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« Field of the Invention O 8 MAY 2003 PCT/JP0O0/ 00008 The prﬁﬁe“é g_ph\éent I on
relates to an optical pick-up of to an optical disc appara \h is able

to record/reproduce data of a plurality of kinds of optical discs whose
cover | ay@ ¥4 %%e different thickness. Particularly, the pnggérﬁPO/?OH%nt i on

relates to the optical pick-up that has a conbination of a refractive |ens
el enment and a.diffractive elenment. The optical disc includes an information
| ayer on Whl\ 15 20 digital infgpaption i recor ded and a transpar ent

cover vers t he |nformat|o | ayer. A |l aser beamfro

opti cal \ﬁ m ms a beam spat on the infornation Iaye mlwu "mumw{”w
cover [he distance between the optical pick-up and tion

| ayer var| es dependl ng upon thg % Leknessfyd he cover |ayer.+cMearel y, the
thi cker the cover layer is, the art er the 25 distance to the beam spot
fromthe optical pick-up is. For exanple, since the cover |ayer of a
conpact disc (CD) or that of a CD-R has the thickness of 1.2 mm and the

t hi cgne C | gye f iitoal versatile disc (DVD) is 0.6 mm
the optical pick-up 1s required to nove the beam spot away fromthe opti cal

pi ck-up by O.6rHE pPRebbRt CONGENt BYR ré&PafeBMbMaRidptical r%i/@(f)@b‘léén 2
when the DVD is replaced wwth the CD or the CD-R a MAY

an optical disc apparatus that is able to record/reproduce data
of a plurality of kinds of optical discs whose cover layers have
different thickness. Particularly, the present invention

10 relates to the optical pick-up that has a combination of a

refractive lens element and a diffractive element.

Background of the Invention
The optical disc includes an information layer on .which

15 digital information is recorded, and a transparent cover layer

that covers the information layer. A laser beam from the

optical pick-up forms a beam spot on the information layer

through the cover layer. The distance between the optical

pick-up and the information layer varies depending upon the
20 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 layer of a compact disc (CD) or that
of a CD-R has the thickness of 1.2 mm, and the thickness of the

25 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

optical pick-up by 0.6 mm in the cover layer (0.4 mm in air)



: PCTIJP0O0O/ 00008 Al t hough a paraxi al beam spot noves as the objective lens is
noved, the change of the thickness of the cover |ayer changes sph 6 cal :
aberration. If the optical pick-up only noves the 5 obj ectiW@ W ng en the
disc is replaced, wave front aberration , of the |laser beamis deteriorated.
Thus, theWwfemdisr of the beam spot is Tncreased, which preRVE06/pII08
optical disc apparatus fromreproducing the recorded information fromthe
CD. For instance, when the objective lens, which is designed 10 to mnim ze

t he spherj”ﬁgt1 3 %er%tDi qQn % atéé%% LEGH dgﬂlei Bogga%gn?;%_:REgpr oduced from

the DVD, I's useglfor réprodacing the informtron from t he spheri cal

aberration becoﬁﬁﬁthto% hI %h%ﬁ:ggﬁhé{elegg%ug%gg r{‘%@%é r&fsohqgjtol'&)g%%%ilfteﬂghe
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beam and a firs Irvergent ractive beam e zero order
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(i ractive beamis used for the
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cover |lay e optical pick-up of t
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respective optical discs when t ol ographic lens 1s designed to obtain

D or P S4B S A G At BT EnblL DR acBE ok cover
di vides thgrbasit iReANs FPPIdR d £ E20mS BHECSVD N4Q h8€4 for reproducing
the information from the CD, the spherical aberration becomes
too large to reproducing the information even if the objective
lens moves to bring the beam spot to be coincident with the
15 information layer.

Therefore, there is known as 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 layer.

For example, Japanese Provisional Patent Publication No.

20 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
beam from the laser source into a zero order parallel
diffractive beam and a f£first order dive;':gent diffractive beam.

25 The zero order diffractive beam 1s used for the optical disc

having a thinner cover layer (i.e., the DVD), the first order

diffractive beam is used for the optical disc having a thicker



szero-and first order diffractive beans , and only one of 'these beans is
used fob recording/reproducing information at a tinme, to the maxi num
efficiency in use of the light quantity is not nore than 409%0 FMAhEP3  when
one of the diffractive beams is being ysed for recording/re rodum ng the

i nf or mat i ¥R,9%4h30t her diffractive beamis an unnecessary bg g

i ncreases noise. 15 Still further ) the recording density of the DVD is

hi gher than that of the CD, which requires the optical pick-up for the DVD

to form gy '1%5;%8@@1 §POleHd@h hha epLrgal Té %ﬂiﬁ:die?h.%&e% 8k e

excl usive use of ‘the CD (hereinafter referred as an exclusive CD pick-up )

Since tha, ﬁh &4 eaf biRe @safaﬁwné@if%eaét&@w tliv@ tef bebAld gty th
t he wavel'ength of the |aser beam the optical pick-up for the DVD requires

the | asers0uife r‘é.’@?:%%t@.%' bb%&'c&'l S CACS tﬁe@%@lé@f c6f>9n£mi§ hat is
shorter than the oscillation wavel ength of the exclusive pick-up (i.e. (

780 throygly 83 bdMo orPainNenal H8E5tN80dtabiR 8ELECASS 2&&&%%%% stics
of the CD-R requires the |aser source whose oscillation wavel ength is about

780 ng AGLordifGkesdhen the Opibeah apiests.up having a single 0 8 MAY
203 WO 00/41173 4 PCT/JPOO/ 00008 | aser "source as described in the

publication enfysveér | apficS Oth&CopBabalMpliTka upa e thRAPIAMIME: dshort er
oscillation wavel ength, it cannot reproduce the information fromthe CD-R

5 Brief %Fé}té)tdﬁhdés thife | i8atht £1-8mt figs ef & b @Bt €Cin e e

present inverition to provide an objective lens for an optical pick-up,

which i's £aRakim cffiﬂsetcarcae&g&&em—%&m detin@,Mahiosn 29 8nel & adidse of
ki nds of the optical discs ( a. g. ( CO,b CDO-R and DVD ) whose cover io0

layers arsedhd fiey abdi fos E@cwﬂﬂm‘geﬁﬁepfaa&bgﬁg o asam athyettnon is
aimed to provide a conposite objective |lens that has higher efficiency in

use @b thethd mMaNinivRBEEL¥ikhaR 1ha1LoBERheODEGh ORjuIA 1} Als HPtafore
di scl osed in the aboveidentified publication. 15 For the above object,

accordi ngcHan t4®¢ present invention, there is provided an inproved opt| cal
pi ck-up, which includes:

Further, when one of the diffractive beams is being used
for recording/reproducing the information, the other
diffractive beam is an unnecessary beam, which increases noise.

15 Still further, the recording density of the DVD is higher
than that of the CD, which requires the optical pick-up for the
DVD to 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
20 a positive correlation with the wavelength of the laser beam,
the optical pick-up for the DVD requires the laser source whose
oscillation wavelength is 635 through 660 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
25 characteristics of the CD-R requires the laser source whose

oscillation wavelength is about 780 nm.

Accordingly, when the optical pick-up having a single



«a plurality of light sources for emtting |ight beans having different

wavel ength, the light sources being switched with each other according to
the kind of optical disc, used; 20 a refractive |ens el enenggf@ty (mﬂvergi ng
the light beans fromthe |ight sources, onto a recording |ayer of the
optical dWQO/HRY a spherical aberration correcting el enent PER/RAI/QA0H
concentric phase grating structure is forned, the phase grating 25
structure altering spherical aberration in response to change of wavel ength

y : ¢
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correcting elément changes spherical aberrati corresponding To a change
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cover layer's thickness. The spherical aberration correcting el enent

preferably has no paraxial power, and diffracts the |ight beans in the sane

diffr%ctimﬁm%ﬂhﬂmﬂwpiffractive order. Further, the
l'i ght 'source naving shorter emtting to wavel ength may be used for the
optical disc ha!'t”Qsathlahc@%&ec%\ﬁerodfé’ﬁr?tgé;aéhé“i&é’&&ﬂerﬁ@&% '%o

density, and the |ight source havinga r emtting wavel ength nay be
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g density. In Such a case, the periphera rea of  the 15 spheri cal
aberrati 0Ba5ahh 803+ & ATRY/ LB SAEL AP 1M formation on a plurality of
kinds of the optical discs (e.g., CD, CD-R and DVD) whose cover
10 layers are different in the thickness. Further, the present
invention is aimed to provide a composite obJective lens that
has higher efficiency in use of the light quantity than the
conventional optical pick-up as disclosed in the above-
identified publication.
15 For the above object, according to the present invention,
there is provided an improved optical pick-up, which includes:
a plurality of light sources for emitting light beams
having different wavelength, the light sources being switched
with each other according to the kind of optical disc, used;
. 20 a refractive lens element for converging the light beams
from the light sources onto a recording layer of the optical
disc; and
a spherical aberration correcting element on which a
concentric phase grating structure is férmed, the phase grating
25 structure altering spherical aberration in response to change
of wavelength to correct change of the spherical aberration due

to change of the thickness of the cover layer.



. optﬂnized for the optical. disc having the thinner cover layer with the
shorter wavel ength. The peripheral area is the outside of an effective
di anet er corresponding to nunerical aperture required for t : MY i B8 disc

having the thicker cover layer . 20 Inother definition, th ' I
area is tﬁ@’%ﬂﬁéﬁhe of a 85%Iine of an effective dianeter quﬁﬁgggﬁﬂgrical
aberration correcting elenent. The peripheral area may be forned as a
continuous surface or a grating surface. In the later case, a bl azed

wavel ength of tRetRethphesghseraatsbayl diheestnet ephebisddrabdotaoiohhe
central area. The spherical aberration correcting el ement nmay be | ocated

bet ween tasrkbafﬂ&ngwiérﬁén@%éﬁbeei @pheaiiice hBagrati¥® dtAdspdsabng 8 MAY
2003 PCT/ JP0O0O/ 00008 el enent. The refractive | ens elenment and the spheri cal

aberrati ogoCQréatdI® ehBRERhvedRaGIthUbE £hé& OIS Ra@h edlel ¥R1keASer The
conposite objective I ens may be designed for an infinite systemin which

paral | el thght 4BR2MEcRAKReisN e Honensdthe d ifarfe dof Idpi&rsysiem in which
di vergent |ight beans are incident on the lens . In the infinite system a
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objective lens. Further, the spherical aberration correcting elenent to

preferably has @nheeyghepgth1depepdaneensdebrbbalingPdesment SPEEEALD
varies in the undercorrected direction as wavel ength of incident |ight

i ncr easesnaAsnél@eeaiied pbeye, dite a3EFedad tRBarlglit Baamari®Thesahe
overcorrected direction as the thickness of the cover |ayer
diffractive order, for example, in a first diffractive order.
Further, the 1light source having shorter emitting
10 wavelength may be used for the optical disc having a thinner
cover layer that has higher recording density, and the light
source having a longer emitting wavelength may be used for the
optical disc having a thicker cover layer that has lower
recording density. In such a case, the peripheral area of the
15 spherical aberration correcting element 1is preferably
optimized for the optical disc having the thinner cover layer
with the shorter wavelength. The peripheral area is the outside
of an effective diameter corresponding to numerical aperture
required for the optical disc having the thicker cover layer.
20 In other definition, the peripheral area is the outside of a
85% line of an effective diameter of the spherical aberration
correcting element. The peripheral area may be formed as a
continuous surface or a grating surface. In the later case,
a blazed wavelength of the peripheral area should be shorter
25 than that of the central area.
| The spherical aberration correcting element may be

located between the light sources and the refractive lens



» 15 increases. Therefore, when a | onger wavel ength | aser source is used for
an optical disc having a thicker cover |ayer, and a shorter wavel ength
| aser source is used for an optical disc having a thinner 8Sv&Y | 8&r, the
change of the spherical aberration duesto change of the cover |ayer's
t hi cknessWPLMH!8orrect ed by the above-nentioned wavel engt hPEEIBHIWA: of
the spherical aberration correcting elenent. An additional optical path
| engt h added by the phase grating structure is expressed by the follow ng
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whose NA TS ase grating structure. Preferably, one
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surface and the other surface ereof 1s the grating Surface. A base

curve of 1dies it A0caukace MBY iRt 3nllidli oYl &peeal, % £052UNARAL Yons
ynmmetri cal aspherical surface. The base curve Is defined as a shape of
is required between the light sources and the composite
objective lens.
Further, the spherical aberration correcting element
10 preferably has a wavelength dependence such that spherical
aberration varies in the undercorrected 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
15 increases. Therefore, when a longer wavelength laser source
is used for an optical disc having a thicker cover layer, and
a 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
20 corrected by the above-mentioned wavelength dependence of the
spherical aberration correcting element.

