; GHI Je3eKKTn6T" ~.,n~, Description Optical Systemof Optical Pick-up 5
Technical Fi'eld of the Invention The present invention relates to an
optical systemfor an optical pic mmm“capable of using a plurality
of kinds of WORU6E8P di scs whose ¢ m ave differeﬂﬁ”%ﬁ?@%ﬁ@%s. 10
Background of the Invention The opti cagpsi*sc i ncludes an information | ayer
on Which digital information is recorded, and a transparent cover |ayer
that covers the infornmation |ayer. paskaggtibgeam fromthe optical pick-up is
converged to forma beam spot on the information layer 15 through the cover
| ayer . A turntable of an optical disc apparatus rotates the optical disc
nmounted thereon , and the optical pick-up , which is novable along a radi al
direction of the opticalOptienl SastenuossOphicak®aktpsi gnal fromthe
optical disc or records the information onto the optical disc. D fference
of thickness 20 of the cover | ayer changes the position of the information

| ayer Wth reference to the turntable, I ch changes the distance between
the optical Igclprigal hleld of the lovepklonyer  Namely, the thicker the
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that of a C?n%x%‘t:‘fcélhﬁi&mﬁg'%gﬁ% 10{ o ol osiil dd's ptllts&faﬂefr\s%o%b,}%%cover

| ayer of a digl versati I SC ) 1s 0.6 m the 1 83
PCTI JPO0/ 02690881 £&RIa1picEkwhiPsé TovegULARSrs haFevelt ferditathiBRhes@AY from
the optical pick-up by 0.6 mmin the cover layer (0.4 nmin air) when the
DVD is replaced with the CD or the CO-R There are two nethods to nove the
beam spot along an optical 5 axis direction. The first nethod changes the
di ver gede @ackigronndj gfnthe Jnventdsm onto the objective lens , which is

equi valent to chanﬁe an object distance. For instance, the change of the

di stance between TRE RIS BLFE st descar | FAgPtLERs1 AR §BsWRHER obj ect
di stance . T %ﬁzgioﬂgfonr%aqﬁ%n sV ?:Secgggegtjjaencﬂt Avtei\:aln%%%rent cover layer

that covers the information layer. A laser beamfromtheoptical

pick-up is converged to form a beam spot on the information layer
15 throughthecoverlayer. Aturntableof anopticaldiscapparatus
rotates the optical discmounted thereon, and the optical pick-up,
which is movable along a radial direction of the optical disc,
reproduces the recorded signal from the optical disc or records
the information onto the optical disc. Difference of thickness
20 of the cover layer changes the position of the information layer
with reference to the turntable, which changes the distance
between the optical pick-up and the information layer.
Namely, the thicker the cover layer is, the farther the
distance to the beam spot from the optical pick-up is. For
25 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

cover layer of a digital versatile disc (DVD) is 0.6 mm, the
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10 along the optical axis while keeping the incident | aser beam parallel.
In the first nmethod, spherical aberration sharply varies in undercorrected
direction as the divergence becones |arger ( the object d creases
) , which dVgP%¥%§ wave front of 15 the | aser beam Thus, b?%ﬁﬁglaggter of
t he beam spot increases, which prevents the optical disc apparatus from
reproduci ng the recorded information fromthe optical disc. In this

connecti on,ghpge ﬁﬂﬁc-%vfé e¥g kel St AmbBY & HReP5E & |s%|otpév?§ffgbr§n:(ﬂ%ed ina

conver gent aser beam it changes the spherical aberration in

over cor recn:yiieaieg dIuP byt besthh inasse tbespofaydic(@3demm 1ipVRMYr, Since
the variation of the spherical aberration in the undercorrected direction
due to thewiievieepenDed cingdlaaedewterdshd 0D var itaki OD-Rn t he overcorrected
direction due to the thickness change, the spherical aberration in the
under correct ed dThexre ape tR6 medingdsd oamove tegsheam sPht adeogram opttivad can be
acconpl i shed using a focusing actuator. An optical pick-up is provided with
t he focfsi MFis dingotdoress8® PENFY F'GGPBQG@@“&SF[HT%PW%I'W P‘Eéihébj ective

| ens al ong .t he i.n_focus Therefore, if

t he focu5| ﬁ@c&égggltlggleﬁ ai‘%f?‘ic(lijg gBPS&@"? I[‘lﬁgg? SHdére‘i‘f?a‘f‘?‘l(?“ﬁ? nm the
opti cal %%t%‘l? aqog%gg}edgg@ghggot Fﬁg' :fz?sslpaq{ksee Eﬁet %Qaé‘ﬁ% wyf the 5

cover Iayer wever since t ar ge st'ro ncrease an

i nclinati og;QlahBE viRWeed! tiX13s&f sbieceindCd ¥e1hRAtor mgqmur@g mechani sm
is required to prevent the inclination which increases the cost. 10 Bri ef

Descri pti ornefodfeetldistahnicen |Thd Setded méohed mbvedthelotfectigelengent
invention to provide an optical systemof an optical pick-up, which is
capabl 0of adongnghe drgciwadperislwingleakeopting atheaxineidensctaseiareami t h

t hi ckness of the cover |ayer w thout noving an objective lens. 15 For the
above obj e®aralietording to the present invention there is provided an

d opt I of k- th I f
st opti cal i G SR P ERG - GEDEPLTS) BPesRAtLo8 chaRE B NARAF o o
havi h whi ch
el udes Ziﬁf’gﬁ?gﬁ%ﬁr& 55 alPoEEn Wiy @Fi‘“‘r#fﬂﬁ%? KR o i ng o

firstwavel grgblopydddr daBeaﬁéé Hec2Bhised), dnﬁf‘chaaﬂseuéw%@el 2864t Rgam havi ng
a second wavel ength |onger than the first wavelength for the second opti cal

di sc, asd anedlyszat bysm) emaubhathecanams RS of he béam sipatetndiesaselsr,om t he
Iight source portion onto an information 25 |ayer of the first optical disc
t hr ough t hehfichqireyenss the eptinal idisc apparatyesiTor reperoddciag dhebeam from

the light source
recorded information from the opticaldisc. Inthisconnection,

since the cover layer is a plane parallel plate disposed in a
convergent laser beam, 1t changes the spherical aberration in
20 overcorrected direction as the thickness thereof increases.
However, since the variation of the spherical aberration in the
undercorrecteddirectiondue to the divergence change far exceeds
the variation in the overcorrected direction due to the thickness
change, the spherical aberrationin theundercorrecteddirection

25 remains as a result.
The second method can be accomplished using a focusing

actuator. An optical pick-up is provided with the focusing



portion onto the information |ayer of the second optical disc 3 WO

00l 65583 PCT/JPOO/C1609 t hraugh the second cover | ayer. The objective |ens
IS provi de % diffractive lens structure that has a prkutsdooiéde Of
concentric rlng Shaped steps. The optical systemof the present invention
further 5 satisfies the followng requirenents (a), (b) and (c). (a) The

| i ght source portion emts the |aser beam such that divergence of the
second | asedcthiRdivr 06iHAS the dbfedyRClLENE dXdtEy thel 8pEetal XA sdtyer gence
of the first |laser beam (b) The diffractive lens structure has a plurality
of 10 concékdap the lagpshbegpein §beps. t Theaxeforay df ¢hgifliocuspegdenaatstch t hat
spherical aberration varies in the overcorrected direction as wavel ength of
i nci dent | ikpR a Asivingsstxoke thafeligsb)engdw dhaang. ¢ gmyertdees ophdcalrst and
second | aser beans of an identical diffractive order while keepin

const ant 159:’cﬁl%‘t“:§‘n€§nl5‘l§’t"\ﬁe*é'hetqﬁ*émo‘iﬂ%*ctiinv%e?f%eaﬁﬂ theechapgaesst g@ t he

| acer bdam GG RRESBLYHERRPE ™ erlo MR e SF B s %?S%aé’é NSO

parai a bean, 5R0L, 6 R 00 1.4 1CoE RhCkNESSA H e FOUEL ShAUEL1ye HOWEVeT

, 20 thespheric erra I on |n |rec ' Sn-becones | ar ge
for the secnuyk %Ebﬁﬁie:@hé&h&%isﬁn 18cghiFey @69»%@98& t8Bl1ihcMAaE L1 O],

di ver gence beconmes larger. in order to cancel the spherical aberration
caused by tieidh devcgeasesctR@gsosti.he diffractive | ens structure has the
wavel engt h dependence as 25 described in the requirenent (b). In this
construction, the switch fromthe first | aser beamto the second | aser beam

i ncreases t he di vergence and the 4
10 Brief Description of the Invention

It is therefore an object of the present invention to
provide an optical systemof an optical pick-up, which is capable
of moving a beam spot along an optical axis in accordance with
thickness of the cover layer without moving an objective lens.

15 For the above object, according to the present invention,
there is provided an improved optical systemof anoptical pick-up
that 1s capable of using a first optical disc having a first
cover layer and a second optical disc having a second cover layer
thicker than the first cover layer, which includes a 1ight source

20 portion that emits a £first laser beam having a firstwavelength
for the first optical disc and a second laser beam having a second
wavelength longer than the first wavelength for the second
optical disc, and an objective lens that converges the first
laser beam from the light source portion onto an information

25 layer of the first optical disc through the first cover layer
and that converges the second laser beam from the light source

portion onto the information layer of the second optical disc



WO 001 65583 PCT/ JPO0/ 02609 wavel ength thereof. The |ager divergence noves
the paraxial beam spot away fromthe |ight source port | on and changes t he
spherical aberration in the undercorrected direction. ﬁﬁ TRbAsRhe hand,
the | arger W98V} hvari es the spherical aberration 5 in the overcor r ect ed
direction by neans of the diffractive lens structure. As a result, the
swtch of the | aser beam noves the beam spot al ong an optical axis w thout

i ncreasi ng {hig, d g8k ﬂyefurm@maeew‘?qeﬁ; ;{gr ﬁga cal

diffractive or h@%ans 38 as t&e requi r enent | ows t active

lens structyin t PEEHEdtIveed eh8l stréblgke @Ih&{rﬁsélaepmﬁﬂ@ntw\lfwh _
enables to maxim ze diffractive efficiency with the effactive use of |ight

anount . An edlibdntanal ropny skdpantstepsngt h added by the diffractive 15 | ens
structure is expressed by the follow ng optical path difference function
~(h): ~( h) (CheZlppticRih'systPghof+the, pregpeptwhsrenPyn PAuntite’6 are
diffractive coefficients of second, fourth and sixth orders, h is a height
fromthé opfdieifigsi $heofaklowing TRaVArengrhs ofa ) nditdedd| (ght. It is

preferabl e that th dlffra tive lens structur sa |sf|es the follow ng
condition (1); 7 The Jig Cikt)/s‘ﬁ'b‘r"e R e Pfﬂ%“‘i R¢he hei ght

}‘ Fﬂ(‘.)gqrtsggt gpé%étaédi‘?%&lrgzecqevogf eénés]é% 5 Y%r e. %&%%&&%’ Aj\pﬁnesgléb#f‘f%eéll?l rst
cover layerydmss Q.¢6 18%y@8P0tRan divergence of the first laser beam.

(b) The diffractive lens structure has a plurality of

10 concentricring-shaped steps to have wavelength dependence such
that spherical aberration varies in the overcorrected direction
as wavelength of incident light increases.

{c) Theobjective lens converges the first and second laser
beams of an identical diffractive order while keeping a constant

15 distance between the objective lens and the surfaces of the first
and second cover layers.

The different divergence of the incident laser beam onto
the objective lens as the requirement (a) changes a paraxial
beamspot according tothe thickness of thecover layer. However,

20 thespherical aberrationinthe undercorrecteddirectionbecomes
large for the second optical disc with larger divergence, only
when the divergence becomes larger. In order to cancel the
spherical aberration caused by the divergence change, the
diffractive lens structure has the wavelength dependence as

25 described in the requirement (b).

