blazed wavelength of the diffractive lens structure
in the peripheral region may be shorter than the blazed
wavelength A, of the diffractive lens structure in the center
region. Alternatively, peripheral region of the lens surface
on which the diffractive lens structure is formed may be a

25 continuous surface without steps. The peripheral region is
defined as a region where a height from the optical axis falls

in the range of about 85% through 100% of the effective radius



type optical disc; Figs . 8A, 8B and 8C are graphs show ng vari ous
aberrations of the obj ective lens according to the second eRboBEeEM2 when
5 the thin cover type optical disc is used; Fig. 9 is a |lens diagramof the
obj ective |l ens according to the second enbodi nent with the caov gﬂgayer of

t he thick c®&H000%pe optical disc; Figs 10A, 10B and 10(’3(:5(”599@ aphs
showi ng various to aberrations of the objective |l ens according to the
second enbodi nent when the thick cover type optical disc is used; Fig. 11
is a lens diagram of the objective |l ens according to a third enbodi nent

w th the covert tiayessefctibe lehsn rcomeulidyfpenopdd endt dhs@iifttbadiige 12A, 12B
and 12C are graphs show ng various aberrations of the objective |ens

accordi ng to lehe striuvatusebodizednfontde shertdn wavevenrgtthype bpeical disc is
used; Fig . 13 is a lens diagramof the obj ective |ens according to the
third embodi FERETHF1IR CABPRARASL]| SRR UE hefiRcek febvidte SBCTYA%e opti cal

disc; Figs. 14A .14B and 14C are graphs, show ng.various aberrations of the
obj ecti ve Ieﬁ?VS%?ﬁﬁaﬁﬁﬁyg%Ftﬁéﬁ?ﬁi}é%é§ﬁbg§?ﬁ%%?paﬁﬁéﬁuﬁ%glPﬂick cover type
optical digsc is used; Fig. 15 is a lens diagramof the objective |ens

according 25 to a fourth enbodiment with the cover layer of the thin cover
type optical gtiis€;pdd \ AL 1 Asgghowi ng vari ous

Dad AT pt 4O

Fig. 1A is a front view of an objective lens according
to embodiments;

Fig. 1Bis a vertical cross-sectional view of an objective

10 lens according to the embodiments;

Fig. 1C is an enlarged view of Fig. 1B;

Fig. 2 shows an optical system of an optical pick-up on
which the objective lens according to the embodiments is
mounted;

15 Fig. 3 is a lens diagram of the objective lens according
to a first embodiment with a cover layer of a thin cover type
optical disc such as a DVD;

Figs. 4A, 4B and 4C are graphs showing various aberrations
of the objective lens according to the first embodiment when

20 the thin cover type optical disc is used;

Fig. 5 is a lens diagram of the objective lens according
to the first embodiment with a cover layer of a thick cover type
optical disc such as a CD or a CD-R;

Figs. 67, 6B and 6C are graphs showing various aberrations

25 of the objective lens according to the first embodiment when
the thick cover type optical disc is used;

Fig. 7 is a lens diagram of the objective lens according



2 4 DEC 2002 WO 001 00964 to PCT/JP99103413_ aberrations of the objective

| ens according to the fourth enmbodi nent when the thin cover typg putt el
‘disc is used; Fig. 17 is a lens diagram of the objective |ens according to
the fourth enbodi nent with the cover |ayer of the thick cover Z”é\%pe
optical di sVO0§%4 18A 183 and 18C are graphs showi ng VErT-E0% errations
of the objective |lens according to the fourth enbodi nent when the thick
cover type optical disc is used; Fig. 19 is a lens diagramof the objective
| ens according 1D to a fifth enbodinent with the cover layer of the thin
cover type opte cakedcdrst embb@imen2O t12 @Be advd e20G e o gridfthsh s @wkyag vari ous
aberrations of the objective |lens according to the fifth enbodi nent when
the thin coveryR§gp@tépel clilscdi sc is used; 15 Fig. 21 is a |lens diagram of
the objective lens_according to the fifth enbodi mrent with the cover |ayer
of the thick cover Ftlgﬁeiibp@%@aqdfiﬁ-‘.%1@6,gm%@_swAygyggla%aQ%aéﬁengr aphs
showi ng variou berrations of the obj.ective |lens according to the fifth 2o
enbodi nent vvhce’ﬁ %ﬁeo?%elcctl%vgojveélrs ?f/‘boer%éﬁl?i%oal‘e’haisseg oPé TLE fgﬁltg.w 53 is a
lens di agram gfie thanobbe&t itypel 698 AGCALLE NG 1Qe@, ST xth enbodi ment with the
cover layer of the thin covér type optical disc; Figs. 24A, 24B and 24C are
graphs showi ng var Fags 25s abeesiatiagrarobttthe objeekivye dnenscazaengdi ng to
the fifth enbodi ment when the thin cover type optical disc is used; Fig. 25
is a |l ens di agp &hecfeceoheé epbpdindnrewi@dntheacerniizer of the thECk 2008r WO

00/ 00964 PCT/JP99/03413 11 to the fifth enbodinment with the cover |ayer
of the thick E¥RRPCPAYHERL dhtSScal disc; Figs. 26A, 26B and 26C are graphs
show ng vari ous ab%ri% tions %Bthed qta' ec}é ve _|lens haccordi ng to the fifth 5
embodi ment when thé thi ck cover Tipe optieal arec T e e SN Fig. 27 is a
graph showngapetaldienshi P et ueedk divhl 1acd lakeopdflLieneye adulpyavel engt h.
D-escr~,ption of the Enbodinents 10 Figs . 1A 1B and 1C show an obj ective
| ens 10 accor dnigfitmenenidosi nbet shidk GoveA tiypeaobt Didl diew, idFigedlB is a
vertical cross-sectional view, and Fig. 1Cis an enlarged side view of Fig.
1B. The objective Féfis 110i3 8 kaysl diegrap wntlopebiedtiyeclenspaafordangpt i cal

di sc apparatus that .is capable of /15 recordi ng/reproducing a plurality of

ki nds of opti E&I® &%‘é’éé ?ffgé"%@f.“?nfcﬂlt e &ﬁﬁeﬁg‘lﬁ)"egr%@it@@dgwrf [Fo¥8%er |ayers
having differ @%et iLGknessic.1he objective Iens 10 converges incident |ight
emtted froma Tight source (i.e. , a sem conductor |aser) onto an

informatiqgn layer twhgoudiva he280M&1 1hayere Qrabhe aRhiggl vaa Hissc.
aberrations of the objective lens according to the third
embodiment when the thin cover type optical disc is used;

Fig. 13 is a lens diagram of the objective lens according
to the third embodiment with the cover layer of the thick cover

20 type optical disc;

Figs. 14A, 14B and 14C are graphs showing various
aberrations of the objective lens according to the third
embodiment when the thick cover type optical disc is used;

Fig. 15 is a lens diagram of the objective lens according

25 to a fourth embodiment with the cover layer of the thin cover
type optical disc;

Figs. 16A, 16B and 16C are graphs showing various



The objective lens 10 is a biconvex plastic |lens having first ?Pg}%ggm@d
aspherical surfaces 11 and 12. A diffractive lens structure is on
‘the first surface 11 of the objective lens 10. The diffractive |ens
structure is forned, simlar to 25 a Fresnel lens, as a Iar1g7e n er of
concentric rYRB¥%4ch of which has a werlge sectional shapk® ‘Eﬁ?,’#'j?_“ f the
boundari es between the adjacent rings is formed as a step giving a 2 4
nEC 2002 WO 00/ 00964 12 PCTI JP99/ 03413 predeterm ned optical path
difference. Fig. 2 shows an optical system of the optical pick-up on which
t he obj ecti veabernstionssof ndieabbpsektillee leapd izabraysd en ithel fklesha DVD
nodul e 21) a CD nodule 22, a beam conbiner 23, 5 a collimator | ens 24 and
t he obj ecti veeleeinept Werih the tivin moer ekviEl oahdic@P discpiowistdd with a
sem conduct or | aser_,and _a sensor that are nounted on a common substrate .

The obj ective |end*¥0 s*HBurfREFIRFTa™MYctize 28 St iRyl SRCRSFAHNE0 adj ust
the | ens positi corresponding to the position of t infarmation |0 | ayer
b3 AL EERGNAN L L e BORLL LoBLoL, LS grgetl on |

of the optical B i'n~cover
t hi ckness gf ttggecd%,\{:%aiaa/i%rc;of the DVDis 0.6 mm In order to forma fine
beam spot on the DVD, a |aser beam whose wavelength is within a range of

635 nm t hrough 665 Fipsi S1822quUBReshd @8ct hee Araghs hawelvingSvhiheseD- R and t he
CD are thick cover type optical discs. The thickness of the cover |ayer of

the CD-R or tReedBYigns of e ThieDVR Lermiacesrdinmder theafewfthabout 780
nm wavel ength due to its spectral reflectance. Therefore, a sem_conductor

| aser of the EBVESHIERFeVIE $5°ehPt e CREST d5Bte BREHTHF HB35nhe 3156650 nm
revelenal ) o sem SHUCGLEY oL ARSlo A% CEMBINLE 22 SO Blleyhaeer bean
conver ges 19nt @otdeiirbh AR ABNE eh thE QUYB tNE GO¥ENtHAYREN cover

type optical disc;

Figs. 20A, 20B and 20C are graphs showing various
aberrations of the objective lens according to the fifth
embodiment when the thin cover type optical disc is used;

15 Fig. 21 is a lens diagram of the objective lens according
to the fifth embodiment with the cover layer of the thick cover
type optical disc;

Figs. 22A, 22B and 22C are graphs showing various
aberrations of the objective lens according to the fifth

20 embodiment when the thick cover type optical disc is used;

Fig. 23 is a lens diagram of the objective lens according
to a sixth embodiment with the cover layer of the thin cover
type optical disc;

Figs. 243, 24B and 24C are graphs showing various

25 aberrations of the objective lens according to the fifth

embodiment when the thin cover type optical disc is used;

Fig. 25 is a lens diagram of the objective lens according



25 D1(shown by a solid line) or D2(shown by a dotted line). Wien the thin
cover type optical disc having the thin cover layer D1 is used, the DVD
‘nodul e 21 is operated to enit 2 4 OEC 2002 WD 001 00964 13 $OFCIWOD/ 03413.
the | aser beam L1l (shown by a solid line) . The |aser beaml.1 o gonverged
onto the i nW&8480%6n | ayer of the thinigcover type opti caIPCJ{JE%g/?ﬂr ough the
thin cover |ayer D1. Wen the thick cover type optical disc having the
thick cover layer D2 is used, 5 the CD nodule 22 is operated to emt the

| aser beam L2(shown by a dotted line). The | aser beam L2 is converged onto
the informati@ncha¥et R fenbb@iddHtCli iOVRE cbyee 1apét o2l crd egidEowrgh the
thick cover layer D2. The diffractive |lens structure has wavel ength
dependence 1(cypechptivrtl dipeedeternined order diffractive light, which is a
first order diffractive light in the enbodinments, fornms an appropriate
wavefront for the FH% @é@erzﬁ%ﬁ@doﬁﬁq cgle EF%@SatShQWW%ﬁ/é’Iaé‘ﬁ@Fﬁ of 635 nm or