An additional optical path length added by the phase
grating structure is expressed by the following optical path
difference function ®(h):

25 ®(h) = (pP,h? + Ph' + Ph® + ...) x A
where P,, P, and P, are diffractive coefficients of second,

fourth and sixth orders, h is a height from the optical axis



. the .surface that does not include the phase grating structure. 15 Brief
Descrirpti on of he Acconpanying Drawings Fig. 1 shows an optbgahxﬁwﬁhenlof
an optical pick-up according to a first enbodinment; Fig. 2Ais a front view

of a spheRQéﬁ%4ﬁzgrration correcting elenent used in the opgkﬁz Oaxgﬁgm(ﬁ

Fig. 1, 20

IS a cross-sectional view of the spherical erration

correcting elenent of Fig. 2A; Fig. 3Ais a front view of the other
spherical aberration correcting elenent; Fig. 3B is a cross-sectional view

of the spRerd oali?%aRAlmnoR L AHGddmg elgrent of Fig. 3A; Fig. 4is a
graph showi ng diffraction efficiencies of phase gratings in various bl azed

wavel engt hs;
optical system

TheS plak¥ geading e8rattiixe8 fCthéPephe®ded 1FaperYAtsftons an
of an optical pick-up according to a second enbodi nent; Fig.

5B is a fiotredtengle Idintasely muiiefyselei folhewopyi eahdpitalonug 19f; Fi g.
5A; 5 Fig. 6 is a lens diagramof a conposite objective |lens according to a

first exanple witih tbescevern ayer ofpaxthij2covef type optical disc such

as a DVD;, Figs.

7A and 7B are graphs show ng various aberrations of the

conposste obj ectwhesd BNsigcthedhegghe fhemf thétlopkiddl eatis dem e dti n

cover type opti
obj ecti ve whaite
cover type opti

struc

corre

10 there

cal disc is used; Fig. 8 is a |lens diagram of the conposite
acrgiii nayt whbbe NA rid cexamheewsthts tioaghdswy gradfimy t hi ck

cal disc such as a CD or a CO-R
ture.
Preferably, one surface of the spherical aberration

cting element is a continuous surface and the other surface

of is the grating surface. A base curve of the grating

surface may be a flat plane or a rotationally symmetrical

asphe

rical surface. The base curve is defined as a shape of

the surface that does not include the phase grating structure.

15 Brief Description of the Accompanying Drawings

Fig. 1 shows an optical system of an optical pick-up

according to a first embodiment;

corre

20

Fig. 2A is a front view of a spherical aberration
cting element used in the optical system of Fig. 1;

Fig. 2B i1s a cross-sectional view of the spherical

aberration correcting element of Fig. 2A;

Fig. 3A is a front view of the other spherical aberration

correcting element;

Fig. 3B is a cross-sectional view of the spherical

25 aberration correcting element of Fig. 3A;

Fig. 4 is a graph showing diffraction efficiencies of

phase gratings in various blazed wavelengths;



.Fig§. 9A and 9B are graphs show ng various aberrations 15 of the conposite
*objettive lens according to the first exanple when the thick cover type
optical disc is used; Fig. 10 is a lens diagramof a conpoﬁmtﬂﬁédﬁﬁbtive

| ens according_to a second exanpl e mﬁt? t he cover |ayer of the thin cover
i

type opt

aberrations of the conposite objective |l ens according to the second exanpl e
when the thin cover type optical disc is used; Fig . 12 is a |l ens diagram

of the COWposi%qﬁij F%ﬂ%ﬁgi?ﬂ? @ﬁffégi”gngehhgfsEﬁoéﬁégé%qgéidgkgg

cover layer of 'the t

WRAPYHISE: 20 Figs . 11A and 1IB are graphs show ngP&H{F08{%008

over- fype optical disc;

graphs show fﬁﬁié8ﬂ%ﬁﬁ%%6ﬁ§LQM§%&%méﬂ%-CO”POSite obj ective | ens

according to the 'second exanp

of a conposite

| ayer of

showi ng v

10

15

20

25

jective lens according to at

ous errations o

t he conposite obj’ective | ens accor

type optical disc such as a DVD;

Figs. 72 and 7B are graphs showing various aberrations
of the composite objective lens according to the first example
when the thin cover type optical disc is used;

Fig. 8 is a lens diagram of the composite objective lens
according to the first example with a cover layer of a thick
cover type optical disc such as a CD or a CD-R;

Figs. 9A and 9B are graphs showing various aberrations
of the composite objective lens according to the first example
when the thick cover type optical disc is used;

Fig. 10 1s a lens diagram of a composite objective lens
according to a second example with the cover layer of the thin
cover type optical disc;

Figs. 11A and 11B are graphs showing various aberrations
of the composite objective lens according to the second example
when the thin cover type optical disc is useqd;

Fig. 12 is a lens diagram of the composite objective lens
according to the second example with a cover layer of the thick
cover type optical disc;

Figs. 13A and 13B are graphs showing various aberrations

of the composite objective lens according to the second example

a

| 3B are

( _ _ 8_NﬁY 2003 WO 00141173 PCT/ JP0O0/ 00008
when the thick Egb@/_ersat X.%elaoi?kbﬁ@' vﬁé%cofstﬂéeﬂﬁsgfgno&&i Sufed B teAQr am

Ird exanple wth the cover

%ﬁg&é&ﬂ LVELL tyPer @tigﬁl disc; 5 Figs . 15A and 15B are graphs
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the third ' ' ' I3 . E 16 i
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‘Figs~. 17A and 17B are graphs show ng various aberrations of the conposite
obj ective lens according to the third exanple when the thick cover type
"optical disc is used. Description of the Enbodi nents Fig. 10ghews 2803
optical systemof the optical pick-up according to a first enbodi nent . The
optical mebosp7d s applied 20 to an op?ical disc apparatus gdw@iroosocospabl e
of recording/reproducing a plurality of kinds of optical discs (e. g., CD,
CD-R and DVD} provided with cover |ayers having different thickness. The
optical system of the optical pick-up includes a DVD 25 nodule 11, a CD
nodul e 1¥hena thearhhdoibiaesrerl ypen epticaht discehs wdednd a conposite

obj ective lens 20. Each of the nodules 11 and 12 is provided with a

sem conduct or [Fdger ldndisaa skeRordiggram @f & \genpEeid & qkyl eist e dvos

00/ 41173 io PCT/JP00/ 00008 are nounted on a common substrate. The

senm cond@eeardinete anthhedneyarese1vifhdthe eever | ka¥er b e dhiing
different wavel ength and they are switched according to the kind of optical
di scs. TIEOVRR itgdRe Apfiagalofdise: first enbodinent is an infinite system
The | aser beam from each nodul e is converted into the parallel |aser beam
through the colfliigfat 4PAI3 168 ang 95aPhéi showing Yl Qusbanratdynéct i ve
lens 20. The infinite systemallows a change of the distance_between the
col | i mat ®@f tBRsCABPARHL ¢ b 1eripbes e haeQonddne e toe tinied exddmles a
separation arrangenent where only the conposite objective | ens 20 noves

al ong a MfHIthe ridekn GPwr (e RPELFradi 9ésandst Beelilght source portion

whi ch includes the nodules_11 and 12, the beam conbiner 13 and the
collimator | endi 1psls jaxkgns diagram of the composite objective lens

according to the third example with a cover layer of the thick

10 cover type optical disc; and
Figs. 17A and 17B are graphs showing various aberrations
of the composite objective lens according to the third example

when the thick cover type optical disc is used.

15 DRescription of the Embodiments

Eirst Embodiment
Fig. 1 shows an optical system of the optical pick-up
according toa first embodiment. The optical pick-up is applied
20 to an optical disc apparatus that is capable of
recording/reproducing a plurality of kinds of optical discs
(e.g., CD, CD-R and DVD)} provided with cover layers having
different thickness.
The optical system of the optical 'pick—up includes a DVD
25 module 11, a CD module 12, a beam combiner 13, a collimator lens
14 and a composite objective lens 20. Each of the modules 11

and 12 is provided with a semiconductor laser and a sensor that



. The .conposite objective lens 20 consists of a retractive |lens elenent 21

» and a spherical aberration correcting elenent 22. The conpgsite objective
|l ens 20 is nounted on a focus adjusting nechanismto adjus@EiW@Nl

position corresponding to the position of the information |ayer of the
optical W@80411The refractive lens el éfent 21 is a bi conveXrqIIReI0§ ens
havi ng aspherical surfaces 211 and 212. The refractive |lens elenent 21 has
positive refractive power to converge the |ight beans fromthe nodules 11

and 12 onto recordi.ng | ayers of th tical ;ii, scs. 25 Tge heii cal
aber r at | B ScBPPBEE G o Po FERMOD, PP SR o Rt Ao HBRALREPF c LpRAGE

rating struycture on the seco urface, 222. The first.surf 221 is a
gonti ngoﬂré‘ g@él.uq'e%e]é W]%O%:Ser\}%goﬁﬁiﬁ@eﬂs ﬁ&‘fﬁ%o?ggg@§e’fﬁe phase
grating structure alters .spherical fge ration in,respon £ t .cgan e of
wavel enghhVEd BEFo ARG HGh ° (HE SERer| BEroRRET ab? oh BuBLES Ehange of
the thi ckn%ss f t.he cover layer. The shape of the phase grating wll be
descri bed®) &tc@a. Sfite DVD is a thin cover type optical disc that has

0. 8 mn | I or A SPESPR- YT U BEaRRERot: T eTRECHUB! e ALt P BARR Rhose
\%iv:alhgng aré %Zlor:}m eﬁ?e:d'_[ﬁllfr% e%ﬂf?res a ?als‘_(la_rm%e?lr"n f sébégt_!}golﬁ(r; o

| aser of E‘Bﬁe% r%ldﬁrgeoﬁg@se{nf% s&?ﬁnggfggeerfgégmﬁ)%f 63‘ en%nm(\f/[al\?%%eengt h, a
serti condyclrer] 83901 of D CTe BEUEL 121 SIS WA JR3CpBERY 91 1B M of

e
785 nm wavel eng e | aser~beam em om the seniconductor laser

CoMUEL IS GOk 0.4 U B TR AN S St tiERRaByBL pehoun

oo o SRR Rt STy Bl Sodigtled e DR AL

obj ecti Vgl pR%e20ah 8nlg0a2k84i 21 & 'PeBREbh! OF SHOWHEA WdAand the
light source portion, which includes the modules 11 and 12, the
beam combiner 13 and the collimator lens 14, is fixed.

15 The composite objective lens 20 consists of a refractive
lens element 21 and a spherical aberration correcting element
22. The composite objective lens 20 is mounted on a focus
adjusting mechanism to adjust the lens position corresponding
to the position of the information layer of the optical disc.

20 The refractive lens element 21 is a biconvex plastic lens
having aspherical surfaces 211 and 212. The refractive lens
element 21 has positive refractive power to converge the light
beams from the modules 11 and 12 onto recording layers of the
optical discs.

25 The spherical aberration correcting element 22 is
provided with a concentric phase grating structure on the second

surface 222. The first surface 221 1s a continuous surface.