In this construction, the switch from the first laser beam

to the second laser beam increases the divergence and the



WO 001 65583 PCT/ JP0O0/ 02609 t he thickness of the second cover layer is 1.2
mm the firs wavelength ~, 1 and the second wavel ength ~Z preferably satisfy
the follow ng condition (2) (2) 0. BL<~1/7-2 <0 g m 2Ewther
the bl aze wWi én"f’ﬁ?h 7~ of the diffractive Iens structure S res ~,1 <
~B < ~z at least in a central area close to the opti cal aX|s. Nbre
preferably, the blaze wavelength ~, B of the diffractive Iens structure in

(e cont 2l 2l gfurttl ¥hRhol "2l LAY PAUERIAT o) B oo (2)
| engt h addegegx R amghfmﬁe&lesh&ahefs$@fcéﬂ'pfofrrtash' 4fal Gk UfkUre 1N 2

peri pheral area nmay orter than“that In the central area

particul ar gpREriddIe alebbadléh U tROuNdTeOLHEELES darﬂe\etfi%nect)ﬁ/v'thal n a
central area of a lens surface of the objective lens , and a peri pheral

area t her eobtheér hatidpthaiafgeOwavalenpriseaf it he/pHeanizialadbeiraa 1okt Si de an
85% line of an effective dianeter of the objective lens is defined as the
peri pherfal &andae grer&irtemtedatirdydtinodry mhenserft the diféxaahiive Aens

peri pheral area nmay be an 80%line of the effective diameter. The |ight
source port PERUGFEer aBf )2 ERFELT 1RE| HeErChef fhes haReF haam Heves the | aser

beamis incjdent on the object | ens ral | el  bea e second
acer beam PEST ARPRAIEAGEH REE LS BFLR ML FROPE AGCRE 51T PO GRIETDERN B | ef
Descripti onaQL LQ@ cconpanyi ng Draw ngs 6 WO 001 65583 PCT/ JP00/ 02609
Fig. 1 shows an opjtl cal system of the optical pick-up according to an

enbodi ment wi th %‘Jﬂﬂé:coﬁféuké%%'E}R:I&&éﬁtﬂéeﬂ?dﬁ.ﬁff&ééivé’%h&f'be%ﬁc)? Fi g.
2 shows the optical systemof the optical pick-up 5 according to e

enbodi NnENt Wkt the ddtiulltcemONEr (d Y RQ1ORE €8¢ dliffactivechets Giruethrdi SC) ;
Fig. 3Ais a front view of an objective lens in the optical systemof Fig.
1; Fig. 3B te ke wptimtaeddiass- sudliodaffvaetivé ariderobyeteh emablesens of
Flg. 3A to maximize diffractive efficiency with the effective use of
light amount.
An additional optical path length added by the diffractive
15 1lens structure 1s expressed by the following optical path
difference function ®(h):
®(h) = (P,h? + Ph* + Ph* + ...) x A
where P,, P, and P¢ are diffractive coefficients of second,
fourth and sixth orders, h 1s a height from the optical axis
20 and A is wavelength of incident light.
It 1s preferable that the diffractive lens structure
satisfies the following condition (1);
(1) 7 ¢ ®(h;)/h - P, x(h,)? < 15
where h,, is the height from the optical axis of a point
25 where a light ray whose NA is 0.45 intersects the diffractive

lens structure.

When the thickness of the first cover layer is 0.6 mm and



Fig. 3Cis an enlarged view of Fig. 3B; Fig. 4 is a |lens diagramof the
optical systemof a first exanple; Figs. 5A and 5B are graphs show ng

spheri cal aberrgt Lon 15 and astigmatism respectively, of JhgemRbdds2!

system accol@WEBd the first exanple with the first optical disc; Figs
6A and 6B are graphs show ng spheiical Kcal aberration and astigmatism
respectively) of the optical systemaccording to the first exanple with the

second opti ggh %f&k%g& l9£0 tné 'Eécena%éayﬁ%m 95 1he @pligal sgygtem

according to a second exanple; Figs . 8A are graphs show ng

spherical abgeiL flh@th ak”dax?&ttirfl”%&éﬂa Ja%%‘i%ﬁbitﬁei%’ prQ?e%Qﬂlf@ét‘i%&ysySt S?

according to the second exanple wth the first optica Isc; 25 Fi Qs

and 9B are ghaphslEdhanmq@gsydieibnal2pperrati on and astignatism
respectively, of the optical systemaccording to the second exanple with
the second opticalzdie®l X A M 000 685583 PCT/ JP0O0/ 02609 Fig. 10 is a lens
di agram of the optical systemaccording to a third exanple; Figs . 11A and
11B are ¥raphs shouwthesphbeid@zeapeyeianah dnafathe gaifraativedensti vel y,
of the optical system according 5 to the third exanple with the first

optical di sELTAREIFS gatistiasdn doK fardt dPASRSISROVPHF FpRERR Cdose
o B e Tahe R SBEEA P Bk Bl BB VSRS ¢
of the diffractive lens structure in the central area satisfies
the following conditions (3) and (4):
10 (3) 0.87 < Ay/h,
(4) Ag/Ah; < 1.13.
Still further, the additional optical path length added
by the ring-shaped step of the diffractive lens structure in
a peripheral area may be shorter than that in the central area.

15 Inparticularcase, thediffractive lens structure isonly formed
within a central area of a lens surface of the objective lens,
and a peripheral area thereof is formed as a continuous surface.

At least an area outside an 85% line of an effective diameter
of the objective lens is defined as the peripheral area. The

20 Dboundary between the central area and the peripheral area may
be an 80% line of the effective diameter.

The 1ight source portion preferably emits the laser beams
such that the first laser beam is incident on the objective lens
as a parallel beam and the second laser beam is incident on the

25 objective lens as a divergent beam.

Brief Description of the Accompanying Drawings




10 Description of the Enbodi nents An enbodi ment of the present invention

w Il be described herei Rgfter. In the foll owi ng description, the total
optical system of the enbodiment is described first, and thgibeddRése 15
numerical eW2MWEE wi 1| be described. Figs . 1 and 2 show an opt ?cal system
of the optical pick-up according to the enbodi ment. The optical pick-up is
applied to an optical disc apparatus that is capable of using a first .
optical disc havigg a if igh3lysCaNCopt FVLI Aidemm DECORE Sptisal p’&kd'#%c havi ng
a second cover |ayer thicker than the first cover layer. In the enbodi nment)

the first dag€obh@fnd teO¥Rlenbadvement With & tHEr BovEi al¢iRS6pEUEHL @se DVD (
digital versatile disc ) and the second disc has a cover layer of 1.2 mmin

t hi ckness s(shfassta d@xicadodpacy);disc ) or a CO-R ( CD recordable ) . Figs
.1 and 25 2 show the optical systemWth the first optical disc D1 and the
second optical di®eg.D2 showpethd wpticafysysesm off ghe gptigsEl midk3Qpar e
schematic view of an objective |lens used in the 8 WO 00l 65583

PCT/ JPO07 02869CFHtRE &P thirsemhrdimepnityel th a fihd ck corershvng ophirpydise and 2,

the optical ,system|ncl ude q | i ?ht source portion 10, a collimtor |ens
20) an obj elfi YeCTRNLPIG4nd “45€] ynal detecting portion 40. The Iight

source 5 portion gy | $aRioyledede Wikh S bhichycReaL GAMICLOLRbaARRNGbY t hat

enmits a first |aser beam having a wav el engt rst
optical disgyPlehSogise. a;second seniconductor |aser 12 that emts a
second | aser” beam having a second wavel ength ~,z [ onger than the first
wavel engt h when titg SBBABG witicall dtioss -s8cb2onsl wsed ofam@ db Jeritiad second
beamsplitter 13 and 14 that reflect the first and second | aser beans from
t he seni®ondlens orf | Bker S3ALE1 and 12 toward the objective lens 30 . A phase
grating plate 15 is | ocated between the second sem conductor |aser 12 and
the second beam 9+ t¥r ig4apoeplarerd Hews@EoRddt ad®t beam 15 into three

portions for a tracking, error detection a three-beam net hod._.The
col limator |ens 2%197‘5 1l % iEnyPRs 8&?9??\‘}e°$éﬁ§ %ﬂ&fé"lr ﬁ% i°€eal FOREE i s
det er m ned gy%i&at the first |aser beam

Figs. 5A and 5B are graphs showing spherical aberration

15 and astigmatism, respectively, of the optical system according
to the f£irst example with the first optical disc:

Figs. 6A and 6B are graphs showing sphe:ical aberration
and astigmatism, respectively, of the optical system according
to the first example with the second optical disc;

20 Fig. 7 is a lens diagram of the optical system according
to a second example;

Figs. 8A and 8B are graphs showing spherical aberration
and astigmatism, respectively, of the optical system according
to the second example with the first optical disc;

25 Figs. 94 and 9B are graphs showing spherical aberration
and astigmatism, respectively, of the optical system according

to the second example with the second optical disc:



fromthe first sem conductor |aser 11 becones a parallel beam 20 when the
beamis incident on the objective lens 30 as shown in Fig. 1. The distance
bet ween the second sem conductor |aser 12 and the colli m;&,&éggﬂ%gzo is
shorter thaWOOMESSH st ance between the first semiconductor and t he
collimator lens 20. Thus, the second | aser beamfromthe second

sem conductor |laser 25 12 is incident on the objective lens 30 as a

di vergent beam a h i i g . i 0 | aser beam
(1 . a. the ob?é@t q?ln%% %ngée gv{'n% Eﬁ%\g@%ﬁ%g’ g)%l}égp' eamms%%%mr%ivn s along 9
WO 001 65583 PeTAaPPe/ Qe&shd;ne optical axis in a cover layer wthout noving
the objective lens 30. Inreality, since thickness variation and warpage of
an optical disc pRysMNRA ddeliBladengidpis sRowiIndypReffyul epsredtionVi m the
objective lens follows the novenent in sone cases. A general focusing
mechani sm land agt sdwertti s, | vespecitiveldy , cefh the pdddatosysicm acomvdmnt . Si nce
the recording density of the first optical disc DL is higher than that of
t he secénd tepttheakhird cexample; wd theihespbrsti @rfiicaledipestard sc D1 shoul d
be smaller than that on_the second optical disc D2. The shorter the

wavel ength is) tREISmRPARG heB 856t ITARNFetRIWIRY sPhPRACal fhRriatidnength ~. 1
of the first laser begmis_preferably i e 60Q nmrange to formthe

el ot vel y AN AF AT S LR T ¥ T AR 08 LARB L DR PR
characteri st ofnip 1L eheShE NS wr q3 Psg. wavel ength is
about 780 ﬁ'lr(r]!\ q%ge %% (t?he t esg’lr%i coﬁauct%é asar s %\“ﬁng di fferent

wavel engths is predicated on the difference of the recording density and
the reflection characteristics as described. 20 The objective lens 30
conver ges iDescrapalbel of itizd Hmbodimbaasn onto the information |ayer of the
first optical disc D1 and converges the divergent second | aser beam onto
the information | ayer of the second optical disc D2 wthout change its
position. 25 The |laser beamreflected fromthe optical_ disc and passes

through the beanPBmbeddpent L ke presentntitikiodnvhi bsi dprdrikedect i ng
portion 40, The 8e002! 48LECL A9 1R05 hh kst E 102 bH 9 he total optical

system of the embodiment is described first, and then, three

15 numerical examples will be described.

