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+QOptical Systemof Optical Pick-up . i . . , 5 Technical Field of the
I nvent i onwoTonzsss83esent i nvention relates to an optical systearireooess
optical pick-up that is capable of using a plurality of kinds of optical
di scs whose cover |ayers have different thickness. i0 Background of the
I nvention The optical disc includes an information | ayer on ' et
information is recorded, and a trPRPEF&RELCBver- | ayer that %ﬂlmﬂmmwﬁw
information layer. , A laser beamfromthe optical pick-up is V rge
forma beam spot on the information layer 15 through the cover |ay®i% A

turntabl e of an optical _disc apparatus rotates the optical disc nounted
thereon ( and the opti cBPtHERk- 3PS tehréh OrsifsdafiicCkaWhg a radi al

optfcal - di Sc or T etor de the | or mati on ont o the opti cal o ccINAMIABWGN

of thickness 20 of the cover | ayer changes the position of the infgggation
| ayer Wt%ﬁi&ﬁ@ﬁﬂéﬁﬂﬂ&h changes the distance between
the optical pick-up and the jinformation._|ayer.. Nanel t he thicker the
cover layer |5, TRRPTSSIMEANYIRELPR BoLatEs £0ABORTLIFRE FYSHAMNECT

0'sc ( D 90 GPGARHL BRCK-BB foqnd = FEPPRLBGEIS 108 & BAYAAL LRy 4 S1nds

t hi ck th I f di gi tal til | DVD) .is 0.6

the 1 6 SRTKSShGkan FbosssBsveer L Fuesmobaye SLEEEFELE Thirkagsrs |
required to nove the beam spot away fromthe optical pick-up by 0.6 mmin

the cover layer (0.4 mmin air) when the DVD is replaced with the CD or the

CD-R ,.. There are t ods_to ve the beam spot along an optical 5 axis
di rectlioon.gﬁﬁﬁgﬁ.t??‘}aoﬁg?%g& 38&%&59’?&1‘3 di ver gence of the

]

The optical disc includes an information layer on which
digital informaticn is recorded, and a transparent cover layer
that covers the information layer.. Alaser beam fromthe optical
pick-up is converged to form a beam spot on the information layer

15 throughthecoverlayer. Aturntableofanopticaldiscapparatus
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 qppigal. 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



i nci dent | aser beamonto the objective lens , which is equival ent 1b AlGadl§e
. &an obj ect distance. For instance, the change of the distance between -the -
| aser soyrc g a collimator | ens changes the object dist o0/034h8 second
met hod \%@lagﬂi objective lens 10 along the optical axis gﬁlﬂﬁg Leepi ng the
i nci dent | aser-beam parallel. In the first nmethod, spherical aberration
sharply varies in undercorrected direction as the divergence becones |arger

aser beriomh® TS GR.RRRET b FRA Gl e Bp S, PRk candd Raprt o even s
aser bedir™ S _ SBES SHTLHODr

the opt i 0t GhECPEPREGR, U2 07 R R TER CHE, BEvERC1RG0E CFL g P SRR D e O

par al el ypl gt e di 508590 LA LANSHARNL LSS fieaph | bpchanges the

spheri cal erratron in overcorre oh as tThe’thickness thereof
under corr ect eaHEF 8o bkl Ebutlsthg B HPAREL Eortifh oBhee”
sphest cabxhB R U T BTaEk ethod Giipede Khe ATLEKERIRaOENE

opt i cai PReRaRhertadts BRan iRl S RrEEBTREEIDE L N MRk SR AT o
ool 655831:5’@144;'{’9%/6%5@;%%5@.uats%rant& M¥e! 85 eRhRel! Yfie! Sl UM hide

optical axis to aser beamin focus . ererore | 1 ocusi ng

act uat or qigzafcd'bytnge s Wil 2LB3 sharbeIRY af U311 Ind BT 14AE BGRY

pi ck-up can nove the beam spot in response to t ange o

layer thigknfsfectBBY¥ahceS! NfRe!dlcdid AR tRLEGNS 4SRER $1954 n
incIinathﬁ of fﬁe optiégf ax?seof tie objec?ive %ens , épégﬁ%?gégw%chanism
s IRAUl benk0tRECYRRL chCalAS! Gl ke it A HERIHRALIY S nekh BT I of
Desgsﬁptionn%f t he angntion I't 1s thefﬁ%@fﬁpan ) og?écttgg't e Fﬁ%ggent
inventioBaEglg@qyide an optical system of an optical pick-up, which is
capabl e of nmoving a beam spot along an optical axis in accordance wth
thickness of the €0&1dstY Rk tWodOSHNERY CRA aBe £PALLLN VEhat STl vadiador the
above object ( according to the present invention, there is provided an

i nproved j@phihaakcoY-seeied dareRtiidinladdithe WA nde GRFe: Aadidng a
first optical disc having a first cover |ayer and a second optical disc.
havi ng a(g@eosBjeeredistafice! de6keaskBd) Whechi AE6tEPHEIwARY S ronidEh

i ncludes a |ight source

15 the laser beam. Thus, the diameter of the beam spot increases,

which prévents the optical disc apparatus from reproducing the
recorded information from the opticaldisc. ‘Inthis connection,
-since- the: cover-layer 'is a -plane-parallel-plate 'disposed in a
convergent laser beam, it 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 thedivergence change farexceeds
the variation in the overcorrecteddirection due to the thickness
change, the spherical aberration in the undercorrecteddirection

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

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



20'portion that emts a first |aser beam having a first wavel engt hzﬁoﬁuq ﬁ@ﬂ%
first optical disc and a second | aser beam having a second wavel engt h

.l onger t 06/&‘3 first wavel ength for the second optical di per/yPiveb2860d
obj ective Tens ?Jhat converges the first laser beamfromthe |ight source

portion onto an information 25 |layer of the first optical disc through the
first cover |layer and that converges the second | aser beamfromthe |ight

2’5 avc 2604 BToorehess BRY Ehrb BN Tenp kAt iUt e 350

Obj ecti Ve e éiaEEEFHe%Pi%BEu@.dI ’Hxéf@kb){;ﬁéli%éf?&ﬁ&&!ﬁg%g(}%ﬁth%s a

plurality of concentric ring-shaped steps. optical syst

present i {i |5 i t I ' ir (b)
and {c). (a %Tr?g%"figﬁ %t??( cezacgiﬁ iigsrgl lem éslot*rie)'yﬂ gjsg'e{ %’anﬂ%w ti%]?

di vergen - e NG leCEE I |

I arge? tf}p:"'rlcq{di‘%/gggagnggogf{}?ﬁg%ﬁ@fg?clﬁz;gg?f%}é%%ﬂs%It—;bﬁdg'gl}*#?gcﬁ\s}%{{ens

struckur & \ase 3 aflet #hitkbkn@lssl0 ABNeSRL, %ihE@gtﬁQaPEPgé.t%oﬁé)tt{@\@s

wavel engt h dependence such that spherical aberration varies In

over cor r g ¢dctehte! AR AS Vel SR YA +8E bPELdeNtadi OB LREIRARRS{vd C) The

obj ective lens converges the first and second | aser beans of dn |dentical

di ffractinghgr Q%romﬁlié:@mééﬁahﬂgmafs&oé@ﬁﬁféd% P SFERE enkeineeh dthcon ,

objective lens and the surfaces of the first and second cover |ayers. The

di fferentygiMeroedceasést ¥gei BedeNt | aser beamonto the objective lens :
as the requirenent ( a ) changes a paraxial beam spot according to the

t hi ckness of the cover layer . However , 20 the spherical aberration in the
undercorrected direction becones |arge for the second optical disc with

| ar ggep diyﬁg@@@scgg‘tyi@ﬁeaft BRedrWQeadiem becones larger. In order to
cancel the spherical aberration cause y e divergence change, the
diffractive |enst sigugherechas hReongeiterat kriepanuaiioe asvabtdiscebbed in
the requirement (b). In this construction, the switch fromthe first |aser
beam t 0 theovEde®ad dpStab ex@tieicd € ancspt Déallipd kGRS ewitdéh ilktcSpable
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 ﬁrovided an improved optical systemof anoptical pick-up
that is 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 beamhaving 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



4 v, 2 5 AUG 2003 WO 00l 65583 PCT/ JP00/ 02609 wavel engt h thereof . The A28
di vergence noves the paraxial beam spot away fromthe |ight source portion

and changes the spherical aberration in the undercorrected,gdi ' On
t he ot heWM8%EES8Y he | arger wavel ength varies the spherical Pg'gé?@éqzlg%n 5in

the overcorrected direction by neans of the diffractive lens structure. As
aresult, the switch of the | aser beam noves the beam spot al ong an opti cal
axis without increasing the spherical aberration. Further, the use of the

i dent i caltBEYIHEPRRE R RR CAYEIE2YBTas TiMe ORIGR YR ABRECY S ATaFidade

diffractive lens structure to be optimzed for a single diiffractive order,
whi ch endbitds ®odhBkFAFFL Vi rhanstt 7 TBUGFRFEi @hﬁ &Hﬁ% R hRluFpdditvy Plise of

| ight anmount. An additional optical gat h | ength added by the diffractive 15
| ens st r RAMFETELSIIRETR@PTAt BESPSF | owi ng optical path difference

function (err)(h}: (err)_( h ( P2h2 + P4h4 + P6h6 +. . . . x(err).
where P2) P4 ar#%—’@éFé.cBilf fsryzgﬁ%eoﬁoégfi' (ﬁ’iﬂﬁe.snfof REEBhHAOns &#{W%ﬁd
wal Bog SRt b7 e H SR SRR e Tl Tk v 1 ene

2L LS o L4 P Il Sk SO SR s S A SR T)
25, et e b ek B Mo Bl P L BLEROR 1 LA LR,

2 5 AUG 2003 V', 00L 83283+ RS 459232822 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) The objective 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 seco'nd cover layers.

