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The present invention relates to an optical systemfor 10 an opti
. pi ck-up WRPMWSR6Lapabl e of using two kj nds of optical di scRCHIRAMPG2ES
different recording densities. Backgrohnd of the Invention In general,

di aneter of a beam spot fornmed on a recording |ayer of an optical disc is
closely related to the recording density of the optical disamwmmmmwmmmmrhe
spot diameter is required to havepasstid@fds size for appro

covering a 15 track on the recording layer Iin width. The di sc whssehi gher
VWen the spot dianeter is much larger than the track w dth, 20.rgproduced
signal may includejitter,whichisundesirabl eeffect recording density has

narrower track width, obttbalegystes & sopticdl ISPk Sige . ary
) the disc with I ower recording density has w der track mﬁ#mmmn mﬁmmmﬂ
requires a larger spot size. of the reflected |light from adjacent t racks on
" the reproduced signal. On the other hand, Wien the spot dianeter is nuch
smal | 8r thachhhealr Bt&ldd of hthealhventssdy for an optical systemthat
reproduces the recorded signal froman optical disc such as a 25 conpact
disc ( CD ) thrDoghprdzeniscwofentidn aetliadesoftol aghtptithd system fflay m ss
reproduci ng the signal due to insufficient diffraction. WO 00/ 54262 2 0 3
s~~ 2~ PGhIMmO/p3ckr npehdte ispeapatilenef ors drar bwe skionds lodfropsiaal
wavel engt h

J discs having different recording densities.

10 Background of the Invention

In general, diameter of a beam spot formed on a recording
layer of an optical disc 1s closely related to the recording
density of the optical disc. That is, the spot diameter is
required to have a suitable size for appropriately covering a

15 track on the recording layer in width. The disc with higher
recording density has narrower track width, which requires a
smallerspotsize. Onthecontrary, thediscwithlowerrecording
density has wider track width, which reguires a larger spot size.

When the spot diameter is much larger than the track width,

20 reproducedsignalmay include jitter, whichisundesirableeffect
of the reflected light from adjacent tracks on the reproduced
signal. On theotherhand, whenthe spot diameter ismuchsmaller
than the track width, particularly for an optical system that
reproduces the recorded signal from an optical disc such as a

25 compact disc (CD) through the use of diffraction of light, the

system may miss reproducing the signal due to insufficient

diffraction.



optical systemfor a digital versatile disc (DVD) with hi )

density requires shorter wavel ength and , 5 higher NA, and j.cal disc
_for the M9 W¥2| ow recording density %equi res | onger vvaveT‘te.ﬂg'f(ﬁB%‘é | ower
NA. A conventional optical pick-up that is conpatible between the CD and
the DVD is provided with a pair of optical systens that are specifically
designed for the CD and the DVD, 10 respectively. However, such an optical

pi ck-up increasgsntleridisPotSii8meteNBedBNbECsRAU1 ERCASAS SRVERRNGRG Uri Ng
cost. An another conventional optical pick-up is provided with a pair of

sem condugieon 1 hAE EHEcHNOS SsHit e GhdVaMMMNB AN alfecidfer @) e Raes ot her,

an optical systemincluding an objective 15 lens that is common for the CD
and the DvRrge#, athenastidLl BRehan $ort 8 €1gneg1 Vet dat £380Ss: t(DVDYe type
of the disc. However, when the aperture nmechanismis nounted on a novabl e
portion tRdfth Righi yesoking GeAsktpyregii@es ishodrweirghavefldrghmanbl e
portion increases, which |lowers a tracking response. 20 On the ot her hand,
when the apehieur BA reaindtibemops imadntiedcofiont hre Chaini tiel ow \rddoxrddord i on,
and particularly when the aperture limts the beamdi aneter to be snall
t he i nci déensiityhrequanest yongerhwavblengthi wed dsveraNAes due to the
tracki ng novenent of the objective |lens, which varies a | evel of the
reproduci ng 25 aiqpmentiionali eptical @itdke ub thetdrs obmphsibheikdiwedmser
beaminto the objective lens is larger than the dianeter of the objective

| ens in géner &P, arGecthe 20 A§ PEO¥AdRd withha paireef ioptical Fystemy 13 JP
000001213 15-02-2001 3 I ens within the beam di aneter does not chazige the

i nci dent [th@h FEANESPEFifhsAd ¥  deptanede fiari §bst CRsandethei PV it ed
by the aperture, a part of the objective Zens may go out of the |aser beam
due t 0t h&EASPECELNG LYoy AR VETNi I &1 BRtiRaLi RiFfKeHP 1REFeases R 2t y.
Fig. 7 of NL-A-1 008 739 discloses an qbjective | ens of an optical gi.ck-up
with a hol®FdpftéSgPat FhE. IRYLFRePPAFAGCTSBESS MARULAF EAFATDH £l oses
an aperture ~.i giPti ng. .el enment w.th

hol hi i ) h i f
Phe ot ture 11 Apctiecier spByehi 1008y SnPLoal hloddh Werdbiadniady| o

.of light becomes shorter and nunerical aperture (NA) beco l.arger, the
gﬁs:irég%rzm?ng

transm tt%n%%it__agf semiconductor lasers whose emission wavelength are
different toeachother, anoptical systemincludinganobjective

15 lensthat is common for the CD and the DVD and an aperture mechanism
to change NA in response to the type of the disc. However, when
the aperture mechanism is mounted on a movable portion that is
driven for a tracking servo, the weight of the movable portion
increases, which lowers a tracking response.

20 On the other hand, when the aperture mechanism is mounted
on other than the movable portion, and particularly when the
aperture limits the beam diameter to be small, the incident light
quantityon theobjective lens varies due to the trackingmovement
of the objective lens, which varies a level of the reproducing

25 signal. That is, since the diameter of the incident laser beam
into the objective lens is larger than the diameter of the

objective lens ingeneral, the trackingmovement of the objective



a laser beamat G35 nmis larger than that of a beamat 785 nm ORbSER x93
- these pnblicatians do not discuss dutp ratio of a wdth of recess\ﬁgoﬁ%{]ﬁ%
1542) (?0 dth of adjacent protuberant surfaaa. Hiaf ~e~~rs,~) ion ~=/'f
oYY s therafdre nn object of the gresent f.nvention to provide an
optical system of an optical pick-up ( which is eapab7.e of adjusting the
beam spot size in accordance with the recording density of the optical disc
wi t hout using the aperture nmechanism 20 For the above object ) according
to the pesseriithiinvehe hamm dlhpetes. Sops mutdeblage itifer tuetdept i1Gdhtsyst em of
an optical pick-up that is Capable of using at .east two types of optical
di scs havwrAgLEBi f FOWENETT cWbedi Hye doreidgnt J-ar%-'lruhﬂn@ &sligrttsdlnyce
portion for selectively emtting a first |esser beam and a second | aser 25
beam haﬁpﬁgaﬂ%‘i‘ﬁjgre WA ESIENGE EhenaRIeREIYR lans Ba% gopelamofakbie dasly j ecti ve
| ens for conver % the | aser beamfromthe |ight source portion onto a
recor di Hgaan trhedeasidingaronesent . yhichHatieschalenbesnsilmhtt 0 3
SEP 20D3 J 000001213 15-02-2001 .t is that the ob jeGive lens i,s
pr o de@YRPEAYE: tran~m ~ ttance control ling phase grating in a. peripheral

region to hav v gth de endence ,such that the transmttance for the
f first Iasergﬁ'lga\r,rvﬁl %}?NIQ t‘?‘r?e‘ati'rs QSPEt A RPIeF IR 18R 9F | aser 5

b th tt t || t f | it
o e BR, PRRERAL L A0 e%%h”ioﬁﬁ’vaa:%‘%ﬁ- 15,8 'ESﬂ%Zr o, ol
| f th
P ves JBBE ERIATDOPEOS Ui ket Pﬁ’ PR LR a0 02 SR MO OF DS
of the greRYesrafhaRdgPapinger afle S&i Het ﬁé}ﬁ@{}@%ﬁa

sub$tantially coincidéent wih the nacr OSCOpI ¢ shape ens face,
respeat isddmént [86ntro O itreshB e theklel 90cB N itae thenfml L oML EY f‘d?ﬁd' tion
(1), and the transmttance controlling phase grating satisfies one of the
tol 7. awiangasendbéamns 625 A€ Aarddr @hdh €hat.de-2beaf 88 785 Gin. 1.2 <
RI/R2 < 3.0 "~ {2} 1.2" ~CR2JR ~ 3.0 ~"(3} where ?~1 is the wavel ength of
sai d fi Howelvesertibesepubi2casibhe daneitetlsdusd deavdraetord kaskitthbeam R1
and R2 are widths 20 of the zecessed surface and tl xe adjacent protuberant
sur f ace o sepessedaiunface soradidithdofesdjarendf prhbubbranti suxciars. Ths
perigheral region. is outside of the transmtting region of the 3.aser beam
ha~r~.ng a predeterm ned N~. required far the

15 Brief Desgription of the Towvention

It ’is therefore an object of the present invention to
provide an optical system of an optical pick-up, which is capable
of adjusting tha beam spot size in accordance with the recording
density of the optical disc without using the aperture mechanism.