Figs. 1 and 2 show an optical system of the optical pick-up
according to the smbodiment. The optical pick-up is applied
to an optical disc apparatus that is capable of using a first
optical disc having a first cover layer and a second optical

20 disc having a second cover layer thicker than the flrst cover
layer. In the embodiment, the first disc has a cover layer of
0.6 mm in thickness such as a DVD (digital versatile disc) and
the second disc has a cover layer of 1.2 mm in thickness such
as a CD (compact disc) or a CD-R (CD recordable). Figs. 1 and
25 2 show the optical system with the first optical disc D1 and
the second optical disc D2, respectively. Further, Figs. 3A,

3B and 3C are schematic view of an objective lens used in the



10 WD 001 65583 PCT/ JP00/ 02609 a pl ano-concave |lens 41, a beam splatter 42
( apair of cylindrical lenses 43 and 45 , and a pair of sensor 44 and 46 .
The pl ano- c\gag@f@gj ens 41 weakens the convergence of the petiemteds beam
fromthe optica I sc. The transm ssion beam through the beam splatter 5 42
enters in the first sensor 44 through the cylindrical lens 43. On the other
hand, the reflected beam by the beam splatter 42 enters in the second
sensor 46 tdpticl tsystew bpdFigsl 1 amd 25. The object distance s from an
obj ect point of the incident 10 | aser beamon the objective lens 30 to a
front principal Pei showh imd'igs.edt and 2 erthe30ptinel i segjeendiigcdndess’ from
a rear principal point to an inmage poi nti and focal length f of the

obj ective |®As9Bt squrse >P°c1'l’fé°éqg%t i®foliimagox Yeng 245 qrpobggghpye, when f
= 3.6 mMm the inmage distapce s' for the first |aser hbeamis given; s' = 3.6
mm Because tH® off) 826 Qi &19ite ds?tFBF&Pﬂep%?’aqq i i"?lé‘f Jflfé‘ér SBUEREI s
infinity T I rst.l.as | e ' ' ty.c Isc D1
whose c%){jverlt| ‘?ra{/ieorn ?'(s) j% §£?r‘?nﬁ?ér? %’%F%%ngjé%ggﬁ%ﬂg ﬁéhéé%:%%ﬂaggggrnbg{%ﬁ?i s used
for the secgnd opti i vercd ayer | n.thickness .
Thus , the secoérjlg Egg%ﬁ ghac%%lrgg ?’%}?%%? %glgb%afrﬁx?éo%ag%%nqg%mﬁ%%gggn spot of

the first |amsedc bpaitlY ddsc 818 (sédpta EEceAdisEMi@dhatetbr 1dseFmin the
cover 25 layer) , the inage distance s' for the second | aser beam shoul d be

4.0 M |t tKatswiitedat BatohdeldsezabebfnNBatving i seedntiaRhyve ldngtn/Mp, 001 65583
PCT/JP00/02609 1 11 - - +s3.64.01111 ~ ~s 3.6 4.0 36 The
obj ect di stlongers then the fdastnvavalsmgthewhebadisscead mntitiad gbsét i onal

rel ati onshi p between the first and second seni conductor | asers and the
col |i mailtoor IF%H? P§eaet@?qﬁfﬁ'€ﬁtt%“d second beam splitter 13 and 14 that

reflect the first and second laser beams from the semiconductor
lasers 11 and 12 toward the objective lens 30. A phase grating
plate 15 is located between the second semiconductor laser 12
and the second beam splitter 14 to divide the second laser beam

15 into three portions foratrackingerrordetectionbyathree-beam
method.

The collimator lens 20 1s a single positive lens whose
refractive power is determined such that the first laser beam
from the first semiconductor laser 11 becomes a parallel beam

20 when the beam is incident on the objective lens 30 as shown in
Fig. 1. The distance between the second semiconductor laser
12 and the collimator lens 20 is shorter than the distance between
the first semiconductor laser 11 and the collimator lens 20.
Thus, the second laser beam from the second semiconductor laser
25 12 is incident on the objective lens 30 as a divergent beam as
shown in Fig. 2. When the divergence of the laser beam (i.e.,

the object distance) switched, a paraxial beam spot moves along



5 satisfy the condition of the object distance as descri bed. However, a

| ens whose spherical aberration and coma are corrected, such as an '

obj ective | ens an optical pick-up, varies the spheric ion
accordi ng tgotoﬂ]gg%ange of the object distance. Wen the Z’E?{g?@;é’%@
aberration is corrected 10 for the parallel first |aser beam the spherical
aberration becones large in the undercorrected direction for the divergent
second | asefnPeai chl AHidein 0 c698P aRSRICwi SN ABLERE afd 8H8PNEFd Cal
aberration, a diffractive lens structure is formed on the first surface 30a
of the objexddsvesol.ens 30. Since 15 aberration correction effect of the
diffractive lens structure is proportional to the wavelength, it is

possi bl e to gi ve Inaveikilgt .h sdepentisinkaests vaelapivr aodlwatmageadf am t hat
cancel s the spherical aberration caused by the divergence change. A detail
of the obj entigal| dascImaningvepghgeiefomeatinin Aayer Y & dgwWeters Mfys. 3A
3B and 3C. Fig. 3Ais a front view of the objective lens 30, Fig. 3Bis a
vertical® cridostheced iprtiivia dePankPFiqys the nevenendn iy e FASRESof A he f

irst surface 30al. The gbéecti ve Jensh 30, whj chti %rggge fromplastic such
as Pl~1A, i85 SRTER P ENRCRAAHT AT It 5cGRa VAP FT P B surf aces

30a and 30 di f.f i tructure i s onl 12 WO 00165583
adiebf EAERT ¥ 6nd Tl Yy
PCT/ JP00/ O%GGOSyB%orned |&n a centran area 31 of the first surface 30a. As

shown in Fig. 3AsihBe wd Feastdamey deAB18Y IdCtHE xSl OptEshl aliBtlmr to a
Fresnel lens, as a |l arge nunber of concentric rings each of which has a
wedge sectiinnigbémpbanBadt of thleesdanmiiaptbsalb dhetvienthédead spant i ngs
is formed as a step giving a predeterm ned optical path difference. A

peri phéal <y she3Pingt dnsciRy shoyldfbg smaddersthan weat2n heotr¢antbous
aspherical surf ace . Since the first optical disc D1 such as the DVD
requires 10PRNAGEL Biscaly ( TRP ehqptest the vwaselengifhdgh f£BE $MRlk&Fond

optical disc D2 such as the CD or CD-R the central area 31, which is
Tnside of ADetPet ALFRSEET At o TS LS BAUF HERT D Rnob the S1Es 888 Tron ar ea

for both ofy aﬁlPiEiéééf&%%ﬁ?ERnﬂaé)Woio%h Ares tBle A tHe- rd PaSsvdd

diffractive lens structure”is formed in 15 tthe central area to reduce

aberrati onsspfalar Behkm odpdthe fidst thyd senend wHES BheandePPecfIbrd he ot her
hand, since the | aser beam outside the NA of 0.45 forns a too snmall beam

spot f a5 t vhaaectrdispicsabf dise CB;Rt hegpirepheral lasega Ban hdtoses out si de
of the effective 20 dianeter corresponding to NA 0.45 should be an

excl usi ve aavelepgthie ahquh 78pnmea| Ush QE the. tYhSemi oI P AeLs t he

peri pheral area 32.is forned aiﬁt he conti nuggs asgheri cal _.surface w thout

steps. An V4RO d1FFeTRRY vave Eg_E'E‘?Llitﬁ Br8ItERted (AR toenEiF FRr 8P hape
error no rmc;[ft gfxe t}%vc\:/ogﬁgnatd’e%%ti‘ég(eaﬁcf tﬁgcfgﬂe%tﬁon characteristics as

described.

20 The objective lens 30 converges the parallel first laser
beam onto the information layer of the first optical disc D1l
and converges the divergent second laser beam onto the
information layer of the second optical disc D2 without change
its position.

25 The laser beam reflected from the optical disc and passes
through the beam splitters 14 and 13 is incident on the signal

detecting portion 40. The signal detecting portion 40 includes

10



25 manuf actured, which |loses the |ight anbunt. The conti nuous surface of
the péripheral area 32 prevents the |oss of the |ight anount due to the
shape errorW0]0§/655'§$O 001 65583 PCT/ JP00/ 02609 The effecti vechpiFgio
corresponding to 0. 45 is alnost equivalent to an 85%1line of the

maxi num ef fective dianmeter of the objective lens 30. The diffractive |ens
structure has the wavel ength 5 dependence such that the spheri cal

aberrati on ¥aleRS-toncae DERE @D, adRdanrs sl Itaeid 4, apatibo fvexcinargichl

i ncreases. Further, the refractive lens varies the spherical aberration in
t he under colemsd=4id dnddbt iapd agpa iithef sleveemyéhard 4 - t Hkhe plardeionbasen becones
| arger. Therefore, when the | aser beam whose wavel ength 10 is relatively

| ong has t hteRre|4dt VeRk§n§ dhgecomVangpnreeot tthe yafiatteh bermt freom sher i cal

aberration caused bg the refractive |lens can be canceled with _the variation

of the sphePPtifahfdffat iThe ERARVMIRIAHREAT HOFQLEPVENS BRaMSALdELERFe. An
addi ti onal tical path_length_ _added byt diffractive, 1 ens . structure
is exprgggseggbesf&t%E EBI*T.I?)?/\A G S5pt FRE9* Hat Egﬁ???%rtglﬁcgyiﬁ%%’# 1EAF -~ ( h)
- ( PzZh2 + Pyh~ ) j £ f ive

coef ficient 53 of Oglegrggng) ,t_ﬁf' gulﬁlhd 'aﬁge\gégl%cgrége%sénﬁﬁgiﬂ;&aghg?‘égﬂli% r%%%n t he
optical axigzZatald ¥n the ¥ENEhERBhBoof4d RErdagh tHBY1id8L1 daNGEhan ~(h)
represents an optical path difference between an imaginary ray that is
assunmed not450 be diffracted by the grating and a ray that is diffracted by
the grating, at a point on the diffractive |ens structure where the hei ght
fromthe optical The esbjecthdisharee sufiteman epjeetHadmt of tbgamicidentl ue of

t he second order coefficient PZ represents a positive paraxial power of the

di f f ractd vel?®8% beaMRR (e oRjeehite leRE HeF&t f FEFPBwRFingiral point

of the objective lens 30, the image distance s’ from a rear
principal point to an image point, and focal length £ of the

objective lens 30 satisfy the equation;

njl-

1 1
+ = = —
£ s'
15 For example, when £ = 3.6 mm, the image distance s’ for
the first laser beam is given:

s’ = 3.6 mm
Because the object distance s for the parallel first laser
beam is infinity. The first laser beam is used for the first
20 optical disc Dl whose cover layer 1s 0.6 mm in thickness and
the second laser beam is used for the second optical disc D2
whose cover layer is 1.2 mm in thickness. Thus, the second beam
should form the beam spot away from the beam spot of the first
laser beam by 0.4 mm (that is equivalent to 0.6 mm in the cover

25 layer), the image distance s’ for the second laser beam should

be 4.0 mm. It is assumed that the focal length £ is constant:

11



WO 00/ 65583 PCT/ JP00102609 increases with increasing the distance fromthe
optical axis when the fourth order coefficient P, is larger than zero. An

actual m crgf?c%ﬁgé shape of the diffractive |ens structurgdmgpsivhécsed | i ke
. E
S

a Fresnel | ng a large nunber 5 of concentric rings. The actual
shape ~' (h) is defined by subtracting ~, x m(m: integer) from~(h) as
follows. ~' (h)=(MOD(Pzhz + P,h~ + + C, 1) - C x Synbol ~.Bis a blaze
wavel ength for which the steps of the grating give an optical path

di fference by one-V@v*e3 gri,— 0 The diffractive efficiency becones the
maxi mum at the bl aze EVeI ength w~. Synbol Cis a constant defining a phase
at a boundary betuee j-a t.r_E:ngs ( 0s C< 1) . The function M X, V)

represents the refai ndied wWhAeB x 3& divided by y. MOD ( Pzh2+p, h4+ +C, 1
) is equal to zero at the boundary of the 15 adjacent rings. The

diffractive | ens ¢ SOIGFE 9Ls% § £oF tthe perend Jaserbeam heSomes  act i ve

| o [i t t i des, h.that th

Loty cal "oat RO T oF 36 8881 S otdiCr o 1At D S ee i e A B 5800 "S
Lo pa . Ut ; n o ~ 3

TR G g S S

ray \Whosge Niat$sfy 46nhd Honaleebs bheckl fduamit west8nde Hd Wdddr@ned> The
condition (1) defines the spherical aberration correcting function of the

diffractive | ens Bdvwavdzyr & 1dmai whesé aphbhiyadudbermcsttiion ahé qgumeearéuncti on
PZ x ( h,s )" fromthe total 15 WO 00/ 65583 PCT/ JP00/ 02609
corrected, such as an objective lens for an optical pick-up,
varies the spherical aberration according to the change of the
object distance. When the spherical aberration is corrected
10 for the parallel first laser beam, the spherical aberration
hecomes large in the undercorrected direction for the divergent
second laser beam. In order to compensate the undercorrected
spherical aberration, a diffractive lens structure is formed
on the first surface 30a of the objective lens 30. Since
15 aberration correction effect of the diffractive lens structure
is proportional to the wavelength, it is possible to give
wavelength dependence of the spherical aberration that cancels
the spherical aberration caused by the divergence change.
A detail of the objective lens 30 will be described with
20 reference to Figs. 3A, 3B and 3C. Fig. 3A 1s a front view of
the objective lens 30, Fig. 3B is a vertilcal cross-sectional
view and Fig. 3C is an enlarged view of the first surface 30a.
The objective lens 30, which is made from plastic such
as PMMA, is a biconvex lens having first and second aspherical