The different divergence of the incident laser beam onto
the objective lens:as ‘the-‘requirement‘(a) changes a paraxial
beamspot accordingtothe thickness of the coverlayer. However,

20 thesphericalaberrationintheundercorrecteddirectionbecomes
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



the.thi ckness of the second cover layer is 1.2 mm the firs wavel eh§tAlG 2003
(err)l and the second wavelength (err)2 preferably satisfy the follow ng
condition (2); 2) 0. 81 < (err)l/(err)2 <0 . 8 5 Fu bl aze
wavel engP ¢ &% of the diffractive lens structure satisfFéEE%%wbg% <
(err)B < (err)2 at least in a central area close to the optical axis Mre
preferably, ' the blaze wavelength (err)B of the diffractive |ens structure
in the central area satisfies the following conditions (3) and (4); 10 ( 3
) 0 . 8 vavelengtly thaneof. 4The(dpgpr(8ivprgence3moves [thef pamasiiak he
additional optical- path | ength added by the ring-shaped step of the

di f f r act DERM SRS SAWRN FFem fhe ddohtherarcs PRTdPH@shshangashdife hat in
the "central area. 15 In particular case, the diffractive |lens structure is
only for FReFHIH apersAtian drebherundeErersartadadbreehionp) £ ithe | ens |
and a peripheral area thereof is forned as a continuous 'surf ace . At

| east, ar? 1ap¢ $hgd aRgeYAYe HRnGEh YArdesdhis sRherdfdl abegiration
objective lepns is defined as the peripheral.area. The_20 boundary between
the cent ridft theQVereerrechediracionpymedns i Shesdbi fractiyetinns
effective diameter. The |ight_source portion _preferably emts the |aser
beans sucH¥YHYE%he A &tTFIILE. Eé‘én’??’ tehcPidrie dRSETeLBBMSBOYES theis as a

paral | el beam and tfe second | aser heamis Incident on the 25 objective

| ens as PHVEPGERLIMIAP T EF2ba¥ds bt tRAUbADCRE AR PRAERREIH A ngs 6
WO 00I653§? 2 5 AUG 2003 PCTIJP00/ 02609 Fig. 1 shows an optical system of
the opti AHCTFTRIUWD: according to an embodi ment with a thin cover type

optical 050 (eliltte ORoal o SEL sqarbtfean AERMARNG BPhREhesns S O
VP B 65 ol S d oGR8 Sl ke A0 ALES e tltEL *
to be optimized for a single diffractive order, which enables
to maximize diffractive efficiency with the effective use of
light amount.
An additional optical path length added by the diffractive
15 lens structure is expressed by the following optical path
differen.ce function ¢ (h):
®d(h) = (P,h* + Ph* + Ph* + ...) x A
where P,, P, and Ps are diffractive coefficients of second,
fourth and sixth orders, h is a height from the optical axis
20 and A is wavelength of incident light.
It is preferable that the diffractive lens structure
satisfies the following condition (1):
(1) 7 < ®(h,)/M - 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 1ntérsects the diffractive
lens structure.

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



Fig. 3Bis a vertical cross-sectional view of the objective 10 | ens28f Al g?m
3A; Fig. 3Cis an enlarged view of Fig. 3B; Fig. 4 is a |l ens diagram of:

t he opti ﬁgég(zgégfm of a first exanple; Figs . 5A and 5B ar echfr/.ﬁ!‘a{i'lﬁnﬁ oW ng

spheri ca ion 15 and astigmatism respectively, of the optica
system according to the first exanple with the first optical disc; Figs
6A and 6B are graphs show ng spherical aberration and astigmati sm
respectiv

ly;..0f the optic system_accor di to the first ex le.with the
second opﬁ%a‘fh{ﬁ%‘&?sﬁgolg—i g#e7¥1§§°8’di &S aghiah oifstiue dpPt cEhesfitam
according to a second exanple; Figs . 8A and 8B are graphs show n
spheri calg“'aol‘b%f?%ﬂlé laﬁ&dangplegﬁﬁtc Qe wﬁm%ﬁy,pg?fgﬁébéﬁt Fé’&€5§¥st em
accordin nd_ex e _w the first optical disc, 25 Figs . 9A
and 9B a?%ﬁgréagglég‘gﬁg% ﬁ‘g’nggﬁ%PPcé}zr}aber ration and astigmatism

respectively) o h tical .systemaccording to the second exanple with
the second opti(:%l, §r§£;<7i‘1/’z 5 ﬁué%zoos WO 00/ 65583 PCT/ JP00/ 02609 Fi g.

Figs 5 11A and ATECAPS: VAR RLAA NAVE AT falosdn ALEAR R VA LEBRat | sm
Uhofirst SEpRPRuFe dabrahge Aeg 15 4 Fa Shd ps 4hce %‘%ﬁé‘# RhgLose
heri cal _ah ' d [ ti ti ' t ti t
ecor di ngt DA h PRI Byl SO PERE SZB0H SPE Bafeg; GEvS16n8Esdh i on
f the E | di t ; ' ' i i
ner oi naf {0 IR CERE RO hoacuara gt Fal S e dqHFRR)L Mhad bardBel el 1o

enbodi ”Emchjasfgiisﬁlipﬁdctahrditt;io%%d (t:h)erhné h(ﬁe; I 5 nunerical exanples will
be descri bed.
10 (3) 0.87 < Ay/A,
(4) Ag/N, < 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 is only 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 boundary between the central area and the peripheral area may
be an 80% line of the effective diameter.
The 1light 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 -




Figs . 1 and 2 show an optical system of the optical pick-up accd8liAvg pm3
t he enbodi nent. The optical pick-up is applied to an optical disc apparatus

that is capable of using a first optical disc having a fir ayer
and a seéﬂgﬁp’ﬁﬁﬁ cal 20 disc having a second cover [ayer tE&TéP%%fdr?an t he

first cover layer. In the enbodinent, the first disc has’ a cover |ayer of
O. 6 mMmin thickness such as a DVD ( digital versatile disc ) and the

d di h I f Ll Ln_thi h CD
Compact i sc ) T8 a BT a9 MRTHiab) 87 o rohe eI S G ne

optical systemwth the first.optjcal, disc, DI and the second opiigcal disc
D2 , resp%:ccﬂ%% Q‘-o ?—'ﬁr?‘ﬁ%‘?%‘”ﬁ?@t wigpa %glgnﬁc’gﬁra?%?%c%%??% qczjlsé%v of an
obj ective, | eg;%used d naflhcg. 8.,.2 5 AUG 2003 , WO 00/ 65583 PCT/ JP00/ 02609

. optical syst 2t cﬁysc_: hFH As shown in Fi gs. 1 and 2, the optical

obj et 1 ve | ene BAP wrf RNt " (et e i G SRS hfé’ié@%wce 5
cti ve | ens S0 arit T . A
i ot ST astoo Srbi s SiboRuma, i R REHR G o B dobiPen Fhad oo

disc D1 is, u sehLconductor, l|aser. 12 that emts a second | aser
beam havi ag éa&g%%%nggﬁfggg}eﬁg%ﬁ?(err)z | onger than the first wavel ength

when the secon ti [ ' i.r (o) e
splitter 13 ang‘pgg' t:’%gi's %e 19%%? ‘Jt}ﬁeed ?F@fggaggg%ygn%?%sqg’r %g’%a‘%ﬁt:\{)? t he
sem condu%,%{eg%%g@ %1 nd 12 toward the objective lens 30. A phase
grating p e ZS'1s ?‘ cat éd between the second seniconductor |aser 12 and

the second beanyogl bl a YA Vi l5s & NEeEE008L ARK o B4 I AL OvL N e

portions for a tracking error tro y at eam net

col I ijgat o%eﬁgnﬁfZEi'?g ﬁA§i ngle. positive |lens. whose refractive power is
determ ned such thaf the ,first |aser beamfromthe first sem conductor

| aser 11 beconegy .pé‘éa%&ehnb@ﬁﬂhgeeﬁhgﬂewgfbﬁi%i gd,nci dent on the

objective lens- 30 as shown in Fig- 1. The di staice between the second

sem conduct or '13§§F] eég.saadléﬁu;.aci%dfmf&r thenspca$ s%}!’tférﬁ”oﬂ‘ hap; Lo

di stance between Irst sem conductor laser 11 and the collimtor |ens
20. Thus dxhhgisecond | aser beam fromthe second sem conductor |aser 25 12
is incident on the objective I ens 30 as a di vergent beam as shown in Fig .

2 . \Wen the diyeggense £ia tsealkesgrapaanshowify $pepLELEt aflb 8-aREEN)
swi tched, a paraxial beam spot noves along 9
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 spherical 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. 9A and 9B are graphs showing spherical aberration

and astigmatism, respectively. of the optical system according

to the second example with the second optical disc;



2 5 AUG 2003 WD 00l 65583 PCT/ JP00/ 02609 the optical axis in a coveyslagEnms
Wi t hout noving the objective lens 30. In reality) since thickness variation.

and warp optical disc may nove the information | ay f ew t ens
of 5 Vi ma‘gﬁt?gk% Jslective | ens foll ows the novenent in sone c'ﬁcéré‘@éo@‘sagner al

f ocusi ng nmechani sm havi ng short driving stroke can respond to such a
novenment. Since the recording density of the first optical disc D1l is

first dise ot enstl A00Ee SERRE AP R In St Ghe PRy LeBloREe PR ACHOTIRE 2.
The shortgy 4 iv@/eé% ;1S, the smaller the spot dianeter is . Thus, the
wavel ength (err)1 of t irst |aser beamis preferably in the 600 nmrange

to f th |yt I the ofh hand, the reflecti

15 charact ori StrEE of eron 228 SR R EeS) SR hT RS APSERAT St h | s
bout 78 ' ] diff

avel engthe TS CEon A e R b A BB A PP il 488 ana

the ref! &g itae CHIAIAF Odmb 1 €Sy REnIeRE! ided: 2R-TRG 0B GELI ug d ens 30

converges' the parallel first |aser beamonto ayer of the

First opti cal sl Biacih 19REraSs s UngrOSPLOREEORY, | ASEL. Bepm ot 0

the information layer of the secon cal

Chrough he. Boas e e o AR ara o O SRt Lea kB AR

through the beamsplitters 1 I nCi de n i ng

portion 4% tHe i ondleakeTs i HILAOLHEO R 1 2 5 AUG 2003 VO
001 65583 PCT/ JP00/ 02609 a%igano-concave%Ie§%€d4%ptkq'§’%ble%ni\sscﬁl itter 42 , a

pair of cylindrical lenses 4 3 and 45 ( and a pair of sensor 44 and 46 .
The pi ano-concave | ens 41 weakens the convergence of the refl ected beam

fromohe gdﬁtxﬁrﬁ%f THee L EABHSAL fahe’s beam t hrough the-beam splitter 5 42
enters in the Tirst sensor r e .cylindrical lens 43. On the
ot her hand, the reflected beam by the beamsplitter .