20 For the above object, according to the present invention,
there is provided an improved optical system of an optical pick-up
that is capable of using at least two types of optical discs having
different recording density, including a light source portion
for selectively emitting a first laser beam and a second laser

25 beam having longer wavelength than the first laser beam: and an
objective lens for converging the laser beam from the 1light source

portion onto a recording layer of the optical disc, characterized

AMENDED SHEET !



15-

optical disk having | ower recording density. 2t should be notedl 355&mMa803t he
"transmttance" is defined as a ratio of the light quantity o thqjdéé% 1213
deannt hat forns a beam spot together with the |ight beam passing throug%
the central. region inside the AVENDED SHEET fl 3 SEP 2003 JP 000001213
15-02-2001 5 peripheral region to the Iight quantity of the | aser beamt hat
I's incident on the peripheral region. Wien the optical disc having higher

recordi ng densi t% is used) the light source portion emts the first |aser
beam ha¥® ngP3t shbBet EPIRERLES chghf. 18] provitded: Makbnit ttammesmsdrtangia i ng

aoer DRORFDRLLE (BReth STRREIGoAD, B RUIRIPTN TOEGR EopbevBharal
he 11 SEve RO Bk Bennaecud ek FOB) GaHHY: \aReenEPEdERe & SEHE i 2o of
ecor ar ws ety P (e Ehnd e, eB oL coRip i tB: TCoHL Loedna | aser
5 g o oty O N E e ERALE, o RLRS ATl Bt B B e el e
centr a1 2 Po0on GF T RPBerr o one fed R YRR RSB oct i ve
i 2o of CTRe pase i FAre, RIS SRR e B S e f TR 6
por | phes o7 oy ot e e RSl 0 e AR PRl

decreasgatanpeised ihOUpRical dei X ORdduh ddHSLrEhEEs | O (15 RRIJRAG al

region. The 25 tz-ansmittn~-~ce controlling phase grating may satisfy R <

R2 i and protuberant surfaces between the grooves are substantially
coincldent with the macroscopic shape of the lens surface,
respectively. The light source portion satisfies the following
condition (1}, and the transmittance controlling phase grating
satisfies one of the following conditions (2) and (3);

15 0.81 < Al1/A2 < 0.85 ---(1}

1.2 < R1/R2 < 3.0 (2}

1.22< R2/R1 < 3.0 ' (3)

where Al is the wavelength of said first laser beam, A2
is the wavelength of said second laser beam, Rl and R2 are widths

20 of the recessed surface and the adjacent protuberant surfacs,
respectively, in a radial direction of the objective lens.

The peripheral region is cutside of the transmitting region
of the laser beam having a predetermined NA requlred for the
optical disk having lower recording density. It should be noted

25 that the “transmittance” is defined as a ratio of the light
quantity of the laser beam that forms a beam spot together with

the light beam passing through the central region inside the

AMENDED SHEET



at least one pair of the recessed surface and the adjacent protuBe¥ SRP 20
" suz~face . AMENDED SHEET 0 3 SEP 20p3 15-02-2001 s JP 000001213 zfoddt® 213
15-09PpE3df i cation) the objective lens is defined as a | ens having at '|east
converging function and transm ttance& controlling function, irrespective of
- nunber of xens elenent. That is, the objective Iens may be a single | ens or
a conbination 5 of a pJ.ural 3ty of elenents. Further, the transmttance

controlling f~unctian maty be separated fromthe converging furiation . The
ob, j eotRReMGTAIEPIRENATE ohBR ek gioh BRIELEIN0E ihdasafs bede shatat plate

havi h ; ' rolli h I ng. it f bl
Uhat (S IR S & 060 BT GRRG SpnEBES8oat ] ng of ves optical path
diff ' e op"' ot IS i f th I h of
the firot zaahieb ek HRHLER A05s iePhnd Bogher SEEHdl qepnaly B°TY " °
I nt 4 { . b F ' 3
and o dsfd, B8 LEHEL BIHER oot hEo8 RIS HAE HamAtoRer Sy es BAOIRE be- a

[ ti I th di.al_.di t] [

Sng o SO LASRINIES, JIE0RS Hiid SRaReB Rl chle Aol bETEbERS ot o

ng. . yoemts
on t he S S0y SEE7BIohaRcLr ARRL Stk ' it LB AR et bR i s
i nci deng; o t1esad Bl iphl Je@NHi0?S oR 1§ \esggeaﬁtbfﬁr&e@rbé{ ReOtLAG), hand, a

diffractive leas structure r.~eq be formed in the cen region. The
di ffractine deafipheiralCirdgtohSof OtHE biicctiivid Weabkl t VA2 2@3@ERL Z5HC riNngs

eaoh of which has ~5 a wedge Cross Section to ha~tre wavel ength dependence
such thwa sghethe cothieadEiveat lats VabireThen #ixss tnies«or beah ebedbmegt | on as
wavel ength of incident |ight increases. In such a case, the AMENDED SHEET
~ 3 0SAPrLeBivl Y (igIV 6 RhEPCH | Jddid &d A1z size of the beam spot on the

optical disc.

When the optical disc having lower recoxrding density is
used, the light souxrce portion emits the second laser beam having
longer wavelength. Since the transmittance controlling phase

15 grating has lower tra.nsmitta.ncé for the gecond laser beam, it
cuts off 1J:he second laser beam and the second laser beam mainly
passes the central reglon of the objective lens. 2As a result,
the NJ; of the objective lens f£or the second laser beam becomes
relatively low, which anlarges the size of the beam spot on the

20 cptical disc.

Preferably, the duty ratioc R1/R2 varies depending on a
positionr in a radial direction in the peripheral region. For
instance, an absoclute difference |R1 - R2| may decrease towards
the outer side from the inner side in the peripheral region. The

25 transmittance controlling phase grating may satisfy Rl < RZ in

at least one pair of the recessed surface and the adjacent

protuberant surface,

AMENDED SHEET



7 | i ght source portion selectively emts the first and second § 336° BB s
- such that the first and second | aser beans are incident on the ogﬁ%g @213
150?«32"5;0 fs paral l el beans. 5 Brief Description of the Acconpanying g

1 shows an optical systemof the optical pick-up according to a first

enbodl ment with a DVD, Fig. 2 shows the optical system of the optical

pi ck-up according to the first enbodinent with a CD; 10 Fig. 3Ais a

cross-sectional view of the objective lens in the optical system according

to the first Hhifo8i ARRELTEration. heapddpriigedien e oief ifed piseral region

of thejvcg&ectlve | ens i.n Fig. 3_ Fi. 4|s a cross-sectional view of an
obj ect i HR7IRY 18T 4 BG4S n"ﬁF @ fd*l"ﬁ’g aRA a%@éﬁﬁﬂ%ﬁ%ﬁﬂi nent ;
Fig. 5 |s ns di_agram of an ob ectjve ccor flrst
nuner i & %Pa?ﬁ‘d‘i \fn“gﬁ%i"ﬂﬁ DYEFe P gst Jf:‘>",@| ‘H&&ﬁh h ﬁ‘l'}%PFcal

aot! omelTandsy T SBaeFELr SRt ar Pe-res l@gfwan%wa??t Iﬁgwshg BR88r am of

t he obje tlve #’.ens:L cor%ng to the flrg {(_;}Prrerlg:?1 exa le.with the CD

Fi g> 8/9% i) e ) Eyﬁ‘@?ﬁ‘ 8t abEYF Hfbn 5% n&T S’B'bFrEﬁFesystem in
Fi 7.