25 surfaces 30a and 30b. The diffractive lens structure is only

12



optical function ~ (h,s ) /~.. Since the peripheral beam whose NA is | arger
than 0.45 i-s not used for the second optical disc D2, the condition (1)
uses the v?“i (,%%33NA 0.45 as the reference. |f the interngct/adopodsey m of the
condi tion &]f econes |lower than 5 7) the spherical aberration correcting
function by the diffractive lens structure becones too snmall to cancel the
variation of the spherical aberration due to the change of the divergence,
whi ch | eaveorimed Sphecenttabbeeasil off the fhestrsarfamer 8¢4 ed Adi glosin on. On

t he ot her hand, when the 10 internediate termof the condition ( 1)
exceeds 15 in Fhe.sPhertheadltfraativeohensratamicitngef g didrmedpysimblar
diffractive lens structure becones too | arge, which causes the spherical

aberr at i on i at FEe#Ret d6nfected &PFEEt?W3W5n°?%%e’fﬁjc9&ﬁé§gso?°‘fbne cover
| ayer of th tlcal 15 di s¢ .6 i ckpess of the
cover Taye Fphifh 8% o FegR sa?tmfti 2pg. 1ERER o e’ RoGERErERs, - 1 of
the firsgt e angs gt t e Ig@ﬁr am

sati sfygt he%f oIeletlglvvlacrr?g'a corﬁ%%ln\gﬁ eg% % Bg@géd Q& § %Q:QQ) n?beal'he _
condi tion (p:?ea)et@%msa 48 dANGE thOa PPEAldhdehe £ mfbmlaqr heah @%)e”at' on
correcting function while keeping the high diffraction efficiency tor a
first orderogdithbractd®Rulricabt . 3dd 16hforméd @s0h Edritliducus @sgnerisasnal | er
than 0. 81, the difference between the wavel engths ~, 1 and ~.z becones too
| arge to kemyrfialee.25 average diffraction efficiency high. If the ratio
exceeds 0 . 85 the difference between the wavelengths ~. 1 and ~, 2 becones

too smal |, whichSipeeddefirae ontisal disq Rd suric &5t the W%ggq'@bre@ep t he

16 VO 00/ 65553 PCT/ JPQQ/ 02609 pr edet er m Q)&?‘ her.i cal rratjon
correctPng WuREt P o?® - Midri&a¥R Rf §i-APi 15198P Frgﬁu'fré'bﬂ%%(é R F¥duci ng

the diffragf s%eDgfé‘é%ugc¥hg sat°q:e¥m Rhey tftl)é g%géﬁyeggggt% ng_%{, fahear ea 31

dlffractlve €ns ct ur trsrires e Ce

in order tqn‘g%a 89 AR5 398 &idddant 'c\b%rGEBbEaﬁ‘I'& do hfa bhgs bl

wavel ength ~.B Is set outside the range between ~ 1 t he’ ffractlve

efficiency aahohhenfaféélqromwehe@gtfhé rfqmstthenblmma\s@cgaaihdn& i's
significantly reduced. For exanple, when ~1 10 is 650 nmrand ~. 2 is 780 nm

the diffradl aedeh? i cithnsi eshaatdifftaantive lénar et0€hmend O E¥yrmedspecti vel y,
when the bl aze wavel ength ?~B is 650 nm while the diffractive efficiencies
at ~. 11&nd thep cgpsradoaranl te3vpdnes prantadlipnsyhern kot 9farbevblestength ~, e
i's 600 nm 15 Further, the objective |ens 30 of the enbodi nent satisfy the

fol | owi ng €6‘r‘?d|5f3i°8ﬁ§ ‘?éﬁc%rﬂf(aﬁ‘)d PAd-the central area 31; 3) 0. 87t ~/~. x

(4) =8 ~, ge'l?? ot\m&nhang CO 'tlt%ns sgr)bea%Ffoé.\t%iheaEﬁ s}gpai sf ied,

the 20 d|ffract|on i encrestof® eflrs order Sction T t can be
kept high ff obgs kg 3%.. {:Q:ofo'é llaﬂgaﬁefﬁldfbﬁsﬁfe B888R4 opitiichiitat@ndi tion (

3 ) is not satisfie ractl on efficiency of the second | aser beam
falls shortpof t3e%etiphdienlc Gi@iat 3eNthd) 1is isige ol thd, ethecelidd raction

efficiency of the first 25 | aser beamfalls short of 95% As descri bed
above, 20he qiamepker adrgsponddngstd NATBd4asshdvd dcbat amexed. usd vk oareaza|
surface in this enbodi nent . However, 17
forthefirstopticaldiscDl. Inthisembodiment, the peripheral
area 32 is formed as the continuous aspherical surface without
steps. Anactual diffractive lens structure certainly contains
a shape error no matter how the structure 1is accurately
25 manufactured, which loses the light amount. The continuous
surface of the peripheral area 32 prevents the loss of the light

amount due to the shape error.

13



WO 001 65583 PCT/ JP0O0/ 02609 the diffractive lens structure may be fornmed in
the peripheral area 32. In such a case, the diffractive lens structure in

t he peripheral area 32 should be optimzed for the first optical disc D1
with the fiwotwossser beam The second order coefficient 5PE3IR0/02442
diffractive lens structure in the peripheral area 32 should have negative
value. This gives the diffractive lens structure positive refractive power,
whi ch conpensat es_axi chromati c aberration. Furthe t | aze vel ength
of he diliract von etedtl A Flate i bRt nding o ip o 5,25 315081 S be
shorter th f r t Qi gth ~1
of the fi rg%]qlltliz}g%alre tegﬁqealﬁ\ﬁg% %neégﬁgg%lwggéﬁgﬂﬁﬁigﬁ iiLftaﬁe peri \éﬁjeggl ar ea
32 is shortgpe tdipyedtiQeC@BhEakoarea 31, which increases the diffractive
efficiency for the first |aser beam and decreases 15 that for the second

| aser beam Ther afty ediffita@eivephéns ateacldrbahas f thet ivavedbngbhaperture
stop for the second | aser beam which prevents the beam spot on the second
opti cal i séepéndargm [saichgthat tmmldpheficalt hbebratomanagiiesgtih bthet he
peripheral area 32 is shorter than the wavelength ~.1 of the first |aser 20
beam the ap¥exeRrresteddizpatdwesny thgopvesengthdneraases wh&NTtherhi gh
order coeffjcient P, or PG that defines the di fra% ve lLens structure in

the periphefB$ T8EERHIVRadOREGARFIES v EPRSPRATIGRY e&F“FﬁBnag%rFH?i ons

caused by t [‘%E g;g_[% i n f. r [ Ve J g% he 25
obj ective I'gﬁ&s ueq%g (?%r?%&(rlgﬂ]a%egﬁ gﬁé’%pggﬁg éﬁg{aﬂnecg?%{] W ﬁg‘f"he
variation Oﬂe&f}f'essi? d£2l TROELEGE Ah&RYRE T ab¥ - WRYRLABIL NasBiEhgPh the
sem conductor |aser due to tenperature change. In 18 WO 001 65583

PCTI JPOY 0268 Iré&nitl v 1§236ng Shél€ etH @@L pBEyal abde alid2 rdganckal fRe
aberration for the second |laser beam it limts NA of the second | aser
beam Thr eevaniatrigincof xdrepsperidfall Akeopitixal caysedbyothe refoptttee pi ck-up
according to the enbodinent will be described 5 hereinafter. First exanple
Fig. 4 is al®RhisCah afrafrpreled Uhth chhesyardatden aofi the sphapleahith the

first optical disc D1. The optical system 10 includes the beamsplitters 13
and 14 thatgé?’ér%cggsﬁds :ﬁg‘fc'hp @&rf%é'é‘&alﬁﬁi??mt HE T89S /at or | ens 20 and

the objective le 0. + i f.f.r i S i d on
the central ar ea&gﬁgcf%iet%gﬁé%?d%t&f:?g'?ea@éa g?; t’t%@%ﬁ??#?&%%ﬁé@%&n t he
first eanpigns |{eafauld be nobsdskhlat vyhenkhava18wahingptscdP paEn shown in
the lens diagram In the follow ng description, the peripheral area is
descri bed agifrsttricaceuhayiog @(dyffractive lens structure. However, the
peri pheral area y.ncludes a single ring, it is substantially considered a
conti nuous surfade(h)The (Palsi ¢ egistrpgi’i en. of) thé. first exanple is

described 20 in TABLE 1. The surfaces #1 and #2 represent the beam
splitters 13 and ¥herethe Ps@%&%#@%ﬁ%ﬁ%%ﬁ?%%&ﬁi% bpera@or | ens

, th h j i | . h f
47 and #o rETERL AR, RECEOVETRy b B T HPISR CAPT (L OPSARGBES 25 In |
TABLE 1o = dn 8909155, 16 NBUE| SILIL AL LDE, 1 ST @SBl BEAT [ e 11!

optical” di scC e "wavel eng t he "secon eam f or

the second pefridstint@di 8§ optdchiqathias £ MR HYLHHEBRedIah MY 10289%rapd f ol

(unit : mm) denote the focal |engths of the collimator
that is assumed not to be diffracted by the grating and a ray

that is diffracted by the grating, at a point on the diffractive

lens structure where the height from the optical axis is h. In
25 such an expression, a negative value of the second order

coefficient P, represents a positive paraxial power of the

diffractive lens structure. Further, the negative power

14



| ens and the objective |lens at the wavel ength ~. 1, respectively, fez and
fat ( unit - mm) denote the focal |engths of the collimator I ens and the

obj ective lWBSoofégsa he wavel ength ~. 2, respectively, 5 M dgifr6do2609
magni fi cati on at en the wavel ength 7~1, MZ denotes nagnification at the

wavel ength 7~z, da, (unit : m denotes the distance fromthe first

sem conductor |aser to the beamsplitter, dog (unit : m) denotes the

di st ance frimmridasesewbnh enteanrichgcthe dibsmmndeofrhe bieammldallt akis ht
denotes the maxi num effective 10 dianmeter o the first surface 30a, h,5
denot es t hewhesl dilre ffeumthherder ieeafficiensf Pa {soilaragmethan #¢xmht ray whose
NA is 0.45 intersects the diffractive lens structure. Further, r (unit :

m) denotes a radiPugcspal PIEERFPRIC ShEBASOL (he G EEnactiys| dessat the
ertex for aspherica rfac 15 d ni.t : denojes a di stance
et ween Uhes CHHArELL S MArI T ERol Mt AeErouial 1anE HEVLTG Aol GRo% nIBPERGT | ve
i ndex at. a vel engt [id en the

first Fﬁzic wE Fiﬁérggéﬁfo&P%EgcgééﬁgéL%f%%%gﬁquﬁﬁé%gﬂﬂgzg %ond0 123
[ [ ' . BL ~ 5 = = =4 ML=- 0.
a1 24 000 ﬁii‘f%aﬁgci@ggféégré%iz Spfegpty £EG o%hﬁﬁ/rzigg'f%@é’“ Se=1. 219

NAZ=0. 45 ht = 2. 40nR ) (#10B (2,128mMp 25 Surfage nymbeg)rxdy n650 n78 #1 ~ 6.000
1.51405 1.51062 20 WD 00/ 65583 5 #2 #3 #4 #5 #6 #7 #8 53.056 -8.000 2.511

-10. 401 2.928 2. GythbdQ. BPAs2a4blaze vdbrellendhA2f dr SAPHEL HeA@32ps. HB665

0.600/1.200 1.58030 1.57326
the grating give an optical path difference by one wavelength.

10 The diffractive efficiency becomes the maximum at the blaze
wavelength A,. Symbol C is a constant defining a phase at a
boundary between adjacent rings (0 sC<1l). The functionMOD(x,
y) represents the remainder when x is divided by y.
MOD(P,h’+P,h'+++++C, 1) is equal to zero at the boundary of the

15 adjacent rings. The diffractive lens structure is formed on
the lens surface of the refractive lens. Inclines and steps
of the ring areas are designed such that the optical path
differences are defined by ®'(h).

The objective lens 30 satisfies the following condition

20 (1);

(1) 7 < ®(h,,)/N - P, x(h,;)? < 15

where h,; is the height from the optical axis of a point
where a light ray whose NA 1s 0.45 intersects the diffractive
lens structure.