An embodiment of the present invention will be described
hereinafter. In the following description, the total optical
system of the embodiment is described first, and then, three

15 numerical examples will be described.

Fiés . 1and 2 show an optical system of the optical pick-up
according to the embodiment. 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 first 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



42enters in the second sensor 46 through the cylindrical |ens 4523 AUGH03
. Object distance s froman object point of the incident 10 | aser beam on the

.obj ectiveyd gigssgd to a front principal .point of the objecticrePbeeesos0,
-the ,image distance ,s'_. froma rear principal point to an inage point,
and focal length of the objective |lens 30 satisfy the equation; 1 11 s
f s' 15 For exanple, when f = 3.6 mm the inmage distance s' for the first

| aser beaypdicdl V@pstdm of FrHgdM 1 and 2.Because the object distance s for
the parallel first laser beamis infinity. The first |aser beamis used for

the first 20 opid GHowh Sth Bl gdose fves, |@veropEidhd d98tdh tiHckigss and
the second | aser beamis used for the second optical disc D2 whose cover

layer is d.1ignundonddd ¢loraasnThes b theispeend beam sboukd Jwjdrifige beam

spot away fromthe beam spot of the first laser beamby 0. 4 nm( that is

equi val enteds Ib .arfd AN IgRde dovest 2hgl pyetlioh Abe iTREE tist afwerse for
t he second | aser beam should be 4.0 mm It is assuned that the focal |ength

f is sonsgetiod 10 is prévAlka 280:h W 0P8 €5hdivi dodddctor lagerd1® thdel 1 1
1 s 3.6 4.0 36 PCT/JP00/ 02609 The object distance s for the second | aser

beam becogipst SG Firshe ARy beafthatghat hOPSHRER WebdESRgthe, f Wheh &Rd
second sem conductor |lasers and the collimator lens is determned to 5

satisfy tfersorbticdl diddelobsacsedi o areoms sdmicondedtodonaser, 12 | ens
whose spherical aberration and conma are corrected, such as an objective

lens for ea®pémLes Ri §&cURl Yaskesbbhf BBREhgCAl salehuatiadie 1aaeRHINg to
t he change of the
longer than the first wavelength when the second optical disc
10 D2 is used, and first and second beam splitter 13 and 14 that
reflect the £irst 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 is 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



objrect, distance Wien the- spherical aberration -is corrected 10 26r At
parallel first |aser beam the spherical aberration becones large in the'.
undercorr t g% rection for the divergent second |aser begay, jebodsde’ tO
conpensat ﬁﬁ hdercorrected spherical aberration) a dlffractlveQ{ ns
structure is formed on the first surface 30a of the objective Iens 30 .
Since 15 aberration correction effect of the diffractive Iens structure is

Gepondendt o PEiread, REVE SR 4 Borien rEvREndt thfink dneb s R b

aberrat| ‘1’; SauSe d by the divergence change. A detail of the objective |ens
30 w described with 20 reference to Figs. 3A 3H and 3C. Fig. 3Ais

a front vi ew of. I he ghj t's‘i%c g@?u%%ne sgv?gga'tioﬁ Xﬁ %‘gﬁ?g?s?f AR f ace

Cross-secti onal VI ew an 'S~ an enl Vi ew O

302 The gly %ivcfiégﬁag%ow &5 ﬁiﬁ* {9@4@%3@;%%&3@@%'8 a

bi convex C1 ens having first and secon herd ca faces 30b .

he diff | /
PCT1 P00 BEe0S GENES Y e e 21 15, e s8Ry (ISP,
shown 11 Ffr 3 £ bl m%yamfwer}mt HO4HEs | SriOiE T ld o © 2

Fr esnel Iens as a nunbe concenttic rin eac Whi C as a

wedge se sPaPEuch 50 gt he . boundaries 5 between the adjacent
rings is%é%d £ agtsltcepagﬁw ﬁfg&% pr edet erm ned optical path difference. A

peripheral ar easﬁ-?cé’ftﬂé‘%e n%“&taﬁ%?té’o?f'&é @TRG gﬁtic‘&&”&i%g/%'f

aspherical surface Since the Irst opti disc D1 su as the

requires 40 MYHIr nafltkathys %h%é)éorpd @c%lea%akbi OhtHel'Bedfd

optical disc such as the CD or e central area 31, whic

i nsi dg ofopnrerfd f8Gd ey @ 1diapg! Eﬁoﬁ?&@é@?ﬂ&f& tt‘?lemo‘tﬁa45on' £hé §é’c€6‘i§’<§.‘ ar €a
for both of the first and second optical discs D1 and D2. Thus, th

diffractiyeeieas 8is8chHl . ¥rve. I Pk ; ReHS &é&%r&mf@u@r &ghd osrﬁ@ﬁyaf
aberrations for both of the first and second discs D1 and D2. On the other

hand, si ngge i d &§%e?€§”ﬂ{”t e L PRe Ma Wi dhgtrfR, be ¢ 210Q% FABL) Dbeam
.spot for the "second optical disc
beam is preferably in the 600 nm range to form the relatively
small beam spot. On the other hand, the reflection
15 characteristics of the CD-R requires the laser beam whose
waveleng'th is about 780 nm. Use of the two semiconductor lasers
having different wavelengths is predicated on the difference
of the recording density and the'reflection-characteristics as
described. . ' i
20 The objective lens 30 converges the parallel first laser
beam onto the information layer of the first optical disc D1
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



D2,' the peripheral area 32 that is outside of the effective 20 di anze? eArUG 203
corresponding to NA 0.45 should be an exclusive area for the first optical
di sc D1. wdod/kdsgs enbodi ment , the peripheral area 32 is forcEdpesozibe
continuous aspherical surface without steps . An actual diffractive |lens
structure certainly contains a shape error no matter how the structure is
accurately 25 manufactured, which |oses the |ight anount. The conti nuous

surface @fpldwopebhBacealenty £8, 3bUMEPNLS telted 2 08 paiir bheyligidriagmunt due
to the shape error. 13 2 5 AUG 2003 WD 00l 65583 PCT/ JPOO Oz609 The

ef fecti ve ofisied ®and@d T eRQAH AU 6O sbAsGrdd 48d albnosThegliatd-&nddiréan 85%
| ine of the maxi mum effective dianeter of the objective I ens 30. The

di ffractinnd answsakeust the desvd Fgeney o £ngiehrefieperdebeamseedmithad t he
spherical aberration varies in the overcorrected direction as the

wavel engtdptiivd e @iest. Frhkhetanéhes s £dnasdaw e hrouyhy ghiecSe Al Enhetd € al
aberration in the undercorrected direction as the divergence of the
i nci dent 4{eantdweonms ther gekstThensbeor £4 whesudghechaseyl hredwrl odDSkens
wavel ength 10 is relatively long has the relatively |arge divergence) the
vari ati on43 of onhehepbetiec damberthat refleatsdcbdam thye thef basmi sield eter can be
canceled with the variation of the spherical aberration caused by the
di ffracti4z dnmersstinucharsecdnd asktiddod thpbugdl thatdylengthcalldeshdy t he
diffractive 15 lens structure is expressed by the follow ng optical path
di fferencgs function (err) (h) ~( h) ~( P=h~ + P,h" + Ph6 + . . . ) x ~.
where P2, P4 and P6 are diffractive coefficients of second, fourth and
sixth orders, IThe objesitglstansetdiéropt anabj@atsp@dnarat taerjncident
wavel ength of incident light . The function (err) ( h ) represents an
opti ¢al phasexriddam encehecobgentamei hegsnd0 yta ayfroat prsinsipakdpobhtt o be
diffracted by the grating and a ray that is diffracted by the grating, at a
poi nt on ¢fiethefbdbdeciurvel dnnssBOucitivee inagee dilstandgls " ffoemtderepti ca
axis is h. In 25 such an expression, a negative value of the second order
coef fici eprifcipaprpedntsta ansimage pataki apngofieeadflengthi £feficthee | ens
structure. Further, the negative power 14 2 5 AUG 2003

objective lens 30 satisfy the eguation;

i
ni+-

1 1
+ = = -
b 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 D1 whose cover layer is 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



W O 001 65583 PCT/ JP00/ 02609 i ncreases with increasing the distance ?rsoM’,@ Ha0s
optical axis when the fourth order coefficient P,. is larger than _ zero.