Fig 7 bfﬂ%%%%v%ﬂ&@%f%ﬂs Ao BRbafHEhS B, i, Behfergtig "

di agragﬁc@im:pbl BEL It ekt1Te PG fbPPe gcemsﬁﬁgeeoau@% LeabeEXaAR € W th

lens and a £lat plate having the transmittance controlling phase
grating.

10 It is preferable that the transmittance controlling phase
grating gives optical path difference that is equal to "p” times
(p is integer) of the wavelength of the first laser beam and that
is equal to g + 0.5" times (g is integer) of the waveleangth of
the second laser beam. For instance, p =3 and ¢ = 2.

is The central region inside the peripheral region may be a
cont.inuoti)s surface whose cross section along the radial direction
is a single curve. In such a case, the light source portion
selectively emits the first and second laser beams such that the
first laser beam is incident on the objective lens as a parallel

20 beam and the second laser beam is incident on the cbjective lens
as a divergent heam.

Cn the other hand, a diffractive lens structure mey be
formed in the central region. The diffractive lens structure
is formed as a plurality of concentric rings each of which has

25 a wedge cross sectlon to have wavelength dependence such that
spherical aberration varies in the undercorrected direction as

wavelength of incident light increases. In such a case, the

AMENDED SHEET '



Fig . 10Ais a graph show ng spherical aberration of the optical @ stemin
Fig. 9; 5 Fig. 10B is a graph show ng astigmatism of the quiSzfﬁI 2 istem in
Fig. 9; K is alens diagramof the ob j ective |lens { to the
second m}bngro?/ééfh exanple with the CD; Eig. 12A is a graph g o@mpéldédlg%heri cal
aberration of the 10 optical systemin Fig. 11; and Fig. 12B is a graph
showi ng astigmati smof the optical systemin Fig. 11. Description of the
Enbodi ments 15 First Enbodinment Figs . 1 and 2 show an optical system of
the opticaliditckotPc@p6etdbAGdidctivielSiertitEhaEirst atltsepbhaadlagdck- up
is applied to an optical disc apparatus that is capable of 20

recor di ng/vepi Guechnghhbet RYVEF Wts andegetdhagladeasibeams ard alncdddenthi gh
and the CD whose recording density is relatively low. The optical system
recor ds/ r epx oches esb Fanates lienso/dsr paraideldVbeamsshown in Fig . 1, and it
reproduces signal fromthe CD as shown in Fig 2. Fig. 3Ais a
cross-sectional view of the 25 objective lens used in the optical system of
Figs. 1 and 2. As shown in Figs. 1 and 2) the optical systemincludes a

[ BIel &k i heeh &6 aayAns Drgwdngsm 20, WD 00/ 54262
9 0 3 SEP 2p~ PCTIJP00101213 an objective lens 30 and a |ight receiving
portion 40. The Bightl shawse ghorantdisalo siys tamowidddenioptieal rxkck-up
sem conductor laser 11 that emts a first |aser beam having rel atively
short waveR@eREHhP tthf IAT iemhoddanent sdddh@ $¥Miiconductor |aser 5 12
that emts a second | aser beam having relatively |ong wavel engt h when the
CD is used, a pdiifi A FQoWEarepPPELERL 1Y SR LT IING RRIGFCF R UP The

| i ght i 10 | ecti I its the first_ | b dth
second | astrCHRAT TiRk 1% ot L5t IARIRGH (Edr 5LED e ar ranged such ¢ hat
10 the first | b N i i dent t h I i zi b itt 13

- pol 301 zed |1 gHiLg- AiEne SEUERP i aR R oF able I eEELF iRt sion
that the Sfﬁoﬁ?e'c?éﬂcé’faé%éedx nacécdoeztgin%' to the first embodiment;

Fig. 3B is an enlarged view of a peripheral region of the

pra ~A"

objective lens in Fig. 3A;
Fig. 4 is a cross-sectional view of an objective lens in
15 an optical system according to a second embodiment;
Fig. 5 is a lens diagram of an objective lens according
to a first numerical example with the DVD;
Fig. 6A is a graph showing spherical aberration of the
optical system in Fig. 5;
20 Fig. 6Bis a graphshowingastigmatismof theoptical system
in Fig. 5;
Fig. 7 is a lens diagram of the objective lens according
to the first numerical example with the CD;
Fig. 8A is a graph showing spherical aberration of the
25 optical system in Fig. 7;
Fig. 8Bisagraphshowingastigmatismof theopticalsystem

in Fig. 7:



the polarizing beamsplitter 13 as an S-polarized light. The col | i mator
‘lens 14 is a single piece positive lens 15 that has refrac i&/éﬂbcemr to
convert the divergent beamfromthe first sem conductor Ia,g(g@{ljtfmb%éo a
_parall el WOMR26¢he first |aser beamfrgmthe first semicon 0 er 11
is incident on the objective lens 30 as a parallel beamas shown in Fig. 1.
On the other hand, the second | aser beam fromthe second 20 sem conduct or
| aser 12 is incident on the objective lens as a divergent beam as shown in
Fig. 2. The beamjghapi 18/ eRAH ARG 8P 2R oWPbekile LONP ARSI 1Py Pai r
of prisms 21 and 22 , shapes cross sections of the |aser beans and reflects

the refl eciceth RRYBHY PRire?a cON! iesimpdies iRVWD t2fe Q¥viSD to be incident on the

|l ight receiving portion 40. The objective |l ens 30) which is made from

pl astic such asrRMVALORASLiS $idiGiph Bhot@ngeBpheasalf kbekrraddofespnthd ens
surfaces 0 3 SEP 2t' 03 WD 00/ $4262 PCT/JP00101213 _ 10 30a and 30b are
aspheri caloptimlolsystedh i@ [Faes 3G converges the | aser beam fromthe |ight
source portion 10 onto a recording |ayer of the optical disc DVD or CD. A
transnbttance cadig.olloBngsphageraphashomgildg astigmatdsmnof fiss iquieteadlr egi on
of the first 5 surface 30a, and acentral region is forned as a conti nuous
surface 3lswatese dgy ddg.séction along the radial direction is a single
curve. The light receiving portion 40 includes a condenser lens 41 to
converge the reffligct &l 1§ ghtee sihagnam phcthe oh Jactivgpilagssegpeendimg prism
20 , a polarizing beamsplitter 42 , a pair of cylindrical |enses 43 and 45
, and a pdiq tdfe Feaade namegilsads exnpprde witle §he s€D4 aser beamrefl ected
fromthe optical_ disc passes through the polarizi n%_ beamsplitter 42 and
the cylindri cal Bighe 123 18 STaR) dDRVIAY SRBSEAGAL BREF5AELER! OF T 44
The second | aser. beamreflected fromthe optical disc is reflected by the
pol ar £9i nPHeHAls AYgHeS M Fddt Jdssé@®% hrough the cylindrical |ens 45 to

be incident on e second photodetector 46. A detail of the objective |ens
50 wi il be desciih LAl Aeb8 PERBRoREEVEES FRBLIoRATAAT 9F The POSHAL 4
cross-sectional v e¥¥,.of t,he objective lens 30 and Fig. 3His an enlarged
vi ew of thseyqunfﬁﬁ% a9 regi'on . The transnittance controlli ng phase grating

32 in the peripheral region is forned as a plurality of concentric grooves
and has a wavel engt h dependence such that the 25 transmttance for the

first lasgyq fodi B and abddigdd@sm ttance for the second | aser
beam Eac | ar cross-section in a plane
cont ahgi ng an opti cal WO 00/ 54262 11 PCT/JP00/ 01213

First Embodiment

Figs. 1 and 2 show an optical system of the optical pick-up
according toafirst embodiment. The optical pick-upis applied
to an optical disc apparatus that 1is capable of

20 recording/reproducing the DVD whose recording density is
relatively high and the CD whose recording density is relatively
low. The optical system records/reproduces signals into/from
the DVD as shown in Fig. 1, and it reproduces signal from the
CD as shown in Fig 2. Fig. 3A is a cross-sectional view of the

25 objective lens used in the optical s;ystem of Figs. 1 and 2.