25 The condition (1) defines the spherical aberration

correcting function of the diffractive lens structure that is

found by subtracting the power function P, x(h,;)? £from the total

15



PCT/ JPO0O/ 02609 In the first exanple, the second surface of the collimator
10 lens 20 ( surface #4 ) , a base curve of the first surface 30a ( surface
#5 ) and the seﬁﬁgd surface 30b ( surface #6 ) of the obj e,e&;w&,&&ps 30 are
rotati onaII trical aspherical surfaces. The base curve iIs

macr oscopi ¢ shape of the surface without diffractive |ens structure. The
rotationally symetrical 15 aspherical surface is expressed by the

follow ng e + hi2 1 +
1- (1 + K~§gg]2é%]f)u%c§mhs(g\ ﬁ"flﬁ'tArégf*cg tﬁ}ﬂ"? gﬁ%ég%%labéh@\%h?‘srﬁuga
tangentr al pbanfrgeir ehawionldsols hbe $sud Foe vekecbhe dpriighl disybhe
optical axis is h. Synbol c is a curvature (1/r) of the 20 vertex of the
surface , Kthe eomgdtiioncéh}twses thd-~valub at B8 Q.44 es, thd efiededcear e
aspherical surface coefficients of fourth, sixth, eighth) tenth and twelfth
orders, respédHieNtETIRM at6rkammet Khamendddarnci nbecomes hewerkhar2 ar e
shown |n the following TABLE 2. On the first surface 30a of the objective

| ens 30,3t hé-bRe %“iﬁfﬁ?& GPeFRat LahGRRTestdRI TRRALLON By Bhei 5 i f f er ent

fromthat Ofg%,éggacpife v ernasI S g.‘l.elgt 1:l %850{1 esT'%‘IélﬁEi%ifzfotm ctarﬁ% io%Lfl cients

21 WO 001 these areas, respectively. T econd surtace of

col | i mat or 829%&‘9 oz, the &p %%@gcé‘f aQ:eQQQQléﬁ du QB%&'@% aflg@ Yk £48 0. 000

10 A12 0.000 First surface 0O jective lens (#5) Cent ra area Per 1 pher al

area (Osh<lg98drddndBShhilch218dved. &l shherical aberration in the
K-0.470-0. 470A42. 270x10-4-1. 400x10"' A64. 900x10' 54. 400x10' 5A84. 100x10-6-4. 600

Xx106A109. 27Qnder&drHielD-dd7acAidn l. DA4xhe' 6thedanH) wheaohhHesurf ace
of ohi ective | ens (#6 KO.000A48.607x10" 3A6- 7. 203x10' 425
A8- 4. 525% 10415 pa0Te DiFtel DeBne £ Eheorrid tipRo0Y Joeseeeds 15, WieGphes383l

PCT/ JPO0O/ 02609 The bl aze wavel ength of the diffractive |ens structure in
the central aa?’éaar@%%ﬂ%ﬁﬁtmﬁuecttﬁaew I{Q‘feiﬁfé?aicﬁlir@?a'lenérséauf%uﬁgo nm

TABLE 3 shows t he %oeffr ci ent.s, Po P h%qi Elifor each, of . t he
C err
tii?/ &hs &

central and pEPTPh&rSITH rgeeasWhiﬁthba‘ds?? FRe FHA PR 1hEPRdes ten

ring- shapedosgeg&re%@maewggg ring nunber O is a circular area

including the optical axis and the areas whose ring nunbers are 1 through 9

are ring areas. Tifed thg thugkeess OrttHobghe 109k 03 1 ENesEOPLiahiar ea,
and 10 the ring nunber 9 belongs to the peripheral area . Each of the zings

i s defired Bysélma iisnet 6 howther yhahdsickneisgho £ f tlemcblrer opdyealoftaxhe is h,,
and the outer boundary whose height fromthe optical axis is h" as shown in
TABLE 4. second optical disc D2 is 1.2 mm, the wavelength A, of the first
laser beam and the wavelength A, of the second laser beam satisfy
the following condition (2);
(2) 0.81 < A/A, < 0.85.

20 The condition (2) defines the range to obtain the enough
spherical aberration correcting function while keeping the high
diffraction efficiency for a first order diffraction 1ight. If
the ratio of condition (2) is smaller than 0.81, the difference
between the wavelengths A, and h, becomes too large to keep the

25 averagediffractionefficiencyhigh. If theratioexceeds0.85,
the difference between the wavelengths A, and A, becomes too small,

which increases the number of the concentric rings to keep the
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15 TABLE 3 Central area Peripheral area (Osh<1.98) (1.98sh) Po 0.0000 9.0
PZ 0.0000 0.0 20 P4 0.31034 0.0 P6 -0.023604 0.0 P8 0.024258 0.0 TABLE 4 25
Ri ng nunberywhokdssR Ng nunber hL h" 0 0.000 1.307 5 1. 784 ptTABib/01504. 307
1.508 6 1.838 1.886 23 WD 00l 65583 2 1.5081.62871. 8861. 9273

1.62B1. 71581. 9271. 9774 1.7151. 7B991. 9772. 400 PCT/ JP00/ 02609 5 The val ues of
the itens included in the condition ( 1 ) are found from TABLE 3 as

foll ows. ~(Predetermiged77gpherical) z abegratipe ceerreciing s fyncthenopti cal
path difference functiogn 10 ~(h) for the peripheral area show that the

( )
actual shapEPeFeasi@gefibhitwttiares é@&‘é’fﬁﬁéugbflﬁlcﬁ“ddiE?%‘F&Jé‘%ythﬁne tines
of the vvaveﬁgf th.to thgfggie curve. More specifically, the peripheral area

i s an asphe Ve E PR¥Y by TABLE 5 that is shifted fromthe base

f th | | th ti ' 5 0,8169~un. Th
ShiTt amount ©o FomitkRhy vt Bdrb Hae dniih P th8 BYedgadiih Y8ne 1S 1000
- 10. Sl@EUQ&J\fﬁwﬁ-ésZQﬁfﬁéW% X, <O AR itk 6%24995%%@ 414Q0%1He5 A8

-4.600x10-6 25 AL0 1.900x10-6 Al2 -6.(70x10- WD 00/ 65583
PCT/ JPO0/ 02680 %keepd 2. h24h aae dges @@L Bt tivorafriddleackat i M hef bllhge 0b

jective lens 30 according to the first exanple when the first optical disc
Dl i s used wavelarjttndi hiofsefS0unsiddi the Tangeonstepéeri,cahdalber thei on SA
and sine condition SC, Fig. 5B shows 5 astigmatism (S: Sagittal, M
Mer i di onal ) diffracrdve effigbgney at the farther wavelength from the blaze
wavelength A, is significantly reduced. For example, when A,
10 1is 650 nm'and A, is 780 nm, the diffractive efficiencies at A,
and A; are 100% and 91%, respectively, when the blaze wavelength
A, 1s 650 nm, while the diffractive efficlencies at A, and A,
are 98% and 83%, respectively, when the blaze wavelength A, is
600 nm.
15 Further, the objective lens 30 of the embodiment satisfy
the following conditions (3) and (4) in the central area 31;
(3) 0.87 < Ay/M,
(4) Ag/N, < 1.13.
When the conditions (3) and (4) are satisfied, the
20 diffraction efficiencies of the first order diffraction light
can be kept high for both of the first and second laser beams.
If thecondition (3) isnotsatisflied, thediffractionefficiency
of the second laser beam falls short of 95%. If the conditiocn
{4) 1s not satisfied, the diffraction efficiency of the first
25 laser beam falls short of 95%.

As described above, the peripheral area 32 is formed as

the continuous aspherical surface in this embodiment. However,
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of Fig. 5A represents nunerical aperture NA and the vertical axis of Fig.
5B represents an inmage height Y. Further, horizontal axes represent anount
of aberrations. Units of the vertical axis of Fig. 5A and %_pro@gkggzont al
axes are "rw0006533gs. 6A and 10 6B show the spheri cal abef nd the
astigmati sm of the objective I ens 30 when the second optical disc D2 is
used at wavel ength of 785 nm Second exarrpl e 15 Fig. 7 is a |lens diagram of

the opticaleraygLerdl Ae FERD L FARIRLE iyl Be!difinfdd o4 R peAlpillng DI 11

Fig . 7, e CO ens , jectlve ens 30 an |rst

optical di sas‘relalaﬁreIani:acxﬁa_cwbe,Tbﬁediﬁfff&a@ftwe 1eAnssetisainy enithef Orned on
both of the central and peripheral areas of the first surface 20 30a of the

obj ective IpidpBeral dhea X GROURE v loptitheeliafor enEhirset oprical t he
second exanple is described in TABLE 6. In TABLE 6, the surfaces #1 and #2
represent tdisccl wiithttive fiorst Pdsen heasur Thecse B dapriericoeff taiant t he
objective lens 30 and the surfaces #5 and #6 represent the cover |ayer 25

of the 8ptifeadf dhecdiffiragidveplempmiEugtyce 1 OPeSEHE A TATE Y202609
~.1=650nm f ~ =10. 00 fol =3. 300 ML=- 0. 333 dol =9. 101 NA % 60, ~, z=780nm
f7=10. 07 fapuddshavesnegatiys yplug. oGO iRATLBe S st LUESTRARIYS1ens 1 g7

Sur f 5 119) d_n6h0 n7 00 .

} Sao5ona- & VORI BORINS I TS50 S e Gbet  outal Fimmsngates srja2

#5~0. 600/1&%m%t§§039e11ra51.71%416#6 In the second exanple, the second surface
of the collimator lens 20 (surface #2), the base curve of the first surface

30a 15 (surface #3rtRed, thfe vaeeedwaveiacRtBUE (ther haceradiivd 1dhe
objective lens 30 are rotationally symetrical aspherical surfaces. The

const and K stnchctaeéfircthatperiAdhehad ayeardz shonlédEhsbbérvesphibandddatsur f aces
are shown in TABLE 7. 20 TABLE 7 Second surface of collimator |ens (#2) K
-0. 4000 A4 of 2B60xericrads a2e80P0XD0PE o548 LY. THMWavR18nBthsk, sfirthece of

objective lens (#3) Central area Peripheral area 26
first laser beam. When the blaze wavelength of the peripheral

area 32 is shorter than the central area 31, which increases

the diffractive efficiency forthe first laser beamand decreases
15 that for the second laser beam. Therefore, the peripheral area

32 has a function of an aperture stop for the second laser beam,

which prevents the beam spot on the second optical disc D2 from

being too small. When the blaze wavelength of the peripheral

area 32 is shorter than the wavelength A, of the first laser
20 beam, the aperture effect becomes larger.