»25 l+¥ne. The laser beam Ll is converged onto the information |ayer of the
thin cover type optical disc through the thin cover |ayer % h o a ~aY
z009 WD 001 411?73 12 PCT/ JP00100008 When the thick cover t}ﬁ NSt P01 di sc
havi ng t\e bRt Gk cover layer D2 is usead, the CD nodule 12 jsronpigbdd to
emt the laser beam L2 (shown by a dotted line). The conposite objective
lens 20 is noved to the position shown by a dotted 5 line to follow the

di spl acenent of the recording |layer. The | aser beam L2 is converged onto

t he i nf reatphasd ayct ofg tdertdit uke caltersypphepicadl adescathioaugm t he
thick cover layer D2. Fig. 2Ais a front view of the spherical aberration
correct imegpiresento Zhangwerf fwaveléepgthf tactoreeténshehgeent ithe2l, and
Fig . 2B is a sectional view thereof . The first surface 221 of the

spheri capheheirgal abarcatieatdus tel enenge ¥ theadmireamoos she tacer i . e., a
flat surface or a curved surface having extrenely small curvature . The
second daveace TR2 sbkape griathegpsaséamm timgwildd badgewmsidoat dbiter .
structure is fornmed. 15 The base curve of the second surface 222 is a flat
pl ang. The phd%e DVatis@ thdunctoveri syporopd.cadi dikarthat ady hdrgled ens, as
a |l arge nunber of concentric rings each of which has a wedge secti onal
shape. kadomiindéehgitgaandstibettieisrkides adj shentovendavexr theredfas a
step giving a predeterm ned optical path 20 difference in an optical axis
directi dis. OFfgam 3AInsoadérond furenadt inddeatthepotsphetheabvVaber daisiean
correcting elenment 23 and Fig. 3B is a cross-sectional view thereof. The
first sindaaceh23e whvelengthediscallthlhar aatange cof rée63 inmy télreowmght 683 i s a
continuous surface) i.e., a flat 25 surf ace or a curved surf ace having
ext r enelnn $atdqueinedt uOa theatlsnre badds utiacd -R3and $£he gpatenhdwkf ace on
whi ch the phase grating structure is forned. The base curve of the second

10 cover type optical discs that have lower recording density. The
thickness of the cover layer 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 11
is emits the laser beam of 657 nm wavelength, a semiconductor laser
of the CD module 12 emits the laser beam of 780 nm or 785 nm
wavelength.
The laser beam emitted from the semiconductor laser
converges onto the inférmation layer through the cover layer
20 D1 (shown by a solid line) or D2 (shown by a dotted line).
When the thin cover type optical disc having the thin
cover layer Dl is used, the DVD module 11 is operated to emit
the laser beam L1 (shown by a solid line). The composite
objective lens 20 is located at the poéition shown by a solid
25 line. The laser beamLl is converged onto the information layer
of the thin cover type optical disc through the thin cover layer

D1.



.,_ O S MAY 2003 WO 00/41173 13 PCT/JP0O0/ 00008 surface 232 is a concave

-surface that is rotationally symetrical aspherical surface. The phase
grating structure is formed as a | arge nunber of concentri @ 8 iMRys208hch of
which has a flat surface that is perp Qdicular to the optical axis. 5 Each
of the bJYPAAYF L bet ween t he adj acen? rings is forned as FCSIERIEPPENg a
predeterm ned optical path difference in an optical axis direction. Figs.
2A, 2B, 3A and 3B enphasize the size of the rings of the phase grating

. | ] h i gh f 1h (- o
structure, Acygblyend ey ok ol e (e SO Sl Shel el )
bl d I A f | i nd .1h f,.th
o azed VNG STGRLR; . gL 2Ch ey Bl VIS BBl e

5 Sultabhe 49Lar MLn the MIReR ALY N SLINCtUE) Ol W dhen Che

base curve~o € grati IS curve e as shownin Fig. 3B
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direction~as wavel'ength of 1ncrden I'ght "i nCreases. SpHetica
aberrati 99.ghapges 19 iQ%Q{(ﬁéEQéé%{;EQ QREGEBEBEWQ%&H%BQEQKB%S§h8f the
cover_layer I'ncreases . Further? 25 e phase grating structure changes the
spheri C?hh@%ﬂé@&é?@ﬁd’é EE@iHQ‘ie&fQ r ﬁg%ﬁ't%%%h%kaéo&&e el g9gth of
the incident |aser bé€am i nhcieaSes. An , sl nce a |longer

Fig. 2A is a front view of the spherical aberration
correcting element 22 viewed from the refractive lens element

10 21, and Fig. 2B is a sectional view thereof. The first surface
221 of the spherical aberration correcting element 22 is a
continuous surface, i.e., a flat surface or a curved surface
having extremely small curvature. The second surface 222 is
a grating surface on which the phase grating structure is formed.

15 The base curve of the second surface 222 is a flat plane. The
phase grating structure is formed, similar to 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 predetermined optical path

20 difference in an optical axis direction.

Fig. 3A is a front view of the other spherical aberration
correcting element 23 and Fig. 3B is a cross-sectional view
thereof. The first surface 231 of the spherical aberration
correcting element 23 is a continuous surface, i.e., a flat

25 surface or a curved surface having extremely small curvature.

The second surface 232 is a grating surface on which the phase

grating structure is formed. The base curve of the second
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0 8 MAY 2003 WD 00/41173 14 PCTI JPOOI 00008 wavel ength | aser beamis used
for the thick cover type optical disc , and a shorter wavel ength | aser beam
is used for the thin cover type optical disc, the change 68 MA¢ ®Pheri cal
aberrati on due to change of the coverjfayer's thickness is _correc by 5

t he chanag”wﬁlpﬁe spherical aberration due to the mavelengfﬁTﬁgﬁ%%ﬁ nce of
the phase grating structure. An additional optical path | ength added by a
phase grating structure is expressed by the follow ng optical path

di fferengerfaPet 299 1s5(ahcdnklve(Burfaddhat R rotdtkha1iy. . ) X where
P2, P~ and P6 are coefficients of second, fourth and sixth orders, his a

hei ght f&pmméhei1 g8l §8phexiSadndurfaks.a RS SiadEVRLLPOR Y. sThectynstion
~(h) represents an optical path difference between an imaginary ray that is

assumed potrdimd@ ¢ ditfafiigeChambly bie condlentdidnéiagsakathabsi gndkhfracted
by the grating ) at a point on the phase grating structure where the height

from t hen#ptd Gala@eurfardl that $4CPHedBeEAIROMORo BhBCEPLI ¥E1VAkYE, Of the
second order coefficient P~ represents a positive paraxial power of the

phase grgiéndbStHhec behfdazeeBUbbBREent BReNE@PAEEL ROMR's IHRCEBRMAY ¥&th
i ncreasing the distance fromthe optical axis when the fourth order

coefficignitEp §svliagoar pkBasteemine oititadl L0 STOPf Srsh@deiRf ah he
phase grating structure Is defined |like a Fresnel |lens having a | arge

nunber 25peicebnagntr 3€ret8gsn.The actual shape ~' (h) is defined by
subtracting ~~x m(m. integer) from~(h) as follows. ~' (h)=(MXD(PzZh2 +

P4h + + C, 1)Fig§) 2A;.2B, 3K ahdVBE 2aphadl R0thkl 43 2850PCEhe PROA§H008
Synbol [err] is a blazed wavel ength for which the steps of

of the phase grating structure. Actually, the height of the

10 step equalsAB/(n-1), i.e., about 1 um, and the number of rings

becomes a few tens. AB is a blazed wavelength and n is

refractive index.
When the base curve of the grating surface is flat plane
as shown in Fig. 2B, the lithography method is suitable to form
15 the phase grating structure. Otherwise, when the base curve
of the grating surface is curved surface as shown in Fig. 3B,
the phase grating structure can be formed by the mechanical
method with a lathe.
In any case, the phase grating structure has wavelength
20 dependence such that spherical aberration changes in the
undercorrected direction as wavelength of incident light
increases.
The spherical aberration changes in the overcorrected
direction as the thickness of the cover léyer increases. Further,
25 the phase grating structure changes the spherical aberration
in the undercorrected direction as the wavelength of the

incident laser beam increases. And thus, since a longer



*the grating gives an optical path difference by one wavel ength, and the
*diffractive efficiency becones the nmaxi num at the blazed wavel ength ~. 8.
Synbol Cis a constant defining a phase at a s boundary betggegaadj@cent
rings ( O C(‘)D</ _) . The function MOXx,,y) represents the renai nder when x
is divided @H}‘ VoD ( Pl h2+P4h' + +C (1) is equal to z&C3/JRE0/Gopes
boundary . The phase grating structure is fornmed on the base curve that is
the Il ens surface of the refractive lens . Inclines and steps of the to ring

areas ar ay4¢si 8R§8nstsbet Wlant B QREHCAL-PALD .fé}teﬁg%gsfﬁgge?ﬁaﬁn%g oy

~' (h). The phase grating structure fornmed on the sphericCa
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structure. When the condition Is satisfie e 20

spheri calqwebets ahangduss tenhshanas- of aydie’ & cl%lﬂé@é s 1Y S GRP. Pe
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ef fectively counterbal anced by the variation e spherical abérration of

the pbasetigs ashaggstsLIctng &sphser{9at hepdBVEE Ot M E A 08 e 'J%Jéhanegth

internediate termof the condition (1) becones |ower than -1

vari ati orieyiehdlend® 6PhehbCphadbegrakialy d4e iy .ft of wavel ength becomes
too large. On the other hand, when the i'nternediate termof the condition

(1) exceeds - 7Antd@aiMardridl 8ptetalnsa RGN d MAY
2003 PCT/ JPO0O/ 00008 aberrati gn dﬁe % shi ftngg# aﬁsﬁ%&ﬁ%{ﬁﬂ%éé(}gﬁ%ﬁﬁé

smal |, Vwﬁt:dﬂJ@ﬂmﬁ@tisC@ﬂﬁieégéhWEhérfol/ﬁéwaﬁdjQ)'ﬂ)t‘ifcatl aéﬂ'&rﬂﬁe?e%e“ of

aberration due to the change of the cover |ayer"s thickness.
wavel engtfurttide dangr, due to the change 5 of tenperature causes the
backfocus of the conposite objective lens 20 to change, which causes focus

erroto Since tdenghange wf +backf acysndue to yegpgrature change are very
slow, the focus error can be corrected by the focus adjusting nmechanismin

the optical piwkexs.P,t,o°POandhp, eideetokdd.cildhd Wa¥esS8Eh8, Of odte, laager i S
rapi dly changed by switching of the | aser output between high and | ow

llevel s duriisith rexddrh Nth operAtHGh t herémPink dpficof yavel snoth 1 %?
causes the focus error, and it cannot be perfectly correcte y ghe ocus

adj ust i ngleidranisreldfigeh, ithel Furkc€esh ' Ghhe .rragtre%atgogaoabtt&c hi ective

|l ens 20 is constituted such that novenent of the tocal point iS reduced.
The novem&tth oiiffardnealbeniesn rmay aghtacedrdy ol dad iasguneaginbedi nal
chromatic aberration in general.
15 to be diffracted by the grating and a ray that is diffracted
by the grating, at a point on the phase grating structure where
the height from the optical axis is h. In such an expression,
@ negative value of the second order coefficient P, represents
a positive paraxial power of the phase grating structure.
20 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 phase grating

structure is defined like a Fresnel leris having a large number

25 of concentric rings. The actual shape ®‘(h) is defined by
subtracting Ax m (m : integer) from ®(h) as follows.

®’(h)=(MOD(P,h* + P,h' +++++ C, 1) - C) x A,



« However, since the conposite objective lens 20 of the enbodi nent 20 has the
 wavel engt h dependence in the spherical aberration, the perfect correction
in the longitudinal chromatic aberration, on the contrary,08néAed¥ds the
nmoverment of the best focus position. ;thus the correction of the chronmatic
aberrat iR 'YABd? d be bal anced with the variation of the spief{t04P0098
aberration due to shift of wavel ength. The | ength of the wavel ength [err]
of the laser beamfor the thin cover type optical disc is preferably about
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steps are réquire ase grating structure 1n order to Sufficiently

change they §Héﬁﬂfﬁa&1§ﬁ$&ﬂh?@ﬂ&?H@S&hé%h\éﬁ%&hﬁ% Q%l thc—?‘bEﬁ%ehhe | arge

nunber of steps I ncreas 0SS O I ght quantity, the wavel engths shoul d
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the %ﬁvez}m&h%ett%eﬁega CORENELOM D (loaser ¢ 1Gn +he Aldwers ippdp (khe

di fference of t'the wavel engths are too large, the averaged diffractive

ef fici egoy RgsBRmEPOo v Btdmaii@efli {heacki Y8 @i{igb&nsy 9f the phase
grating@?tructure is 100%uﬂm?he %Iazed wavel engt h [err? a;ile the | arger

15 the ¢j fromihe plazed | eRpg LS th
diffrac?#%ggéﬁ?ﬁgpéﬁcy %Qf g?n%% ?ﬁgggp?PCEFrBigﬁ-ﬁggoPg?hgggXBOSPﬁent uses

two waveRiyH BFatinly beasbtQPe VARG bnntgé daryeukkenthie 1 aaed
wavel engt h. Thus, the large difference between the usage wavel engt hs

decr easqerndaudveicaged £Re ddfractive Bidd Citpadneki 8nd4stSpd 4 2pR showi ng
the diffractive efficiencies when the bl azed wavel ength [err] is set at 650

nm 1000 MiMParéds afeldesiyné@sisich ther ghbfopeicae prith aieferencase | arger
t han about 90%in the range of 665 nmthrough 785 nm Therefore, 25 when

t he maVQﬁauﬁégaﬂéﬂrﬂya@déh¢;r] are 665 nmand 785 nm respectively [err]
84 ) , the diffractive efficiencies are larger than 90%

The phase grating structure formed on the spherical
aberration correcting element 22 satisfies the following
condition (1);

15 (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 phase grating
structure.
When the condition (1) is satisfied, the variation of the
20 spherical aberration due to change of the cover layer'’'s
thickness can be effectively counterbalanced by the variation
of the spherical aberration of the phase grating structure due
to the wavelength change. If the intermediate term of the
condition (1) becomes lower than -15, the variation of the
25 spherical aberration due to shift of wavelength becomes too

large. On the other hand, when the intermediate term of the

condition (1) exceeds -7, the variation of the spherical



seven-if the blazed wavelength [err] has any value in the range of ' oop 8
MAY 2003 WO 00/J1173 18 PCT/ JP0O0/ 00008 665 nmthrough 785 nm The DVD
"requires NA of 0.60, while NA of 0.50 is enough for the CD or CDO-R The

| aser beam outside the NA of 0.50 has, on the contrary, a (p&duambhiggience on
the reproducing of the CD5 or CD-R The | aser beam having 0.6 in NA forns
a too smiYPOYH&d™ spot for the CD or PR Therefore, the pctGTHRIPAII0Begi on
is preferable to be an exclusive use of the DVD. For this purpose, the

peri pheral area of the spherical aberration correcting elenment 22 should be

opti M zegLor 6,1 &, PN LAk S e L ILAGERYSIonDe R Lhalh 10l afis on The

peri pheral “area’rs the ou ) ive di aneter corresponding to NA
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a 85%line or an e Ve di anet er e sp erratron correcting

el enent 3@5 IgetégphﬁgéﬁgrE%egiéﬂb#gg%gyégéé}%;%gigﬁﬁé%§ia common area for

the DVD) and per i pheral . e gr ng surface is an
exclusive areayhg LheePVDe JhgFRLEA! 08" eRel SaLOEMRA 253, ALALL NG SuUr Face.
The peri pheral "area nay 5 or e S a contrnuous surface or a 20 aratlng
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DVD i ncreases.
error can be corrected by the focus adjusting mechanism in the

optical pick-up.