As shown in Figs. 1 and 2, the optical system includes

a light source portion 10, a beam shaping/separating prism 20,



axis Ax of the objective lens 30. Nanely, side walls 32a of the grooves are
"substantially parallel to the optical axis Ax, recessed surf®cgp ﬁﬁ? of the
grooves rotuberant surfaces 32c between the grooves tially
_coincideﬁ@HMEfﬁéthe 5 macroscopi ¢ shape of the |ens surfagéeTégQ%%%?ively.
The first surface 30a is defined as a Virtual surface that contains the
prot uberant surfaces 32c. Further, an internediate surface 30c is defined
as a virtual surface that contains the recessed surfaces 32b as shown by a

dotted | i g8 dyddhvenkiyd BEald { Pind & AN AIRBL L1 LA CCONhGUAsur T ace

31 in the centT region is colncident Irst surface wever,

the contiBUQwseSYsEaESn 3b mygfsvgeéaqmﬁma W g+t gmi B SERRELRLRa YN T ace
30c. It should be noted that Fig. 3A enphasizes the grooves as conpared

with the agtuslatcossitsiChl Fhrdy | Ba568F HEHRE M&TiAGNLE18KAVELY IshHte
formed in the actual construction. Since the transmttance controlling

phase gr atiake13agrhowhdasthe gher il aged,! hapeeohar sémtcdndeétdbASRisdean)
the first | aser beam passes not only the central region but also the

peri pheralizr egiaon emiteaoljesdidelhsag HbamshaviggukelativeQyNAdrg t he
objective lens 30 for the first |aser beam becones relatively high , which
f orms theavedenhgtthawhepothéhed is uswd,al pollerizhiagDamSprettée 13
transmttance controlling phase grating 32 cuts off the second | aser beam
t he seconcndaserlbitnatprnisas lidhe CThaetlight?Sonege porahby.l0As=rearswdly t he
NA of the objective lens for the second | aser beam becones rel atively | ow)
whi ch f or emittise ther Fd riséahasest belamt angl silie s eorddrlases Gdam. 0 3 SEP 2pp3
WO 00/ 54z62 PCTIJP00/ 01213 ' 12 The peripheral region is outside of the
transmtting redhenfadrstheempsendyefprnadaseg adlpisdererngedispeh ridwpl red
for the optical disk having | ower recordi ng density. Since the NA required

f or the ¢DES1EHHI@sET bgam is {ngident Hethe pelabizing bepmspkittrRys
outside of the transnmitting_ region of the | aser beam having NA = 0.45, for
exanpl e. TFie2frankTR?Iamtzee ottt 1 97§ Fhes&egrRE AgME2oRAYEECEpI3te pat h
difference that is e | to "p" tines is_integer) of the wavel ength of
tlhe first Hzaééralﬁﬁﬁﬁggﬁos‘?‘ﬁ%t@q%t é&?ﬁals(et%%lla(f @?""5‘“ %Fn%%c%éei"% ‘?‘ht eger)
of the wavel engt.h of the second | aser am Wen_the optical th

di ffer encet%es pgﬁ'airﬁ‘tzé'é‘rgalbeﬁﬂl ﬁpp}lig:%:rﬁr B%e RV e%'g‘?‘ﬁ];a"g"r?eo‘%tjrﬁ%?tf uncti on
of the phase gratin LS .,.the ne,as fla rf i tho [ es, the
| aser bgam pagsg‘?ewgfégﬁhéﬁm?r é‘%g‘r?‘i tltgaﬁge.a éinﬁgg gg%‘é& éu% %?“?%%‘é% t he
opticas pat tdthseE-%EE‘acltiv'é' Waef F$ Qog" H”‘Eﬁe%ﬁ%‘ﬁg%‘ﬁ’ée{:é&gt o €

| aser “beam t hr ough the recess Surface 355 counteracts € Faser beam

t hrough t hg, ¢ Pt ekaibotdikies Bdfer Mifxﬁa Q‘ﬁﬁ:ﬁxltﬂé@. BdARS My AR ¢

Requirenments for the transmttance controlling phase 20 grating 32 are
listed as f&drOWeam from the first semiconductor laser 11 is incident

on the objective lens 30 as a parallel beam as shown in Fig.
1. On the other hand, the second laser beam from the second

20 semiconductor laser 12 is incident on the objective lens as a
divergent beam as shown in Fig. 2.

The beam shaping/separating prism 20, which is composed
of a pair of prisms 21 and 22, shapes cross sections of the laser
beams and reflects the reflected beam from the optical disc DVD

25 or CD to be incident on the light receiving portion 40.
The objective lens 30, which is made from plastic such

asPMMA, isasinglepiece lenswhose first andsecondlens surfaces



(a) To maxim ze the transmttance of the first |aser beamas a zero order
diffraction light (non-diffraction light); ( b ) to mnlmzeatbf_ap

transmt the second | aser beam as a zero order di ff i ght;
.and 25 ( 0?5[48J2m nimze the incident |ight quantity of t he @%@ﬁﬁ”ﬁaser
beamthat is diffracted by the transnit®ance controlling phase grating 32
and is incident on the photodetectors 44 and 46. 0 3SEP 2003 W

001 54262 PCT/JP00/ 01213 13 ' Regarding the diffraction by the transmttance
oo ben i aRaraBhAbadadiner BED | Hh I fARNES 18RE B0k ohUR £ BREON

| aser beam t hat |s |nC| € op tlcal sc 'S an 05| e nd

(nunber wihh fréﬁ&@lebj;'{_%ser %\g:g% ?ﬁ?@f%"ﬂ(ﬁ @B%e% Pt’rhg?ﬂe

diffractive order of e second IS re ecte rom

opti cal dnagemﬂaﬁﬁemﬁwm BObY- ci he p@t{-éﬁ@r&iffeahé@ésat%ag&hﬁave' S

al ong the sane optical  path as the non-diffraction [aser beam an

reaches tbﬁa@ﬁ%ﬁﬂﬁlﬁgt 93 1sFQbrmeathaepe\M1%etrlaq t8§L88 N r ek 1begam 10 is
diffracted at -1st order and the reflected llaser beamis diffracted at +| st

order 5 t hgudifbhtedd oanl asn theaMdd REL § falrRd dshec6RFEn@pLs sak-FRREN as
the .non-diffraction | aser beam Since the diffraction |laser beamis

di sper sed3avehoset epokar gectii®n alivng €hepraaakhl diredOlsePHI68nghe
recorded signal ( the 15

i nt ensi t yelirkrer.ef | ect edbeantor r espondst oaver agedi ntensity anong nany
recorded signals and it is alnbst constant. The constant conmponent gives a
DC of fset to th®heepightcrewpisiigmppoatndohosrincdndssN\a radridenséreiehere, it
is inmportant to satisfy not only the requirenents (a) and (b) but also (c).
20 The | aBde posiaamwexgeli fther enefléetedenligtet r beemsefireur ftdee BBlamand t he
prot uberant surface 32c along the optical axis direction reduces the
transifi tt ahéeiaaéswairmﬁl@aspngsmfw: f&f pedairdizingsbeam\amliftenel2pai cal
path difference is_an integral nultiple of the wavel ength. Thus, the

di f f er enc @225 HePedRdrHsaldeasestt T apiife and amf'eirp@%pas@pémtewpﬁace
shoul d be smal|l as possible to satisfy the_requirenment (a) and to ease
manuf act uffrRRd #Ra The ﬂrﬁ%lBFSFé?%ﬂfi‘P geflgecteqsssrn the epricahdisgep 2~
15-02-2001 14 JP 000001213 and~' g are snmall as ssible. There is_a
necessi t yPR§S8Fr f BRTOPEe th&gPR13LE24PRT; HRedR %-Ii§§€|r b&Am 3 mthe