650 nm and fqQrns an a ro wavefront for t Y type opti cal
disc at a wa éﬁaf"nml Lq?r‘ﬁ‘:tf‘ﬁe 45 AETH tE li'f?e(% ? Bractive lens

structure fasyg, %MQA@%&H gpﬁﬁr ec&&reﬁ“wpé Bat ; &h8%é8?| QREY.T Ald on

changes in t he under correcte flon ab wavel engt i nci dent |ight

increases. The sphgid cal; abes rabanskhangeseldt ilA8hoy esaqfeact ed 20
direction as the thickness of the cover layer increases . Further, the

di ffracti vel ehisfravcivwe efclhabgesy whdsypherliecgthaberration in the
undercorrected direction as the wavel ength of the incident |aser beam
i ncreases. And thus, since a |longer wavel ength | aser beamis used for the

t hi ck cover type optical 25 disc, .and a shorter wavel ength | aser beamis

used for the Mﬁ—%g@c%mﬁc, the change of the spherical

aberratio dueto ge ,of aCVEL e k S ed by 2
gl@% 4%5 2 Jlgic'%ﬁ %’? ol % éx-ﬁjsectc LEkNes 16%&8&%59&

.4 DEC 20 WO 00/ JP99/ 034 ange of the spheri cal

aberration dU@b eRbbdignamdyel miRgt tn deperdent &1Qly; tHigy . dif fikagvieveidLns
structure. An additional optical path |l ength added by a diffractive |ens

structure i s esgmsessedidnglt heew;0bhd\digg Uptiiscai epaahodsl diifi¢ eriencet f uncti on
fi(h): ~(h) -_(Pah2 + P, h + P6h6_+ . X ~) where PZ) Pg.and P6 are
coefficients %‘fg seRoffe oF"éﬁi:’t'—h"‘*“a|]1ln%|19t1r? W%@é thaporsifat GAEXTYRIM t he

optical axis L8, & wavel en th CI Jdent a%tlt oa e function ~(h)
O an O lC S ca .
represents anto op Feat patsﬁ dﬁ%f & ence Vet aediFan |mag| nary ray that is

assumed 315 yecording/reproducing a plurality of kinds of optical discs
({e.g., CD, CD-R and DVD) provided with cover layers having
different thickness. The objective lens 10 converges incident
light emitted from a light source (i.e., a semiconductor laser)
onto an information layer through the cover layer of the optical
20 disc.

The objective lens 10 is a biconvex plastic lens having
first and second aspherical surfaces 11 and 12. A diffractive
lens structure is formed on the first surface 11 of the objective
lens 10. The diffractive lens structure is formed, similar to

25 a Fresnel lens, as a large number of concentric rings each of
which has a wedge sectional shape. Each of the boundaries

between the adjacent rings is formed as a step giving a



not to be diffracted by the grating and a ray that is diffracted by the
grating, at a point on the diffractive | ens structure where &hOEbeipght from
‘the optical axis is h. 2n such an expression) a negative value of the
second order coefficient PZ represents 15 a positive paraxial power-of the
di ffractive V@AY908¢4 uct ure. Further, thg negative power i ﬁﬂ’@’a?g@él% th

i ncreasing the distance fromthe optical axis when the fourth order
coefficient P9 is larger than zero. An actual m croscopic shape of the
diffractive lens 20 structure is defined |like a Fresnel |ens having a |arge
nunber of congesl¢ieiminBgSoptiRal asddaldishapenhce.(h) is defined by
subtracting .1x m(m: integer) from~(h) as follows. ~ (h) _ (MO ( PTh2
+ Pah9 + + C, 1Fig- Tphows ap @yhiisel sysgensofathe apsdcatwekckrgs bnf or which
the steps of 25 the grating gives an optical path difference by one

wavel engt h, aMBiEm&hg phiectiveel &5 it8i Thépshe s TP CRFERPUFNSEE™ he

bl azed length ~ g. Synbol C i tant defini 2 ~
DEC 2002 V0 08T60SER D PogH 415 = CBESATe B8, kPt GbblEe: 20 "acent
i 0 = Co<cdqd ' AR Lnder wh

19 dl v a3 By LS L Hr 28, R bifjedquis SRR A Dbl JETRENCE e"

boundary . Theodifdd aat ine 2hens pitorAabaing thsa f mieenaictdie 1base saur ve t hat
is 5the lens surface of the refractive lens . Inclines and steps of the
ring areas are slsiogngthtsard mphated he opbinal splbs tratief. f Breepbipsctdve def i ned
by ~' (h) . The objective Iens 10 satisfjes the following condition (1); 10
(1) -15 < (hadpnffli0is moppbedga pLfacusradiystdng aschanise tAEIdGHEE fh6m t he
optical axis qof a _poipnt where a light r whose .NA is, 0.45_ intersects the
Qi fractive | ARESEBPHELUT ESTRBRAERES E8 1% POTLICD] T tR&CREPTIRT L0 he
variation,gf the.15 spherical.abgiLation due to change of the cover layer s
t hi ckness can be effectively counterbal anced by the variation of the
spherical aberrati ameobvd he dihif actbyaybensptithUdikee thieth DoKdess

wavel engt h change. If the internediate termof the condition (1) becones
| ower than -1%5f theeconsgd dayomobftheheV2os Pplhemi .cah ogber tat fom dudneo shift
of wavel engt h_becones t oo , L
beam spot on the DVD, a laser beam whose wavelength is within
a range of 635 nm through 665 nm is required. On the other hand,
15 the CD-R and the CD are thick cover type optical discs. The
thickness of the cover layver of the CD-R or the CD is 1.2 mm.
The CD-R requires a laser beam of about 780 nm wavelength due
to its spectral reflectance.
Therefore, a semiconductor laser of the DVD module 21
20 emits the laser beam of 635nm or 650 nm wavelength, a
semiconductor laser of the CD module 22 emits the laser beam
of 780 nm wavelength.
The laser beam emitted from the semiconductor laser
converges onto the information layer through the cover layer
25 Dl(shown by a so0lid line) or D2 (shown by a dotted line).

When the thin cover type optical disc having the thin

cover layer D1 is used, the DVD module 21 is operated to emit



| arge. Since the wavel ength of the |aser beamemtted by the sem conductor
| aser has a tol erance of about t5 nm due to an i ndividual dij.fﬁrcezﬁa?, i f
‘the variation of the spherical aberration is relatively large Wth Tespect
to the change of 25 the wavelength, it becones inpossi bl T

seni conduct gpqoggsgf emitting a | aser beam whose wavel engﬁﬁ&?’gﬁg’%@er ent
fromthe standard wavel ength. This requires selection of the 2 4 DEC 2002
WO 001 00964 PCT/ JP991 03413 16 _ , sem conductor | asers, which decreases
productivity. To avoid the above situation, the conpensation effect of the
spheri cal abetheatassy byan he (shdur Bgtd 8eli®nsnst r mbkWlasdrShednhel efsor e,
desirable to be slightly less than sufficient. 5 On the other hand, when

t he i nt er mediREerEModtot ke dafarrioiry Ipvexdedbe- thin iseveartyms on of the
spheri cal aberrati]gn due to shift of .wavel enﬁth beconmes too small, which

cannot count erPAF SRt 1S AR FR% 0t FVphay e il -afRet dbrorhifle to the

change of th oy . D Eur, r t nost._ syitabl e

val ue of the%oﬁggﬁkgé%ﬁc%gF%]Q%?’iépﬁlzég%ﬁ&% %gﬁoz";{’f llgge%%()?‘u_s l-ls_L%vvhen t he

635 through 682 apmReEeNgtiR basaltdead dnl usd 1@kt et RbfsicRuer type

optical disc and the 780 nm wavel ength | aser beamis used for the thick

cover type oy eatiotliesr 1i16) Titheshaddr dfeaman®!i@ngbhvefgddientastie due to the

change of tenperature causes the backfocus of the objective lens to change)

whi ch causes indegBateiarotaye| A€ ehehdhickagrierot vasaert omisd e theoudnper at ur e

change are ver séovyi, the focus error can be corrected by the focus

adj usting mecHEni8hT 7 vhg JoisﬁchF-zo pi ck-up. On the other hand, the

vavel ength of the hasglrd S ta0L dkis CRRAOAL I SHLI LU Hopbifeddser Out Ut
u r tion. The

bet ween high and | ow [evels ring recording operatio rapid shift of
wavel engtiy alsencankies dhiRict 0fhn Y boder aNgridctgdaNDIgHRE WDidperd ect!y
corrected by the focus adjusting nmechanism Thus, it 1s desirable that the
obj ective | ensirt0 osdicxodsEitantdgreslitdhtt Hat thevwedeAineitd hdotwecaln point is
reduced. 2 4 DEC 2002 WO 00/ 00964 PCTI JP99103413_ 17 The novenent of the
focal point rRPPrERriduretinPnsofeeEhe g inorriarutyPrRIoPE hedhrdi e akberrati on
in general. HovveveL Si nc? %J’ge ob{pecééove | ens_of the enbodi nent has the
wavel engt h débERUBHERE SN OF n&® X BlePT <310 aBer P27 iT0A™St 2 SREFPBEI®S correct i on
in the | ongi ' 146Gy 4 [ ; t ' ses the
novenent of Hﬁgeggé?gggggggp%#?ﬁ?ﬁgfﬁ%g t étcggrﬁggt%tg%*c?#?%é&?hr omatic
aberrati ors shaulgio e . bad aneeshvsidifeddts YRS idAkiEodcfvd DensphRenttdle
aberration due to shift of wavelength. to For the purpose, the refractive

| ens and t he hdisf &reatdleagtemersndantersichf thite spivbodaie ricelmageidrot al

| ongi tudi nal chromatjc aberration such that the backfocus increases as the
wavel engt h of EREST it F8ARt PIGRETFRCIEhSEEeChiRy eRe"d W ISHALTondi tion (2)
is satisfied,, ). 30 .. 8 < | dSA < -0 . 2 where dCA is a novenent of
a paraxi al folgglc?d%%'fzn]tl%gt s e|"’\1’°'tg(§;§f wavel ength and dSA is a variation of
spherical aberratifn fQhePBEL RBLrFAYIMchAndde i8NEHE Rle Byl GRGE . Wien
the condition (2) is satisfied, increasing of the 20 wavel ength noves the
par axi al foocalirpotihdn asvaie thibrhridse dfetis antriiRyes inbeed ©aal Fyrahst, by t he
mar gi nal rays closer to the lens. If the spherical aberration is al nost
corrected at thecdidifandbie lenmesevgithre changértipasphdrilcal ebgkrawiont at t he

i ncreased wavel eggt h is.farther fromthe | ens than the 25

=, (>7~%
par axi al focal® poF ntR3gr cPREeteth dAF e viaPePENHR waveLengid ChethDcal point by
the marginal ray %g the ipcrea gg vel en ttd]n~ Ls closer to the |lens
1 . :
than the par axi a?e oca 50| n{'m a?’ Re"s a‘r%‘ggrt us,’ sificd & 1Ghget
wavelength laser beam is used for the thick cover type optical
25 disc, and a shorter wavelength laser beam is used for the thin

cover type optical disc, the change of the spherical aberration

due to change of the cover layer’s thickness is corrected by



2 4 DEC 2002 WO 00/00964 18 PCT/JP99/ 03413 ' wavel ength ~. 0. Therefore, the
novement of the best focus position, which is an average frppm dgce raxi al
‘focal point to the focal point by the nmargi nal rays, can be reduce