Still further, when the high order coefficient P, or P,
that defines the diffractive lens structure in the peripheral
area 32 has negative value, variation of the aberrations caused
by thermal expansion and change of the refractive index of the

25 objective lens 30 due to temperature change can be canceled with
the variation of the spherical aberration caused by wavelength

shift of the semiconductor laser due to temperature change. In
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WO 00/ 65583

(Gsh<1.67)(1.67sh)r2.1522. 144K- 0. 560- 0. 560A42. 149x10- 31. 600x10"' 35

AG- 2. 345)(13’8@_(@65% 0x10' 4AB3. 550x10- 42. 200x10- 4A10- 3. 310x1peT1/7r03Bsked 0- SA128.
300x10' 1.5 ¥ 8econd surface of obj ective lens (#4)10

x0. 000A41. 760x1UAG6- 1. 900x10- 5A8- 1. 940x10' 3A106. 780x10- 415 Al2-7.970x10'5
PCT/ JP00/ 02609 The bl aze wavel ength of the diffractivc: lens structure in

t he centralsudiea ¢ase/,18in6e twberipréral area PEhaghkapde abezragibh0 nm
TABLE 8 shows the coefficients Po, P~, P, , P6 and PB 20 for each of the
central andipethelsecahddrases bediheitilfiinigstNA/ ef thessertandclaser baghudes
fifteen ring-shaped steps. The area whose ring nunber O is a circular area
i ncl udi ng the opTh&ge &2PSTehe eFAMRkam L ANtiFadusgstsmapE thehr ough
14 are ring areas. The ring nunbers O through 7 belong.to the central area,
25 and t he PRHEAREERSIB A4GOTAIRY 150 FARORBRoFINene TAOM PhERSFTIPRA. Each
of the rsi nggei sinc‘j&ftiened in TABLE 9. 27 5 10 15 20 25 WD 001 65583 TABLE
8Central® areapert pheFéI area(Gsh<1.67) (1. 67sh)Po 0.00. 0Pz
-4.66295-3.94187P4 0. 902570. 45269P6 -0.20873-0. 50432Pe 0. 121980. 08305 TABLE
9 Ri ng nunber

hLhHOO. 0000r #rfstl Qb mdQe68420. 6840. 86030. 8601. 02641. 0261. 21351. 2131. 52861. 52
81.62171. 6ZTT. 670 R ng nunber

h~hH81. 6701. 7009F16004 .1558 1&hs/804gra® bE1tHE 9p 3481 Xy el o B3 £3#sH031. 9621
41.9622. 000 PCT/ JP00/ 02609 The values of the itens included in the

condi ti on (exanplsr eriftbuttef £onsTARME @ lasliisgl Pdws. The mBjijcal sysBem365
Pz(h~s)Z ~ -13. 0045 The boundary between the outernost ring of the central
area (rithg fmeieles7ihe beaprplititersoki eppntt shat RrepehoWhafa sarede (ring

nmb 8) h t h_t hat t t ri 0Q/ 65583
PCT13P00 10260 Rk CRTF 1, Hhm e 1aTe: SLams 124 pE9oEbe o Aty at Pt i on.
Fi gs. 8A angh 881RQQYrlSc RIS R bhels HRLLAL LAY dtifa on the central

area of the first surface 30a of the objective lens 30 in the

first example. It should be noted that the phase grating is
15 not shown in the lens diagram. In the following description,
the peripheral areaisdescribedasasurfacehavingadiffractive
lens structure. However, the peripheral area includes a single
ring, it is substantially considered a continuous surface.
The basic construction of the first example is described
20 in TABLE 1. The surfaces #l1 and #2 represent the beam splitters
13 and 14, the surfaces #3 and #4 represent the collimator lens
20, the surfaces #5 and #6 represent the objective lens 30 and
the surfaces #7 and #8 represent the cover layer of the optical
discs D1 and D2.
25 In TABLE 1, A; denotes the wavelength of the first laser

beam for the first optical disc D1, A, denotes the wavelength

of the second laser beam for the second optical disc D2, £
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astigmati smof the objective Iens 30 according to the second exanpl e when
the first optical di sc Dl is used at wavelength 5 of 650 nm Figs. 9A and
9B show t he spherl aberration and the astigmatism of ther oSéobi ve lens
30 when t heVOSEM opt| cal disc D2 is used at wavel ength o? @gﬂc?} nm Third
exanple 10 Fig. 10 is a lens diagramof the optical systemof a third
exanple with the first optical disc DL. In Fig. 10, the objective I ens 30

and the firsda QFt i(GAkt 0i %) Ddemb€e AMey £688WNLenftsdbf fHHACEDLY B1hOF T
structure is only forned on the central area on the first surface 30a of

the obj ectiMhd ana tie bbiédeividieds By exuampheledfien Rasicespeasivamss,i on of
the second exanple is described in TABLE 10. In TABLE 10, the surfaces #1
and #2 reprizsand fhHduobtecmnyaenete 3@ fpcal Rengtins afcthetgohtmator epr esent
the cover |ayer of the optical discs D1 and D2. Further, dol and doz denote
20 ob ject lins an@etéwo@bmmtw lees iatethenavabength he. waspEehirely-1 and

?~2, respectlvely in the third exanple. TABLE 10 7~1=650nm f ol =3. 201
M =-0.080 d%|deno ﬂ@geéfzsatl%mwmoféleswzzslm% Math depetes 385
NAZ=0. 45 ht 92mm. h ur, 001 65583 nunber r d n650
a0 1 5. 1 PResLEdsaTLan R Theu Bl AT e 4y ke 2 e AeasTes0ite  5a030

1.57346 5 Aai%qynéewoqzﬁ&gfi&éé”@nféum&wws%r ttohlﬂ)ebﬁ'éﬁng Ve, the

first surface 30a ( surface #1 ) and the second surface 30b ( surf'ace #2 )

of the objeff(ugit em)&%rﬁft@srm@&wmidyfw Eb68hd 8spesh&adt ok
surfaces. The constant K and coefficients A4 through Al12 for each of
aspheri cal ;aseratesthe ebesnowplihtdPBlUE HenoTABLEhd makimatm sfif éaicioreof
objective lens (#1) 15 20 25 Central areaPeripheral area(Osh<l.63)(1.63sh)x
- 0. 56010. sebmreressoh i fF@EEﬁPﬂf@R@ 3%5@7092—903&9 1688x 'ig)!\B from
1.1363x10-38. 809x10' 5A10 -1.0568x10" - 3. 198x %0 5A12

~6. 2000x10' B85 0RBb%a D BLEBh P ?8?P§c‘é“‘%ﬁ%8; 9% EapeiRos it k539-d&do

intersects the diffractive lens structure.
Further, r (unit : mm) denotes a radius of curvature of
alens surface (the values at the vertex for aspherical surfaces),
15 d (unit : mm) denotes a distance between the surfaces along the
optical axis and nA denotes a refractive index at a wavelength
A nm. For the d7, left values are valid when the first optical
disc D1 is used, right values are valid when the second optical
disc D2 is used.
20
TABLE 1
Ai=650nm £.1=12.00 f,;=4.000 M;=-0.333 d¢;=4.000 NA,;=0.60
A;=785nm £.,=12.08 £,,=4.031 M;=-0.335 dpz=1.219 NA,=0.45
ht = 2.40mm hys = 1.98mm
25 Surface

number r d n650 n785

#1 © 6.000 1.51405 1.51062
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A4 1.198x10'2 A6 1.174x10'2 A8 -1.088x10'2 30 WD 00165583 5 10 15 20 Al0
3.381x10'3 Al2 -3.943x10'4 PCT/ JP00/ 02609 The bl aze wavel ength of the
diffractive_len tructure in the central area is 710 nm t in the
peri pher al ‘3933(%523 650 nm TABLE 12 shows the coefficient gﬁ%@hﬁe&éﬂ% P6 and
P, for each of the central and peripheral areas . The diffractive |ens
structure includes nine ring-shaped steps. The area whose ring nunber 0 is
a circular grea including the; aptd cal axis and the areas whose ring nunbers
are 1 through 8 are ring areas. The ring nunbers O through 7 belong to the
central area)s and thesrdasey nwdoeo 8 helsasge to.ddmioperi pheral area. Each of
the rings is defined in TABLE 13. TABLE 12 Central area (Osh<1.63) Po 0.0
PZ 0.0 P~ 2.#36580 P6-8 20M00500 AB® . 92108 Plo -0.08143 Peripheral area
(1.63sh) -20.000 0.0 0.0 0.0 0.0 0.0 25 TABLE 13 Ri ng nunber hL hx Ring
number hL h#% 0.000 0.5335 52:4894 11554082 1.536§515 20 25 W O 00! 6S583

5 #6 -10.401 2.279
#7 © 0.600/1.200 1.58030 1.57326
#8 ©

In the first example, the second surface of the collimator
10 1lens20(surface#4), abasecurveof thefirst surface30a (surface
#5) and the second surface 30b (surface #6) of the objective
lens 30 are rotationally symmetrical aspherical surfaces. The
base curve is a macroscopic shape of the surface without
diffractive lens structure. The rotationally symmetrical

15 aspherical surface 1is expressed by the followling eguation:
h%

+ A4h4 + A6h6 + ABha + Alohlo + Alzhlz
1+ \/1 -{1 + Kh2c2

Xh) =

X(h) is a SAG, that is, a distance of a curve from a
tangential plane at a point on the surface where the height from
the optical axis is h. Symbol ¢ is a curvature (1/r) of the

20 vertex of the surface, K is a conic constant, A,, As. As, Ao,
A;; and A are aspherical surface coefficients of fourth, sixth,
eighth, tenth and twelfth orders, respectively. The constant
K and coefficients A4 through A,; are shown in the £ollowing TABLE
2. On the first surface 30a of the objective lens 30, the base

25 curve of the central area (0=<h<1.98) is different from that of

the peripheral area (1.98<h), TABLE 2 shows the coefficients
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1 0.9051.1712 1.1711.3223 1.3221.4124 1.4121.474 6 1.5221.5167 1.5161.5948
1.5941. 623 PCTI JPOOI OZ609 The val ues of the itenms included in the condition
( 1) are found from TABLE 12 as follows. ~(h4s)/~. =9.301 P2 ( h~5 ) ~ -
0 . 000 Fi gwowm#ssssand 11B show t he spherical aberration arffTHIR¥/GEEY| gmati sm
of the objective lens 30 according to the third exanple when the first
optical disc D1 is used at wavel ength of 650 nm Figs . 12A and 12B show

t he spheri cal ggerrati on_and the asti_ mati sm of the ob jective |lens 30 when
the second 8Pt i 88FC P tn °5PG554VEtY wavel ength of 780 nm The obj ective
|l ens of the third exanple requires an aberration-free parallel |aser beam
for the first optical disc and an aberration-free divergent |aser beamfor
the second efgi,gap disc. Thus, a collimator lens is preferably nounted for
each of two sem conductor |asers. Further, the aspherical surfaces of the
col i mat or IseBsnghoutfhade cfesiognemater coarss daigat i on of effects of parallel
pl ates such as a cover glass of a sem conductor |aser, a prismfor

conbi ni ng or wseqar7aeiong a | i ght beam TABLE 14 shows rel ati onshi ps bet ween
the conditions ( 1 ) through (4) and the first, second and third exanpl es.
Al of the exkhpPe8088tisfy all of the conditions. 32 WD 00l 63583 TABLE
14 1st Ex. 2nd Ex. 3rd Ex., (1)~(h4s)/~,-Pz(h4s)2 9.0779.8689.3015 ( 2

)~, 1/~20 . 82%% 5-8886%10833( 3 )~/~, 70 . 9040 . 9100 . 910( 4 )~/~, 11.
0921. 0921. 092 EC;%BPOOI 02609 33 WD 00l 65583 PCT/ JP00/ 02609 Clains 1. An
optical systemof "an optical pick-up that is capable of using a first
optical discapgvigngoad first cover layer and a second optical disc having a
second cover layer thicker than said first cover layer) said optical system
conprisiog: A1di ghioopource portion that emts a first | aser beam having a
first wavelength for said first optical disc and a second | aser beam havi ng
a second wavérengsurfapmarf tobjectavel ¥ensst(#ldvel ength for said second
optical disc; and an objective lens that converges said first |aser beam
fromsaid |i kPSRl @&eporti orP5itPBeaALi ATeRmati on | ayer of said first
optical disc through said first cover |ayer and that converges said second
| aser beam fr difs84Ld%8) ght sour cdp8BEfdn onto an information |ayer of said
second optical _di csﬂwough sai d §e.g(irfd cover layer, said ob jective |lens

bei ng provi ded™withd diffractive18ns structure that has a plurality of

concentyic ring-shapegl steps that_haug wavel engt h dependence such that
spherical aberration varies in the overcorrected direction as wavel ength of
i nci dent |ightad ngreaeesa-t Wher ei n-djapgente of said second | aser beam

i ncident on said objective lens is larger than divergence of said first

| aser beam amd whed@x10sai d obj ect.idwexhels converges sai dfirst and second
| aser beans of an identical diffractive order while keeping a constant

di st ance bet wéén ¢el@Pdf ective |ehSodothe surfaces of said first and

second cover Iaoyer s, 34 WD 00/65583 PCT/JP00/ 02609
A10° 9.270x10 1.900x10

20 Al2 -1.244x10°¢ -6.000x1077

Second surface of objective lens (#6)

K 0.000
A4 8.607x107°
A6 -7.203x107*
25 A8 -4.525x10°°

Al0 7.031x10°®
Al2 0.000
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2. The optical systemaccording to claiml,.wherein the follow ng condition