I = f, I b d
mnimze ERAPARGSET genagd wa%a $PELABPY oBnBieaidingPREoae egtFP& -2
ig;ISISl er;?‘ Fion %Qvgi%lrzgrcl?dg ﬁ 5 S‘.e#lgfcg:eélmfgmdﬁ}? ocmaia%%]r di%é‘ﬁ the

Lhe: cond B F17S S<amT BPY 59%?‘?% , SBUTREE U AR e okl B

di ffer enc%h'e%yllirgﬁriémwgﬁg 4B to Be iﬂeiﬁe%.t?on #ﬂb SHEBnap %St‘ao’dettfé%tor
Dositional difference between the recessed surf ace an e pr ot uber ant

surface slaggng the aptxcal axis direction becones 3.90 qua when the | ens
whose refractive fndex is 1.5 is used ina~.r. Ib It is preexable that a
ratio of a ~ridahaBiadfl bherHeedIeed ifreSUehacsn kd 12 Ve Hdbd¥Fivdd Wikh
sd~aoent protuberant surface ~.s close to 1 : 1 to satisfy the

requi 20 ~emefierencde tolhbgs aBhcamd 3B.RFig. ¢ L sedchose- skt yional aridwn t he
otr.er hand, it zs preferable that the duty ratio 2D R1L : RRis not 1 : 1
to satisfyft hherchjectientldry 30 aharEfgr 8B it as endeayedr yitwe 6f thee.

pai nt o conprom se between the requirenents (b) and (c) that are

i nconpat i e ipheradaregboher ThHETerdndn bk aged dbntEoll shopbaselgatatomghi p
between a variation of the duty ratio R : R2 and rliffractian efficiencies
of the sed@nin the peripheral region is formed as apluralityof concentric

grooves and has a wavelength dependence such that the
25 transmittance for the first laser beam is higher than the
transmittance for the second laser beam. Each of the grooves

has a rectangular cross-section in a plane containing an optical



25 | aser beam when the optical path difference is equal to a half
“wavel ength. The diffraction efficienep is a ratio of the diffraction |ight
guantity to the incident Light quantity AVENDED SHEET  15-02- 2‘%)112
_expresseWOW/S4¥2cent age. TABLE 1 Diffr~ 15 5 PCT/IP00/01213
acti onDut yrati 000. 0%. 04. U9. 0l 6. 02S. 0-1140. 5%89. 535. 73Z. 226. 520. 3~20. 0%.. 03
.56.89.210. 110
*34.5%3. 61. 60. 10. 42. 2t 40. 0$0. 92. 3Z. 30. 90. 0f 51. 69 80. 00. $1.60.8 0 3 SEP

E?? Fract | B LES AR Ght CLRORCAFFFFLEL SBEF | St ) Neledsgois1hrcwbhEs, 38 Shoce cot
ni dent 64 REoby R BrkRe HEIRITY plnd foa K HR AN O BT |

order di fﬁfrﬁg:%tés%’& %h??éeé?%zﬁ%ﬁ%ﬁt ﬁiéﬁ%é‘sCéx{%b?co%%%%aﬁkaglﬁ%féciag about

100 Eun. sum o uantrty o nol s$Taser beam racted at
+|l st order td L a - ;
phot odet ec:f*t2 tg(r)%gﬁaég ﬁ%ﬂgtﬁ%‘f%y%gfe 'ltg ﬂggﬁg?‘é’?}g‘%g@ﬁ%‘g%{‘?ﬁ ggltg eat - 1st

order d OVWaa@rldiddRRld SRApdlb¥CtRdd eals s"ﬂﬁéac%,dﬁés%elé'@i@eﬂ?.e BiRL E_Q%EgCt 0z,

is equal to about 33%of the incident |ight quantity in an anp~.itude

val ue. 75 ge3¥ddee 30bhes defitheded af BerduhY s@tfdcd stHat?2ont@1A3 €heO- 75 .
0.25, the diffractive efficiency of the zero order diffraction |ight

becones 2p%otiibeddtlit Suffdcss 30Y. (i Fut fiee AVENDER eTiieidl a te\WA P 4362 16 0 3
SEP ~ PCT/JPOQO A 213 anplitude value) of the second | aser beamincident on

the transdst tGsfimerDds A | vIptphdseugfate nghaf tSntabner grd reckeseut he
beam spot on the optical disc , the beam spot forned by the second | aser
beam becommxrfiamessfablad showineba ddheeduainid iy Hiaf 3Bhe Imitde Fazet beam
that is diffracted at the predeterm ned order toward the optical disk and
i s diXdracmpdments thdesontfinheus muafiace Biniretheosentraheggiairodst ect or
beconmes about 10~. Therefore, the transmttance controlling phase grating
10 32 i s dedinmisierduehth tihe Hhestisuniaceolfawni Hgvweyedi ttimeon2ingoys( 3 )
is satisfied in at |east one pair of the recessed surface and the adjacent
pr ot uber afuEfiageéeé nay berpr s sdenhwithothe dptarmedipty sunfgce 3Pc. The
condition ( 2 ) or ( 3 ) is preferably satisfied in an inner half region of
t he peri pﬁé:r%llw‘t‘%%"r"&rﬂo’:ﬂ thot F gy jpemphagizes E;‘eﬁl?%’elﬁz‘i‘ﬁf°@$’§?@d~~~{ 3)
with the actual construction. A larger number of £iner grooves
15 are formed in the actual construction.

Since the transmittance controlling phase grating 32
provides higher transmittance for the first laser beam, the first
laser beam passes not only the central region but also the
peripheral region of the objective lens 30. As a result, an

20 NA of the objective lens 30 for the first laser beam becomes
relatively high, which forms the small beam spot that is suitable

for the DVD.
Since the transmittance controlling phase grating 32 cuts
off the second Laserbeam, the second laser beampasses thecentral
25 region only. As a result, the NA of the objective lens for the
second laser beam becomes relatively low, which forms the large

beam spot that is suitable for the CD.



‘When the duty ratio RI/R2 or its reciprocal nunber R2/Rl is _smaller than 1.
2, light quantity of the noise | aser beam becones too Iargg3 Wk 2003

VI oI at es %’h‘ﬁ'{;{‘%ﬁu' rement (c). Contrarily, when 20 the rati oBb,f ThRNess than

t heV der diffraction light_of the second | aser ean1exceeds 50~
|n the anplitude val ue, which vi ol at e&*t he requirenent (b). That is, the
beam spot becones too small for the CD. Further, the duty ratio Rl1 /R2 may
be constant in the entire 25 region of the peripheral region, while it is

preferable tWﬂTﬁéﬁbf&ﬁH@f&ﬂthf@AB@dﬁ¥§ﬁﬁé&@Eﬁ@@ﬁﬁhéﬁ&ﬁ%f@%téb@ﬂn'n a
radial direction in the peripheral region in order to find a better

00/54262 df thea 1’ braliCladkbHE/ 8 1728a806 PhiAkdCRAPEQFUI e EvReBhEhe

requirenents ( b ) and ( ¢ ) . The laser beam passi ng through the outer

portion idsptheapediphenatinggiovwetopebhuiag densadiice tdenspothéi RR rat her
than the | aser beam passing through the inner portion in the peripheral
regi on. Srddmeiredfor¢hedD i(s &bjushbodbd tee petipsheradl padicuisadkfinadt he .
outer portion in the peripheral region in order to avoid too rmuch reduction
of thé spa$ sitmide ofheheftamsmitttingprefépabbé thmilamenlbednunavdngf er ence
~ Rl,- R ~ may decrease towards the outer side fromthe inner side within
t he peri pli&ral 049 ofer l&xafmle.r ansnittance control ling phase grating whose
duty ratio RL : R2 equals x : y has the sanme optical performance as the
phase grating vwhtsetdamsnitiianceRiconfReoblagsphasex grakimer 32wgdMmeshe nol d
is manufactured by a precision |athe and the ob~eative lens is made as a
replica uePhgceheabl eiffarensdedthal 8 st eguadmesei dimss (pelsdngensr) the
easi er the manufacturi n% of the nold is . The width of the depression of
the nol d @brika ¥evedergthnet ip KiRStolasRE BPBMARY 1A S kT £AWadf tPhe | ens
Therefore, it referable that the condition RlL < R2 is satisfied in

the p&riphBral®- FegFgﬂ tHSCErPaPP?rl) n°t e Hae eIt (PR % 8ec088 o

other notLBAFs Pef he%eorgg PLfH yabht S4FE6TFOSR £ ?é&lﬁi& 8rad cover
lﬁYﬁLnelge%igﬁée c%%hﬂog’eéhisﬁgttﬁesstvggpigbgé LY o " RBaent of
e cco g i BVesheclRE A AR PR

conpensat aut’o- f'ocusing piCk-up.
laser beam passes with high transmittance. On the other hand,

15 when the optical path difference is "integer + 0.5" times of
the wavelength, the laser beam through the recessed surface 32b
counteracts the laser beam through the protuberant surface 32c,
which lowers the transmittance.