Further, the objective lens 10 satisfies the followng 5 con (3) to
reduce the ﬁYR/@A/Pé?ﬂ‘ of the best focus pgsition due to rap’i’q&ﬁ /‘WB

wavel ength. (3) -0.020 < f / f~ < 0.020 where f~ is the focal length of the
diffractive lens structure that is defined as the foll ow ng equation; 10 fD
=1/ (-P? x 2~,). The condition (3) defines the conpensation effect for the

| ongi tudi nal ¢he ainge @beheatprdrichl ASekaovdh dat ca tral Wevedngespondi ng
to Abbe nunber for a diffractive lens is equal to -3.453. The negative sign
of the val ue FAepé¢minset e WppodEtradiiveehess aftrubeurt.spersi on when conpared
with that of refractive |lenses, and its |ow magnitude is an indication of
the | arge di spersi®8haddieiospdrptigaggeatdy 1%Pgdihf 2ddad bv e RéREragtiyet ure

having small power i ssoci ati on V\A% ?Ctl ve | ens nsat es the
chromatic abeEF%ﬁ’l otﬁucgﬁr?/\ﬁésn STRECRHHUPYi g’h %§;L ?‘ﬁ“lgatop&lf:%fj novenent
of the best f@EEéeM%‘et [aTySre V=Y tpqpr japid shift of wavel ength can be reduced
whi | e keeping the conpensation effect for the spherical aberration due to
the change of the @gver= l(ayfr+sphhi.ckpgss., Thexwavel engt hs of the |aser
beam are selected so as to 25 satisfy the followi ng condition (4); (4) 0.75
<~ 1/7,~ < 0. 87 were F;;Pj sndvy erenglef fdfidrte dBserohdamohioth bhd t hin
cover sixth orders, h is a height from the optical axis and A is a
wavelength of incident light. The function @(h) represents an
10 optical path difference between an imaginary ray that is assumed
not to be diffracted by the grating and a ray that is diffracted
by the grating, at a point on the diffractive lens structure
where the height from the optical axis is h. In such an expression,
a negative value of the second order coefficient P, represents
15 a positive paraxial power of the diffractive lens structure.
Further, the negative power increases with increasing the
distance from the optical axis when the fourth order coefficient
P, is larger than =zero.
An actual microscopic shape of the diffractive lens
20 structure is defined like a Fresnel lens having a large number
of concentric rings. The actual shape @’ (h) is defined by
subtracting Ax m (m : integer) from ®(h) as follows.
@’ (h)=(MOD(P,h® + Ph* +-+.+ C, 1) - C) X A,
Symbol A, is a blazed wavelength for which the steps of
25 the grating gives an optical path difference by one wavelength,

and the diffractive efficiency becomes the maximum at the blazed

wavelength A,. Symbol C is a constant defining a phase at a



~ 2 4 DEC 2002 WO 00100964 PCT/JP99/ 03413 19 _ type opti cal ?i;ﬁ 3@@ ~ Z
is wavel ength of the | aser beamfor the thick cover type opt 4 EQH . Waen
“the condition (g) is satisfied, the diffractive lens structure sufficiently
changes the spherical aberration due to 5 the shift of mavehg&%‘nB'The

rati o of thd¥ajeesée€ngt hs 7~1 and 7~z represents anount of P4 wef ront
aberration caused by the one step of the diffractive |lens structure. For
exanple, when 1 is 650 nm 7~z is 780 nm and the anmount of the wavefront
aberration at 650 nmis considered as the standard val ue, the 1o wave front
aberration ofpduhBAry bedRded 48Pbnl6biBiysi & added) t anehminskassaod(x¥al ue per
one step at 780 run. If the ratio of the condition (4) is larger than 0.87,
a nunber of stlepspoésdrnies dhéfractinder lvdrn st isiciividednby eases in order to
obtain a predetermned wavefront aberration with |oss of |ight anount 15 at
the edge of M@ (FEpBA Furterl) tise egnrl 419 @arofat Haesheendazal Bberrati on
with the shif_t_of wavel ength becones too |arge,. which prohihits, the use of
a sem conduct%‘rfflragg’rv‘?/\/r]ﬁgg sltégﬁ?u’iﬁaﬁélfé’ﬁﬁfﬁ ‘i%s“a?#f’ﬁéﬁe VE9R tHe st andard

tevel enot iy QL g SUBES (P cUNETHRE 1 8tiede T 1Rel SyEMBLSrod han 20

r
0.75, the difference between ese wavel engths becones too e, the

averaged di ffractiivg &fddsCheacyehgeesesidoenst®ile opiecd] gzed wavel ength
7~,8 at which the maximumdiffractive efficiency is obtained is selected at

the tinme of tdiffdesngrs airet Aefimect byc@pik) construction of the diffractive

| ens 25 structure. The bl azed wavel ength ~ of the diffractive |ens
structure in the EBAtdieceyvonecarothdathel vy ithal febdicyingtgaarieson
condition of ~ 1 < ~ < 7~ 1in order to keep a high average 2 4 DEC 2002 WO

00100964 Z o / JP99/ 03413 diffractive efficiency. Wth this condition,

for example, when {4l i.$563% Rd_~pi S, 780 _nny the diffractive set at any
wavel engtk bet vveenl),l, and 7~mzpss)a/5 Fi g2x§2‘7&?§ a graph showi ng the

diffractive effici gReten, Menrehge Hintz edomanel AaldALl xisebral pb3o nm 690
nmor 710 nm In any cases, the diffractive efficiencies at 635 nmand 780

nm ar e | ar gerwhdi@na abgint: &y $hodding shdwd5ssirdfarseens [bhel differrcviveies as
conpared with 40 ~ in the optical systemdisclosed 10 in the Japanese
Provi si onal PR¥®hEEPUBFYEati on No. HEl 7-98431. Still further, the

obj ect i ve Tens 10 g the enhadi ment s sati.sties.the.{olloning Gonditions (5)
and (6) to further increase the diftractivée et el ency. ? 0. <~/ 15
(6) 71.8 45 ~-§ph<er:kcgz§-aberration due to change of the cover layer's
thickness can be effectively counterbalanced by the variation
of the spherical aberration of the diffractive lens structure
due to the wavelength change. If the intermediate term of the
condition (1) becomes lower than -15, the variation of the
20 spherical aberration due to shift of wavelength becomes too
large. Since the wavelength of the laser beam emitted by the
semiconductor laser has a tolerance of about 5 nm due to an
individual difference, if the variation of the spherical
aberration is relatively large with respect to the change of
25 the wavelength, it becomes impossible to use a semiconductor

laser emitting a laser beam whose wavelength is different from

the standard wavelength. This requires selection of the



When the bl azed wavel ength 7~,His close to one of the wavel engths at ~, 1
and ~,Z, the diffractive efficiency at the farther wavel engt% BEONI0he

bl azed wavel ength 7~ decreases . Wen the conditions (5) and (6) are
satisfied, the diffractive 20 efficiency becones about 95 ~ e at both
of the waveMEhiop%4 1 and ~, 2. The bl azed wavel engt h of tlfﬁ;”ﬁhmg?lacti ve

| ens structure in the peripheral region is shorter than the blazed

wavel ength 7h of the diffractive lens structure in the center region. 25

Al ternatively, peripheral region of the |lens surface, on which the

diffractive |s@ascoiduttou! Badet sl ot dbSrda¥ciephdRuck iG08y ] MdoaksoiUr f ace
W t hout steps. The peripheral region is ' 2 4 DEC 2002 WO 00/ 00964

PCT/ JP99/ 034 k3e2dbaief hewhtdona thegtompenset dom eféeghtoff tlosbheropli cal axi s
falls in the range of 85~ through 100 of the effective radius of the
retracti ve | SRSrIaHLOVY FReyitésankiey 16n80stipstlEe N ofth6T 88 enough 5

f the CD CD-R. T . t si th .0f . 0. 50 has, th
contrary, a S8 FATIUGRcEEORLATHE PP UtCrRgh O {FHE"ED or OD R The | aser
beam having 0.6 i ny,NAHOLEEeA Ha08, d tREAMSRRkal Ofe ERCHE AnlD R

Therefore, the peripheral region is desirable to be an exclusive use of the

DVD. When t heochkagesh | Q)wexedLrgt-h, ofhd Rarpetigpheratns egneriés) shorter than
the center portion, the diffractive efficiency for the CD or CD-R decreases

and that for db¢brancaredseso. shiifenof wevekerngiharedomeegiamnsmasl It, ehicdnt | nuous
surface where the aberration is corrected for the DVD, the peripheral
regi on oper at@8nep COBRTTRIE aPRe thayer ipekan abtiorrheid coVPBLestatio ur t her,

spherical aberrati of, a positive refractiye lens varigs in th
over correct ed di %C’egg Focnhagggt%%ié? SOUPE YAYEEs® &hécg%escfe'c?%%tshleﬁg %fe t he
refractivg i ndex, s@ndhle,sem 89%@#5&8@&@&?&4‘%:&E‘pr‘é‘lflé‘tc‘éh&i@ﬁﬂ?”dence

such 20 that wavel ength of the em aser 1 ncreases as tenperature

rises. Wien the iempenatiliewhesahe t1® thebidcicbyend @ase Cdratgesaddie
spherical aberration in the overcorrected direction, and the

di ffractivel dreamsts yeedr foxcthagdsint hespherpe alptabat rditsicoand rthehEs 0
undercorrected direction_because the wavel ength of the 25 light emtted
fromthe seniTOMRHFCEHFtR d888T PARY d5s6ed IR G thack RRNBESYBE PRE&lpheri cal
aberrations cdatéséed by the refractive lens and the diffractive |ens
structure can be count er bal anced 2 4 DEC 2002 WD 00/00964 2 2

PCT/ JP99/ {33413 The shift of wavelength of the laser due to the change
of temperature causes the backfocus of the objective lens to
change, which causes focus error. Since the change of backfocus
due to temperature change are very slow, the focus error can
be corrected by the focus adjusting mechanism in the optical

20 pick-up.