10 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
perfectly corrected by the focus adjusting mechanism. Thus, it

15 is desirable that the composite objective lens 20 is constituted
such that movement of the focal point is reduced.

The movement of the focal point may be reduced by
correcting longitudinal chromatic aberration in general.
However, since the composite objective lens 20 of the embodiment

20 has the wavelength dependence in the spherical aberration, the
perfect correction in the longitudinal chromatic aberration,
on the contrary, increases the movement of the best focus
position. Thus the correction of the chromatic aberration
should be balanced with the variation of the spherical

25 aberration due to shift of wavelength.

The length of the wavelengthX, of the laser beam for the

thin cover type optical disc is preferably about 80% of the same



~Stild further, spherical aberration of a positive r ,; 04 MAf 2003 WO
00/ 41173 Z 9 PCT/JP0O0/ 00008 refractive lens varies in the overcorrected
direction as tenperature rises due to decreasing of the reﬁ@aﬁ}'ﬂ'“ﬁnai ndex,
and the sem conductor |aser has tenperature dependence such that wavel ength

of the agplhgfi7haser increases as temperature 5 rises . Wedr/hR/00008
tenperature rises , the refractive | ens changes the spherical aberration in

the overcorrected direction, and the phase grating structure changes the

spherical aberration in the undercorrected direction because the wavel ength

of the kifghheematébengtivrk,td® Swnilasedudbtan fasethe ntikclseverdtypet he to

changes of the spherical aberrations caused by the refractive |lens and the

phase grattiicglsidisct.ur égheanthe dbfifierebakanfetiheowayel eaigtidys. 1Bhdoef or e,

when the refractive lens elenent 21 is nade fromresin whose refractive

i ndex desweddsedles tagrgee mampes 1 istepaistss Trégupnadefgrathegpdasgcture is

desirable to be formed in the peripheral region as well as in the center

regi on. gnatsmehshreasere tincopfiesgsafifigientliot ghange the spheriicadal

region is desirable to have shorter blazed wavel ength than that in the

cent®er edgiraatiiprobdsweed iwe waysdendidisli f Sdactd tbhe2basgeinmindryy off t he

| aser beam for the DVD. Fig. 5A shows an optical system of an optical

pi ck- up s&ePsr dnegersealoss oritl lardivdiguantithhe e weaelanatdg ishouldes 25 a

| aser nodul e 30 and the conposite objective |lens 20. The optical system of

t he sec®@¥yee@hdFedetrermdngdf GAfferepsieem Furkheeh dihgeDh@se IOrgvingeans are

I nci dent on the conposite ,. 0 8 MAY 2003 WO 00/41173 2~ PCT/, 1P00/ 00008
becomes too sensitive to the shift of the wavelength, which
narrows the tolerance to the wavelength of the semiconductor

10 laser.

On the other hand, the difference of the wavelengths are
too large, the averaged diffractive efficiency becomes too
small. The diffractive efficiency of the phase grating
structure is 100% at the blazed wavelength A,, while the larger

15 the difference from the blazed wavelength is, the smaller the
diffractive efficiency is. Since the optical pick-up of the
embodiment uses two wavelengths, at least one wavelength must
leave from the blazed wavelength. Thus, the large difference
between the usage wavelengths decreases the averaged

20 diffractive efficiency.

Fig. 4 is a graph showing the diffractive efficiencies
when the blazed wavelength A, is set at 650 nm, 700 nm or 780
nm. In any cases, the diffractive efficiencies are larger than
about 90% in the range of 665 nm through 785 nm. Therefore,

25 when the wavelengths A, and A, are 665 nm and 785 nm, respectively

(A /A,=0.84), the diffractive efficiencies are larger than 90%

even if the blazed wavelength A, has any value in the range of



-obj eetive lens 20. The laser nodule 30 is , as shown in Fig . 5B, provided
.W th. one-chip sem conductor laser 32 , a prism33 and a pair_of s ors 34a
and 34b on a silicon substrate 31 . The semiconductor |aser08 ¥ (é@ sists
of a pair of different active |layers on a common chip to forma pair of

| i ght empid pgpgi 1P nts 32a and 32b whose eni ssion wavel engt he-@i@odbdog er ent

to each otheir. The distance between the light emtting points is about 100
um The | aser beamemtted fromthe light emtting point 32a or 32b is to
reflected by a 45 degrees slope of the prism33 to be incident on the
conposi te&édHbpecthrveupgbni8as na.di vergent |ight beam The conposite objective
lens 20 is simlar to that of the first enbodinent, it consists of the
refractive | enthelYiente@iinesd Nheo§phed0 cathideMNaofon . 56r Lecennayggbl enent
22. 15 When the thin cover type optical disc having the thin cover |ayer D1
i s used,fohetHe @t oan€PtRng Tiné ntas32a bemmpputside thed tofi Ae S0akas, beam L1 -
( shown by a solid line ) having shorter wavel ength. The conposite
obj ecti ven | Ems Qnisatyca drhditinfisignss tarorthehawpdodugisg od theeCD The
| aser beam L1l is converged 20 onto the information |ayer of the thin cover
t ype Soptex &D-R sc Thier baghrtheam faviooy ér. 6 apd¥A Fbrmshartachesmadilckeaover
type optical disc having the thick cover layer D2 is used, the |ight
em tti ngspeofnfoB2the Lt AleR + o Theinefidre | £9€r Pezdphezal shohArbysa
dotted line ) having | onger 25 wavel ength. The conposite objective |lens 20
i s novedP¥eferabpesitoi b8 mowxadpsdtvtusel of nthe OYDI | ow t he noverrent of
.the recording |ayer. The |laser beam L2 is converged onto the 0 a_MAY
Zoos WD 001 41 FoB bhiparmgpoeeoobhe peripheral area of the spherical

aberration correcting element 22 should be optimized for the

10 DVD that is the thin cover type optical disc. The peripheral

area is the outside of an effective diameter corresponding to

NA 0.45 or NA 0.50. In other definition, the peripheral area

is the outside of a 85% line of an effective diameter of the

spherical aberration correcting element 22. The central area

15 of the grating surface 1s a common area for the DVD, CD and CD-R,
and the peripheral area of the grating surface is an exclusive

area to the DVD.
The central area is formed as a grating surface. The
peripheral area may be formed as a continuous surface or a
20 grating surface. In the former case, the aberration of the
peripheral area should be corrected for the DVD. In the later
case, a blazed wavelength of the peripheral area should be
shorter than that of the central area. When the blazed
wavelength of the peripheral area is shorter than the central
25 area, the diffractive efficiency for the CD or CD-R decreases
and that for DVD increases.

Still further, spherical aberration of a positive



~infarmation layer of the thick cover type optical disc through the thick
cover layer D2. Three concrete exanples of the conposite objective lens 5
20 according to the first enbodinment will be described herebna&f 3@ The
conposite objective lens 20 of the exanples are designed i e grrpati bl e
optical RhGk; for both of the thin geover type optical di | 0. 6 mMm
t hi cknes‘égb?@\‘/‘ggsl ayer such as a DVD and the thick cover ty%gﬁggi{d/d@as di sc
having 1.2 to mmthi ckness cover |ayer such as a CD or a CD-R The phase
grating structure is formed on the second surface 222 of the spheri cal
aberr at i e €06 £€4 | DEn &l eaEDEs22n theFiodre re ot ddh @& iagrosdd ea®bj ecti ve

|l ens 20 of the first exanple and the cover |layer D1 of the thin cover type
opti cal thmperdt@re & bdossdide:saposeieinh e£ttive tefisa@Oivet inddre, cover

| ayer D2 of the thick cover type optical disc. The nunerical constructions
t her eof @@ ¢lescsehbdon@udfBEEl AseTh®ad0 tnipercaurél Gupkritenepraseant t he
spherical aberration correcting elenent 22, the surfaces #3 and #4

repr esenthd havaweiiacdtlyof ehe emgnerd 2isandihbeeasés age stethpardl dife
represent the cover layer of the optical disc. In TABLE 1, NA denotes
numesi catiseer t Whan thewdnpsrdtilre ridaw! ehetlter dadtalvd oeals tleagids w
(unit : degree) denotes half angle of view, ~,1 (unit . nm denotes the
wavel engtite fsphdibcd i dabexwet 1 d1y pen oftié covexkhscredesd |ditection pndndlenot es
the 0 8 MAY ?_003 WD 00/41173 2z PCT/ JP0O0/ 00008 wavel ength for the thick
cover tyiee qitasalgmhtsing sthamite .cinpgels note ssghdxt xzal aeetangshm f or
the central area, h,s (unit mm) denotes the height fromthe optical axis of
a poi nt isherhe anldegitiomaactedd direle tibon dbekailtsd ther vevedenlgehphfisehgr at i ng
5 structure, r (unit . nm denotes a radius of curvature of a surface ( the
val ues atigine emdrttted foomadpheeniabndwcitacelaserdnonedses . nffhudetive es a

di stance between the surfaces along the optical axis for the thin cover

t ypéooptd¢hamgels sif tde cpherical dbeoradidins diastsadceyfbhe ttheftdetkveover
type optical disc, 1o n~, denotes a refractive index at a wavel ength ~, nm
and vd degnt endathabphaaendeat i traseteoe varobet peuntefhadanead(bur f ace
#2) of the spherical aberration correcting elenment 22 is a flat surface.
Bot h of @a@hs@tlte®es 211 and 212 of the refractive lens element 15 21 are

also rotationally symmetrical aspherical surfaces . The
Thérefore, when the refractive lens element 21 is made

from resin whose refractive index decreases as temperature
15 increases, the phase grating structure is desirable to be formed
in the peripheral region as well as in the center region. 1In
such a case, the phase grating structure in the peripheral
region is desirable to have shorter blazed wavelength than that
in the center region in order to increases the diffractive

20 efficiency of the laser beam for the DVD.