Requirements for the transmittance controlling phase

20 grating 32 are listed as follows:

(a) To maximize the transmittance of the first laser beam as
a zero order diffraction light (non-diffraction light);

(b) to minimize the transmittance of the second laser beam as
a zero order diffraction light: and

25 (c) tominimize the incident 1ight quantity of the second laser
beam that is diffracted by the transmittance controlling phase

grating 32 and is incident on the photodetectors 44 and 4e6.



Q 3 SEP 2WB PCTI JP0O0/ 01213 WD 00/ 542b2 18 Al though a paraxial beam spot
noves as the objective lens is noved, the change of the thi ckReSE’ @03t he
cover | aygjo gomanges spherical aberration. If the optical pi ﬁfgﬁﬂﬁﬂlé noves
the objective |l ens when the disc is re ced, wave front ab ( of.
the | aser beamis deteriorated. Since the objective lens 30 is designed to
mnimze the spherical aberration for the DVD, the spherical aberration

wi |l be overcorrected when the ob jective lens 30 is used for the CD under
the same conditiRegaftknef othe t heloptacedomi Cloyup ehet herhhsalk tegRAdI ment
changes the 10 convergence of the | aser beamincident on the objective |ens
30. That isonthellingtpHamecgraeanyix | nhetetie @Lafadjvecbiaer!danend0 as a
paral |l el beam while the second |aser beamis incident on the objective

| ens as a &@P¢endehaserdmeant Hhdtariger ndisiadity @rgense oftidag kiebt 15Saf the
greater the spherical aberration 15 in an under-corrected direction is.
Ther ef or e. °PREsikeleRuBber el nuuBphewilthl ambemppatis e dsibgh colihete veagent

| aser beam cancel s the over-corrected spherical aberration caused by the
cover |layePPEPleke YFlueh chedded dfifatiatdve ginmjler o5 lthes sasonllj kaseye | ens
50 accordi gg to . the second enbodi nent. For the purpose of the spherical
aberr at i on°EBPr &8RtontS aT8ELeEREL ViErenshet antigal mdysbe tawared thet he
central reg og. The diffractive |lens structure has wavel engt h 25 dependence
such t hat ’Bﬂ PALEFC LR thei T ERAGtEon haseE bammettavebs radndittecsame as

wavel engt h The objective lens 50 is provided

ihcident _Light increases.
with a D°§I‘€%‘?-£ f@%@i W)‘%’G-/ Baps31pEragbboniaser beam and iden reaches
controllin S ti 52 | n the peripheral region as with the ob
jective | ofa8 °?°°§?3‘et‘%g’rdi (FPE AT RN ths ol EhEr LNGHde AL ase  beand as a
| ur alyi | i n each. of which has a_wedge cross section in a
BI ane lcoE)%t glg n(?%gfﬁg%{né%p# catSgEaer ‘% e Bﬁﬁ%EﬁFgBi tRseH BeRPtLSt he

obj ective |,i ce_ port.i 10.selectively emits the first
and secondhlgg%ﬁ@%ee%% s+ul%[? £ %gtu‘ 't"-t'hgR i flgggﬁﬁ&t é’é’oﬁ'&sﬁﬁsé?a’ﬂe%"“a}%

inci dent 0816k tOl 88hE VSht £S5 S el | O Nugerical exanples
t hat correspollri]% to tﬁ@éo&gj’ﬂecti vggtgngg?%'ngﬁd%iﬁ%%ﬁﬂtq E%Fﬁ's—al?e%mand 4

will be desti¢cdathenateepabtesn Fid SRERTRLE LRC e t he

first exanple corresponds to ?5 Fi%% 3. T g?;g es!?gngth?aén%éée(:aogp?oﬁ?%@ phase

grating isated wndtha dpeider iR 8b FEFHORuLE 'El?@ fedgﬁefﬁigngfe.thgnd the

central region inside the peripheral region 1s torned as e-confi AUOuUs

ref radts veisterdsicey oi theie fllee®e@bedh Sorte & |
oPhderichionasimnl Aty

objective lens 30 according to the first exanple with t

shows t he ahergtmamny |msoRiedvdigides Gha l it shoubhimBetnebgdchhatl thige Phase
grating is not showmn in the | ens diagram The nunerical constructions

t her eof ar@OREERNY FemponeTARIEV@s aTDE efifsateso theardp#datephgseigndhe
objective lens 30 and the surfaces #3 and #4 represent the cover |ayer of
t he opticaln®3ouess amifdNsuatiee Mhexstorant st he impertari abesstudpge 30C

not only the requirements (a) and (b) but also (c).

20 The large positional difference between the recessed
surface 32b and the protuberant surface 32¢ along the optical
axis direction reduces the transmittance due to increasing of
diffraction loss, even if the optical path difference is an
integral multiple of the wavelength. Thus, the difference

25 Dbetween the recessed surface and the protuberant surface should
be small as possible to satisfy the requirement (a) and to ease

manufacturing. That is, it is preferable that the values "p”



(see Fig. 3A). In TABLE 2 , 7-1 ( unit : nm) denotes the wavel endShSE} 28%e
-0 3 SEP 2~~'"3 WD 00/54262 PCT/JP00101213 20 first | aser beanIforJ%pgoéaﬁi
154ﬁb%bd1unit . nm denotes the wavel ength of the second | aser beam-fo Ces
, 1 ( unit : nm) denotes the totak focal |ength when the DVD is used, fZ
“(unit : mm) denotes the total focal |ength when the CD is used, ML denotes
5 magni fication when the DVD is used, M2 denotes magnification when the CD

i s used

& Junit m denot es a .radi of curvature of a |leps surface (the

val ues Mt HE VA 8045 SRS - s’gﬁ?ﬁ%ejsﬁ 2 NRCERFLLY: tanjleksotes a

di st b f I t i cal is, N, .dengt

et r actTREe SR A af 10 aTEednErtet Vol sram P tRIAE A RR6S hunber

For t hesggox?&'q.agér"béaﬁt{ Eoif aﬁ&ﬁ%{l %gﬁé\” q:o't)ﬂl i d %&gs\?%en [ight
r

val ues are valid when the 1's use \V S USE %9 rst |aser

e

beam i s« nqi,ﬂfn ~0N j i I I bea obj ect

poi nt 15bi S ocgt éd al%]eefae%gibg%it'm 3‘2{%%&%%}5?%21% |F§?l§%¥f % of the

obj ect i ¥6116Wbnd®koddt ik Qtjer hand, when the CD is used, the second |aser
beamis incident on the ob jective lens 30 as a divergent beam the object
di stance fromtge &iNishasurbage +qhhe object point is -84.0 nm 20 Al of
the first surface 30a { surface #1 ) , the internediate surface 30c (

surface M anthichasigepadisniitas praghitaswefleattokd D) s@hitdeaedrdecti ve
|l ens 30 are rotationally symretrical aspherical surfaces. The rotationally

symmet r Laadraspitesn citle firkacearalengtiessked Hyss50hanf ahfowhagsespwed i on: 2 25
~h) = h c + Adh4d + A6h6 + ABha + Alohio + Al2hl2 + D1 + 1 - (1 + K-2C2
X(h) iswavehéhgtha2 iis, 780dust chive conddtéonvelf rdemsatisEled@2(RDPN25 21 0 3
SEp 2p~ JP 000001213 tangential plane at a point on the surface where the
heilht frBrP3hd &5t i@ cR%iLea} Path Jifdereacesis kS amuwbep p/¥)3 of the
vertex of .the surface, Kis a conic constant, A, A?. A8, A~o A~~ and d are
aspberi 88P SuTfdce DoSHFRCRRRE® of LR RIS tiGnadH ALEFGRERCE BREYEeR wel f t h

.nd d ively.. T K,and _coeff.jcien~is A
it ough AP aasyel FUERBGA 1A 1S TV RIS SoPA BT | HFe 1 ~650nm

F1~4. 00000 ; M2 QaQe L 21 L8O 2540385 ™0™ (O3 ReR! Hrd Clens whose
refractive index is 1.5 is used in air.