On the other hand, the wavelength of the laser is rapidly
changed by switching of the laser output between high and low
levels during recording operation. The rapid shift of
wavelength also causes the focus error, and it cannot be

25 perfectly corrected by the focus adjusting mechanism. Thus, it
is desirable that the objective lens 10 is constituted such that

movement of the focal point is reduced.



to each other. Therefore, when the objective lens 10 is nmade fromr
whose refractive index decreases as tenperature increases, the DRG ?@thlve
| ens structure is desirable to be forned in the 5 peripheral region as wel |
as in the center region. In such a case, the diffractive Iﬁg@ "1%(%51 cture in
the peripheM%%¥ion is desirable to have shorter bl azed WAVE th than
that in the center region in order to increases the diffractive efficiency
of the | aser beamfor the DVD. 10 Six enbodi nents according to the above
mentioned construction will be described hereinafter. The objective |lens 10
of the enbodi ment sTiws encembgnedt ftae tdwicpopat ilthebeptdédaledpbgk-up for both
of the thin cover type optical disc having 0.6 nmthickness cover |ayer
such as a DVxarectimg tlvngktedirerl thpemdticopbéxcatidnsin panemgll. 2 nm

t hi ckness cover layer such as a CD or a CD-R_ The diffractive |lens
structure is HOENEE: ohindfe the rahti esi vackenisnof hiee iepbedimentonas i rd and

fourth embod d on th the fifth and
St h enbod HENESPa0 ERBTUTSNER L1 GPRs CHOVETRE -G cEbF JEFERs 10 of

the first enhqgi I r it ver .t opti cal
disc. Fig. 5‘35 shg\%gg% g‘bjttggtﬁ}l\gqtgggﬂﬁlo c%?%%lrﬂ%gggt% Coglye%nDé@%gf the 25
thick cover tyfherapy Cl&'lcrdh§@s thBemdiRnk Cod tBeNsddtiebteaodshelqof are
described in TABLE 1. The surfaces #1 and #2 represent the objective |ens
10 and t he surHuscebe#Smamrdtidn of Zhdé OBEOMRO02 AMRrGRLOODhdRCH/ 399103413
23 represent the cover layer of the optical disc. In TABLE 1, NA denotes
nuner i cal apé?ac]tﬁllf’éedf‘”l(thrﬁ}te variftigerft ehe SRBeY el abeycat ipRfyehte D (unit
nm) denot es the diffractive lens structure, c~ (unit

degree) 5 dens(ﬂg ﬂsﬂfa&ﬁ&f‘% Bf view, ~, 1 (unit : nm) denotes the
wavel engt fy f0X t hegbhicReGRYEESL Y RGO GaL il $Ens Fnd t@lgnalff{aae}vedenot es

the wavel ength for the thick cover type optical disc uni t

denotes a bl avet wavetQngt Bf the dmpbiimentTihveeittaes 16hei diight from t he
optical axis of a point where a light ray of io which NAis 0.45 intersects
t he diffractishromensc sthegtetia suclf (whiat thenpdckfocusencaernads @s ©fe curvature
of a surface ( the values at the_vertex for aspherical surface), d~ (unit :
m) denotes aNSIERAER %e?%éﬁcfﬁ"é“sﬁﬂ%égc’é?a&ﬁ@ 13 5PeifCALOWAS for the
thin cover ty ical. . di.sc it : mm denotes the distance 15 for
the thick cov‘gorndtOQp%goL?t)l égl s tflss'cf(leﬁ , denotes a refractive index at a
wavel engtfy ~, nm angl) vy genougs,/ oy Abbe, nunber. The base curve of the first
surface 11 (surface #1) is aspherical. The base curve is defined as a shape
of the refractive Weese tATat 1<eesonaterimok udeatrhrigl ffforattpaimt! etish 20
structure. The second surface 12 (surface #2) is also an aspheri cal

surface. An adpifér Péa‘#’a‘éﬁ}leﬁaé}é gngl é)?ﬁré%saeffaﬁya‘tlﬁél Pél ‘Fléﬁrﬁrﬁ&aéquatl on: z

X( h) h ~ + Aah' e + Aiohio ( hFc_X(h) is a
SAG that is, a%er(fia&%?\c% f“aﬁgb’ti’rlvéraﬁo‘?ﬁ%‘ A§ t"‘g?ﬁlfénf’ifa 158t a poi nt

on the surface whepged N5eeL gl LhOM | 18 QRNIHLaaN 2xblslhe JBOL © 15 a

curvature ( 1/r) o e vert
20 wavelength moves the paraxial focal point away from the lens

and moves the focal point by the marginal rays closer to the
lens. If the spherical aberration is almost corrected at the
standard wavelength A,, the paraxial focal point at the
increased wavelength A, (>A;) is farther from the lens than the
25 paraxial focal point at the standard wavelengthA,, and the focal
point by the marginal rays at the increased wavelength A, is

closer to the lens than the paraxial focal point at the standard



2 ~ DEC 2002 5 10 WD 00/ 00964 24 PCTI JP99/ 03413 of the surface, Kis a
conic constant, Aa, A6, Ae, Aso and ADZ are aspherical surfaZg DEREeRBRCI ents
*of fourth, sixth, eighth, tenth and twelfth orders. The constant K and
coefficients Ad through AlZ of the first and second surfaces gf &ge'

obj ective | dYR0099%4r & shown in the fol lewi ng TABLE 2. FuriHeFPXB 2

i ndi cates coefficients of second,fourth, sixth, eighth and tenth orders PZ,
Pd, Ps, Pe and Plo of the optical path difference function ~(h) to define
the diffractive lens structure. [TABLE 1] 7~1=650nm NA 0. 60 f=3.30nm

f 0=330. 53mM (wvdrlefgtid 551 HMBIM@fb#4) the?2mdB&NtNALOtHS Herd. B2om C~=1. 0
=710nm 15 Surface 20 25 Nunber rdld2 n650 n780 v d#1 2.1172.4002. 400

1. 54082 1. 536795183084 hizh2Bvan 3g21aQ9 Fram-theopraxiad+Zp et Bimt2to Sur f ace
#1 Surface #2 K -0.4400 0.0000 A4 -0.2560X10"'Z 0.1882x10'1 A6 -0.8470x10""
-0.5235X10' ' the fgcpE ROPGPY i TRsese PEYFIPRAL®SAFSIYesdre Alo AMPI 5 P

Ps Pa Pl o 0. 830010, 0, 327530501 JA0K10 v 32800 e £19200440" 5

5 condition (3) to reduce the movement of the best focus position
due to rapid shift of wavelength.

(3) -0.020 < £ / £, < 0.020

where f, is the focal length of the diffractive lens
structure that is defined as the following equation;

10 f, = 1/(-P, X 2A).

The condition (3) defines the compensation effect for the
longitudinal chromatic aberration. It is known that a value
corresponding to Abbe number for a diffractive lens is equal
to -3.453. The negative sign of the value reflects the opposite

15 sense of the dispersion when compared with that of refractive
lenses, and its low magnitude is an indication of the large
dispersion. Therefore, a use of a diffractive lens structure
having small power in association with the refractive lens
compensates the chromatic aberration.

20 When the condition (3) is satisfied, the movement of the
best focus position due to rapid shift of wavelength can be
reduced while keeping the compensation effect for the spherical
aberration due to the change of the cover layer'’'s thickness.

The wavelengths of the laser beam are selected so as to

25 satisfy the following condition (4);

(4) 0.75 < A /A, < 0.87

where A, is wavelength of the laser beam for the thin cover



-1.5289 -5 . 5184x10-1 1.5292x10-1 -1. 6178x10'2 to Figs . 4A through ~C
show third order aberrations of the objective | ens according ;go‘ bgﬁg{w st
“enbodi ment when the thin cover type optical disc is used at of
650 nm Fig. 4A shows spherical aberration SA and sine COE%%E §R43C at
wavel engt h 68@YMHO4Fi g. 4B shows chronabi c aberration s5 2¢Ented by
spherical aberrations at wavel engths 650 nm 645 nm and 655 nm and Fig. 4C
shows astigmatism (S: Sagittal, M Meridional). The vertical axes in Figs.
4A and 4B represent the nunerical aperture NA, and the vertical axis in
Fig. 4C 20 repymseptscan@gecheight, Ys wiielenfci BE bos i1ze8t adeanXEsri s " mmdt
in each of Figs . 4A through 4C . Figs . 6A, 6B and 6C are graphs that are
simlar to Figse thAckdd®wrd t0e wheicehedidr.ck cover type optical disc is
used at wavel ength of 780 nm_ The spherical aberration is sufficiently
corrected at both YBeBfhgsOnaitior (786 #atast kovirhe i Hirgstivalansl 6A. The

par axi al focal_point nmoves such that the backfocus,increases as fhe

havel engt h of PG TRE Rt PO TRAoSAcLe Sor e helebBas s boF 0064
PCTI JP99/ 03413 26,1 FREoFeaRBhq@f. The ParaxbalcHoGabe NOIgthsOARY +5 nm
shift of wavelength is represented by the wi dth between the | ower ends of
the curves foX, 65 d¥enaBtnoat WP the MagefAdht dberradibatdazeafbyspheri cal
aberration for marginal rays OSA by +5 nmshift 5 of wavelength is
represent ed byn¢ lseéepiaft hheeliidencthee Upperstendrwfe .t her cxampeld owh&850 nm and

t he upper end_of the parallel translated curve fromthe curve for 655 nm so
that the |owel &Ad°théfeot: 1§ ABY W PBIt Hhe PORRRT Hd tBE YHEARYe for 650

I BEcause Lot Aok LB, VALUGS SalL ot Deasnd D (Blp, 10, e

curves for 650 nmaa nmin g. Uhe whi ch
represent $o t hgap@MicRE ARUEL: Of ok NG ghestsd)0eds=-Poddehan ditfed @ LRE rapid

shift of wavel ength becones relatively small. In the above descri bed
nuneri cal constdndirdonabdle tdee dbe fdtept aentadingentf dHeerdtid racthee | ens
structure, which is blazed for 710 nm is forned on the first surface
within the entépditiegi 64 iis dnredf ddainye. §hdieusumar rhiesoedrerthine, the
peri pheral region may be optimzed for the thin cover type optical disc.