An act ual 8‘08/%%5()‘)' c shape of the diffractive | ens struct User/itoMfthd ned
li ke a Fr‘gsnel ens having a, |arge nunber 5 of concentric rings. The

actual shape (err)'(h) is defined by subtracting (err). x m(m. integer)
from(err)(h) as foIIows ~ {hy=(MOD(P=hzZz + P,h+ +C ,1) - O x ~.8.
Symbol (err)8 is g ;z_s wavel ength for .which .the steps of the grating

gi ve an optlcal-path fereficte by one wavel ength 10 The diffractive

ef ficiency becone$ t he $raxitfn at “the bl aze wavel ength (err)3 Symbol Cis
a, constant defitni ngiz_i_ _L_ase & a boundary between adjacent ri ngs ( 0s C
<1 ) . The fungtion WD §.g, yjﬁrepresents t he remai nder when x is divided
by y. MOD ( P2h2+P4h4+ +C 1 ) is equal to zero at the boundary of the

15 adj acent ringge dbgedtidisedhdé & ofSr SiHd Gdlchd Lals@rBdatbbR8mEENS
surface of the refractive lens. Inclines and steps of the ring areas are

desi gned sgaim.t hehelpws OPLdral reabh idddieIppeeweanciotined dng 68&bnhda( h)
The objective lens 30 satisfies the followng, condition 20 (I}; . (I) 7 <

4~(h, s)/ agemiBénd(1Btd)r=14sdPs, and, tdafEl i ma Bot Meedeiigheftedmilned to
optical. axis of a paint where a light ray whose NAis 0.45 intersects, the

diffracti yatiesgy sheucbwddtidn bfe mndbjent (d)stehteeast Hasephvetcal
aberration correcting function of the diffractive lens, structure that is

found by subtrambwegettheapbaws whoss isphérical dteyratiswnaddedmt arel5 2
5 AUG 2003 WO 001 65583 PCT/ JP00/ 02609 optical function d~ (h" ) /~.. Since

the peripbergkeckedn wheheabAahsobgegeiviehdene 4o annoptusad packi-ag, second
optical disc D2, the condition (1) uses the value at NA 0.45 as the

r ef er encevarfeshene nd et sl adexrrmatfonh conudling o thé ¢ghérgenes thewer
than 5 7, the spherical aberration correcting function by the diffractive
| ens struobdeetbddstrancieqo- ¥hahl| the- spheeliciiic aberrattion dfs cherseited cal
aberration due to the change of the divergence, which | eaves the spherical
aberrla i ofiorntheeparallel first laser beam, the spherical ‘aberration
becomes large in the undercorrected direction for the divergent
second laser beam. In ordexr 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
1s proportional to the wavelength, it is possible to give
wavelength dependence of the spherical aberration'that cancels T
the spherical aberration caused by the divergence ‘change.
A detall of the objective lens 30 will be described with
20 reference to Figs. 3A, 3B and 3C. Fig. 3A is a front view of
the objective lens 30, Fig. 3B is a vertical 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



undercorrected direction. On the other hand, when the 10 internedi gtSeAE’%rme
of -.the condition ( 1 ) exceeds 15 , the spherical aberration correcting

. functi onw ?Jggsadiffractive | ens structure beconmes too | argey pidlosdie Causes
t he sphe Y erration in the overcorrected direction. Wen the thickness

of the cover layer of the first optical 15 disc D1 is 0.6 mmand the

t hi ckness of the cover |ayer of the second optical disc D2 is 1.2 mm the
wavel engkBrmel 0h 4 RRdtraY ak@ach1 oA ¢ 118 ¥a¥ehendH dh h= A second
| aser beamrg‘ggsi s%y the fo vai ng condi trtl%gn %%);g\? 2) 0. 81 §§ﬁ§%~ <0

85 . 2Q,ThegCongli tiRd d1frdadevdcfeddStANAGLL 1_%btf%ira1ehges§faghag? .
| racti on

spherical abefration correcting function while keeping the hig

ef ficiengy horrashbisieRsdess d fdA¢d iMmbdINs dondditriat ildngfs eqpfition (
2) is smaller than 0 . 81, the difference between the wavelengths ~.1 and

~. ~ becoggswhaeH &ade al ReligePsble 127V ahage dihidhel %ee,fotahﬁhsgixshi gh.
If the ratio exceeds 0. 857 the difference between the wavelengths ~. 1 and
~. Z bpcomRtwedh StRE! adfideht nf£ﬁ8§es.l.§ hgopMEREROf 4t E%eﬁ:orbjf@iﬁ Cal I NS
to keep the 16 2 5 AUG 2003 WO 001 65583 PCIT/, f P00102609 "predet eT m ned
spheri calp ralyderin Ao VP dd Npd 111 FerdAcd a3 MbrdigdrGl el 32

manuf acturing and .reducing the diffractive efficiéncy. Further, the blaze

vavel engiof tha ehrkhesudichbeagbhVes | £heméd dd U bont intiduy a@pherical’/~d <
~.~1in the central area 31 in order to keep a high average diffractive

ef fici engurfdcd he bl aze wavel ength ~, e is set outside the range between
~. 1 and ~.Z, the diffractive efficiency at the farther wavel ength fromthe

bl aze wavel engtdince the shgatf%ﬁﬁn&hy d.£6l6 TR sulcly a8X 8NP VD WeRihirels 10 i
650 nmand ~.2 is 780 nm the diffractive. efficiencies at ~,1 and ~,Z are

100% @nd MAL%E 0eSRECIvhialey NAVBENDL B8 Db agBougl ef e dine iseddrl Hptiaill e the
diffractive efficiencies at ~.1 and ~2 are 98% and 83% respectively, when

the bl azapry@drrgidh As the680 68 COSRIUthEetenthel oiestive Wigyen 3@ of the
enbodi nent satisfy the followi ng conditions ( 3 ) and ( 4 ) in the central

area 31; inside Wf ah effettived diametdr Lgrresgonding lto INA .0.45- ighhen
the conditions (3) and (4). are satisfied, the 20 diffraction efficiencies

of the fia stonmateramid ffcxr tdovh ldftthe i deer ket segnd optimdlh aifsdshe
first and -second | aser beans . If the condition ( 3 ) is not satisfied)
t he di f f rdctangh D@f.f i Thescythe diffractive lens structure is formed in
15 the central area to reduce aberrations for both of the first
and second discs D1 and D2.
On the other hand, since the laser beam outside the NA
of 0.45 forms a too small beam.spot for the second optical disc
D2, the peripheral area 32 that is outside of the effective
20 diameter corresponding to NA 0.45 should be an exclusive area
forthefirstopticaldiscDl. Inthisembodiment, theperipheral
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 is 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



. of+the second | aser beamfalls short of 95% . If the condition ( 42)5 UG I’?Bo[a
satisfied) the diffraction efficiency of the first 25 |l aser beamfalls "~
short of 95% As descri bed above, the peripheral area 32 is forned as the
cont i nUOO¥O A¥/§A%83 i cal surf ace in this enbodi ment . HowevePCY/JEY002689 5 Ay
2003 WO 001 65583 PCT/ JP00102609 the diffractive lens structure may be
formed in the peripheral area 32. In such a case, the diffractive |ens
structure in the peripheral area 32 should be optimzed for' the first
optical , disc The gfifieqtiyer AiameLasFoRRRsNo g &M Oorddet s @aidsti ent 5
P= of the diffractive lens structure in the peripheral area 32 should have
negat i ve Sdiialemt stqiane§Sfheineiaf fhe Paxians effactive dbamretes of
refractive power, ~whi ch conpensates axial chronmatic aberration. Further)
the bl aze-RtveP8gEhver LeRE dPffractive lens 10 structure in the peripheral -
area 32 should be shorter than that of the central .,area 31 ~to._ be~ close
to the wavel engt®f ~ AL HFraGRlYE r shens s SEIHNETRTaMBASt hEN®| JAVeERRIEhgt h of
the peripheral _area 32 is shorter than the central area 31, which increases -
the dPffriRREVEeREe| SHERCFRAS: thige sPheSiqads @berrahlal sckenskty et hat
for the second | aser heam Therefore, the perigpheral area 32 has a function
of an ape?PYEFECEFEHIPGratTRELIDAG FRR ¥R VSdERT i RAFPRESENt FURERPEam spat

on the second oEticaI disc D2 from bej ng t When t he bl aze
S

wavel engt HR®f TEEFRE LTINS prRfiSy VaF£es 3th S§ﬁ8§gglPllt RRETHAE hRR bR 7~1
Further . WRERTEREERFIRIReCELoRRe EhE VS TEANIR OFEHe dBAIABET, peam
L1 act] Xechans 1gal o sl e perhehenal Alsp S s egRiy b ve |
(o195 VEs! BEAcOh e BRLRLACHNS LGRS0 Ao il SIRE S, Shppge cor
vavel engt §a2lhtiof of he SPhAYIUAT Qber8a ol Cat fad TP LR HLE- 020V 1
lens can be canceled with the variation of the spherical
aberration caused by the diffractive lens structure.
An additional optical path length added by the diffractive
15 lens structure is expressed by the following optiéal path
differen.ce function ®(h):
®(h) = (P,h* + Ph' + P.h® + ...) x A

where P,, P,-and P, are diffractive ‘coefficients of second,

4
. v

fourth and sixth orders, h is a height from the optical axis
20 and A 1s wavelength of incident light. The function ®(h)
represents an optical path difference between an imaginary ray
that is assumed not to be diffracted by the grating and a ray
that is diffracted by the grating, at a point on the diffractive
lens structure where the height from the optical axis is h. 1In
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