15 It is preferable that a xratio of a width R1 of the recessed
surface té: 2 width R2 of the adjacent protuberant surface is close
tol :1tosatisfythe requirement (b). TheratioRl/R2 is defined

| as a duty ratio.
On the other hand, it is preferable that the duty ratio

20 Rl : R2 is not 1 : 1 to satisfy the requirement (c). Therefors,
it is necessary to find a point of compromise betwsen the
requirements (b) and (c) that are incompatible with each other.
The following TAELE 1 shows relationship between a variation of
the duty ratio Rl : R2 and Aiffraction efficiencies of the second

25 laser beam when the optical path difference is equal to a half
wavelength. The diffraction efficiency is a ratic of <the

diffraction 1light quantity to the dincident light quantity
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5 objective |l ens 30 according to the first exanple when the DVD 0 3 SEP p~

JP 00006%pXes#gd by -pRIgmEYe? - 8. 365x10' a 0.0vo 0. 000 0.00a 0.000 Figs.

6A and 6H show third ordez~ aberrations of the 8A and 88 show the spheri cal

aberration and the astigmati smo the objective |lens 30 when the CD is used

at vvava&ggghh of 2?80 nrn. TABLE 4 shows the construction of the

t z~ans c® is used at wavel ength of 650 nm Fig. 6A shows spheri cal

aberr at 'Pg@f/?f\ and sinra condition SC, Fig. 6H shows astigmatism (S:

Sagitta Meridional) . rn Figs. 6A and 6H, the vertical ages represent

nu icglegpgrture NA and gntal axis lu represent anount of
abg‘r%r azion_ qunl ts og the axe’%’h%rgt Figs,. 15 controlling phase

grating J ty=lat | J%@- alos‘j%% 3 Q. 9. ONEEDS)% al val ues

i n TABL represen e drs T fTronrt axTs. T TABLE 4~, the

distance & represegts a fagius ofy g circlg, 5hat '];36 tboundar)é ?et ween the
recessed surface 32b and the protuberant surface 32b. Each of  concentric

rings 20.0f thesgemessedgsurfacegg3gb andzjhe projgileer ant ,gurfaces 32c 25
are defined by the radius of the inner boundary circle ang t'he radi us of
t he out ex2boundaz.O% circleo TABL-3 4 showsgt be range 20f radii_jof the inner
and outer boundazy circles for each of the z~ecessed surfaces 32b and the
prol@beradt surféacds 32b3.FABLE 4 R ot ubedabt ~iold.av x 2.2

=4 0.0% 0.8 2.3 2.3 0.9 0.0

*5 1.6% 0.8 0.0 0.8 1.6 0.8

When the duty ratiois 0.5 1 0.5, the zeroc order dlffraction
15 light (non-diffracted light) is 0.0%, the beam spot does not
becomes t'oo small for the CD. However, 81l% of the sesond laser
beam incldent on the transmittance controlling phase grating 32
becomes x1lst order diffraction light that spreads over a cixcle
whose diameter is about 100 pm. The sum of the quantity of the
20 nolse laser beam diffracted at +1st order toward the optical disc
and at -lst order toward the photodetector, and the quantity of
the noise laser beam diffracted at -lst order towaxd the optical
disc and at +1st oxrder toward the photodetectoxr, is egqual to about

33% of the incldent light quantity in an amplitude value.
25 Cn the other hand, when the duty ratio is 0.25 : 0.75 or

0.75 : 0.25, the diffractive efficiency of the 2zero arder

diffraction light becomes 25%. In such a case, 50% (in the
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-1.9011. 901 -1.9301.930 -1.9581.958 -1.9865 1.986 -2.0132. 0#39 -SEP0xep. 039

-2.0662. 12.091 -2.1172.117 -2.1422.142 -2.1662. 16 91
-2.2142. g@ﬁ“”%“ggslo 2.238 -2.2612.261 ;2. 2842. 284 -2. 3072§§3%"b§&§:%2 329
_2.3512.351 -2.3732.373- 2.400 0 3 SEP¥pp3 PCT/ JP00/ 01213 15 The

internmedi ate surf ace 30c contains the recessed surfaces 32b and the first
surface 30a contains the protuberant surfaces 32b. For instance, the

continuousahBiifeléveaive)aee Thd dbcodl) Safes iaea&721ac1@e&9nbal '%ﬁé in
the internmedi ate surface 30c, and the next ring ( 1. 872 s h s 1. )

becones t herghshibeanse c%%t&*é&ﬁ&@z@ ph@de gTadainRcglant cohvBryba £o E%'&:m
surface 30a. In this respect, the lens of the first exanple is different

fromthe | ene Se@iVBHot bhgthsAptAell diecjutier Béam ¢50® forfmed by the, the
second | aser beam (780 nm does not pass the transmttance controlling

phase 25 gsatbong Basas bdum beromesdebodshiAldctoOrtid @i, aTn@cgtiankady | n
this case, the transmittance controlling phase grating 32 can reduce the

| i ght @&nmouof tdie hbd sectaselr baaer theamsibf pacted at WReOPred2G2radned3 SEP
2C03 PCT/.1P00/ 01213 width. Thus, the transmttance controlling phase
grating 32ordefotrowadrdntidepercgihetiak ragi ds thiffrasted stdehef oxderci rcl e
whose radius is about 1.9 nm This circle corresponds to the central region
t hr ough whp€hthéeonpasirtehoanbhaviogand the pho Yodled@sto1s balpmme sh @bty
ratio R : R equals O . 7 : 0. 3 ( the construction of the transmttance
control | i n§Ofhase grating 32 may be designed as the following TABLE 5. Iri
such a case, transmttance of the second | aser beam ( 780 nm as the zero
order diffracti oRRPFHRPTEs G tnansmitiange contaodddnbpPhasfe gFaddngr ati ng
32 requires 10 wider wwdth to sufficiently reduce the |ight anmount of the
secondtq aséP HEaAPSHEREd YR tthads Ang &ﬁcéh@oﬁpﬂépf"i‘-ﬁg GRESL tdons )32 is

formed in thg eripheral region that is outside of the circle_whose radius
(s about 1% &) 18 SeiksrLethinaiLeaRt A9 BRAEAT i

.616) 1. 616- 1 371 637 -1.6841 684 -1.70420 704 1. 7527 752 -1 %gl 769
-1 8121. 812 cefitg/pFo ?Eerin oUBERCE 1 &30 FOPRFOMLEs £

I8k I e A R
3 2500 S5hentoBhdh HantuSGRE Sl el 400 BBSRCEE eon

15 1.2 < R1/R2 ¢ 3.0 **(2)

1.2 < R2/R1 ¢ 3.0 **(3)

When the duty ratio R1/R2 or its reciprocal number R2/R1
issmallerthanl.2, lightquantityof thenoise laser beambecomes
too large, whichviolates the requirement (c). Contrarily, when

20 the ratio is larger than 3.0, the zero order diffraction light
of the second laser beam exceeds 50% in the amplitude wvalue,
which violates the requirement (b). That is, the beam spot
becomes too small for the CD.