The obj ect i veStEHECEEVERETS SEEUTHISIRERT2 908 120° X9 EPF R Pe®radi us of
1.98 nm and t h?e eQ:Cé@'lnil'x Qg}agegli’%rgt %gg]{}.:%olr\lmwgtheslo%gec}g ‘ilg{gllf\?g%ngﬁﬁ{:r ed for

the thick covef L{ype Op%l cal nm and 't oCa t her eof

is 3.32 mpat aNPLO cdge oENUR(sddiR . RRELRBET Bhe L8 AN ohS el ddirdi881a region
where a height fromthe optical axis falls in the range of 75 . 5~ through

25 100 of t heakéfrettibueritadinesshidttofevafviel shgembadineeitoo larger datcho

optim ze the peripheral region for the thin cover type optical disc, the
peri pheral reBFORBFE} bee fened & Semicopfuctay02asyy OWee89bESPCT/ JP99/ 03413
27 as the di ffracj'éei \é%Hl ens..st.ruct ur or the continuous

bl azed for. 6%0 n
Surface compeRIRHOER AbEl4ErEns FoF BAO TArHLT RSP pheral regi on
s formed as the Copt LAUGS.SUEI@fCunkhRrdl HIEAPINE 1oP0Ra ldwichug e bl azed

for 710 nmis forned int
20 0.75, the difference between these wavelengths becomes too

large, the averaged diffractive efficiency becomes too small.
The blazed wavelength A, at which the maximum diffractive
efficiency is obtained is selected at the time of the design

of the microscopic construction of the diffractive lens
25 structure. The blazed wavelength A, of the diffractive lens
structure in the center region around the optical axis satisfies

a condition of A, < A; < A, in order to keep a high average



5 center region. The center region includes a center circular gorti on and
first through fifteenth ring-shaped steps. The sixteenth ring 24vBEG 2002e
peripheral region that is rotationally symetric aspherical surface defined
by the follow ng coefficients in Table 3 . The synbol Dis at‘%h}'o;‘ﬁs'armunt
10 between tWOWME surface at the optimal axis and that SFMRE*Petipheral

region along the optical axis direction. [TABLE 3] r=2.09903 15 K=-0 . 44
A4=-8 . 73_10mA6=-1. 2 6_10-gA8=-6 .17_10-sAlo= 6.67_10-s 20 Al2=-6.20_10-e
D=-0.01923 Fig. 7 shows the objective lens 10 of the second 25 enbodi nent
and the cover diéferctbie @ff fibbeddy.winOVveliid yoediofionc alorOé&nplEl ghel Shows
the objective lens 10 wth the cover |ayer DZ of the thick cover type
optical disc.MThe §¥dneriang A ig BDREE Xbe2dbEfxactiviaD 00/ 00964 28

PCT/ JP99103413 construction of the second enbodi nent is indicated in TABLE
4. TABLE 5 shows conic constants and aspherical surface coefficients for

the first and secoggt %%rg%%avqugggﬁz%e&%%%vg gggffisci ents of the

diffractive | ens structure forne I'rstt surfdce. Figs. 8A through 8C

show varioys aberratyong 9 4 Beambis@stiye thens: aeaet g rkd-idg88cond
enbodi mrent when the thin cover type optical disc is used at wavel ength of

635 nm Fi gs. wvA€A thhrligled T «lleant v drsi oets a2be3T ahi 05e0 whesr vhenkhi ck cover
type optical disc is used at wavel ength of 780 nm [TABLE 4] ~, 1 =635nm NA
0 . 60 f=3 . TomnAY PaSSH theChrifxactive mfficiemgimn a#1935- np=78DAKPNA 0. 50
f=3.52mm w=1. 0 ~=690nm Sur face_ 20 25 )
nm are larger than about 90 %. This shows sufficiently larger
values as compared with 40 % in the optical system disclosed
10 in the Japanese Provisional Patent Publication No. HEI 7-98431.
Still further, the objective lens 10 of the embodiments
satisfies the following conditions (5) and (6) to further
increase the diffractive efficiency.
(5) 0.87 < Ay / A,
15 (6 Ay / A, < 1.13.
When the blazed wavelength A, is close to one of the
wavelengths at Kl and A,, the diffractive efficiency at the
farther wavelength from the blazed wavelength A, decreases. When
the conditions (5) and (6) are satisfied, the diffractive
20 efficiency becomes about 95 % or more at both of the wavelengths
A, and A,.
The blazed wavelength of the diffractive lens structure
in the peripheral region is shorter than the blazed wavelength
A; of the diffractive lens structure in the center region.
25 Alternatively, peripheral region of the lens surface, on which

the diffractive lens structure is formed, is formed as a

continuous surface without steps. The peripheral region is



Nunmber rdl .d2 n650 n780 v d#l1 2.2782.9282.928 1.54142 1.53677 55. 6#2
-6.5081.5211. 153#3 ~0. 6001. 200#4 [ TABLE 5] Surface #1 Surfg%ﬁ #2 K -0.4400
'0. 0000 A4 -0.1890x10'2 0.2349x10-1 2 4 DEC 2002 WO 001 00 DEC 2002

PCTI JP99I 03413 29 "
AG- 0. 3510x 10Y0 0006437 10- 2AB0. 8300x10- 59. 8432x10- ' Al 0- 0. 1BSHFIY?EE. 1949x10-
Al2- 0. 3860x10-50. 00005 i
PZ-2.2497P-1. 1709P6- 3. 3665x10" 1P81. 1948x10' 1Pl 0- 1. 9838x10- 10 I n the above
descri bed nunerical construction of the second enbodi nent, the diffractive

| ens structurdsfinbiicds asrdpliarathelrera GRAghtEros dher epthican dhies Earkds surface
within the entire region in an effective radius. On the other hand, the 15
peri pheral relyg the mapapefopty rhrewr H00% hé the of fanrdvetnpdaupmifi gd  di sc.

The objective | ens of the second enbodi nent has the effective radius of 2.1
mm and the foEHF2FERGR HSBF-3.5 nmat NA 0. 6. The radius required for the
thick cover type opti disk is 1.7 and. the focal ngth thereof is
3.52 nmat NA 20 0%%%%%?“1?}%3 1%"erolgp erdl w?le{g% (I)\I%‘ ?éodéﬁi%egn%%g%a regi on
where a hej ghiof LRIADNS: @BLRC Bne@XhSed BbhS JulsiHE HANGE o8f0 & nad~ through
100 of the effective radius in the second enbodinent. In order to optimze
t he peri pher an tagicamtiaryt kebadiihfeaeste byppehdpepeaduddingCot tthe qmeri pher al
region may be formed 25 as the diffractive lens structure blazed for 635 nm
or the conti nAEB-RBufhadesesmramskadidc . aba¥atooms aftmo 685LInheam 2 A DEC
2002 WO 00/009b4 5 10.15 20 30 PCT/ JP99/ 03413 nmbodinment 3 Fig. 11 shows the
obj ective | en®°F0toF HfeCP T FPefhbddisFehtrandhenetiRieral ARSOBI 1%f t he
thin cover type. i L1sG. _Fi . 0 he jective.le O.with the
cover |ayer &%&%QF%%%{%?%ka%cgg!égusﬁ&%eﬁg%‘t’é’ﬁcg © (??}?c %FﬁIel %%Jeng’ri?%%

construct ion @fychbegtiordRNBOdidiRRb 1 ir%dliBHI1GALRE deB RABLENO cedABLE 7 shows
coni ¢ constants and aspherical surface coefficients for the first and
second surf acssxtiand tdiefdifacsdvisrecafffikiiehentsr ahe Cheordif-Rraetrexsed ens
structure fornmed on the first surface. Figs. 12A through 12C show vari ous
aberrations oind kbapfjoschV anFeeasesccirell nhetrenibberal rggembddi Bt when

the thin cover type optical disc is used at wavelength of 635 n Figs. 14A
t hrough 14C s?ﬂﬂglga?‘ilglf’é‘rgﬁg‘?r FEnSHMIBRTTHe Thi 8 ICXEFEF T yi9& @b‘?i cal disc

is used at V\%,e&% Begipgégl%gion operates to converge the laser beam
15 for the DVD.

Sstill further, spherical aberration of a positive
refractive lens varies in the overcorrected direction as
temperature rises due to decreasing of the refractive index,
and the semiconductor laser has temperature dependence such

20 that wavelength of the emitted laser increases as temperature
rises. When the temperature rises, the refractive lens changes
the spherical aberration in the overcorrected direction, and
the diffractive lens structure changes the spherical aberration
in the undercorrected direction because the wavelength of the

25 light emitted from the semiconductor laser increases. Thus the
changes of the spherical aberrations caused by the refractive

lens and the diffractive lens structure can be counterbalanced



[ TABLE 6] =635nm NA 0.60 f=3.50mm fD= ~ w=1.0 his=1.58nm (#1) 71,i =780nm
NA 0.50 f=3.53mm c~=1.0 7v, B =690nm Surface Number r #1 2.2Q3, Bpc##p28 . 3
67 #3 #4 d2d22.4002. 4001. 7811. 4230. 6001. 200 n650 n780 v d 1.54142 1.5367
55.6 2 4 DEC 2002 WO 00/ 00964 PCT/JP99/03413_ 31 _ [TABICI;,JZJ%?Hgface
#1Sur f ace #MRQW%4H00. 00005 22 P i
A"-0.1800x10-z0. 1746x10- 1A6- 0. 1500x10- 3- 0. 4844x10- zAe- 0. 9100x10- " 0. 5863x10-
" Al 'a0. 1150x10-"-0. 2529x10" " Al z- 0. 3860x10- 50. 000010

P,0.0P"-1.2621P6-1. 4187x10- 1PB2. 7738x10- zPl 0- 5. 6149x10-3 15 In the above
descri bed nurer egalt ocdestruction of the third enbodi ment, the diffractive
| ens structure, which is blazed for 690 nm is fornmed on the first surface
within the entire ThegréAre nwWaRD dhreRIoréivadiens.10ohs madedinearrefdid, the 20

peri pheral region be, optim zed for the thin cover type optical disc.
The obj cct | vEPPEREOFATHYS HISH STETACRENE TRIPSFREVES ABETSRRE% dthius of 2.1

mm and the f h . : he _radi requ r for the
t hi ck cover %%Er%ﬁl?’t@aﬂ&{ﬁ a%ug%%éy%%séﬁ?l}hgofgga# eeﬁg% tt(?”%ereof is
3.55 mm ats Npe2PpReral0regiidisis) wbtie ageih phar abnt&0ir@pibs. def khad as a

regi on where a height fromthe optical axis falls in the range of 84 . 0O~

t hrough 100 cfasthehef fetfrnaceivadiens struchers hinr the peotpmerdl. regidnd DEC 2002
WO 00l 00964 32 PCT/JP99/03413 In order. to optim ze the peripheral region
for the thinitARELrE)pe tegtaveashatites PlagedpEvepred dl thayitbat daychse f or med
as the diffractive lens strucfure blazed for, 635_nm or the _continuous
surface conp&RBEEEFCPROARBrIAISE orfs TPOr eSS ﬂ}ﬁg%f%‘?ﬁ(’ia?’?r&fnflﬂ“fficgf 15 shows

the objectived ens Qe pblif dQUELD pyp.

10 Six embodiments according to the above mentioned
construction will be described hereinafter. The objective lens
10 of the embodiments are designed for the compatible optical
pick-up for both of the thin cover type optical disc having 0.6
mm thickness cover layer such as a DVD and the thick cover type

15 optical disc having 1.2 mm thickness cover layer such as a CD
or a CD-R. The diffractive lens structure is formed on the first
surface in the first, second, third and fourth embodiments, and
is formed on the second surface in the fifth and sixth
embodiments.