Second Embodiment
Fig. 5A shows an optical system of an optical pick-up
according to a second embodiment. The 6ptical system includes
25 a laser module 30 and the composite objective lens 20. The
optical system of the second embodiment is a finite system in

which divergent light beams are incident on the composite



srotationally symetrical aspherical surface is expressed by the follow ng
equation: x X(h) a h ¢ +Adh +Abh6 +Aah$ +A oh' +Al 2hu 1+ 1-(1+K)hzCzZ X(h)
is a SAG that is, a distance of a curve froma 20 tangential plane at a
point on the surface where the height fromthe optical axi®8S8i MAh. 208y nbol ¢

S a curéadeﬁl,gzl/r) of the vertex of,4he surf ace ( Kis acé_z&ig&g(ﬁ)g

SIXth

25 coeffici ents A,

and Alz are aspherl cal surface coeffidi

TABLE 2 ihdicaies iggpeshi ve coefficients of r .173 0 8 MAY 2003 2

PCT/ JPO0/ 00008 second, fourth) sixth, eighth and tenth orders P2) P .
Pe and Plo of 4@ 1ed:cabapathalikf eaenapdiinate . seh)

grating structure forned on the second surface 222 of tﬁe spheri cal

aberr at | $ifle CORL S FldniG: A RIBIYr 2dsep 1TAB
w=1.0 h 5=1. 60mm ~. Z=785nm NA 0.45 f=3.5

r #1 #2 3fa 4345514 512180 ﬁ;‘fb#tﬁa@@ Al

[ TABLE 2] zo Surface #2 K A4 25 Alo A~x _ P= 0 . 0000 d2
n785sv k4. &Msils®4066 4. ﬁ@%é%ﬁf@eﬁ&@t active layers on a common

10

15

20

25

chip to form a palr of light emitting points 32a and 32b whose
emission wavelengths are different to each other. The distance
between the light emitting points is about 100 um. The laser
beam emitted from the light emitting point 32a or 32b is
reflected by a 45 degrees slope of the prism 33 to be incident
on the composite objective lens as a divergent light beam.

The composite objective lens 20 is similar to that of the
first embodiment, it consists of the refractive lens element
21 and the spherical aberration correcting element 22.

When the thin cover type optical disc having the thin
cover layer D1 is used, the light emitting point 32a is operated
to emit the laser beam L1 (shown by a solid line) having shorter
wavelength. The composite objective lens 20 is located at the
position shown by a solid line. The laser beam L1l is converged
onto the information layer of the thin cover type optical disc
through the thin cover layer Dl.

When the thick cover type optical disc having the thick
cover layer D2 is used, the light emitting point 32b is operated
to emit the laser beam L2 (shown by a dotfed line) having longexr
wavelength. The composite objective lens 20 is moved to the
position shown by a dotted line to follow the movement of the

recording layer. The laser beam L2 is converged onto the

st ant

ourth,
eighth, tenth and twelfth orders, respectively. The constant K and ,
t hrough Al= are shown in the foll ow ng TABLE 2. Further,

3
Ps.

tevdakungi e phase
ildm 33 brebd A N 0@ fh 4 538s 50mMm

mm w=1. 0 =700nm to Surface Nunber

178805 din £O&N ud 8B L1 44r 0. 600

n6s57

v



+2.400 |.54056 |.53665 55.6 |.344 1.200 Surface #3 -0.4400 -1.2400x10-
-2.2800x10" ° -8.6000x10"" 2.3300x10's -6.3900x10'6 Surface #4 0.0000
"1.9840x10' 2 -5.8000x10-"' 4.7300x10-" 1.0200x10'' 0.0000 O %bg@qaﬁgps WO
00141173 z4 PCT/ JP0O0O/ 00008 P, -1.3200 P6 -2.1400x10"1 Pe 2. 8 =2 Plo
0.0000 5 ﬁbg&. /A and 7B show third order aberrations of the objective |ens
accordindv HE tir st exanpl e when the thin cover type opt?%g 04108498 ; 5
used at wavel ength of 657 nm Fig. 7A shows spherical aberration SA at
wavel engt hs 649 nm 657 nmto and 665 nm and Fig. 7B shows astigmatism (S:

Sagi ttal 4 oo erisdionabby Jhawet i cayes %%gic?%tfﬁ%i RPYES FRLSghe

numeri cal aperture NA “and the vertical axis Th F represents i mage

hei ght Y. pldnigh 1Qfk thetonigut gl axis is "mi' in each of Figs. 15 7A and 7B
. Figs . 9A and'QB are graphs ?%at are simlar to Figs . 7A and 7B when the

thick cover type optical disc is used at wavel ength of 785 nm The
spherical aberration is sufficiently corrected at both of 657 nmand 785 nm

as shown in Fi ghretAc8HErdte eRahBlbREoEi £15d e i8R Aledldl NI

structure is formed on the second surface 222 of the sphérical aberration

corregti ng @&&@1%2 ¥ i dfesendhbsafheme | 9180 86T geki¥gpeadi us . The
hei ghts of the boundaries anpong the rings are shown in TABLE 3. In the

first exampleandfiRMaseneucdRfpsEitBeobYetatfe2berd b oA dlakxamiphace as
shown in Fig . 2B, the actual shape ~x ( h ) of the surface 222 s

directly a@epaeg§gdeayfcsfleth@pébﬁghta@t1@ dpticsenpic Uetdanvashfof ltpes WO
00/ 41173 0 8 MAY 2003 PCT/JP0O0/ 00008 25 ~x(h)=MOD(PZh" + P,hj + , 1) X
~, e/ (n- 1thibcover type optical disc having 0.6 mm thickness cover layer
such as a DVD and the thick cover type optical disc having 1.2
10 mm thickness cover layer such as a CD or a CD-R. The phase

grating structure is formed on the second surface 222 of the

spherical aberration correcting element 22.

First FExample
15 Fig. 6 shows the composite objective lens 20 of the first
example and the cover layer D, of the thin cover type optical
disc. Fig. 8 shows the composite objective lens 20 with the
cover layer D, of the thick cover type optical disc. The
numerical constructions thereof are described in TABLE 1. The
20 surfaces #1 and #2 represent the spherical aberration
correcting element 22, the surfaces #3 and #4 represent the
refractive lens element 21 and the surfaces #5 and #6 represent
the cover layer of the optical disc.
In TABLE 1, NA denotes numerical aperture, £ (unit : mm)
25 denotes the total focal length, w (unit : degree) denotes half

angle of view, A, (unit : nm) denotes the wavelength for the

thin cover type optical disc, X, (unit : nm) denotes the



*10 15 20 25 (TABLE 3] Ring Nunber h ( nm) Ring Nunber h ( nm) R ng Nunber
‘h ( M) .
10. 907131. 658251. 93921. 069141. 688261. 95731. 176151. 715271. 97541. 258?]@%. 74228
1.99351. 326171 . 767292. 01161. 384181. 791302. 02771. 434191. 81 53028 MM s4%80201.
837322. 06@9d0/H21211. 859332. 076101. 559221. 880342. 092111. 59434/ #0018 627241
.920 The central area that is the inside of h,5 (=1.600m) covers the rings
whose nunbers are 1 though 11,~ and the peripheral area that is the outside
of h,s covers the rings whose nunber are 12 through 34 . The bl azed

wavel engwhvied.engshc §otr dheartdd cks coyer type7 P trkrahdlise Blatsdikavel ength
of the peripheral area is equal to 657 nm That is, the peripheral area is
opt i mi zeBM) oReRPEE HFP LEZL G A ISEARI BL FOF. the Bividt RECBorposite obj ect i ve
|l ens 20 of the 5 10 15 20 25 WO 00/41 173 26_0 8 MAY. 2003 PCT/ JPOO/ 00008
second e®BApfenghgst ke cheighf 8™ NS ORHEChidr o\ & PR4NSpYPEER di sc.
Fig. 12 shows the conposite objective |lens 20 with tHe cover |ayer Dz of
the thi cR &&9BE F§BeC8prhesh Npsis OtAe ABABFSEStScSRE: PREFPoBERERBReof are
described in TABLE 4. TABLE 5 represents the conic cgnstants, the

asphet i c8FTNGERERe Ent(dndifd it FEN ) A8F9 LSt STRELEROHpEIERRTPEE hOGi Bf er ence
function. [TABLE 4] ~.1=657nm NA 0. 60 f=3.80mm w=0.9 h,s=1. 72nm T. Z=780nm
NA 0.50 FUFigsem(kRE. yaluefnAtsHie YRECRKNERT FSRASTRCHbTfARR M1 & 1. 500
1.500 1.5405 1.532(7)%3#2 ~ 0.250 0.250 #3 2.434 2.840 2.840 }_ 54056 1.53677
#4 -7.8261 862 P pates P g Rnrd BRT{eHBIES e5c818"ISHPP ace #
T R S e 1 ek 3038 O tna *e AR 8506 B9p 8000 2eRE 1KY, 40 1uRIT 1Y 4 265

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

The base curve of the surface 222 (surface #2) of the
spherical aberration correcting element 22 is a flat surface.
Both of the surfaces 211 and 212 of the refractive lens element

15 21 are also rotationally symmetrical aspherical surfaces. The
rotationally symmetrical aspherical surface is expressed by the
following equation:

hic

1+ 41-(1+ K)hc?

X(h) is a SAG, that 1s, a distance of a curve from a

X(h) =

+ AR+ ARE + Ah® + 4B + A, A"

20 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 of the surface, K is a conic constant, A,, A,, A,, A, and
A,, are aspherical surface coefficients of fourth, sixth, eighth,
tenth and twelfth orders, respectively. The constant K and

25 coefficients A, through A,, are shown in the following TABLE 2.

Further, TABLE 2 indicates respective coefficients of



, 1. 4000x10' -3.1400x10'' 3.0500x10'" vd 55.6 55.6 0 8 MAY 2003 WD 00/ 41

+

| 73 5 to 15 20 Al 00. 0000AI Z0. 0000PZ0 . 0000P,-1.1551 P6 0.0000 P8

-1. I550x10' Z Pl o 0.0000 27 -4.6156x10'6 -8.0000x10'6 -4. OOOé)glﬁAY' 2§ 0000
PCT/ JPOO/ 00008 Figs. 11A and 11B show spherical aberration and astigmati sm
when the thin c r type optical disc ig used at wavel ength

Figs. 13A and 1'géﬁshow spherical aberration and astigmati smﬁéﬁ@%@% hi ck
cover type optical disc is used at wavel ength of 780 nm In the second
exanpl e, the phase grating structure is forned on the aspherical base
curve. Acgeednagl Youdih ,s@isitcale oheth adh@nc &l th herddosep gr #,i, ng, stpuct ure
can be counterbal anced with the spherical aberration of the aspherical base

curve wthnkeppi 88 tHe Jpved£NH k1l eperElenaf Off ke i & (Rl 2B ER Akl ON

correcting el ement 22. is mnimze bending of a light ray at the
spheri cal takephalieograaihec sitatctharerfordind wh ther edecoad shefakenge 20f
various aberrations due to change of distance between the refractive |ens
el ement 2dpfantiet sphephierdlc abeahEatadn ococreceihg nglenenen2222. The act ual
shape of the grating surface is defined to 25 overlap the phase grating
structsire represented by the optical path difference function described
above on the base curve . As a result, the surface of the each ring is a
flat surfd@aBfEatl] WO 00/41173 28 0 8 MAY 2003 PCT/ JP0O0/ 00008 is
perpendi cular to the optical axis as shown in Fig . 3B . The step T is
equal to x,#5fnm NAL §.6W £=30G0bnim (w1 .5890],=1169mr0 . 0013 ( nmm) . That
is, the step is 1.3 Eun.

A,=785nm NA 0.45 £=3.52mm =1.0°

Az =700nm

10 Surface

Number T dl a2 né6s57 n785 vd
#1 ] 1.000 1.000 1.54056 1.53665 55.6
#2 o 0.200 0.200

#3 2.084 2.400 2.400 1.54056 1.53665 55.6

15 #4 -12.230 1.706 1.344
#5 o 0.600 1.200
#6 0
[TABLE 2]
20 Surface #2 Surface #3 Surface #4
K - -0.4400 0.0000
A, - -1.2400x10"? 1.9840%x10"?
A, - ~-2.2800x10"* -5.8000x107?
A, - -8.6000x107° 4.7500x10“
25 A, - 2.3300x10°° 1.0200x10°®
A, - -6.3900x10"° 0.0000

P, 0.0000



.5 to 15 20 25 Third E ~ple Fig. 14 shows the conposite objective | ens 20~of
the third exanple and the cover |ayer D1 of the thin cover type optical
disc. Fig. 16 shows the conposite objective lens 20 with th(@ Bcg%\gr 0h?ayer D~
of the thick cover type optical disc. The nunerical constructi % er eof
are descriywgdoki7sFABLE 6. TABLE 7 represients the coni ¢ const@it fpoobiRs
aspherical coefficients and the coefficients of the optical path dif f
erence function . [TABLE 6] ~.1=657nm NA 0.60 f=3.06nm cu=1.1 h4, =1. 38mm
~.z=780nm NA 0.50 f=3.08mm w=1.1 =657nm Surface Nunber r dl d2 n657 n780 #1
~ 1.500 1.50B, 1.-B40B®0. 53677 #2 ~ 0.200 0.200 #3 1.954 2.287 2.287 1.54056
| . 53677 #4 -6.293 1.421 |.500 #5 ~ 0.600 1.200 #6 vd 55.6 55.6 0 8 MAY
2~3 WD 00/ 41873 -29 1RO <IRD6/ 00008 [ TABLE7] Surface #2Surface #3Surface

#4K0. 0000- 0. 44300. 0000A, 3. 200x10' * - 8. 8000x10' 42. 6900x10' 5

A62. 300x10' "pl. 5IN®AIWxE®?3440x10" ' Ae3. 800x10' 5- 8. 5000x10' 51. 4050x10' ' Al 00
. 00003. 0000x10" ' -5. 7000x10' sAl z0. 0000- 8. 0200x10' 60. 0000PZ0 . 0000zZO

P, - 2. 6326P6- 2,,89 07,0000 Pg- 3. 1279x10' 2Pl 00. 0000 15 Fi gs. 15A and 15B show
spherical aberration and astigmati smwhen the thin cover type optical disc
is use@ at wavel ength of 657 nm Figs. 17A and 17B show spheri cal
aberration and astigmati smwhen the thick cover type optical disc is used
at wavel engt h ofF im0 nfd 204d| (VB hehewi Ehisdapgider taReqrristor? apfnghe
structure is formed on the aspherical base curve as well as the second
exanpl e . IRiasEivRyllens RCepFétngarcabber L8k 6FamRdepRsa &hs&t ithdn
structure can be counterbal anced with the spherical aberration of _the
aspheri calCH e R OPHITR 1k 8diFichd St HECRaIE| BRTR HEDBLR e rRith dd ‘o 1the
spherical aberration correcting el enment_ 22. The actual shape of the grating
surface i s/ SPONSISPBestER L apPEREAFARIBSYy &t WAYCILRILESr B4P PR esht & by

t he opti cal r WO 00/41173 30 Q 8 NMAY 2003 PCT/ JP0O0/ 0Q008 path difference
funct t8n Er§ 4R PRHoFBI0A 10he ThshIMUF Rstigratism (S: Sagittal, M:

Meridional).