AUG 2003
+ 2 5, AUG 2003 WO 00/ 65583 PCTI JP00102609 such a case, since the per?Shera

area 32 has large aberration for the second |laser beam it limts NA of the
second | yapsordsegyn Three concrete exanpl es ~of the optical PCBABIAIGOf t he
optical pick-up according to the enbodinment will be .described 5
hereinafter. First exanple Fig. 4 is a lens diagramof the.opti~cal system
of a first exanple with the first optical disc D1. The optical system 10

i ncl udesihbeetses) wptht Lncsedsingdtid dbstance Shomnthe apsiogleagrasposed
unit, the collimator |lens 20 and ahe objective |l ens 30. The diffractive

| ens st rwhénr ehes fouryhf orded aoveififd cdentr #l, dsecdavferhalfan Hersawr f ace 30a
of the objective lens 30 in the first exanple. It should be noted that the
phase grating As attonall stiomosicopike shape dfaghemdiffrtaective | bansg
description, the peripheral area is described as a surface having a

di f fr act steukénsesisuidd fii wed Holey @r Fréhpe perenpd dyvaatingg ea lamgleudambarsi ngl e
ring, it is substantially considered a.continuous surface. The basic

consty uckiFogofteniteifd rdinggxanrhe agtdascshaped 20 () THBlLEedindBebsgur f aces
#1 and #2 represent the beamsplitters 13 and 14, the surfaces #3 and #4
repr esensubteactingmt o n €S :2@n ey rourtranesh ¢b) aad #61l0emsesent the
objective lens 30 and the surfaces #7 and #8 represent the cover ,|layer of
t he- opti cal dldcs(ﬁmﬁemmb(xgh 26 P/n'TABLE+1C,~1] de@dt @sAfhe. mavelength of
the first |aser beamfor the first optical disc D1, ~.2 denotes the

wavel engt h of G&mb@dcdgdihaaeblbaenw&melehgthefondwhmchcahedb&eﬁ@&offueI 19
2 5 AUG 200 WD 00/ bSS83 PCT/ JP0OOI Qzb09 and fol (unit : nm denote the foca
| engt hs d&het gratdng ghveran opdisad pAthobittersrce ) ope wavelength.
wavel engt h~~, |, respectively, f~2 and fo, (unit : nm denote the focal

| engtths Ghe dffnactinerefticlency thrcome 2 cthe enaxhmunt ath&heakdiamegt h
~.Z, respectively, 5 ML denotes magnification at when the wavel ength ~. 1)
M2 denot emavedgmdtilc dGi. onSytboheC whe ed eagpbtdnZ defdhifpguai phasemat denot es
the distance fromthe first sem conductor Laser to the beamsplitter, do= (
unit : mjowsirorebetiWeediad anant rangshd séconid -seffhedfuRetben Mxxt o t he
beam splitter, ht denotes the maxi num effective_10 dianmeter of the first
sur f ace QUarQPTQﬁQﬂﬁ§x$4?MF$Nﬂtﬂﬂe¥rYﬁ@?hﬁ bpt ftutdedy Py ¥ a point where
alight r whose NA 'is 0:-45 intersects the diffractive |ens structure.
Furt her, Mgv(%h +P. by * teRotll 16 eawals tef zeupvat Fke Jroundany %ﬂlrﬁh@ace (

t he values at the vertex for aspherical surf aces , 15 d (unit ;

denotes @2 adeiHe FRISeeT e iEFrrsdyealens Site q%|isa)g%nna§@

denotes a refractjve |ndeéﬁ?t a mavelﬁﬁgﬁh 1~ nn1 For the d7 (. left values

are val i FhtheRhSThage i g e AGHARET ARd F&eRS) i d

when 't he second tical disc D2 i d. mf~l=12. 00

fol 4. 00P T 1) BRAS ﬁeaSoasens?&&sigeeg szcgsgﬁ the, HEFd G0 BAYE

M2=- 0. 335 da231 219 NA2=0, 4% épnn1h 5 =1. 98nn125 Sur f ace
differences are defined by {h)

The objective lens 30 satisfies the following condition
20 (1):
(1) 7 < ®(h,)/A - P, x{h,)? < 15
where h,, is the height from the optical axis of a point
where a light ray whose NA is 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,;)? £rom the total
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“nurnber r d ~ n650 n785 #1 ~ 6.000 1.5l1405 1.51062 20 2 5 AUG 20032§ Wﬁ‘ 2003
001 65583 #2 #3 #4 #5 #6 #7 #a 2.928 53.056 2. 000 1.58642 1.58240 -8.000 - -

10. 000 Za%ﬂ, éag:po 1.54082 1.53665 -10.401 2.279 0. 600/ 1. 2@@Tlrase236h
1.57326 ?f /02609 In the first exanple, the second surface of the

collimator 10 lens 20 ( surface #4 ) , abase curve of the first surface 30a
( surface #5) and the second surface 30b (surface #6) of the objective |lens

mcr oscont e Kb NN SO aLRo AT Y PaZiRbenHl p SRR nf A Thd

rotation aBYare f
foll O:M ngi;lég'uat | ontthhﬁab c‘w %ﬁ%g% L]%\%HGJ%HE ﬂﬁ@ ée%ﬁf:ﬁ%&%%bﬁﬁeeuz 1 -

+ K~i 2c2 eﬁa)cdﬁﬂ%ﬁutm;ses&uﬁ %&t@% fh 8.49r¥8 ﬁ@@é‘féf‘?ﬂé&'t i al

plane at a point on the surface where the height fromthe optical axis is
h. Synbol 1£ drg ﬁnEEfﬂ(é&Eé%e(t]éfrﬂ o@ftﬁ@%o%falwef&ﬂwfbéé@méé”lfo%@ tKahS @

coni c constant, A, Ae, Al o, AlZ are aspherical surface

coef f isci ept seRk éﬁﬂéwcail éBerﬁ'tg.th’cotﬁ@é”t a{%dfdw‘éﬂ ¥y cife

respectively. The constant K and coefficients t hr oug are shown in

the fol | ogi pErdABLFe21ef9 Lheubithtle YUl 3 Ymdle PJPJ @&ﬁéé{f tgas 30,

the base 25 curve of the central area ( Gsh< 1. 98 ) is different fromthat

of the peg¢hphgtadbnasfatel s hcaEAabér%a&ﬁwthetsomé IcHAYS oflthe? S
AUG 2Q03 WD 001 65583 PCT/ JP0O0/ 02609 of these areas, respectively. TABLE 2

Second suaieeggeﬁcéol WhiBhON ca®Rs (HHE _H%rfba?ﬁ%éﬂrﬁtﬂ&ﬁolﬁfitne
5.2000x10' ' A8 0. 0O00A10 0. 00010A12 0.O000First-surface ofobjective |ens (#5)

~ ~~ "Cenghakrabeabeteahaizlection(.Osbal tB2) olthd¥s and,. ¥hkeh SeHe SK
-0.470-0.470A4 2.270x10-"-1.400x10' 4A6 4.900x10' 54. 400x10' 5A8

4. 1000l 0" fntefeuiatertihin 8 £20Hx E0n@L X L 0§ 4Abeds 15, the spherical
-1.244x10- 6- 6. 000x10' ' Second surface ofobjective |ens (#6) x 0. 000A4
8. 607x10" 3Berrarifdcrrér¥indfGRex10nHbhe A ExRGtAARA dhH8E8rddture
becomes too large, which causes the spherical aberration in the
overcorrected direction.
When the thickness of the cover layer of the first optical

15 disc D1 is 0.6 mm and the thickness of the cover layer of the
second oi:tical 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 A, becomes too large to keep the

25 averagediffractionefficiencyhigh. Iftheratioexceeds0.85,
the difference between the wavelengths A, and A, becomes too small,

which increases the number of the concentric rings to keep the

1é



2 5.AUG 2003 5 10 WD 00! 6S583 PCTI JP00/ 02609 The bl aze wavel engt h op AYfs 2009
diffractive lens structure in the central area is 710 nm while that in the
peripher g3 S 650 nm TABLE 3 shows the coefficients Por/uPbooly P6 and
Ps for eaé% 0 the central and peripheral areas . The diffractive |ens
structure includes ten ring-shaped steps. The area whose ring nunber 0 is a
circular area including the optical axis and the areas whose ring nunbers

are 1 thpedetdriiihdd NGpiedscall Neabbbgattgher sorbbtangh FurRitay to the
central area, and the ring nunber 9 belongs to the peripheral. area . Each

of the riindrdasidni i diFTed JuLtiyeoEnnRanledBdary nyhossd hatddicidg orrde
optical axis is hL and the outer boundary whose hei ght fromthe opti cal
axis is lgifrrsdtowe defABldndy. 15 TABLE 3 Central area (Gsh<1.98) Po O .
0000 PZ 0 . 0000 20 P4 0.31034 P6 -0.023604 P8 0.024258 TABLE 4 Peri pheral

area (1.98sh) %Lﬂ:tQmél'P-t@teOanQeatv35eBEﬁgtBUﬁb8E bR e febes sy O
0. 0001. 3075 1.7841.8381 1.3071.5086 1.8381.886 2 5 AUG 2003 WD

00l 65§83 & rhicfifde @&FAL B 29X/ 3, k 628in ARB Le9d£h194F8a 31 in order
1.7151.78491.9772. 400 PCTI JPO 1028 The values of the itens included in

t he conditd iedp = hingte dvatuhd rd:lrﬁf'&"@d:ﬂ@e asffdtiensy. ~(Testde . brafe 0774
p2(h45)Z ~.0 The coefficients of the optical path difference function 10
~(h) for wdheepeigoeralisaset spyidunitideand ety )of andhg, perigheral
area adds the, optlcaai di stance by nine tines of the wavel ength to the base
curve. Mikffysct{ve @fificildmeypeatifiie farthetavave BengehiBront shebrdace
defined by TABLE 5 that is shifted fromthe base curve of the central area
al ong t heypélengtixis it5shyni®13hoYDy Heauded.t @eruBkampleQuatiehy i he
foll owi ng equation. -9 . 0 x 650nm ( 1 - 1. 54082 ) -~ 10 . 8169Eun TABLE
5 2010 2.69B5K niDahd@ )\, is 780 nm, the diffractive efficiencies at A\,

and A\; are 100% and 91%, respectively, when the blaze wavelength
Ay is 650 nm, while the diffractive efficiencies 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 < A/,
(4) Ag/h, < 1.13.
When the conditions (3) and (4). are satisfied, the
20 diffraction efficienciles of the first order diffraction.light
can be kept high for both of the first and second laser beams.
If thecondition (3) isnot satisfied, the diffractionefficiency
of the second laser beam falls short of 95%. If the condition
(4) is 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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. A4>-1.400x10' 4 A6 4.400x10-s A8 -4.600x10' 6 25 AL0 1.900xI0-6 Al 2 23 AUG 2003
-6.070x10'" 24 2 5 AUG 2003 WD 00/ 65583 PC?l JP00J02609 Figs. 5A and 5B
show third order aberrations of the objective lens 30 accorg.ir;}go@ﬁ&ye
first exdHPOV6HBEn the first optical disc DL is used at wavelength of 650
nm Fig. 5A shows spherical aberration SA and sine condition SC, Fig. 5B
shows 5 astigmatism (S: Sagittal) M Meridional). The vertical axis of Fig.