20
Exbodiment 1

Fig. 3 shows the objective lens 10 of the first embodiment

and the cover layer D, Of the thin cover type optical disc. Fig.
5 shows the objective lens 10 with the cover layer D, of the

25 thick cover type optical disc. The numerical constructions
thereof are described in TABLE 1. The surfaces #1 and #2

represent the objective lens 10 and the surfaces #3 and #4



enbodi nent and the cover layer DI of the thin cover type optical disc. Fig.
17 shows the objective lens 10 with the cover |ayer 1o DZ of .&hdECh208%
"cover type optical disc. The nunerical construction of the fourth

enbodi nent is indicated in TABLE 8. TABLE 9 shows conic GSbARsAs and
aspherical ¥HW8YE coefficients for thesfirst and second ‘suf Faces,; and
diffractive coefficients of the diffractive lens structure fornmed on the 15
first surface. Figs. 16A through 16C show various aberrations of the obj
ective lens according to the fourth enbodi mrent when the thin cover type
optical disc depraset ahewawedreigibr off GHe optidalgslisc 18A t hrough 18C show
various aberrations when the thick cover 20 type optical disc is used at
wavel engt h of 780 HhitAPHIARL R/8RenqtessBaney I9a LA HuEs, S0MR¥D: ™Mcu=1. 0

has=1. ~ Z = : f=3. =1. ~ = :
15510 30 o SRR s el ST B G © - O
2,192, 3002. 3001y 54082 10 BRI Sya B 0L BRI ATLER (afl: GU0hedPU4 [ TABLE

] Surface #ISurtace

#2K- 0. 44000. QRHQALs Ba2b3R¥1002Q:i 2310 10n 1AG Qind Lol the3RTAX AL HAB- 0. 6630x1
0- - 0. 3534x10- zAl a0. 8400x10- 50. 9045x10-' Al Z- 0. 5800x10- 50. 0000P20. OP, , - 1. 3766

P6- 2. 0032x10-fb?B8h& 3631680 :0-tYpO58%dtR13dRET | MPobA841hm) ddndEess I n the
above described nunerical construction of the fourth enbodjnent, the
diffractive |eeswanalareth E0r ircHhick HveF e HeoPPtARE IrfS G shsf G¥HEF on t he

first surface within the enfire region in an effect| diug. On th
O![ her hgnq, trﬁ‘l\évI Bgél?iﬁ‘f'garaa%??%egqt IES’ﬁV Vg&g"ob.ﬁ ﬂ‘l‘rk’etd f %ﬁ"s che\eé{ﬁﬁisgabeover tspe
optical disc . ;I0e A& PRE'HrikEd Qhd S:AeTId1G0 @Set LOYI Gt WaGT&*

10 which NA is 0.45 intersects the diffractive lens structure, r

(unit : mm) denotes a radius of curvature of a surface (the values
at the vertex for aspherical surface), d, (unit : mm) denotes
a distance between the surfaces along the optical axis for the
thin cover type optical disc, d, (unit : mm) denotes the distance

15 for the thick cover type optical disc, nA denotes a refractive
index at a wavelength A nm and vd denotes an Abbe number.

The base curve of the first surface 11 (surface #1) is

aspherical. The base curve is defined as a shape of the
refractive lens that does not include the diffractive lens

20 structure. The second surface 12 (surface #2) is also an
aspherical surface. An aspherical surface is expressed by the
following equation:

2
X(h) = héc

= + Aht + A+ AR+ 4,00 + A,h"
l+‘/l—(l+K)hzc2

X(h) is a SAG, that is, a distance of a curve from a
25 tangential plane at a point on the surface where the height from

the optical axis is h. Symbol c is a curvature (1/r) of the vertex



2 ~ DEC 2002 WD 001 00964 PCTI JP99/ 03413 34 a height fromthe optical axis
falls in the range of 84 . 0~ through 100 of the effective ra@4gef redzhe
“fourth enbodinent as well as in the third enbodinent. In order to optim ze
t he peripheral region for the thin 5 cover type optical disc EPh§3"

peri pheral M08#64my be forned as theydiffractive lens HGT(RYS P bl azed
for 650 nmor the continuous surface conpensated in aberrations for 650 nm
Enbodi ment 5 1o Fig. 19 shows the objective lens 10 of the fifth enbodi nent
and the cover layer D, of the thin cover type optical disc . Fig . 21 shows
the obj ectiwz kaassudkasel hxtire sCo¥RIC |avetakl, Of, tAe A)i ak sever, type
optical disc. The nunerical construction of the fifth enbodinent 1s

i ndi cat ed i n dEAB PG icab sTiABREe Tbeshbwentone L founsht antstiangiaktpheri cal
surface coefficients for the first and second surfaces, and diffractive
coef fici ents \GRtEnAQitWELAER arderensther Fopstant ForrRFOSALLpkensEcdnd

surface. Figs. 20A throuygh 20C show various aberratiqgns, of the 20 objective
| ens accor di er"rf’Bé}F Ha: folt’%f ?ﬂe efﬁﬁﬁai%tseﬁﬂé‘i SEHE*TFH r?(%CBK}%rObtjﬁﬁEl‘@pti cal
disc is used g, W eixee{:%BEw&finG%%enﬂlllﬁvﬁﬁ fﬂ%g Brough 21C show vari ous
aberrations V\]hen tge thick cover type opti 8a I'sCc’is used at wavel ength of

780 nm 25 [ TABLE githek, #23D0MiNA; Ba 68 Eouk FACHENE5f se¥bdd O durghl. 23mm
(#2) ,Z =780nm NA 0.50 f=3.53nm w=1.0 2 ~ DEC 2002 WO 00/00964 a =690nm
Surface Nunberixthb &ighfh 288 tédth ©rd8ds #3 P,, P, P, and P, of the optical
path difference function @(h) to define the diffractive lens
structure.

10

[TABLE 1]

A,=650nm NA 0.60 £=3.30mm £,=330.53mm @=1.0° h,;=1.49mm (#1)

A,=780nm NA 0.45 f£=3.32mm w=1.0°
Ay =710nm
15
Surface
Number r dl dz nés0 n780 vd

#1  2.117 2.400 2.400 1.54082 1.53677 55.6

#2 -7.254 1.592 1.222

20 #3 oo 0.600 1.200
#4 w0
[TABLE 2]
Surface #1 Surface #2
25 K -0.4400 0.0000
A, -0.2560x107? 0.1882x10™

A, -0.8470x107 -0.5235x107?



#4 10 [ TABLE 11] 15 20 K A As Ae Alo Alz Pz P Ps Pa Pio 2 qgc gmz
d1d21. 9301. 9302. 0421. 6850. 6001. 200 Surface #1 -0.4400 -0.9330x10'3 -0 .
3370x10" -0. 5210X10- 0.7400x10-5 -0 . 3100X10'5 35 n650 n780 1.54142
1.53677 Surface #2 0.0000 0.1600x10-1 -0 . 2886x10'z 0.1%@%g%gh5u3'-

0. 2300x10' 6™G%BBE 0.0 -5. 2894 9. 3630x20- 1 -5.9940x10-2 1. 8211x10"

PCT/ JP99/ 03413 vd 55.6 In the above described nunerical construction of the
25 fifth enbodinment, the diffractive lens structure, which is blazed for
690 nm is formed on the second surface within the entire region in an
effective radius. 2n t hed . #BREKLEAND, the0.3275K1PEC 2002 WO 00/ 00964

PCT/ JP99/ 03413 36 , peripheral region na% be optimzed for the thin cover
type optical disc.AuThe ﬁgﬂﬁﬁﬂé}%l regi on”r 2 ned as a regi on where a

hei ght fromthe optical i ks in th e of 84 . 0O~ through 100 of
the effective radPﬁ% in_fﬁ%%P%?%h enbodiﬁéé?&gs well 5 as in the third
embodi ment. I n order to_QEhHEize the peripheral region for the thin cover
type optical disc, ‘the peripheral region nay be fornmed as the diffractive

| ens strueture bl gzed for, 5335 nmor the continuous surface conpensated in
aberrations for 635 nm to

P -5.5184x10™"
P, 1.5292x107
P, -1.6178x10°*
10 Figs. 4A through 4C show third order aberrations of the

objective lens according to the first embodiment when the thin
cover type optical disc is used at wavelength of 650 nm: Fig.
4A shows spherical aberration SA and sine condition SC at
wavelength 650 nm; Fig. 4B shows chromatic aberration
15 represented by spherical aberrations at wavelengths 650 nm, 645
nm and 655 nm; and Fig. 4C shows astigmatism (S: Sagittal, M:
Meridional) .
The vertical axes in Figs. 4A and 4B represent the
numerical aperture NA, and the vertical axis in Fig. 4C
20 represents image height Y. Unit of the horizontal axis is "mm"
in each of Figs. 4A through 4C. Figs. 6A, 6B and 6C are graphs
that are similar to Figs. 4A, 4B and 4C when the thick cover
type optical disc is used at wavelength of 780 nm.
The spherical aberration is sufficiently corrected at both
25 of 650 nm and 780 nm as shown in Figs. 4A and 6A.
The paraxial focal point moves such that the backfocus

increases as the wavelength of the incident light increases.



and the cover layer DI of the thin cover type optical disc

‘the objective lens 10 with the cover |ayer 15 DZ of the thick cover type
optical disc. The numerical construction of the sixth enbodi ment is

i ndi cated i WOMBIYE4 12. TABLE 13 shows gonic constants andPA&EHEPHdal
surface coefficients for the first and second surfaces, and diffractive
coefficients of the diffractive lens structure formed on the 20 second
surface. Figs. 24A through 24C show various aberrations of the objective

| ens accor di Rgetibdhensioft thephesdkiBnEo¥hiepothe Add By GeVes shybe «pti cal

disc is used at wavel ength of 650 nm Figs . 25A through 25C show vari ous
aberrati ons whealédurht hé clepeovertedbb \yhe widdichbtweacr the lsed atdsvavel engt h
of 780 nm [TABLE 12] 2 4 DEC 2002 WO 001 00964 37 PCT/JP99103413 1 =650nm
NA 0. 60 f=3.30nkhe puzYes fornezlam gnd 45510 FenF {92 AB=7BOnFarPeOLaB0 f =3. 53mMm
m1.0 7v, H =710nm 5 SurfaceNunber rdl d2#1 2..2071. 9301, 930#2

- 10. 0662. 042 PEs8BAGF 181 ~@°96566i1%0‘;@$ RBEG 1R7862YS d\Sh BY o2 1. $¥eF7 55. 6