The vertical axes in Flg. 7A represents the numerical
aperture NA, and the vertical axis in Fig. 4B represents image
height Y. Unit of the horizontal axis is "mm" in each of Figs.

15 7A and 7B. Figs. 9A and 9B are graphs that are similar to Figs.
7A and 7B when the thick cover type optical disc is used at
wavelength of 785 nm.

The spherical aberration is sufficiently corrected at both
of 657 nm and 785 nm as shown in Figs. 7A and 9A.

20 In the first example, the phase grating structure is
formed on the second surface 222 of the spherical aberration
correcting element 22 within the entire area in an effective
radius. The heights of the boundaries among the rings are shown
in TABLE 3. In the first example, fhe base curve of the surface

25 222 is a flat surface as shown in Fig. 2B, the actual shape Ax(h)
of the surface 222 is directly expressed by the optical path

difference function as follows:



~a result, the surface of the each ring is a flat surface that is

"perpendi cular to the optical axis as shown in Fig . 3B . The step T is
equal to ~.B/(n - 1)=0.000657/(1.54056 - 1)=0.00122 5 (mm) . 0hMAYi 203 t he
stepis 1.22 Nm In this case, the sPQerical aberration correcting el enent
22 has n¥OMHEYPcal aberration at 657°hm Therefore, the rBEFARIYWHS| ens

el emrent 21 that has no aberration in NA 0.60 is used with the spheri cal
aberration correcting el ement 22. |0 The peripheral area of the grating
surface of the, spherical erralion correcting el enent 22 is forned as a
cont i nuous sur4§ggf=¥§§(ﬁg$iﬁhgiél'%rea’cg%t¥%%ﬁﬁggﬁgd form a beam spot
with the |ight beamat 657 nmw thout |ight |oss due to the phase grating
structure. On the other hand, the peripheral portion is does not contribute

to forn1¢T%§@§1§pot with the light beamat 780 nm which can avoid to form
too snal eam spot for the CD or CD-R The follow ng TABLE 8 shows the

values gfs A Qe tOnZ&;ﬁhr%@ﬁm&% fﬁr(@? 00y MufBecn Gife all

of the enbodi nents satis the condition ( 1 e deterioration of the

wave gf ront aperratiomy dyygyto changg of thg gauer |ayeryg thickpegggcan be
reduced. 25 [ TABLE 8) Exanples First Exanple Second Exanpl e Th?r%§%x

0 8 MAY 2003, WO 001 415l 7% 4ondi tioq4(1) ~ 4 sy ) ~— -pgy thi S)li'gs—;.l.arerl ©

3 1.176 15 1.715 27 1.975

4 1.258 16 1.742 28 1.993

5 1.326 17 1.767 29 2.011

10 6 1.384 18 1.791 30 2.027

7 1.434 19 1.815 31 2.044

8 1.480 20 1.837 32 2.060

9 1.521 21 1.859 33 2.076

10 1.559 22 1.880 34 2.092
15 11 1.594 23 1.900
12 1.627 24 1.920

The central area that is the inside of h,, (=1.600mm)
covers the rings whose numbers are 1 though 11,  and the
20 peripheral area that is the outside of h,; covers the rings whose
number are 12 through 34. The blazed wavelength in the central
area 1s equal to 700 nm and the blazed wavelength of the
peripheral area is equal to 657 nm. That is, the peripheral
area is optimized for the DVD.
25
Second FExample

Fig. 10 shows the composite objective lens 20 of the



‘31 --10.9 PCTI, |1 POOI 00008 -11.2 n 08 MAY 2003 32 Clainms 1. An oQi cal
pink-up that is used for at |east two kinds of optiaa~. discs respectively
provi ded with cover layers (D. DZ } having different t hi cknpeg ?
optical pack-up conprising a p~.urality of |ight souroes ( 11) 12 ?D or
emtting |ivhholgass having differentasvav-al ength, said plur aﬂd-lt,ypo@)‘oodobghfl
sources (11, 12) being switched with each ot her accordlng to the kind
optical disc. used: a refractive Isns elenent ( 2~. ) far converging sald

| i ght beans fromsaid |ight spurces onto recording |ayer of said optica

di scs; asdcandpbrampalk ahdrthéi oaveor Lageirnd, ed£nthed thi? gowverwhypa a
concentric phase grating structure is fozned, said phase grating structure
di ffractopgisakddisght beqnsll rshdwes stre chmfpositte b becleivantlenst 20i ng
spherical aberration in response to change of wavelength to correct change
of the sphehi thé abeeratayper dyeofothbetditkecever typetdmtibat| dhess of
said cover layers (D1, D2}. 2. The optical pick-up according to claiml1,
wher ei n Thednepéricadl cabetruattiooms arhreego hgre descrip2d) inaTABLEQAL axi al
power. 3. The optical pink-up according to claim1l, wherein one of said

pl urd i t JABLE|I Bghhepresends thélcoddc) domstraptshorther asphericplavel ength is
used for one kind of said optical di$cs having a thinner cover |ayer (D1)

t hat haschegfidcieater dindg thensoeyf f laNeBNGED SitheEEpUiREAl BRAath a

difference function.

[TABLE 4]

10 A=657nm NA 0.60 £=3.80mm ®=0.9° h,=1.72mm

A,=780nm NA 0.50 f£=3.82mm w=0.9°

Az =700nm
Surface
Number r al 42 né6s57 n780 vd
15 #1 o 1.500 1.500 1.54056 1.53677 55.6
#2 @ 0.250 0.250

#3 2.434 2.840 2.840 1.54056 1.53677 55.6

#4 -7.826 1.862 1.500

#5 © 0.600 1.200
20 #6 0
[TABLE 5]
Surface #2 Surface #3 Surface #4
K 0.0000 -0.4400 0.00bO
25 A, 1.500x10° -4.2045x10"* 1.4000%107?
A, 0.0000 -9.6210x107° -3.1400x10"*

A, 1.500x10°* 4.2851x10° 3.0500x10"*



*0 8 ‘MAY 2003 33 and wherein another of said |ight sources having |onger
"emitting wavel ength is used for another kind of said optical discs havizzg
a th~.cker cover layer (D2) that has | ower recording densitgg gay 23
optical pick-up according to claim 3, ,pherein a peripheral area o the
grating I o0 said spherical aberration correcting ele IS
f or med a\zag[)@gﬁ%i nuous surface optim zed for the one kind E$P@%40|?u§ di sc
havi ng the thinner cover layer (Dl1) with the shorter wavel ength. said

p~x~~. phergl arga,h5,t he outside ef fecti ' ter corre$ponding to
Byert fr 208 R A ot hae PORAT

nuneri cal quired for’ a~n, ot her ‘Kin optical disc having
t he t hi cker, covegr er (D2}. 5. ki cal ,pihak-up according to claim 3,
wherein a 6%%ip§é9g?8area of t tpéﬁék#éllsurpé?g%gf sai d spherica
aberrationfporrggbbag element ( 22 } has a diffar~nt phase grating
structure frromthat of a central area, said phase grating structure of said
peripheral p@area i §sgpti mzed for the one kind of optical disc having the
thi nner covér |ayer ?Eﬂj with the shorter wavel ength, and wherein said

per ~.phez~3 argaghyet he outside of an effective diameter corresponding to
nurreri cal agerture required for the another kind of optical d~.sc having

t he thicke&,coy;rlgggeioﬁDZ). 6. The optical pick-up according to claiml,
wherei n sai'd sphérival "aberration correcting element ( 22 } i.s |located
bet ween saigl |ighpgpgurces (11, 12) and said refractive lens elenment (21).
AMVENI ) E~ Sr=EET IPE~TEP ,. 0 8 MAY 2003 34 7_ The optical pick-up
according to claim®6, wherein said phase grating structure has wavel ength
dependence such that spherical aberration var~.es in the underoorrected

direction as veygkengt iao-ahaci dent Lhok! Lpaceases §bﬁ§5§‘_§t§!8hi Cahapi ck-up

according to clarm7. wherein the follow ng condition (1) is satisfied; (1)
-15 15 ~{Adg)ghhtismPanshhTabZthin/ cWlexethbe 8ptibhe BekaNsl hoaut Ae
optical axa.S of a point where a light ray of which N~ is 0 . 45

i nt er seciyyavedeAgRAASEE J68YI NEn St I palgs.e) 138 iah@ UeSi WhotAVebrBGLBaland PZ
is a second order coefficient when an additional optical path | ength added

by sai d pbageadianl &ﬁdshélﬁiﬁﬂa@ibﬁt aKenesbedthYckheotelr! eypagoppticaal path
di fference function ~(h) ~(h) .- (Plhz * Pih~ + Pshs + . . . ) x where P4

and P6 aggseoakfi helednlax @faviedidnytndsi?e@d miders. and h is a height from
the optical axis. 9. The optical pick-up according to claim®6, further

conprising a cghl ithe! gedotyds ekalrble | arind eshdsd Weeat sag. dtphotaket ¥ sof
| i ght sources (11, 12) and said spherical aberration correcting elenment (
22 )13 0 fommexd dhvetlygentadphphtidad ubase nturparal | Akcdorgingigans the. 0 .
The optical pick-up according to claim6 , whez~exn divergent |ight beans
em tted Spbherdgiad EHhertdttiormofof i the pbaseegr@tiing s{Yreceureccdsnbeon sai d
spherical aberration correcting el ement AMENDED St ~EE' f | PEAI EP
counterbalanced with the spherical aberration of the aspherical
base curve with keeping the wavelength dependence of the
spherical aberration correcting element 22. This minimize
20 bending of a light ray at the spherical aberration correcting
element 22, which reduces the change of various aberrations due
to change of distance between the refractive lens element 21
and the spherical aberration correcting element 22.
The actual shape of the grating surface is defined to
25 overlap the phase grating structure represented by the optical

path difference function described above on the base curve. As

a result, the surface of the each ring is a flat surface that



0 8 MAY 208 35 (22). 11. ,A conposite objective lens (20) that is suitable
to be used in an opt~,cal Qck-up that a.s used for at Ieast two ki nds of
optical discs respectively provided with cover |ayers ( %%gafgpg
different thickness, said conposite objective |ens (ZO conp i 0
refracti vewW®pss F,\J,}errent ( 21 ) havingzpgositive power: and a sphefdosaboos
aberratl,on correcting elenent ( 22 ) on which a concentric phase grating
structure is formed, said phase grating structure diffracting said |ight
beams in the same diffractive order and altering spherical aberration in
responseikop&hpafgeiohlaavied el lbpitd ol r80ls akasgewafl iheigplsd. cahe
aberration due to the difference in the thickness of said vover |ayers (D1,

D2). 12 stdhercyregsiahet®, 2¢hi ver Jemsodo2P (1. 885060 Ng <0, 001 Mnh) .-
wherein said spherical aberration correctingr elenment ( 22 ) has no
paraxi al TRAWr 8., ¥Be ERepcARPAsi3t eumpbj ective lens (20) according to claim
11( Werein sai d refractlve |l ens element ( 22 ) is a doubl e-aspherical and
singl e-piece lens. 14. The conposite objective lens ( ZO) according to
claim 11, wherein one surface of said spherical aberration correcting

el ement Lh22d) Exaspaeconti nuous surface arid the other surface is the
grating surface) and wherein a base curve of the grating AM-~U~D SN~ET |
PEA/~P 1Y 1 Fig.8 4BXok80tha&compqsacts iod jacftiate pease0 &5 thelkRiganposite
objective lens ( 20 ) according to claim11 Werein once surface of said
spheri cakxahplreatndntherceetr nt@yekredprdf (tha thin sovent typeuspsdirkace az~d
the other surface is the grating surface, and wherein a base curve of said
grating ddastaceFigs b6 rdias did lopomposite | algjeaisirherliarsd 2umwiiatethés . The
conposite ob jectirre lens ( 20 ) according to claim1l, wherein said phase
~cat i ng sbtwrveaf llayeri ,fof nedewthlick sovenf itygle apeaiadl tdissqr affheg surf ace
of said spherical aberration cerrectiz~g elenent ( 22 ) , and a pez'ipheral
areal®f samgrdcatli cgnsdriugdd.ons fuirameiofisane cdascnibed $nr ZBBLEakd wherei n
said peripheral, area and said central area area divided by a 85%1ine of
an $f f ecTAB&Edi7TarepEesentsaitihes wondic atonpeants ~. thecaspberiaglel enent

22

(22) coefficients and the coefficients of the optical path

difference function.