- epr esent ”eéﬁi%#%%%‘%egﬁ%f%t %‘EEHFN?H;%E"T%“%%%H“%?' $R8% %&arﬁ%»&ﬁrai?oulm
f ab ' ' | | . Flig. HBA [
axes ar ﬁ#ﬁ"é‘%-E{‘séssﬁ’%*iaaﬁag%t%%%%%#f%cé’é%\s%%%ncsaf@%ﬂs%rigi bR Che
E‘%‘eh?;’?t béf&e%%%{éﬁl Sff%éﬁ%ﬁ%ﬂ@%i%ﬁ% é%ﬁ%rﬁi;zeﬁe%?ﬁ%%“?%fr}j SRRy am of -
: : : : . 1
Fo 7 GedBhfiek ?2%%9%?%%e%w}“eé%g%égh?%ﬁ&%%;c%a%ﬁcsfen[% ’
£ N . : T £ . _ :
Formed o bof it Gt £SO e Mhrdit b 2?%‘ ¥E-HRBSFRL IR 2 0e 20
; : : : " :
of the selsARE Ve AEGaide Palle SRSRY SRR fhe HF AR OILIRAT S 1
the obj ectaTane Bof SR avderaltlve paulls qhlo Kohdeh el Bl P e
2 f th | di ;and D2. TABLE 6 25 . 2 5.AUG 2003 5 10 15 WO
081885t83e$}§+r5€’€%?Oégégrg%igg%nm fuel =10. 005f al :31.5300 ML=- 0. 330 dol =9. 101
NAL=0. 60 7~z=780pm hgkT10n87 b0 8283 walb Magth 32 iRed AR NGO A dt =
2.00mMm h,5 = 1.67mMm
10 structure in the peripheral area 32 should be shorter than that

of the central area 31 to.be close to the wavelength A, of the
first laser beam. When the blaze wavelength of the peripheral
area 32 is shorter than the central area 31, which increases
the diffractiveefficiency for the 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 béém,
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. 1In
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A
Surf- ace nunber r d n650 n780 #1107.677Z.500 1.58642 25 AUG 2003

1. 58252#2- 6. Z7010 000#32.1522. 300 1.54082

1. 5367 7#454 aqSésks 653#5~0. 600/ 1. 200 1.58030 1. S7346#6 |In t hecarpemekéexanpl e
, the secona sur?ace of the collimator lens 20 ( surface #2 ) , the base
curve of the first surface 30a ( surface #3 ) and the second surface 30b (
surface #4 ) of the objective lens 30 are rotationally symetrical

aspheri cadusiitd aaese, Imsceomé qﬁri@&é@ap@ﬁé‘a 826RAS Yérd&rAE- Ao O
each of aspherical- surfaces ~are --shown in'~ TABLE 7 .t 20 25 TABLE 7

Secondsurg s @ hef s£8bha MR beam, (#2)1hit@ ¥RYE fHe bl I8sarHeam.
2. 6000x10's A8 3.7000x10'8 First surface of objective lens (#3) Central

area PeripheralTRféd 2d6ncrdte AWamples EE OPh&5882ical s stem of the
(Qsh<l.67)(1.67sh)r2. 1522, 144K- 0. 560- 0. 560A42. 140x10' 51. 600X10' 35

AB- 2. 345x3dpt1ical 49 K Oug Alccoidid ' t42 tHD ¥ mBodANent. #10110e s SBOdQ SA128
. 300x10" ' 1. 520x10' 6Second surface of objective |lens (#4)10 x0.000A41. 760x10
‘1 A6- §. 90Rs21HhABter940x10" 3A106. 780x10' 415 Al 2-7.970x10'5 PCTI, JP0OO/ 02609
The bl aze wavel ength of the diffractiv~:.lens structure in the central area
is 710 nm whole that in the peripheral area is 650 nm TABLE 8 shows the
coefficients Po, Pa Pa . Ps and Pe 20 for each of the central and

peri pher atiaseasxampaedi ffractive lens structure includes fifteen

ri ng-shaped steps.. The area whose ring nunber O is a circular area
including the opigcad iaxiaslens diwgrdmast wheseptioglsydesn of @ £ikBtough
14 are ring areas . The ring nunbers O through 7 belong to the central

area, 25 ardmphe wiitdh nthebdaixrst tdpnigdl 1didel DDhgs The tdetpealpbgstkemar ea.
Each of the rings is defined in TABLE 9. . 27 2 5 Aur ~~ WD 00/ 65583

PCT/ 1R00/ A2608deABtlke 8@t spl.iztezBel B Erad Ak that(@@ehshotR) 44 .8681hpPe
0.00.05 P2 -4.66295-3.94187' P4 0.902570. 45269P6 -0.20873-0. 50432P8

0.121980. cempbsedTaBLE ,ORhegchniliitmatiothBens ROngnd - bhhebebjbtlatere01ea80. 473
81.6701. 7001 0.4730.684 91.7001. 7502 0.6840.860 10I.7501. 79915 3 0.8601.026
111.7991. 8094 T™hé AifFrazt3 vi2leBSGHraEyre is 2hly HBMA@ dNOfIBd ceftral.
1.5281.62]1 .14 ~ ~.1-.962' 2: 0007 1.6211.670 20 The values of the itens

i ncl uded ameghefcthdi fipst (surface c3fawkl theombiaRItE v denfo|IMvs the
~(h4s)/~. a -3.1365 . PZ(h4s)Z = -13.0045 25 The boundary between the

out er nost fArsg ekampdecenikakhandd ber hageduttbet ¥hy phasehgratdegndst ring

of the peripheral area (ring nunber 8) has a step such that the outernost
ring Y8 not shown in the lens diagram. In the following description,

the perif:heral 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 #1 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 waveléngth 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, fa.
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2 5 .AUG 2003 WD 00l 65583 PCT/ JP00/ 02609 adds a thi ckness by 15 E.~n25rAUth&i0d
optical axis direction. Figs. 8A and 8B show the spherical aberration and

the asti qnat.i f the objective Iens 30 according to the | e
WPoupsRs: IRERABHIT

when t he cal disc D1 is used at wavel ength 5 of m Figs. 9A
and 9B show t he spherical aberration and the astigmati sm of the objective
| ens 30 when the second optical disc D2 is used at wavel ength of 780 nm

T
tSL re ug';) !.II’e é.e:nss Sﬁ%sﬁ%roﬁg&co%ﬁvﬁgéggn?#aﬁehéz;yeaé’ ef}ﬁ' Dtegr‘ltgr}‘}’irgtesﬁfﬁtrdﬁ’fi Oa 8]1:

t he sejco%t(ﬁz\eé%éirrgﬁe(l?rgi%gs%ﬁgfe%cl{% %ﬁﬁL@%k%eﬁl%E%l g%%élsiur taog"gs #1
1T Lo B A B g D A R
and -5 % HERGkeC AbAREEDCRL bR E YRR Uie WARVerhEn NG ME RS
daz=31 aREfGoi S5 AT ot Pl aleldagti )i KOS ERIE a7 o loten Ol vo

00/ 65583 HiEH HRUOELIAINUHPEE sbmd RFRIUITE1dser Lblire ﬁg%%% |5§1677

2 -6.170 1.544 3 ~"0.600/1.200 1.58030 1.5/346 5 4 In th
the base £UnvR1f . hh§ d‘ér{o'ittesfst'ﬁé@.es@?cé f§thﬁ£@s§éohd%§élﬁu§.?f€SP

surface 30D ( surface #2 ) of the objective lens 30 are rotationally

symet ri Cids&s Pherivdloelth Spifiaaes:, He saistadterde ant Gash fd£4 &0t Svd

t hrough Al12 for each of aspherical surf aces ~ are shown -in "TABLE " 11.