(1) is satisfied; (1) 7 < ~(h,s)/~, - PZ x(h4s)z < 15 where h,s is the
hei ght frorggéla@t;ég&tical axis of a point where a |ight raypef/ idiosdsoNA is O
45 intersects said diffractive lens structure, ~ is the wavel ength of

said light, and PZ is a second order coefficient when an additional optical
path |l ength added by said diffractive lens structure is expressed by the
foll owi ng optical path difference function ~(h): ~ ( h) - { Pzh2 + P,h" +
Pohb + . . . ) x ~, where P4 and P6 are coefficients of forth and sixth
orders, and h i sThe Helgpet warvehenteh opft ithel dhdkfsactliveTRengpstoadtumest em
according to claim1, wherein the thickness of said first cover layer is
0.6 nm and {fhEbe KEBkRR RIS LRi7d0FuboRBiLteFEAt Wy éheireTiphexml aned wh: . rei n

said first wavelength ~. | and said second vel ength ~Z satisfy the
fol I owing d6n8PPi MR- ( FRBLE 3 §heys @‘f E°§?E?£?’2t t g Pglsbs &XFI Bhe

tical ding to.clai the_bl length ~B of

Chi o di Py e VA Beca pnkr il A perfBREEal kdEs g 38 YREREAG [ 0
tral | h ' IS\ g- i di

central ar §ans %é&rfei %’!ﬁ{‘g‘iz%a&,g@éﬁﬁg sﬁape&@ece%_.:jcﬁ!;? ?)réék%oas%lcor ' ng

to claim4 , wherein sa ength ~B of Sai active lens
structure iflngheh@nNbr& addireid@r08+65538231067hd ROQ ¥ RalasSald sfi es
the followi ng conditions (3) and (4); ( 3 ) 0. 87 < ~ B/l ~,z

(4) 3~/ ~, | <kthk3aréas Mieosptriagl neysérsnaecar thngudto xlaxenringwirsas.n t he
addi tional optical path |length added by said ring-shaped step of said

di f fracti v&heeningtpunitanse 0i hhagegh ghdedlongr ta the steptrel ahea, tdrt in said
central area. 7. The optical systemaccording to claim1, wherein said

di ffradPi véheeRsns MIPesr e Hed oRgEntRy thiet PERIRPTEH: ARP2 ar &8¢ o Yhens
surface of said objective |en d a peripheral are f saLd |lens surface
is fornmed &s"§%ctht erffr&:? E’Hr?}&%?nnaeﬁd \Rﬁgggf% whe eeg‘s??gg% g’f%’%{ si de an
85% | i ne of fagtd | S &f bduRRhEF Whbse! S HS edghifiRd as said
peri pher al 05?25838. hgsolgtl caftﬁséysttee?naacgor dﬁlg toecl alm1, %eﬂ}% n said

li ght sour egthenli 8RiLNid %, 58 GAREErib@aBBESych that said first [aser beam
is incident on said objective lens as a parallel beam and said second | aser
beamis incident on said objective lens as a divergent beam 9. An
objective lens for an optical pick-up, conprising: a refractive | ens having
a posi tbve TABLEadti ve power; and a diffractive lens structure having a

plurality of concentric ring-shaped_steps that are fornmed on at |east one
| ens surfaceCePtEH: RIS r alCTIRNPEAL, aBRR

(0=sh<1.98) (1.98=<h)
P 0.0000 9.0
P, 0.0000 0.0
20 Py 0.31034 0.0
P -0.023604 0.0
Py 0.024258 0.0
TABLE 4
25 Ring number h hy Ring number h, hy
0 0.000 1.307 5 1.784 1.838
1 1.307 1.508 6 1.838 1.886
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WO 00/ 65583 PCT/ JP0O0/ 02609 wherein said diffractive |ens structure has
wavel engt h dependence such that spherical aberration varies in the
overcorrected direction as wavel ength of incident |ight increases.

_A9. A nl . AQVOREEIB3 A@R. Al . A@ . A [| . A@L. A@A, s. Ays. ASHL. Af"FE”Z\Qé”ﬂ”Ag ATY.
Ayls A 5. AS5] . A2. A/ 5s. ASII . AfI Al L. A T AL Ayl . AyS5E. Afl . Ay! . As. Al . AY. A5Y. A5
968Y. f (CEnq( }wgke_YSU] cal] cal] caU] cal caU] cal] cal] ca] cal] ca] cal] cal] ca] caU
] cay] cal] cal] cay)] ca Ucagll cpllgall caljca Ugcgldl caf£al cal cTaFGY[\ _z){ }
hj %

Azt nhb] WQU] calj ca] caly].¢2b] cadheal calh cal] caleeaUl £adeaUl cal] cal ca] cal)] caj
cal] cal] cal] cal] caU] cal] ca] cTa] cT"alU] cal] cal] cal] ca46VPQSK) ht u| vpke_YShb] WQ
U]U]U] caU]U] cal] caUj ca] calll.qa¥] cedsmal] calh cal] aaldlrgal cedecal] cal] cal] cal] cal] c
aU] cal] ca
Ul cral] cal] caU] caU] cal] cal] ca] cau- dXBNPXZX} wr | ga[ VPU] ca] calU] cal] ca] calU] ca] c
al] cal] caU] cal] cal] cal] cal] ca] caU] ca] cal] cal] cal] caU] cal] cal] cal] cal] cal] ca
U]U]c aU]U]c aﬁU]U]c aU]U]c a)@'(?ﬂ(e*v U]P§ng)@r ﬂ%l)@%é&@?léaqnéﬂm gagpgawgdupgaq 'E:J] ay| 'E:J] au|
(L:J]a(l:J]a(I:Eﬁ]\l)ca]U] C ‘ﬂdcac_l{] %aU] caa fo l%a'lé] cal] ca] cal] ca] caU] caU] cal] cal] cal] ca
| 'nlplr!]|vgke ZU cay ca] cal cal cay] cay] cal ca] cal] cal] cal c
ay cgU] c!a] gaU] catﬂ(g’ @‘U{’ g]ﬁﬁaﬂ caﬂ ca} caﬂ ca]J]caU]U]ca] 'E:J]ar ! H v! % I :J! U] U]
$PURGRI &LEXEGE&&SH (R, )2 | Yof @P] XSU] c] ca] ca] ca] ca] ca] ca] cal] cal] ca] cal] ca
Ul cral] cal] ca] ca caﬁ] ca] caU] ca] cal] ca] cal] cal] caU] ca] cal] ca] cal] ca] cal] ca'
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lens 20, the objective lens 30 and the first optical disc D1

z

are only shown. The diffractive lens structure is formed on
both of the central and peripheral areas of the first surface
20 30a of the objective lens 30 in the second example.

The basic construction of the second example is described
in TABLE 6. In TABLE 6, the surfaces #l1 and #2 represent the
collimator lens 20, the surfaces #3 and #4 represent the objective
lens 30 and the surfaces #5 and #6 represent the cover layer

25 of the optical discs D1 and D2.

TABLE 6

25
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#1 107.677 1.500 1.58642 1.58252
#2 -6.170 10.000
#3 2.152 2.300 1.54082 1.53677
#4 -7.294 1.653
10 #5 o 0.600/1.200 1.58030 1.57346
#6 LS

In the second example, the second surface of the collimator

lens 20 (surface #2), the base curve of the first surface 30a

15 (surface #3) and the second surface 30b (surface #4) of the
objective lens 30 are rotationally symmetrical aspherical
surfaces. The constant K and coefficients A; through A,, for

each of aspherical surfaces are shown in TABLE 7.

20 TABLE 7

Second surface of collimator lens (i2)

K -0.4000
A4 1.4060x107*
A6 2.6000x10°¢

25 A8 3.7000x107°®

First surface of objective lens (#3)

Central area Peripheral area
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" CcCdCe smL0%
A8 3.550x107* 2.200x10°4
Al0 -3.310x107° -2.390x1073
Al2 8.300x10°’ 1.520x10°°

Second surface of objective lens (#4)

10 K 0.000
A4 1.760x10 *
A6 -1.900x10°°
A8 -1.940x107°
Al0 6.780x107*

15 Al2 -7.970x10°°

The blaze wavelength of the diffractivce lens structure

in the central area is 710 nm, whole that in the peripheral area

is 650 nm. TABLE 8 shows the coefficients P,, P,,P,,P, and P,

20 for each of the central and peripheral areas. The diffractive
lens structure includes fifteen ring-shaped steps. The area
whose ring number 0 is a circular area including the optical
axis and the areas whose ring numbers are 1 through 14 are ring
areas. The ring numbers 0 through 7 belong to the central area,

25 and the ring numbers 8 through 14 belongs to the peripheral area.

Each of the rings is defined in TABLE 9.
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11 X& ! 109%&' () - 210%&' ()- @O () | 10%&' () - F109%& ()-" @O0% () - PQQ
Rt RRRAEg\ = 1!86& O-
3Y100& (g flO%&' % -| 109& () -1 10%&' % -1109%& ()-10%& ()- MR S: SeSSSZTdBg\ =
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P¢ -0.20873 -0.50432
Pg 0.12198 0.08305

10 TABLE 9

Ring number bhg hy Ring number hp hy
0 0.000 0.473 8 1.670 1.7Q00
1 0.473 0.684 9 1.700 1.750
2 0.684 0.860 10 1.750 1.799
15 3 0.860 1.026 11 1.799 1.849
4 1.026 1.213 12 1.850 1.903
5 1.213 1.528 13 1.903 1.962
6 1.528 1.621 14 1.962 2.000
7 1.621 1.670
20
The values of the items included in the condition (1) are
found from TABLE 8 as follows.
$(hys) /A = -3.1365
Pa(hes)? = -13.0045
25 The boundary between the outermost ring of the central

area (ring number 7) and the innermost ring of the peripheral

area (ring number 8) has a step such that the outermost ring
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disc D2 1s used at wavelength of 780 nm.

Third example

10 Fig. 10 is a lens diagram of the optical system of a third
examplewith the first opticaldiscDl. InFig. 10, theobjective
lens 30 and the first optical disc D1 are only shown. The
diffractive lens structure is only formed on the central area
on the first surface 30a of the objective lens 30 in the third

15 example.

The basic construction of the second example is described
in TABLE 10. In TABLE 10, the surfaces #1 and #2 represent the
objective lens 30 and the surfaces #3 and #4 represent the cover
layer of the optical discs D1 and D2. Further, 4, and 4,, denote

20 object distances of the objective lens 30 at the wavelength A,

and A,, respectively, only in the third example.

TABLE 10

A1=650nm £,,=3.201 M;=-0.000 d¢;= ® NA,;=0.60
25 A;=780nm £,;=3.223 M;=-0.1117 d;,=31.385 NA,=0.45

ht = 1.92mm hys = 1.63mm

Surface
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In the third example, the base curve of the first surface
30a (surface #1) and the second surface 30b (surface #2) of the
objective lens 30 are rotationally symmetrical aspherical

10 surfaces. The constant K and coefficients A, through A,;; for

each of aspherical surfaces are shown in TABLE 11.

TABLE 11

First surface of objective lens (#1)

15 Central area Peripheral area
(0sh<1.63) (1.63sh)

K -0.560 -0.560
A4 2.5600x107° -1.025%1073
A6 -2.5070x107° 4.166x107*

20 A8 1.1363x107° 8.809x107°
Al0 -1.0568x107* -3.198x10°°
Al2 -6.2000x107° -5.100%x10"®

Second surface of objective lens (#2)

K 0.000
25 A4 1.198x10°?
- A6 1.174x10°?

A8 -1.,088x1072
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The blaze wavelength of the diffractive lens structure

5 1in the central area is 710 nm, whole that in the peripheral area
is 650 nm. TABLE 12 shows the coefficients P,, P,,P,,P, and P,

for each of the central and peripheral areas. The diffractive
lens structure includes nine ring-shaped steps. The area whose
ring number 0 is a circular area including the optical axis and

10 the areas whose ring numbers are 1 through 8 are ring areas.
The ring numbers 0 through 7 belong to the central area, and

the ring number 8 belongs to the peripheral area. Each of the

rings is defined in TABLE 13.