15 [TABLE 6]
A=657nm NA 0.60 f=3.06mm w=1.1° h,=1.38mm

A,=780nm NA 0.50 f£f=3.08mm w=1.1°

Ag =657nm
Surface
20 Number r dl d2 n657 n780 vd
#1 0 1.500 1.500 1.54056 1.53677 55.6
#2 L 0.200 0.200

#3 1.954 2,287 2.287 1.54056 1.53677 55.6
#4 -6.293 1.421 1.500

25 #5 o] 0.600 1.200

#6 o



17. The conposite objective |lens (20) according to claim 11, wherein said
phase grating stz-ucture is forned in the entire area of the grating
surface of said spherical aberration correct~.ng element (22)y5 gl gged
wavel engt h of said phase grating structure in a peripheral area of said
grating swoOave11"s shorter than a bl a¥ed wavel ength of a cenPCEIP®WI0EEN8Of
said grating surface, and where~.r~ said peripheral area and said central
area are divided by a 85%1ine of an effective dianmeter of sa~.d
sphez-~.cal aberration correcting elenent ( Z2 ) . 18 . The conposite

obj ecti U&ABHS 1) 20 ) according to claim~.1, x~avt :. :' i ~~.' ~ _: :r
" T 0 a MAY 2003 3~ ~rhsra3,n said phase grati.zzg structure has
wavel ength depSHEERCE ddch t BRTERFRr#3cal SHEERES &t varies in the
undercorrected direction as wavel ength of inc~.dent |ight increases. 19 .
The conposkte Obj%9&% ve 1 ens-0-2330 accordi ng:?89€1 aim 18 , wherein the
following cond~.tion (1) is satisfied;, (1) -15 < ~(h4sg)/?v ~ P2 x(has)z <
-7 where hAs 1S 20HAght f r8mBORE%3PL | cal 2xEL0DFLQA " poi nt where a |ight
ray of which NA. xs 0 . 45 intersects said phase grating structure, ~, is a
desi §n wav®¢ en-BORAP Pz i s-3 -5386ma00r der 2024 4P¥1@Nt when an addi ti onal
optical path length added by said phase, grat~,n stru_gture i's expressed by
the fol l owbng cptdQtldat h drﬁf-épéﬁééofunctibrﬂg—?%m ~( h) - ( P2h2 +
P,ha + F6h6 + . . . X 7v) where P4 and P6 are coefficients of forth arid
sixth ordefs arft Q& a hei ghB -P08O*MPe opt realPO8xEQ" 2d. A spherical
aberration correcting el enent (22&9that_6i s suitable for use with a
refract 3. vBil erfs @&hent ( 219-92PUA Gpti caP -BROLKk-up that is used far at
| east two kinds,  of optical discs respective?,yprovi.dedw thcoverl ayers (D1,
D2) havi ngaiffaor'é}ﬂo hi ckness, $aid correcting elenment conprising: a
concentric_phase 2gé}i ng structure for diffracting said |light beans in the
same?di ffrgt:ti'\/?ejgi r and altering spherical aberration i,n response to
change of wavel $ngth to correct change of the spherical aberratioa due to
t he di ffeance’lrr?g%]hP‘]t%i ckness of said cover |layers (D1, D2). A~lIEf~DED
SHEET f P EP . 0.a MA r 2003 38 21. The spherical aberration
correcting-el e—MZ'I(%O according to claim 20, where~.z~ paraxial power is
not provi d?d. 2@'00@(8 spherical aberration correcting el enment (22)
acvording T8 claim , Wherein one surface is a continuous surface and the
other surface is the grating surface, and wherein a base curve of said
grating surface ~.s a flat plane. 23. The spherical aberration correcting
el eqent (22) di o] |1 20 er sl ]gcﬁ a t snuous
sur Tt{gce and t?\fgi(%heﬁgss%rfag%% iisél? hesrb?‘y\a{]igré&esﬁfc?%%e%%n jé?%i n&g&]base

curve Ofas;@%%férﬁ Neh A {136 €t B Acb QL AL £y HE YNgBLs i £&lwas@hey i cal

~Gpt¥c
surface. The spherical aberration cort Ctlé%g e?ement (zz) according to

claim zQraved i St o2 JogPasem 97 akipg . StIHCt Hhd | 578 OLHBE WpHdY{sa R
central. area of the grating surface , and a peripheral area of said

grating fddeeeids £id sk Agmat E9R whBHOERe SHhidRCcoverd et 534
peri pheral area and said central, area are di~rided by a 85%1.ix~. e of an

ef fecti wpi gl tiaifdd at wavelength of 780 nm.

20 In the third example, the phase grating structure is
formed on the aspherical base curve as well as the second example.
Accordingly, the spherical aberration of the phase grating
structure can be counterbalanced with the spherical aberration
of the aspherical base curve with keeping the wavelength

25 dependence of the spherical aberration correcting element 22.

The actual shape of the grating surface is defined to

overlap the phase grating structure represented by the optical



» 25..~."he sphex~.ca~. aberration correcting elenent ( 22 ) according to
‘claim 20 , wherein said phase grating structure is fornmed in th\prmggre
area of the grating surfac, a bl aaed wavel ength of said phasg grat xz~g

structur e\y@éwgvﬁ?h pher aI area. of jgaid grating surface is shﬁ,o\%\/ﬁéqphhan a