TABLEQ11RA{ She Sai f o & nef f@&is%cgh&eabensoé#lhlb;Sd@ﬁatéal tRECREEEhBNEFGh
area(Gsh<l . 63) (1. 63sh) K -0. 560- 0. 560A4 2.5600x10' 3~ ' =1. 025x10'3" ~ '~

~ - A6 -2h&WPhildh BAxliG0¥E0a iPH1 A8 WwhdB83X 1Y gt SR IBoBRINA 1s 0.45
-1.0568x10"' 4- 3. 198x10-5A12 -6.2000x10-6-5. 100x10' 6Second surface

of obj ect i Metéedscté2te O3 DPEREcAYvd. 1881 tFudGulkel.74x10- 2A8 - 1. 088x10-2 30
2 5 AuG 2003 WO 00165583 5
Further, r (unit : mm) denotes a radius of curvature of
alenssurface (the values at the vertex for aspherical surfaces),
15 d (unit : mm) denotes a distance between the surfaces along the
optical é\xis 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. 7
20
TABLE 1
A=650nm £.,=12.00 £,,=4.000 M;=-0.333 do;=4.000 NA;=0.60
A2=785nm £.,=12.08 £,,=4.031 M;3-0.335 @2=1.219 NA,=0.45
ht = 2.40mm hys = 1.98mm

25 sSurface

number r d ' né650 n785s

#1 S 6.000 1.51405 1.51062
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10 15 20 A10 3.381x10' 3 Al2 -3.943x10' 4 PCTIJP00/ 02609 The bl aze wabehehhi
. of the diffractive lens structure in the central area is 710 nrn, whole
that in pheral area is 650 nm TABLE 12 shows the g ts Pa,
, P~ PGQQ%%ﬁgébfor each of the central and peripheral areagw.fﬁ,mﬁhﬁja
d|ffract|ve | ens structure includes nine ring-shaped steps. The area whose
ring nunber 0 is a circular area including the optical axis and the areas
whose ring nunbers are 1 thep 8 are ring areas. The ring nunbers 0
t hrough 7 %elong to the central” area, ~and the ring nunber 8 belongs to the
peripheraksjarea. Baghg9f the Kighds i ggghped iggJABLE 13. TABLE 12 Centra
area (Csh<1 63) Po 0.0 PZ 0.0 P., 2.95580 P6 -2.49050 PB 0.92108 PIO
- 0. 08143 Pgripheral gaggg (%iﬁQﬁh) -20.000 0.0 0.0 0.0 0.0 0.0 25 TABLE 13
Ri ng nunber hL hH R ng nunmber hL hH O 0.000 0.905 5 1.4T4 1.522 31 25
AUG 2003 %510 15 20, 25; WO 09/ 2283 1; O5 9993 17134l 711. 3223 1. 3221. 4124
1.4121. 47 6 1.5221. 5167 1 5161 5948 1.5941. 623 pCIl/JP00/ 02609 The val ues
of the itegs |ncIqud (3] Qpﬂﬂltlon (1) are found from TABLE 12 as -
follows . ~(h,s)/~. 9. 301 Pz(h4s)2 0.000 Figs . 11A and 11B show the
spheri cal 4 berratlonnan t st ti th ective lens 30.
accordi ng ?o the third g&éﬁ%??‘d%gﬂaﬂh§ﬂ¥?$§tlo§F|?§1 disc D1 is used at
wavel engt ggof 650 nmg, Figs . 12A and 12B show the spherical aberration and
the astigmati smof the objective |lens 30 when the second optical disc D2 is
used at wavel ength of 780 nm The objective Iens of the third exanple
requires an aberration-free parallel |laser beamfor the first optical disc

-and ~an @ aberfptheFifdfCerafpYel ANHY sekand shepacéd ﬁtﬁé%ﬁ@%{&idwt' cal
disc. Thus, a collimtor lens 1s preferably nounted for each of two

seni gonduairy 20 28aEFace Y, hebastaraanhet hed it @eescoBokhes xddddmat or
| ens shoul d be designed in consideration of effects of parallel plates such

as a covers glains tife & eV GUHEHIY IS Alsurtdud HB ¥ ¥ U idY f¥EAve
separating a |light beam TABLE 14 shows rel ati onshi ps between the

condi ti oners 30)atdretgt lonkl)l vsg¢mhnke riiicadt asprecasdlaansrthces. exgad! es .
Al of the exanples satisfy all of the conditions. 32 2 5 AUG 2003
base curve 1s a macroscopic shape of the surface without
diffractive lens structure. The rotationally symmetrical
15 aspherical surface is expressed by the following equation:
h%c

1+ V1 - (1 + khic?

Xh) = + Agh' + Agh® + agh® + A oh!% + Ay,nt2

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 £rom
the optical axis is h. Symbol c¢ is a curvature (1l/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 A, through A;; are shown in the following TABLE
2. On the first surface 30a of the objéctive lens 30, the base

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

the peripheral area (1.98s<h), TABLE 2 shows the coefficients
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W 000/ 65583 TABLE 14 1st Ex.2nd Ex.3rd Ex.(1)~(h45)/~,-Pz(has)2 29 AUG 2003
9.0779.868.9.3015 ( 2 )~.1/~.20 . 8280 . 8330 . 833( 3 )~e/~.z0 . 9040 . .
9100 . 97.0( 4 )~e/~.i1. 0921. 0921. 092 PCT/,JPOO 02609 33 i-u~.-~uu 1
Cl ai ns JPWOOOGESB309 2 5 AUG 2003 1. An optical system of anPEPpIPWAR6H3I ck- up
that is capable of using a first optical disc having a first cover |ayer
and a second optical disc having a second cover |ayer thicker than said
first cover layer, said optical systemconprising: a |ight source portion
that enit3fathprst FreRs. HaFRIRbAYRLY® first wavel ength for said first
optical disc and a second | aser beam having a second wavel ength | onger than
said first wavelength for said second optical disc; and an objective |lens

t hat converges said first |aser beamfromsaid |ight source portion onto an
i nformati OABFRyér of said first optical disc through said first cover |ayer
and that converges said second | aser beamfromsaid |ight source portion
onto an i 3ESPRAL S¥ETagA ofHicaklimakernlenst (#4) disc t hrough said second
cover layer ) said objective |l ens being provided with a diffractive |ens
structure tfiat®h&a36@ plurality of concentric ring-shaped steps that have
wavel engt h dependence such that spherical aberration varies in the
overcorrect%g HrHQ90on as wavel ength of incident Iight increases, wherein
di vergence of said second | aser beamincident on said ob jective lens is

| ar ger t har®8li VerdfePRel®f said first |aser beam and wherein said objective
| ens conver ges sajg first andsecand | aser beanms of an identical diffractive
order, a diggaﬁ%é) Lt ween said obj ective lens and the surfaces of said
first and ¢ oc&) er |ayers being kept constant. 34 AMENDED SHEET A~ 2
5 AlIG 2003 5 §§¥65583 PCT/ JPO0O/ 02609 2. The optical systemaccording to
cl ai &,_ &Qgrqin 656 following condition (1) is satisfied; (1) 7 < _
~(h42% ~, ="PZ (%, )~ < 15 where h,s is the height fromthe optical axis
of a poin r i ght ray of ich, NA i . 45 intersects.said .
diffrgcti%%%%u 4 ,gb.e' 1g85e 4Rt 1 of said light, and P~ is a
second orde i ¢cient when_an.additional optical path | ength added by
sai d diffraé ﬁgggie ?géertuP§ﬁ¥§ sﬁﬁﬁ?gy the follow ng op&%cal pat h
di fference f tion,.=(h) ~(h) ~ (Rihi, + p~h' + Pobh6 + . . . ) X ere P4
and P6 are CE@?#% t%ﬁss)of(férth &H§Q§thh orders, and h is a height from
the optical axis. 3., The opti cal sysi,gm according to claim1l1, wherein the

t hi ckness of said fitst cover layér"1's 0.6 nmand the thickness of saidd
secongd. cover Jayer,is 1.2 mm and ~-rain said first wavel ength 7~1 an

sai d g%cond ngg E%%?h ~. = satisfy&?ﬂésfollomjng condition (2); ( 2) 0.
8l < 7~1/~.z . 4 . The opti st em according to claim3

wherein the %?ag%Ja§€§+%ngth ~, e g#'ggbaiéiffractive | ens' structure
satisfies ~ dg< £.9060xin? at |eastyipyg.g6etral area close to the optical
axis .

A8 4.100x10°¢ 24,600x10°°
{
Al10 9.270x10°¢ 1.900x10"®
20 Al2 -1.244x10°° -6.000x1077

Second surface of objective lens (#6)

x 0.000
A4 B8.607x107°
A6 -7.203x107*
25 A8 -4.525x10°°

Al0 7.031x10°¢
Al2 0.000
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5 . -The optical systemaccording to claim4 ( wherein said blaze &év@q%ﬂwh

. ~,e of said diffractive lens structure in said central 35 27 U4- 2001 JP

000002609 2 S _AUG 2003 area satisfies the follow ng condit} dodhe®nd (4);
(3) O. g7W ? 61533 ~g/~.1 < 1.13 . 6. The optical system accor Ing to claim
4, wherein the addltlonal optical path length added by said ring-shaped
step of said diffractive lens structure in a peripheral area is shorter
than that in said central area. 7. The optical systemaccording to claiml,
wherein said diffractive lens structure is formed within a central area of

a lens surfacergl §ohfe APheCLLNEChO0E, tAO%Re PRALOINE & ok 02 flofgtd | ons

surface is for I'TE% as a conti nuogs surface, V\%ere| n at | east an area

outsi de an §n la'n‘?:‘i- ghaf‘Q &fd 9%' Q&Fﬂie ‘%'ha‘&f S ng‘i@hb‘:’: '§£' al s

defined as sal peri era ar ea. opti cal syst cor 0 claim

1, whereig gbdmln' gthéﬁé”‘}estE’cS’&é' eegbéﬁfiéig tasp!, heags §“|°a@1 d hat said

f| rst laser beamis 1ncident on sal ective ens Hs &’ pAral béam and

sal d5second 8 o PERT bant, %%dﬁi@ /gahsa&éi;ma%usve bRBSa2Fs AabtYGEIEN

- AY3. A9. f‘eﬁ‘s f@t@f @{cﬂde%gt%% éEn§3sﬁa e@{stdp Aﬁfeé A WBsEaF
Ar. A3 A L AA3L A AL A *56X\’\df >A] Y$ezuoj d_YT] cal] ca] cal] ca] cal] ca] caU] caj ca]

ca] cal CE%@%&%Eeﬁw §3] &%J]z‘@ﬂ&ﬂ&@é'ﬁ]:@.@h@n@ql@e drical axis and
aU] ca] cTaU] calU] ca] ca] ca] cae%
WB{ vql f a‘tl'{‘lac]a.ﬁé]a%ahﬁéglacﬁlﬁ?] faheakeadreal Qﬁ%@gheguﬁal eakbcakeadl cal cau
] cal] cal] cal] ca] ca] ca] ca] caJca] ca] ca] cal] caBv 6