[ TABLE 13] Surface 1Su ace_ #2

K- 0. 44000 *00GTAL AERYER 35 B Remnerot e 0r4sh Geresh 6 PE5. B8 0. as50x1

0-"0.1875x10- Ak Q @%&Q%%Q S%89p %%giﬁﬁpt§% upper end of the paralle

Al2- 0. 2820x10 50. 0000Ps- 3. 8063P4 5.3042P69 . 2234x10- 1PB- 5. 7284x10 225

Pl 0- 3. 4616x1Grensatdie caboy Erdastid kadvauiar 668l nne @dsthare tthenl®fert he 2 4
DEC 2002 WO 001 00964 PCT/JP99/ 03413 3S _ sixth enbodinent, the diffractive
| ens struct uread whdrekfi s ppued dof the 1¢venend &f theneutrvenfehéS58avwnd surface
within the entire %ggl on i.n an effective radj us. On the other hand, the

peripheral r @GFGHS eb’@téﬁtcifnfl}%stf ¥d u?%éa'f:l'ﬁf&ec?o‘%;éer C??‘f)’et@n Rlircal disc .
The peri pher I fin relon ere_a hei fromthe
opti cal g.li(&I S%Thaﬁ%glvgg ft %ggrsa?m aﬁ—% ?5%8%“ 29¢ h\lg*(}ﬁlé:ﬁriﬁf)t Eﬁe Vﬁlétlecfaf ective

radius in theaﬁgxtmfaﬂ)qu@&nt%s el hoRfhd Rmblge L4 rdhLmRedi FRNS

position due to the rapid shift of wavelength becomes relatively

Enbodi nent 6 Fig. 23 shows the objective lens 10 of the smthgp‘?@g gﬁﬁz‘n
ows

small.
In the above described numerical construction of the
15 first embodiment, the diffractive lens structure, which is
blazed for 710 nm, is formed on the first surface within the
entire region in an effective radius. On the other hand, the
peripheral region may be optimized for the thin cover type
optical disc. The objective lens of the first embodiment has
20 the effective radius of 1.98 mm and the focal length of 3.3 mm
at NA 0.6. The radius required for the thick cover type optical
disk is 1.49 mm and the focal length thereof is 3.32 mm at NA
0.45. Thus, the peripheral region is defined as a region where
a height fromthe optical axis falls in the range of 75.5% through
25 100% of the effective radius in the first embodiment.
In order to optimize the peripheral region for the thin

cover type optical disc, the peripheral region may be formed



In order to optim ze the peripheral region for the thin 1o 00:2%?2 %%2
optical disc, the peripheral region may be forned as the diff P ?ens
"structure blazed for 650 nmor the continuous surface conpensated in
aberrations for 650 nm The follow ng TABLE 14 shows the Vcalj 03 Ei the
first to 15%9%O%enhodi ments for the eonditions (1), (2)F ? %) (5)
and (6) . Since all of the enbodinents satisfy the condltlon (1) , the
deterioration of the wave front aberration due to change of the cover

| ayer' s thickness can be reduced. The conditions (2) and (3) are satisfied
in all of theaereddientstive Chn?stredtices YleedDienesi0 ain brethest focus
position due to rapid shift of wavelength. Since all of the enbodinents
satisfy the ceatiiniens spgface Spmpensatey, in peerrhanges for QWOWQP@ udi nal
chromatic aberration . and_the s herlcamaberratlon due to s

wavel engt h cafPhBETEIIeT5LI THFEE8, 15 ARHI 8% (the FaneiBE_ S Fu5 a‘ferreg}ée

enbodi nents f %g i 1 . 2 4
DEC 20f 12 \/\0‘3‘5"1‘%%585‘?%3%?“?@%@%%3 %ﬁ%ggé’?o—éﬁﬁ&‘ {Eé)nb%t)é mad i lcggl 2345
6 Conditiof (ddnrelOrBgidh.36nA. OARkd) 833:idh 94011adP2 <ehad) didcuP2X(has)Z
Condition (2) -9.7 -0.26 0.010 0.814 0.885 1.087 ~CA/ OCSA Condition (3) -9.4
-0.50 0.000 Opdildofl. 888 4i¥M7 th@ohdi (¥ iGredhth aringdshadéd 2steps43TRe 000 0. 833
0.910 1.092 ~,, /~.Z Condition (5) -9.2 -0.78 0.000 0.814 0.885 1.087 15

~, B/ ~ Condi t i ®¥xye@nth9, Bing. 4pver917cie SB8ripIIall. @9gien / thatWiite the
|nvent| on is described with reference to, specific enbodi nents, they shoul d
not be mterp’F%"caédoﬁgl?'Y nFYHIS GhE G‘ﬁpf‘ﬁ’él%acloﬁé‘réﬁcﬁhélelfh{}%‘ht]P36n bghe scope

of the 2o i nvgﬁlo%nb%o(A@El@le&tgyl 'ﬂeol%pjo.e'ﬂgee%o@ﬁs a shift amount

10 between the lens surface at the optical axis and that of the

peripheral region along the optical axis direction.

[TABLE 3]
r=2.09903
15 K=-0.44

A=-8.73_10"

Ag&=-1.26_10"

Ag=—6.17_10"°

A= 6.67_107

20 A,=-6.20_10°
A=-0.01923

Enbodiment 2
Fig. 7 shows the objective lens 10 of the second
25 embodiment and the cover layer D, of the thin cover type optical
disc. Fig. 9 shows the objective lens 10 with the cover layer

D, of the thick cover type optical disc. The numerical



2 4 DEC 2002 40 Clainms 1. An objective lens for an opti cal hea? 2002
conprising: a refractive lens ( 10 ) having a positive refract \’e powe

‘and a diffractive lens structure ( 11 ) having a plurality of concentrlc

ri ng-shaped steps that are forned on at |east one |ens surfaﬁ)%ég 3sal d
refractive Mh@00%erein said diffractige | ens structure HISTWET ength
dependence, with which spherical aberration changes as a wavel ength changes
, such that at least two light beanms ( L1, L2 ) having different

wavel engths with an identical diffractive order formwavefronts whose
spherical abe#drithr@Btich 60rgheCs @bnapiiddinah e ikoindicakeasin tawLke nds of
optical discs (D1, D2) respectively provided with cover |ayers having

di fferent thiTABIgssS 2shobse obtmisct cvestars aevdr dispiperocsl aiswrfaceherei n
said diffractive | ens structure has the wavel ength dependence such that a
first wavel entReffdrt entac ey Ehe ifgﬁft BB FeFerdrEvaE3RRfef FshEl HiifGSE 1 ¥Pheri cal
aberration is ectedap e far an optical disc havin t hi nner
cover, and a %%ectr 1RV gné}fﬁg ?f%f?’%tclt & %Jﬁﬁfuﬁté‘é‘?ﬁ %8 éogl\/\/ﬁ(}%front
whose sphegi cgirsatbg{lgggéé)_n is corrected appropriate for an optical disc
having a thicker cover |ayer, said first wavel ength being shorter than said
second wavel engt h. r8gs Then abjreathvec| sy aedbdsngbtord iang df wherei n said
diffractive |l ens structure has said wavel ength dependence such

t hat spheri cal ckdmmtigeilens\sacreding théhermbeprodembottnent veet the thin

wavel ength of incident |ight increases) ~ 4 DEC 2002 WO 00/ 00964

PCT/ JP99103418°Ver BYPS| OPFHEA B} 8¢ s\ 9%e A% WAVESPRE 1Yy Of X BR mFEISwher ei n
thefollovvlng |t| n ) . s satisfied Pz
x(hasy 7 < - 7 AFRFEERAEN 10 gt B, Biarebhhofs Mndn g BLSE SRBB nt where
a light ray OEy;‘M"o%El!:\!ﬁ B0 is %e'dnk‘éréé%%tl%néé‘hdoﬂhfsof pActive lens
structure, ~, 1s the wavelength of said light, and PZ is a second order
coefficient when an additional optical path | ength added by said
diffractive lens structure is expressed by the follow ng optical path

di fference fuhtABlgn4d(h): ~ ( h) - ( PZh2 + P,h* + Psh6 + . . . ) x ~,

where Pa and P6 are coefficients of forth and S|xth orders, and h . is a
hei ght fromthe-@éﬂ“caﬁp* Qx§% £=3.50mm £,=350.00mm @=1.0° hu=1. 58mm (#1)

A,=780nm NA 0.50 £=3.52mm w=1.0°
15 A,=690nm
Surface
Number r di . d2 ne6s0 n780 vd

#1 2.278 2.928 2.928 1.54142 1.53677 55.6

20 #2 -6.508 1.521 1.153
#3 e 0.600 1.200
#4 o0
[TABLE 5]
25 Surface #1 Surface #2
K -0.4400 0.0000

A, -0.1890x10? 0.2349x10™



5. The objective lens according to claim1) wherein said refragtnﬁﬁhk&@s
and said diffractive lens structure have a total | ongitudinal Mr
‘aberration such that the backfocus increases as the wavel ength of the
incident light increases, and wherein the follow ng condh%hﬁgﬂggh3is

sati sfi ed; 0006768 < OCA/ dSA < -0.2 wwere ACA is a nove of —a -par axi al
focal point with shift of wavel ength and SSA is variation of spherical
aberration for marginal rays with said shift of wavel ength. 6. The
objective lens according to claim1l) wherein said 2 4 DEC 2002 WO

001 00964 PCT/ JP99/ 83413 -0.354@x10 di ff racv4¥vaxib&ns structure has a snal |
paraxi al power, and wherein the follow ng condition (3) is satisfied; (3)
-0.020 < f / fp < 8020 Wh8RBOXLGS the tgt%ﬁnf"é@al | ength of said objective
| ens at said shorter wavel ength, and fo is e fqcal length of said
diffractive | ens s@ﬂuctuﬁ%1580§§¥d short rl%QV%Pength that is defined as
the foll owm ng equat,i on; fD.z s PZ x 23, ere PZ is a second order

coef fici ent when a%”addi tal'gﬁgﬁ%looéti cal pgf %O%ngt h added by said
diffractive lens sgguctuﬁp2h§7expressed by the follow ng optical path

di fference function"~(h) ~( h) - ( PZh2 + Ph + Pshb + . . . ) x 7~ where
P and P6 are coeffipgi ents.affopourth and sixth orders,

P, -3.3665x10™"
P, 1.1948x10™"
Py, -1.9838x107?