bl azed wa a central area of said grating surface, PG
sai d peripheral area and said central area are divided by a 85~ line ~~~ ;
~~~~~~ T ,. ~ 8 MAY 2003 39 of an effective diameter. 26. The spheri cal

aberr at LR HCQE EFEELbABCESIBFL o Ha)s AU T EBBvED S kR LY MI8FL] N agai d
phase grating structure has wavel ength dependence such that spheri cal

aberr at i;0Ro\@f1teS thi Eﬁ%fﬁ'&@eBQOEﬁécéEthfi§§tié)rh 39 awavehenglh t@fat nci dent
| i ght increases. 27. The spherical aberration correcting elenment (22)

accordi ng b@ri:'e%'d'i‘c%@.ar ‘e’eefﬁérb%@fcéj?'a{ﬂ’! N SARMA! :LerFi(%l I i sqeatisfied;
(1) -15 < ~(h=s)/7~, - 7 where h45 i's the height fromthe

opti cal axics efy ngerag]ruc he é?(ﬂ,"95‘%%50@%7}?"?'1%4&635 2)=048gya0er sect s

sai d phase gra design ranel eéngt h="and

secopd %‘qle)r ceabli Gig entth\gr @%garlsaq_dlﬁ | optical path | ength added by

sai d phase ‘gr af’i ng Structur é 1 expressed by the follow ng optical path

difference fungt{Rs AN, thé Qbﬁemc(afaﬁgrfa@gﬁn ol fhg elemehtX ?V-

where P4 and P6 are aoeffiaiez~ts of forth and si xth orders, and h is a

hei ght o4 dengpleint@iriddls avbM&tionEat~ @T anE"/’ﬁPerefore the
A A3. A3. A3. AL AF. AF{. AL A(L, . A(. A %A . A3; . A3.

-AF- A3U ¥R AR A l/éYlsNdle‘h?erﬁ[ .24 that has no aberratlon in NA 0.60
As. A, A AU ?. An. Ay@. Aal . AF(F. A3Y. A'y. ANY. A9; | . ASFL. AY3. 0Q*nm) bUst

“{val f aL caleephaat] eale gphalra =02 hpakrealtaddn @]o@:@‘]e@:%]iﬁ@] eakaahdabea] cal cal ¢
aJca]c:a]cal calc”™a] calca]ca]cTa] caUca! "#IW N
@H v "hahy [gaxtigand cal£ad Cof censageathagl §al:§al;§ apeatna] ephealieahcal ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] c$a] ca] ca!
M ] @x Quledraro] | cattateat e  aleakat] o2 ciad caddmad cad cal eaheaheaaheal ca] ca]
cal ca] ca] ca] calca] ca] ca]ca]ca] ca]ca]ca]ca]calyY
FGDYEGs slurfdaue'.Y] Theapealiphktalicalea] éaheglibakes] €4 )it & Grldht sdpbt
aJ ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]calcalcalcal)b] R
P11/ 1 1kt £he;light beam at 657 nm without light loss due to the phase
"ttt HxH##R#HAH#LS) xsnid_Z] ] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] caraiced csahuritnedeca] Oal thecatbhatcadnad)] ddje pecd phERATAYOIRHRANEr &&' ' |, '
8Go "' (C(()B)|))))))(*}xsnid_Y]]]cra]ca]ca]ca]ca]ca]ca]ca]ca]lca]ca]ca]c
a] ca$ cajdre mjodakoakriblta] ta] fatmad dedana|spejtcalith] tad dalatef deelant t~* * * +| ++
+++., ,c,h,my,{,,,, .H. z.
I W/ zupl(ffaél\ wrcaivba]:ba]:ua] ca@t@] 'c‘a]ﬁm]maqqm]sm]]dapeax]\cm@‘alj]m]mm] ca] caU
] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]cal//0@Y0001@11122(242C2s2223>3}333%
4E44444 or CD-R.
5C55| wr mhb] X] ] ca] ca] c”*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 55555/ 6D6} 667C7P7R7UIX7[ Th7k7z777+8

(8t8ijii;

: <<<<} xs ni d Z]ﬁﬁ%aﬂ%@%ﬁ]%]’b%ﬁ%]ﬁ:eﬂw%aq%]‘@aq% 4] tec &ictcdca) cal ca
] caj ca] ca] ca] ca] ca] caJc a] cal] ca] ca] ca! <;
=7 =20 => TN AREERE RH-RtS ggm@gggg@,ion (1). Since all of the
DuD} xsnhc ] ca] ca] ca] c"alU] ca] ca] ca] ca] ca) ca] ca].ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] cf‘é‘]t?%é’é‘éﬁ’c‘é] éé]té@fé}q:’é%] G kon (Bop- Eheeetpat AEaR-a¥ NS - J0J=J1
J[JJJI KKKKLRLL} xsni d_ Z]]]].ca] calca] ca] ca] ca] ca] ca] ca]ca]cal ca]ca]ca]ca]calc
a] ca] ca & af SPEa]a@ﬁR?% %Bﬁ] &8 %‘}‘%’é]’%a]’@alq_r{_el_m’_ BN NNNNNS Og
OO000PP) P, P5PGPCQQQY R| wr mhe” ] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cfaiﬁ}r&%ﬁ%aq%] "3%1] E%‘F‘é?’ a] ca] ca] ca] ca] ca] ca] ca] ca! (RORDRRRSSSSTTU U
RUUUV7VOVFVWINANAKP YYZZ[ =\ >\ J\ M { vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca]
caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cal MZ\i\\\
W] Q] 2 2 k . ab=bbbbbbbccddeYe}xsnid _Z]]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca
] cafea] c[aq%[] a?l:a] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Yei gj
eeef gg

gg>g@Sgngsgggh[ hhhhhhi i "i #i & ~iiij{vql g%’f@(]‘?{:%ﬁ ca] ca] ca] ca] ca] ca] ca] cal c
a] calU] ca] ca] ca] ca] ca]ca] ¢ cal.cal calc cal.ca] cal
i J{kktJ]ZI w] N ] 7rer¢3¢p/m]cnn]ranar1Jo%sa‘]o%§%?Hﬁlzl§p]o% 35?{’\5‘]&1 S%P&ﬁ af@ﬁ %S%ﬂ“t‘lﬁecg] caj] cha
] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]
calqgqrPrrsss(tfttttttttuufuauuu#vbvvvwww
xAxzupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Axzx|yyyzXzzz{ T{U{b{o{{{{|KI}}}}-~W
1s}xsnid_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca




SNY, 'd) k$&+8: <| wr | f a[ Vni d_Z] caU] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca
V] cfaV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca 08 MAY 2003

<K8: D92] h?ane{upj e [ V] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] calU] ca! M $' 47DS$4Vhzupkf a\ W] ca]
ca] ca] ca] 8&%’8%(]"624 ca] ca] ca] ca] ca] ca] ¢d] cal] ca] ca] cal] ca] ca] aafmabeadeos] cal ¢
~a] ca] ca] ca] ca] ca] ca] ca! 51 X7t | ~- EOHPX} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] c"a]
cal] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
I XdhA$”

B| wr nth\?]nggﬂté'a ca{]lc)a] cal ca]'&é]‘@a] cal ca] ca]'@a?]tga] ca] ca] ca] vl ¢&] ca] ca] ca] ca
] ca] ca] ca(]p ] c?] C %ce)l]!ca] calU] ca]ca!)5CKU[ ] cfl | Xvx. ] {uoje_ZT| wmhc”*U] ca]c
ay| ca] ca] cgﬁf’gﬁ]@)]' aﬁ? ¢} cal] ca] caU] cal] ca] caU] ca] c”a] ca] cal] ca] ca] ca] ca] ca]
caV]ca WV] caV]caU] ca] ca]ca]ca\_63p_

v) c4} xr mhb] XS| wr mh] ca] ca] caU] ca] ca] cal] ca] cal] cal] caU] ca] ca] cal] c

a] cal] cay] cal] ca] cal] ca] cal] cal] cal] cal] ca] caU] cal] ca] cal] ca] ca4gwf D kJhnmpG
I LNnzt oi d*YS| wr mhU] ca] cal] ca] cal] ca] cal] cal] cal] ca] cal] ca] cal] ca] caU] ca] caU
] caU] caU] ca] caU] caU] caU] cal] caU] ca] ca] ca] ca] ca] ca] ca-/ B/ p;

fhkmv, gl wgl f° [ U w mhU] U] ca] caU] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca]
ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] cal] cal] ca] cal] ca] ca: N

* 1/ ~{vgkf [ VmhU] U] ca] cal] ca] calU] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] c
a] ca] ca] cal] ca] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca

LNQUXZwy | ~>Q Z~" | vgke_ZTkf " [ VmhUU] ca] cal] cal] caU] ca] caU] ca] ca] cal] ca] cal] ca
] caU] ca] ca] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] caU] cal] ca” % aht yB
{vpke  ZzWkf [ VmhUU] calU] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] c
aU] ca] cal] ca] cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] caB] a UWO>ACp

+3{upj e_ZTkf " [ VmhUU] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca

U c”aU] ca] calU] ca] cal] ca] caU] ca] caU] ca]ca]c"aU] c"a]ca]calU ca]ca(6Q _it! CLVZn
gv~&7{vpke ZUkf [ VmhUU] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU
] ca] cal] ca] cal] ca] calU] ca] caU] ca] caU] ca] caU] ca] cal] ca] ca7: B&d r}27BHIP] "gju
hj { ~xsmhb] V&f * [ VmhUU] U] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca]
cal] ca] caU] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] caV] ca] cad r}27BHIP] " gj uhj { ~xsnh
b] Vkf " [ VmhUU] U] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] c
aU] ca] caU] ca]ca] caUl ca] ca]ca]ca]ca]]calca]ca. Q'i K-1"109%& ()-3YALO%& ()-sl
09%<& ()-y910%& ()-f 10%& ()-L10%& ()-PlO%& ()-"mm) bi K- &9f

109%& ()-&3!'109%& ()-&@ 109%<& ()-,109%& ()-L 109%& ()-"109%& ()-"10%& ()-b
U K-y/ 10%& ()-9#! 109%& () -

-109%<& () -#109%<&' ()-! 10%& ()-9Z10%& ()-&& 109%& () -

cDy/ 10%<& 10%&' ()-109& ()-P3s10%& ()- 10< 10< 10<LI 1!109%& () -

Y710%<&' () - IJW dEcDy/ " 10%<&y! 10%&' () - @®10%&' ()-F

MLOY&' () - @10%& ()-"10%& ()-10%& ()-_N dEcDy/ 109%&Y

OMLOY&' ()-#s10%&' ()-3!'10%& ()- @ 10%&' ()- !'10%& () -1 #109%& ()-O

dEcDy/ " 10%<&, : 109%&' ()-My/! 109%&' ()--y#109&' ()-Y

+ 109 ()-)!109% ()-''10%& ()- @DCy/ 10%<10%& ()-310%u& ()- 10 10 10S;
F109&' ()-L9'10%& ()-17(10%& ()-dEbCy/ 109%<LMLO%& ()- YMLOY& ()-y! 109& ()-#10
%' ()-#10%' ()-S 10%&' ()-H

MIEbCy/ " 109%<s10%&' () - 109%& () - 3&$10%&' ()-& 10%&' ()-F! 109%& ()-S' 109%& () - MBdE
bCy/ 10%y/! 109%&' ()-F-$109& ()-9% 109 ()- F#&$10%& ()-!!10%& () -

10%&' ()-9xb@/ 10% s! 109%& () - @109 ()-



~10 20 10 ,;L10% ()- 9310%& ()-YY7$10%& ()- @ QdEb@/  10% f! 109%& ()-F
S109&' ()-t 109 ()-z&10%&' () - 08 MAY 2003
11098 ()-!10%& ()- QvdEb@/ " 109% ¥s! 10%& () - Y$S$L0%& () - 3! 10%& () - F@&S$10%&' () -
L' 10% ()-Y!'109%& ()-Y
FGJEb@/ " 109 /! 109& () -,: 109 ()-:Y-' §|ROUR ()-+!10%& ()-)!10%& ()-F
' &109%& ()-DdE:/ 10 10f; 109%&' ()- 9! 10%&' ()-117(10%& ()-y5! 10%& ()-Y
3109 ()-1-10%& ()-YrS4/ 10@0%& ()-9!'10%& ()-F
1 10%<& ()-! Q 10%E<E<& ()-M F! 109%& () - MLO%& ()- 10E6dE4/ 10@0$10%<& ()-F

MLO%<& ()-s! 10%<& ()-!10%& ()-F &MLO%& () - 3f #10%<& () - 6s) bdE4/

10@L0' ! 10%<&' () - % 10%&' () - #8$10%<&EHAIMS) 0%<& ()-!10%<& ()-!10%& ()-] R
aB4/

10@F7MLOY%E () - @' 10%<& ()-93t! 10%& () - F1! 10%& ()-!~ -$10% <r <& ()-)! 10%
& ()- 1 111"1/111bC 10@® 10%& ()-10%& ()-F 10%& ()- 10< 10< 10<

1109%& Q).- 1 &ANLOYE& cal- PiaiMud 'thaFie dEd Fo at) 1ead®wo) kinds
| 109& ()-y! 100& () - #10%& ()-"109%& ()-:"| """ #: #x#dEbC 10@@S10%& ()-

9' 109& ( PEYPROMEa]) df$¢sugesPpect 190y (Prowioed Wi tikoonasIomans (D1.

10@@'109&f() 9% 109& F#&P1Q%R' () -!° . ]
Tove: () DRV (78 &1 EB9ROTE HAARABES €ARAE OPTLCAL PACK-up Comprising:
10@3! 10%&' ()-b }59&%9&19{@1{&1& sotdd (11t 19Y843 emitting 1ight
109%& () - X&r && Y2,
beams having different wavelength. said plurality of light
sources (11, 12) being switched with each other accor@ing to
the kind of optical disc, used:

a refractive lens element (21) for converging said light
beams fromsaid light sgurces onto recording layerof saidoptical
discs: and

a spherical aberration correcting element (22) on which
a concentric phase grating structure is formed. sald phase
grating structure diffracting said light beams in the same
diffractive order and altering spherical aberration in responsge
to change of wavelength to correct change of the spherical
aberration due to the difference in the thickness of sald cover

layers (D1, D2).

2. The optical pick-up according to claim 1, wherein said
spherical aberration correcting element (22) has no paraxial

power.

3. The optical pick-up according to claim 1, wherein one of
said plurality of 1ight sources (11, 12) having shorter emitting
wavelength is used for one kind of said optical discs having

a thinner cover layer (D1) that has higher recording density,
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4. The optical pick-up according to claim 3, wherein a

peripheral area of the grating surface of said spherical
aberration correcting element (22) is formed as a continuous
surface optimized for the one kind of optical disc having the
thinner cover layer (Dl) with the shorter wavelength. said
periphexral =zrea is the outside of an effective dliameter
corresponding to numerical aperture required for the another

kind of optical disc having the thicker cover layer (D2).

5. The optical pick-up according to claim 3, wherein a
peripheral area of the grating surface of said spherical
aberration correcting element (22) has adifferent phase grating
structure £rom that of a central area, said phase grating
structure of sald peripheral area 1is optimized £for the one kind
of optical disc having the thinner cover layer {Dl) with the
shorter wavelength, and whereiln said peripheral area is the
outside of an effective diameter corresponding to numerical
aperture required for the another kind of optical disc having

the thicker cover layer (Dz2).

6. The optical pick-up according to claim 1, wherein said
spherical aberration correcting elemant (22) is located between
said light sources {11, 12) and said refractive lens element

(21).
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(1) -15 < ®(hes)/A - Pa x(hes)? € =7
whexe hys is the height from the optical axis of a point
where alight rayof whichNA is 0.45 intersects sald phase grating
structure, A is a design wavelength, and Pz 1s a second order
coefficient when an additional optical path length added by said
phase grating structure is expressed by the following optical
path difference function ¥(h):
d(h) = (Pan? + P + Ph® + ...) x A
where P, and P¢ are coefficients of forth and sixth ordexrs,

and h is a height £rom the optical axis.

9. The optical pick-up according to claim 6, further
comprising a collimator lens (14) located between said plurality
of 1light sources (11, 12) and said spherical aberration
correcting element (22) to convert divergent light beams into

parallel light beams.

10. The optical pick-upaccordingtoclaimé, whereindivergent
light beams emitted from said plurality of light sources (11.

12) are incident on said spherical aberration correcting element
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aberration due to the difference in the thickness of said cover

layers (D1, D2).

12, The composite objective lens (20) according to claim 11,
wherein said spherical aberration correcting element (22) has

no paraxial powar.

13. The composite objective lens (20) according to claim 11,
wherein said refractive lens element (22) is a double-aspherical

and single-piece lens.

14. The composite objective lens (20) according to claim 11,
wherein one surface of said spherical aberration correcting
element (22) is a continuous surface and the other surface is

the grating surface, and wherein a base curve of the grating
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17. The composite objective lens (20) according to c¢laim 11,
wherein said phase grating structure ls formed in the entire
area of the grating surface of said spherical aberration
correcting element (22), a blazed wavelength of said phase
grating structure in a perxripheral area of sald grating surface
is shorter than a blazed wavelength of a central area of saild
grating surface, and wherein said peripheral area and said
central area are divided by a 85% line of an effective diameter

of said spherical aberration correcting element (22).

18. The composite objective lens (20) according to claim 11,
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formed in the entire area of the grating surface, a blazed
wavelength of said phase grating structure in a peripheral area
of sald grating surface is shorter than a blazed wavelength of
a central area of said grating surface, and wherein said

peripheral area and said central area are divided by a 85% line
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of an effective diameter.

26. The spherical aberration correcting element (22)
according to claim 20, wherein said phase grating structure has
wavelength dependence such that spfaerical aberration varies in
the undercorrected direction as wavelength of incident light

increases.

27. The spherical aberration correcting elemeni: (22)
according to claim 26, wherein the following condition (1) is
satisfied;
(1) -18 ¢ ®(hs)/h - Pz x(hys)? < -7

where hys is the height from the optical axis of a point
wherealight rayofwhichNA is 0.45 intersects saidphase grating
structure, A 1s a design wavelength, and P; is a second order
coefficilent when an additional optical path length added by said
phase grating structure is expressed by the following optical
path difference function ®(h):

@(h) = (Ph? + Ph* + Ph® + . ..) x A

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

and h is a height from the optical axis.
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