, | 54szt oirgeZ¥l hgabhmbbeal pakazbaat @abeabedl ¢al €ak] eahezhtaheal] canhgal] cal c
a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 6olot-./nrst3gR7{vqgl gb] W] U] ca]
ca] caj cakgal fﬁb?a&@a&@ﬁlyﬂeaairfgaﬂwkﬁel pakephephead sad calmalic dlcabea] ca) ca
] ca] ca] ca] ca] caJca] c”Mal! 7sK) _d
ijztoj e ¥Yheel gB] Whkkeahcajczhealaaksabbtaldaedy] wabea] Babaal ¢adhtateca] cal
cal] ca] caU] calU] ca] caU] ca] caU] ca] caU] caU] ca] cal] calj]ca@..3c @g
FETWN L] ! dblehclalixarid g ]dLC&mLﬂm]o@ﬁ]ezﬁbeahaa]ryaﬂrm#eaie:ﬂdma]ﬂza:]r@zt]ma] caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ! "o L" "} #H#H#HAHHAHHRHHH
##A4SuSSSHpHEIeda &g/ tin] &,[ k] bhalaalicaltadL® ]4.a] ca] cal] cal ca] ca] calca]calc

"20u(((O)-)YV))) *Ex~*** +A+z+++(, {vgkfal\W]]]ca] ca] ca] caU] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] c”*a] ca! (
,0,,15,, TABRE 3 x.{...Mv//-000. 1n111r2w2222| w mhc*Xkfa\W]]] U] ca] ca] ca] ca]
ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] cal] ca] cal] cal] ca]
caj] ca] ca] cagon&aral area Peripheral area
22263t 3339474 _4s4y4z44495x55<6D6} 666=7y777: 8| 88888~yt 0j d_Ykfa\W]]]UU] ca]ca
U] ca] ca] ca] ¢casnalcaB)ca] ca] cal rag&sth)] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caj] ca] ca] ca] ca] ca 889999, 9k9t 99999) : d:

; 0<nk<) =4=8&>B4RCG>>{ vql gb] X]9]9] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] caj ca] c)a&ca] ca] cal] ca] ca] ca] ca] cal] ca! >???"' @ Q@aoad) A
| AAAB! BSB: By B{ nhc] X{vagl gb] X]1]1]1] caU] ca] caU] ca] ca] ca] cal] ¢
a] ca&ca] cal] ca ca] cal ca] cal] ca] ca] caU] ca] ca] caU] ca] ca] ca] ca] caU]ca] c
a] caB8D7DI B® EEEE' ¥- EEEFRFFFG?G@KG xsni d_ZU gb] X] ] ca] ca] ca] ca
] ca] ca] ca] ca] caj cagcaU] ca] ca] ca] ca(] c™a] ca] c”a] cal] ca] ca] ca] ca] cal] caU] caU] ¢
a] caU] caU] £a]c 04
KGEG?HHHH8I r 111 . JeJJJJIJJIKKTKKKLLLLLLMVIVDNNN vgl gb\' W ] ] caU] ca] ca] ca] ca] ca]c
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equation.

-9.0 x 650nm/(1 - 1.54082) = 10.8169um

TABLE 5
20 r 2.5072
x -0.470
A4 -1.400x107*
A6 4.400x10°°
A8 -4.600x10"°
25 Al0 1.900x10°°

Al2 -6.070x1077
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54sxY:/ 109#10%& ()-1!10%& ()-sL! 10%& ()-& MLO%& () - "' 10%& ()-f
10%& ()- 10s6o0dE:/ 10! 10%& ()- " 10%& ()-3 10%& ()--10%& () -
110%& ()-@ 10 o) - t&ﬁ/
10Y. | 10%& ()-ﬁf&sélo%%& - 3P (TR 3506088 3nerrations of the
' 10%& (o4& d )& ra@s&% TYMLQ% p& di)rs %?Qm el
10bF:slog%§£' ()@: ! 1058&“(? 581100 1&@(\/;&_ &%Hé‘ld%ﬁasgf : s;’s%EW‘SE“ the first
10Z10% UgHt)idahOdh u& §1 -1l QeliCat)usvd Pehgeh(df 650 nm. Fig.
“&10% U& () - Y10% u&' () - 3gRAEMDC 10V T yehay: (5 52280 u T5:17AGRE () - F
MLO% U&' (Jon ekt dberrat 1o anka &5 A #AMHL 406 U& (- 198 Wik () -
MLO% U&! 89 © 10% U& (311 10% u& () ~FY $10% U () - Kdenbc g o8 Shovs
-1 10% U& dQr1, Ji e & ) SAgh@PE M MiWE3aL) ;| The vertical axis
of Fig. S5A represents numerical aperture NA and the vertical
axisof Fig. SBrepresentsanimageheight¥. Further, horizontal
axes represent amount of aberrations. Units of the vertical
axis of Fig. S5A and the horizontal axes are "mm". Figs. 6A and

10 6B show the spherical aberration and the astigmatism of the

objective lens 30 when the second optical disc D2 is used at

wavelength of 785 nm.

Second example

15 Fig. 7 is a lens diagram of the optical system of a second
example with the first opticaldiscDl. InFig. 7, thecollimator
lens 20, the objective lens 30 and the first optical disc D1
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
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10, $100/¢(§ %égo/am/& () & 10% & ()-! #s$10%(h(& ()-!110% & () -
828 8 dEMHC 103F: y10% & () -

1 109% & (

R p) O S
#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 «© 0.600/1.200 1.58030 1.57346
#6 ES

Inthe 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
objectivé 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 (#2)-

K -0.4000
A4 1.4060x107¢
A6 2.6000x10°°
25 A8 3.7000x10°®

First surface of objective lens (#3)

Central area Peripheral area
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.. M v/ /- 00dBYNC * ) (109RR& () gg@ 0% ()-$s10%& () -
"10%&' ()-!109%& ()-s10%& ()- 011r2t2u2v2w22xmbC 10! &10%&' ()- 10 10
A4 2.149x10°3 1.600x10°3
5 A6 -2.345x107* -5.400x107¢
A8 3.550x10°* 2.200x10°*
Al0 -3.310x10°% -2.390x10°8
Al2 8.300x10°7 1.520x10°°

Second surface of objective lens (#4)

10 Kk 0.000
A4 1.760x10 -
A6 -1.900x107%
A8 -1.940x1073
Al0 6.780x107*

15 Al2 -7.970x1073

The blaze wavelength of the diffractive.iens 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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10 TABLE 9
Ring number h, hy .. Ring.number hg hy
0 0.000 0.473 8 1.670 11.700
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 v2.000 .
7 1.621 1.670 {’
20
The values of the items included in the condition (1) are
found from TABLE 8 as follows.
d(hes) /N = -3,.1365
P,(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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Third example

10 Fig. 10 is a lens diagram of the optical system of a third
examplewiththe first opticaldiscDl. InFig. 10, theobjective
lens 30 and the first optical disc D1 are only shown. The
diffractive lens structure 1s only formed on the central area
on the first surface 30a of the objective lens 30 in the third

15 example.

Thé 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

AM=650nm £,,=3.201 M;=-0.000 doy= ® NA;=0.60
25 A;=780nm £,3=3.223 M;=-0.1117 d43=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 2,, 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 2.5600x10°* -+ =1.025x107*
A6 -2.5070x107° 4.166x10"*
20 A8 1.1363x10°* 8.809x10°°
Al0 -1.0568x10"* -3.198x10"7
Al2 -6.2000x10°¢ -5.100x10"®

Second surface of objective lens (#2)

K 0.000
25 A4 1.198x1072
. A6 1.174x1072

A8 -1.088x10"?
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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

Centrai area Peripheral area
(0sh<1.63) (1.63sh)
Po 0.0 -20.000
P, 0.0 0.0
20 P, 2.95580 0.0
Ps -2.49050 0.0
Ps 0.92108 0.0
Pijo -0.08143 0.0

25 TABLE 13

Ring number hg hy Ring number hg hy

0 0.000 0.905 5 1.474 1.522
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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 relationships befween 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. An optical system of an optical pick-up that is capable

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, said optical system comprising:

a light source portion that emits a £irst laser beamhaving
a first wavelength for said first optical disc and a second laser
beam having a second wavelength longer than sald first
wavelength for said second optical disc; and

an objective lens that converges sald first laser beam
from sald 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 said second optical disc through
said 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,

whereln divergence of said second laser beam incident on
sald objective lens is larger than divergence of said first laser
beam, and

whereinsaidobjective lens convergessaidfirst andsecond
laser beams of an identical diffractive order, adistance between

said objective lens and the surfaces of said first and second

cover layers being kept constant.
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added by said diffractive lens structure is expressed by the
following optical path difference function ®(h):

®(h) = (P,n* + P.h' + P;h® + ...) x A
where P, and Ps 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 said first cover layer is 0.6 mm and the thickness
of said second cover layer is 1.2 mm, and wherein 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, whereinsaidblaze

wavelength A, of said diffractive lens structure in said central
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(3) 0.87 < A/A,

(4) Ag/h, < 1.13.

6. The optical system according to claim 4, wherein the
additional optical path length added by said ring-shaped step

of salddiffractive lens structure inaperipheral area is shorter

than that in said central area.

7. The optical system according to claim 1, wherein said
diffractive lens structure is formed within a central area of
a lens surface of sald objective lens, and a peripheral area
of said lens surface is formed as acontinuous surface, andwherein
at least an area outside an 85% line of an effective diameter

of said objective lens 1s defined as said peripheral area.

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

a divergent beam.
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