10
In the above described numerical construction of the
second embodiment, the diffractive lens structure, which is
blazed for 690 nm, is formed on the first surface within the
entire region in an effective radius. On the other hand, the
15 peripheral region may be optimized for the thin cover type
optical disc. The objective lens of the second embodiment has
the effective radius of 2.1 mm and the focal length of 3.5 mm
at NA 0.6. The radius required for the thick cover type optical
disk is 1.76 mm and the focal length thereof is 3.52 mm at NA
20 0.50. Thus, the peripheral region is defined as a region where
aheight fromthe optical axis falls in the range of 83.8% through
100% of the effective radius in the second embodiment.
In order to optimize the peripheral region for the thin
cover type optical disc, the peripheral region may be formed
25 as the diffractive lens structure blazed for 635 nm or the

continuous surface compensated in aberrations for 635 nm.



his a height fromthe optical axis and ~, is wavelength of incpqepgc l200aht .
7. The objective lens according to claim1, wherein said diffractive |lens
structure is designed to satisfy the followi ng condition (4); (4) 0.75 <

~ 1/ 7~ < 0.87 where ~,1 is wavel ength of said light for s%i ?j"?’ﬁ"ﬁ al disc
havi ng the ®®%tover |ayer) and 7~230s wavel ength of &% é for said
optical disc having the 1.2 mm cover | ayer. 2 4 DEC 2U02 WO 001 00964

PCTI JP99/ 03413. 43 ' B. The objective lens according to claim?7, wherein

t he bl azed wavel ength 7~ of said diffractive lens structure in the center
regi on aroundedigiigekt cal axis satisfies a condition of ~,1 < 7v.B < ~ . 9.
The objective |l ens according to claim8, wherein the blazed wavel ength 71,1
of said diffracti vBigendlstshaes utbei ebgettiveentars rkpi ofi shei shied the
follow ng conditions ( 5) and ( 6 ) ; 5% 0. 87<Q,8/ (6). ~/ 7~1 <
1.13. 10. The°BRRERy &nAdhS RVES WRYRE D fcFag AP BD cRNeF divRetRELIBrhzed

wavel ength of .said_ diffractive lens.structure ipn t.h eripheral region is
shorter than &4 %Jr%‘zgé Sv(i\"/é)\ygl terhegfjﬁj ~Ctoj’fves%frﬁ ?i?f"‘flrtgcﬁfevégY%ﬂ Sttucture in
said cent ey 150ION. cd NG OBLRE! | ¥hd Co5: RREOIEINY el AlBdiayiher i n

t he peripheral® region of the Iens surface on which said diffractive |ens

structure i s &sHgmedctSordl oEOid RHOKS chbbEafehtWi § Nowl cSt&PSn Brd peri pheral
region is defined as a region where a height fromthe optical axis falls in
t he range of BEBLE hFoustirwb00cofid heorkfatts vend acdiapheoficshi duréécacti ve

l ens. . Ah9. A3L. A59. A9y. A3(Ir. A AFF. A Af. A A A3, .Af.A3f. Ar. A(.AAAAANA
@A A, . A . Arcoetfichertnfer she Ainet apdi sgcandsupfages ppdaE rasfive | KUWDKI

o 2@l dsacel sall pelgatealcal ool seledlcal colseladl £ ehel ool el
10 first surface.
Figs. 12A through 12C show various aberrations of the
objective lens according to the third embodiment when the thin
cover type optical disc is used at wavelength of 635 nm. Figs.
14A through 14C show various aberrations when the thick cover

15 type optical disc is used at wavelength of 780 nm.

[TABLE 6]
A, =635nm NA 0.60 £=3.50mm f,= » ®=1.0° h,=1.58mm (#1)
A, =780nm NA 0.50 f£=3.53mm ®=1.0°

20 A, =690nm

Surface
Number r dl daz néso n780 vd
#1 2.203 2.400 2.400 1.54142 1.53677 55.6
25 #2 -8.367 1.781 1.423
#3 o 0.600 1.200

#4 e
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construction of the fourth embodiment is indicated in TABLE 8.
TABLE 9 shows conic constants and aspherical surface
coefficients for the first and second surfaces, and diffractive
coefficients of the diffractive lens structure formed on the
15 first surface.
Figs. 16A through 16C show various aberrations of the
objective lens according to the fourth embodiment when the thin
cover type optical disc is used at wavelength of 650 nm. Figs.

18A through 18C show various aberrations when the thick cover

20 type optical disc is used at wavelength of 780 nm.

[TABLE 8]
A, =650nm NA 0.60 f=3.50mm f,= ©» @=1.0° h,=1.58mm (#1)
A, =780nm NA 0.50 f=3.53mm 0=1.0°

25 A, =710nm
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15 A, -0.5800x10°® 0.0000
P, 0.0
P, -1.3766
P -2.0032x107
P, 3.7560x107
20 P, -1.0539x107?

In the above described numerical construction of the
fourth embodiment, the diffractive lens structure, which is
blazed for 710 nm, is formed on the first surface within the

25 entire region in an effective radius. On the other hand, the
peripheral region may be optimized for the thin cover type

optical disc. The peripheral region is defined as a region where
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10 Fig. 19 shows the objective lens 10 of the fifth

10%&’ () -

embodiment and the cover layer D, of the thin cover type optical

disc. Fig. 21 shows the objective lens 10 with the cover layer

D, of the thick cover type optical disc. The numerical

construction of the fifth embodiment is indicated in TABLE 10.

15 TABLE 11 shows conic constants and aspherical surface

coefficients for the first and second surfaces, and diffractive

coefficients of the diffractive lens structure formed on the
second surface.

Figs. 20A through 20C show various aberrations of the

20 objective lens according to the fifth embodiment when the thin

cover type optical disc is used at wavelength of 635 nm. Figs.

21A through 21C show various aberrations when the thick cover

type optical disc is used at wavelength of 780 nm.

25 [TABLE 10]

A, =635nm NA 0.60 f£=3.50mm fi= = @=1,0° h,=1.23mm (#2)
A, =780nm NA 0.50 f=3.53mm ©=1.0°
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In the above described numerical construction of the
25 fifth embodiment, the diffractive lens structure, which is
blazed for 690 nm, is formed on the second surface within the

entire region in an effective radius. On the other hand, the
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TABLE 13 shows conic constants and aspherical surface
coefficients for the first and second surfaces, and diffractive
coefficients of the diffractive lens structure formed on the

20 second surface.
Figs. 24A through 24C show various aberrations of the
objective lens according to the sixth embodiment when the thin
cover type optical disc is used at wavelength of 650 nm. Figs.

25A through 25C show various aberrations when the thick cover

25 type optical disc is used at wavelength of 780 nm.

[TABLE 12]
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In the above described numerical construction of the
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as the diffractive lens structure blazed for 650 nm or the

continuous surface compensated in aberrations for 650 nm.

The following TABLE 14 shows the values of the first to

15 sixth embodiments for the conditions (1), (2), (3}, (4), (5)
and (6). Since all of the embodiments satisfy the condition (1),

the deterioration of the wave front aberration due to change

of the cover layer'’s thickness can be reduced. The conditions

(2) and (3) are satisfied in all of the embodiments, which

20 reduces the movement of the best focus position due to rapid
shift of wavelength. Since all of the embodiments satisfy the
conditions (4), (5) and (6), the changes of the longitudinal
chromatic aberration and the spherical aberration due to shift

of wavelength can be well balanced, the objective lenses of

25 these embodiments further reduce the movement of the best focus

position.
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[TABLE 14]
Embodiments
1 2 3 4 5 [
Condition (1) -10.6 -0.36 0.010 0.833 0.910 1.082

5 Q(hds)/x_sz(hds)z

Condition (2) -9.7 ~0.26 0.010 0.814 0.885 1.087
ACA/ASA
Condition (3) -9.4 -0.50 0.000 0.814 0.885 1.087
£/ £,
10 Condition (4) -10.2 -0.43 0.000 0.833 0.910 1.092
A/
Condition (5) -9.2 -0.78 0.000 0.814 0.885 1.087
Ag /A,
Condition (6) -9.3 -0.47 0.017 0.833 0.910 1.092
15 AN/ A

While the invention is described with reference to
specific embodiments, they should not be interpreted as
limitations on the scope of the invention. The scope of the

20 invention is defined by the appended claims.
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lens surface of said refractive lens,

wherein said diffractive lens structure has wavelength
dependence, with which spherical aberration changes as a
wavelength changes, such that at least two light beams (L1, L2)
havingdifferentwavelengthswithan identical diffractive order
form wavefronts whose spherical aberration is corrected
appropriate for at least two kinds of optical diécs (D1, D2)

respectively provided with cover layers having different

thickness.

2. The objective lens according to claim 1, wherein said
diffractive lens structure has the wavelength dependence such
that a first wavelength diffractive light beam forms a wavefront
whose spherical aberration is corrected appropriate for an
optical disc having a thinner cover, and a second wavelength
diffractive light beam forms a wavefront whose spherical
aberration is corrected appropriate for an optical disc having

a thicker cover layer, said first wavelength being shorter than

sald second wavelength.

3. The objective lens according to claim 1, wherein said
diffractive lens structure has sald wavelength dependence such
that spherical aberrationvaries in the undercorrecteddirection

as wavelength of incident light ilncreases.
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4. The objective lens according to claim 1, wherein the
following condition (1) is satisfied;

(1) -15 < ®(h) /A - P, x(h,)? < -

where h,; is the height from the optical axis of a point
where a light ray of which NA is 0.45 intersects saiddiffractive
lens structure, A is the wavelength of said light, and P, is
a second order coefficient when an additional optical path
length added by said diffractive lens structure is expressed
by the following optical path difference function ®(h):

®(h) = (P,h? + Ph* + Ph® + ...) X A

where P, and P, are coefficients of forth and sixth orders,

and h is a height from the optical axis.

5. The objective lens according to claim 1, wherein said
refractive lens and said diffractive lens structure have a total
longitudinal chromatic aberration such that the backfocus
increases as the wavelength of the incident light increases,
and wherein the following condition (2) is satisfied;

(2) -0.8 < ACA/ASA < -0.2

where ACA is a movement of a paraxial focal point with
shift of wavelength and ASA is variation of spherical aberration

for marginal rays with said shift of wavelength.

6. The objective lens according to claim 1, wherein said
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diffractive lens structure has a small paraxial power, and
wherein the following condition (3) is satisfied;
(3) -0.020 < £ / £, < 0.020
where f is the total focal length of said objective lens
at sald shorter wavelength, and f, is the focal length of said
diffractive lens structure at said shorter wavelength that is
defined as the following equation;
f, = 1/(-P, X 2A)
where P, is a second order coefficient when an additional
optical path length added by said diffractive lens structure
is expressed by the following optical path difference function
®(h):
®(h) = (P,h? + Ph* + Ph® + ...) X A
where P, and P, are coefficients of fourth and sixth orders,
h is a height from the optical axis and A is wavelength of

incident light.

7. The objective lens according to claim 1, wherein said
diffractive lens structure is designed to satisfy the following
condition (4);

(4) 0.75 < M/, < 0.87

where A, is wavelength of said light for said optical disc
having the 0.6 mm cover layer, and A, is wavelength of said light

for said optical disc having the 1.2 mm cover layver.
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B. The objective lens according to claim 7, wherein the
blazed wavelength A; of said diffractive lens structure in the

center region around the optical axis satisfies a condition of

M < Ay < AL

9. The objective lens according to claim 8, wherein the
blazed wavelength A, of said diffractive lens structure in said
center region satisfies the following conditions (5) and (6);
(5) 0.87 < XAy / Ay,
(6) Ay / A, < 1.13.

10. The objective lens according to claim 8, wherein the
blazed wavelength of said diffractive lens structure in the
peripheral region is shorter than said blazed wavelength A; of

said diffractive lens structure in said center region.

11. The objective lens accorxrding to claim 1, wherein the

peripheral region of the lens surface on which said diffractive
lens structure is formed is a continuous surface without steps,
sald peripheral region is defined as a region where a height
from the optical axis falls in the range of 85% through 100%

of the effective radius of said refractive lens.