15 TABLE 12

Central area Peripheral area
(0sh<1.63) (1.63sh)
Pp 0.0 -20.000
P, 0.0 0.0
20 P, 2.95580 0.0
P¢ -2.49050 0.0
Pg 0.92108 0.0
P1o -0.08143 0.0

25 TABLE 13
Ring number hg hy Ring number h, hy

0 0.000 0.905 5 1.474 1.522
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F1090! 9& ()-F F109®!9& ()-F F109%®!9& ()-F F109%®! 9& ()-F
F1099! 9& ()-F] eknsyzd: bU4 1! ))?a2E F109%®! 9& ()-F F109%®! 9& ()-F

F1090! 9& ()-F F109®! 9& ()-F F109®! 9& ()- Fzd: bU4 !! ))?aégmgﬁ%%gfg)()-

F109@! 9& () MO 058301 08 ()-F F1090!9& ()-F F109%9! 9&' () -
yl10% 1\ & ()- Sy!10% & ()-)! y!10% & ()- .y!10%! k& ()- S"T10% & ()-
F1090! 9& ()-F(1[}|[:bWa 1! ) MS+Y 10% & ()-( S+Y 10%!>& ()-( S+Y
10%.L& ()-' Sf {10% & )go¥ f1 (0% a& (}-y S S & (314 VU4 11 S10% & ()-
Y10% & ()- S' T10% & ()- SY109% & ()-10! 10! 10! S910% & ()-RD|[:vU4 11 S
SY10% & ()-S Sy210% &'1(.)17% SFIHwA & ()-7S SfL1.150% 81(594SI 10% & ()- S

3 1.322 1.412 8 1.594 1.623

4 1.412 1.474

The values of the items included in the condition (1) are
found from TABLE 12 as follows.

¢(hys)/N = 9.301

P2(h4s)? = 0.000

10 Figs. 11A and 11B show the spherical aberration and the
astigmatism of the objective lens 30 according to the third
example when the first optical disc D1 is used at wavelength
of 650 nm. Figs. 12A and 12B show the spherical aberration and
the astigmatism of the objective lens 30 when the second optical

15 disc D2 is used at wavelength of 780 nm.

The objective lens of the third example requires an
aberration-free parallel laser beam for the first optical disc
and an aberration-free divergent laser beam for the second
optical disc. Thus, a collimator lens is preferably mounted

20 for each of two semiconductor lasers. Further, the aspherical
surfaces of the collimator lens should be designed in
consideration of effects of parallel plates such as a cover glass
of a semiconductor laser, a prism for combining or separating
a light beam.

25 TABLE 14 shows relatlonships between the conditions (1)
through (4) and the first, second and third examples. All of

the examples satisfy all of the conditions.
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1 1098 & ()-DZi {Z9vU4 1! S | +10% & ()- Sf)z10% & ()- SI"10% & ()-:

Sy! 109 & ()-!y! 10%E~E~& ()- S910% & ()-P|[:-410! Ss910% & ()- Ss610% & () -
SF210% & () woldkRoA & ()- S/ 109 & ()- S9-10% & ()- bB410! S@EOHHd0wE5 () -

S 10% m& ()- . 10%R#H& ()- S! S10%R#m& ()- SGLO%2#m& ()- 10! 10! eEB410!
S@0%n & ()-@0%n & ()-@o0%n m& ()-' @O0%n m& ()-@o%m

mg ()-!(hL, 4@0%1 m& ()-@0% & ()-' @0%n m& ()-@0%m m& ()- @o%t
m& ()-' (./57STWGH@0%1 nm& ()-' @O0%1 m& ()-@0%1 n& ()-@0%1 n& ()-'
@0%1 m& ()-WKYZ[nM 4 #)h10%&' ()- @10% & ()- +@10% & ()- @L0%n n& ()-'
@o% m& (TREB®AY n& () ,ngrst| [ NA410"10"10"# 910% & ()-# L-10%!f& ()-

L- 10%& ()- <-109%N& ()-( G%) hl0%" a&éé tel)S 310%W & ()-@ 310%W & ()-@3S

310% & ()- @ 310% & ()- @3ld%t&E 1%%4 $79 E¥crsS 310% & ()- @ 3S
310% & () - 1 @.3S_3109% @E+S 310% & ()- S
310%&'8-%3 %‘&’;’; %hé?jl) 3 @"3§§§310%§2’%) @S 310% & ()()@m,s
310% & (g - & ()-@3S 3

310% & 8%@2&) P(ezs+s 3109 {%% @3 &%0%@&% @ 310% & ()-
SL0% & ()- @35 GaRgs & () - P obyd R4 91 BS JUAR (- & 31098 ) -
310% & ()- @3S 310% & ()-@ 310% & () - @ouvwzeE)S 310% & () - @310%&()-@5
3108 & ()- Q8P RN & () - @5 31008% ()1 @BL0NR L9 - @H S 3108 & () - @
310% & ()- @3S 310% & ()-@ 310% & ()-@ 310% & ()-@3el + 3S 310% & ()-@S
3104 & ()-@ 310% & ()- @3S 31048 & ()-@S 3108 & ()-@1+ 3 ,"TI0%B & ()-S
310% & ()- @3S 310% & ()-@ 310% & ()- @ 310% & () - @GACDEFH obU4'

) -
,&s109% & ()-10! &10! 10! , 910% & ()- , 9%
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"10%! p& ()-- ,9% "10%! p& ()-- ,9% "10% & ()--HKNQT h|[;bu4" |, Yyl09% &'.()-
, YIOB & ()- ,210%W & ()- ,) 10%B & ()- , 10%B & ()- ,10% & ()-hijw X84'
Yy10% & () - Yyl0%W & ()- &pyOYyl0W & ()- Yyl0® & ()- pyYylQ®¥ & %3 Xat'
pyYy109% & (YV-Gy 0X5838 &' ()- pyYy10% & ()- Yyl0% & ()- ppr<%'ésr§§ /ﬁ“g' ()-
PYYY10% & ()- Yyl0%B & ()- pyYyl0W & ()- YylO0% & ()-
KO 4108 & ()-10%B & ()-10%B & ()- 108 & ()-Yyl0%B & ()- pyYylOo% & () -
"()+1hL, 410% & ()-10% & ()-' P10% & (¢1dff4 & ()-10% & ()-' P178: @G eG+410% &
"()-"PLO%W & ()-10% & ()-10% & ()-' PIOWA & () - | OUVX"deE+410% & ()-10% & ()- 10
BE& ()-10B & ()-"P-10%8 & ()-10% & ()-degnstv| hL, 4108 & ()-10% & ()-' P10% &
()-10% & ()-10%8 & ()-'PleG 410N & ()-'P1OW & ()-10% & ()-10% & ()-' P10% & (
)-i1)10% & ¥) - F PabRtigal syield ¢f -gh optloak RickFupothzt (Ds Fapabd&’ ()-F
hL, 108 & ()-F 108 & ()-F F t10% & g)-F 10%% & ()-F
of using a first optical disc having a first cover layer and
a second optical disc having a second cover layer thicker than
said first cover layer, saild optical system comprising:
a light source portion that emits a first laser beam having
a first wavelength for said first optical disc and a second laser
beam having a second wavelength longer than said first
wavelength for said second optical disc: and
an objective lens that converges said first laser beam
from said light source portion onto an information layer of said
first optical disc through said first cover layer and that
converges sald second laser beam from said light source portion
onto an information layer of sald second optical disc through
sald second cover layer, said objective lens being provided with
a diffractive lens structure that has a plurality of concentric
ring-shaped steps that have wavelength dependence such that
spherical aberration varies in the overcorrected direction as
wavelength of incident light increases,
wherein divergence of said second laser beam incident on
sald objective lens is larger than divergence of said £irst laser
beam, and
whereinsaidobjective lens convergessaid first and second
laser beams of an ldentical diffractive order while keeping a

constant distance between said objective lens and the surfaces

of sald first and second cover layers.
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10% & ()-F 'teGHI0% & ()-F 't10% & ()-F 10% & ()-F 10% & ()-F 't10% & ()-F
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|1109& ()-We_|[:bU4  f/310%& ()- )!10%!t& ()- (MO%& ()- 0"10% & ()-m
t10% & ()- @0% & ()-B\dghijv|obUs GLO% & ()-10! 10! 10! 910% & () -
6109 & ()- y31:10%0& ()-m ky31:10% & ()-nv|[:bU4 y109%& ()- !10%! o0& ()--
'110%! 0&' (9-- ! @he%bBt{¢al Fhibel @LcolE1NG0 o (9rd¥m VY| Wwhekb4dn the

1109 & ()-110% & ()- yL310% & ()- y& 10% & ()- & 10% & ()-

y10% & () - jfosi@ingQeofal 814 - (1)0%Ws'spXiQFE1684 & ()-! 10% & () - QoX<4

110% & ()-Q 10% & ()-110% & ()-Q 10% & ()-!10% & ()-sW4

1109 & ()-!109% &(4)- Q 10W &() AN HOB, & (b)) 40R8 & () - / CDEMKY X74
y{110% & ()- y{110% & ()-!10% & ( 1098 & ()-!10% & () - Q{ ~vU4

109% & () - yy109% ¥Pe¥e Ye 1@/&&6(5‘623@16%0& E?elqaﬁif@ﬂlexl’? %% &OH'

@it & (k< sk Seireh Uoego b Tbnetienys olesidiiatits - |

S'10% & F10% & 09 & -
vrow e (). sl o &“?)‘riof%&slépeyﬁiﬁééﬁash e atbaibhs ! \and mats© U
F10% & ()- 3 E&é@ﬁ&faeﬁcgé@%&@fwryeﬂ%&dmowﬁoa@%ﬁ fdth length

y)10%8 & ()-&, -5; <DIsW3 F1093 F10% & ()-3 F10% & () -

added by said diffractive lens structure is expressed by the
following optical path difference function ®(h):

®(n) = (P,h* + Ph* + Ph® + ...) x A
where P, and P¢ are coefficients of forth and sixth orders, and

h is a height from the optical axis.

3. The optical system according to claim 1, wherein the
thickness of sald first cover layer 1s 0.6 mm and the thickness
of said second cover layer is 1.2 mm, and wharein said first

wavelength A, and said second wavelength A, satisfy the following

condition (2);

(2) 0.81 < A/A, < 0.85.

4. The optical system according to claim 3, wherein the blaze

wavelength A, of said diffractive lens structure satisfies A,

< Ay < A, at least in a central area close to the optical axis.

5. The optical systemaccording toclaim4, whereinsaid blaze

wavelength A, of said diffractive lens structure in said central
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F10% & ()-3 F10% & ()-3 F10% & () - JKLTZ[ ci uY93
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F109 & ()-ijrxyzyX73 F10% yCY10% & () - &Y _
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L10%m&' () -°C 109%Re eHtigaiosirien) agcondpgndq )cljaim 4, wherein the
AN10%mE’ () - 8&[ +! £ 10+! $vU40+ >10%&é%§H 10%& (%- 10nMLOmLOmMm 910%m&’ () -
0L10%me ()29 TAfe P icat Aath Lapath added Yy -Saiéoxm}l(sr-;lh?%em E& )1 Lot
109&' ()- 9210Q%R, () z ok () -HOTt.S20 ! S10% " () - ‘() - -
910%&'(%)-- ‘-’%85%‘1%?&??%8%%? FTTW’@H‘?)E%%’%Z;??E%&-O

| 10%mm& () - KR 10) sa1d0%BRs4) - vem& () -7 ot "()-
3210%rrr&'(%)'fh§y1)tmowﬁr§?)&§ &y a0 310%%&"3"%) © $10%me ()- 10%m& () - Quxyz{ vU40
10%m& ()- !9S10%m& ()- SGLO%m&' () - 10mLOnmlOmm 910%m&' () -

6mLO%mM® ()-=HK| vU40  10%m®& ()- !9S10%m& ()- 9910%m&' ()- L- 10%m& ()-
10%m& ()- 10%mEhe) opkivcakl Systdmmdicogrddhg” t6 Hekalinng ,23hereihleadiag 33] c”
"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi ng 9 :E;ﬁﬁa;aqjéf‘rgug@n?@(tggp&pﬁeptﬁnf@rmed within a central area of

a lens surface of said objective lens, and a peripheral area
of said lens surface is formed as a continuous surface, and wherein
at least an area outside an 85% line of an effective diameter

of said objective lens is defined as said peripheral area.

B. The optical systemaccording toclaiml, wherein said 1ight
source portion emits said laser beams such that said first laser
beam is incident on saild objective lens as a parallel beam and
said second laser beam is incident on said objective lens as

a divergent beam.

9. An objective lens for an optical pick-up, comprising:
a refractive lens having a positive refractive power; and
a diffractive lens structure having a plurality of
concentric ring-shaped steps that are formed on at least one

lens surface of said refractive lens,
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dependence such that spherical aberration varies in the
overcorrected direction as wavelength of incident 1light

increases.
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