Further, the duty ratio R1/R2 may be constant in the entire

25 region of the peripheral region, while 1t is preferable that
the duty ratio R1/R2 varies depending on a position in a radial

direction in the peripheral region in order to find a better



0 3 SEP 2('13 PCT/JP00/ 01213 In the exanples shown in TABLES 4 and 5, the
duty ratio is constant in the entire region of the peripheddl SkRe@iBn . On

t he ot he in the exanple shown in TABLE 6, an absolu i shce ~
Rl - R2 {ydc]‘g’(/:%?ze%ses towards the outer ﬁl de fromthe inner gﬁf?@r‘nﬁﬁe -
e

peri pheral region. The duty ratio int innernost sideis 0. 7: 0. 3
and that gradually varies to approach 0.5 . 0.5. TABLE 6 Protuberant
Surface Hol |l ow Surface 2.0l 3 -2.0522. 066 -2.1042. 117 -2.1522. 166

-2.1982. 2pbink 38 Tbnffrbmide?BEEwdln tie FtYhiTehents3 (D )(And00:) 2. @hd) 2. 052
-2.0662. 104 -2.1172.152 -2.1662. 198 -2.2142.243 -2.2612.287- 2.3072. 329-

2. 3512. 373-as2ribéam pAEsidIgc4A63dugh the otife 2 f0reCoh] PAOEHE 23 1ptearad
Exanpl e The objective | ens of the second exanple corresponds to Fig. 4 .
The transmegianceortributids ng qEthere yhetspot S2zpsrdtheedhan hhe laser
peri pheral region of the first surface, and the diffractive |lens structure
51 that cdezanbasebnd hbrepgbtihcalnmér poattiion is therpedipherad megritonal
region inside the peripheral region. Fig. 9 is a |lens diagram of an
obj ect$ ve Thense B0l zarsntd( h) shoul Adessabhsif bad pprs iwulianliyeimybe obitgr 11
shows the objective lens 10 50 with the CD. The numerical constructions
t her eof ameXid9Ey itBedhenpEnBpEeralArpOdeal iny ogfieofoe@vdid rjamysmupte
formed on the first surface 50a of the objective lens 50. A nunber Nis
assi gned tREBHHoFF of hehe RN Edize -r | Fhsrefpeenuhbels @refrraklg dhals
including the optical_ axis Ax ii 0" and the nunber increases toward the
out si de. TRTeaPFRYNTGISE STARGS R RE | FRB ARCTRRSH SOMGEASITRR QUReT
diffractive | e structuyre each _of which has a dge cr.oss section in a
pl ane contsailiérﬁ %%é:%&pthBSF gtAe ﬂ%#h’cf‘ﬁetﬁenagégvﬁg‘?é%m“are | ar ger
t han are forped 20 fransmit controllin has ratj 52.
Sincetfne di {11 A8 soafent CEephErerRtaETE g ThdTR SR IR A S el Ok
spheri cal gpﬁr io tq.the. e of thickne he.cover | ayer, the
first and secoJrlgtll é;heérj%%ge?% gr'e %’%%dgﬁf‘ %ﬁmfghgep%%fgjcté%gf?gﬁ%n%% %gs
par al | el t}g?gp i ogpen ropatjc aqu_r i on of
the collimato h?%%gg\%ﬁgﬁg%@%{)?gé?iﬁ/%ﬁ%e%g .5%§t§§ut%|nles e’c%hd exz;‘rrrr%tfe' is
used. when the mold is manufactured by a precision lathe and the
objective lens is made as a replica using the mold, the wider
15 the depression of the mold is, the easier the manufacturing of
themold is. The width of the depression of the mold corresponds
to thewidth R2 of the protuberant surface of the lens. Therefore,
it is preferable that the condition R1 < R2 is satisfied in the
peripheral region, particularly in the outer portion thereof,
20 to eases manufacturing of the mold.
The DVD and the CD are different to each other not only
in the recording density but also in a thickness of a cover layer.
The cover layer of the CD has the thickness of 1.2 mm, and the
thickness of the cover layer of the DVD is 0.6 mm. The
25 displacement of the recording layer due to the difference of

the cover layers can be compensated by a auto-focusing mechanism

provided in the optical pick-up.
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0 3 SEP 2003 JP 00000121 15-02-2001 2i TABLE 8 shows the ra.éi%&} %53the

rings rahose nunber is o thrd4ugh 16 . TABLE 9 shOwS cpnst ant ;3 n

coefftei e&gso }gZM%hrough .Al= and 0 of a base durve of the First surface 50a
1%9°8%hi n the 15th zi ng and i?e second surface SWT’(%qﬂfoi‘Qée #2).

5 The base aur”~e is a macroscopi ¢ shape” of the surface w thout

diffraat3.ve structure, TABLE 7 ~. 1=fi50nm fl=3.30mm | d ~2=780nm

f2=3.32tran Surf a.ce Nunber r ~) 65,Q n784 #1 Z.11906 2. 40000 1.54082

1.5367T 55.5 #2 . B 0L i 0 1.
573db 29 . 9 r #ﬁzﬁgiﬁgié agagg%ggggoge;ﬁ@&gﬁvi@ 8% J-tfez%ﬁ%% Y 18

- 0. 689102. 283n0veB22Ne 6i8éh g 0338A4 idAkneb 368 3th$33ved: PabdR bnanBes
-1.39144.935- 1.017z31.391- 1.42225 51.01"'7- 1.085141.422- 1.45261.°085-
1..1431 51. épBericé4B0@bet#8tidnl1951 H1tHE bpth GO PENRED BfIEF hovesl2n@2- 2001
8 ~1.195 - 1.241 TABLE 9 SLrface ,~~1 ~, Zrf~r x -a.~aoa 0.0000 1D 15 20
25 objective lens when the disc is replaced, wave front aberration
A4-0.2560x10- " 0. 18%2x10- ~Afi - 0. $4TOx10' ~- 0. 5235x10- zA80. $$0OxI O~' ~0. 3275r O-
~A10- 0.57500£18h&018885xt€amAl £-de 62BDaratedD. FIHEd theSHB #rtine028881213
The diffractive lens structure 51 is a diffraative | ens whose bl azed
wavel engt h3Psis7designed vnmaddmiizenthe aphiecdlcanaibeteagisn addethdpvpa phase
grating structure is expressed by the follow ng optical path difference
functi on ~tRgspheripalafemragtionwplhbeovRrzorrected whén xhEobjeeteveZ, P4
and P9 are_coefficients of second, fourth and sixth orders, h is a height
fromthe opBREA0 agjuseddor the G yndeythesamergpnditien f ufberesore(h)
represents ﬁn %g)é:iaai path di f~e="enCe between an imaginary ray that is
assumed nofPfo RFLF3F r RLCKaBPhyOF hdhgr F3 TRt asmbeddmenthacharges f thect ed
by thﬁr grating at _a point. on the phase grating structure where the hei ght
rom t H& opPPREPTERRCE RE Hhe plaser Beam drgisientien sthpotgeativephens

a Fresnel |ens having a | arge nunber of

rating structyge is defjned ik
goncen?ri Cﬁb‘_ ulchat sis. er éjirst %.aser beam is incident on the objective

lens 30 as aparallel beam, while the second laser beamis incident
oq the objective lens as a divergent beam. The larger the
divergence of the 1ight is, the greater the spherical aberration
15 1in an under-corrected direction is. Therefore, the
under-corrected spherical aberration due to the divergent laser
beam cancels the over-corrected spherical aberration caused by

the cover layer of the CD.

20 Second Embodiment

Fig. 4 shows an objective lens 50 according to the second
embodiment. For the purpose of the spherical aberration
correction, a diffractive lens structure may be formed in the
central region. The diffractive lens structure has wavelength

25 dependence such that spherical ab.erration varies in the
undercorrected direction as wavelength of incident 1light

increases. The objective 1lens 50 1is provided with a



AMENDED SHEET  ~15-02-2001 0 3 SEP 2~~p~ J P 000001213 29 rings. The
actual shape ~' (h) is defined by subtracting J~ x m(m: iBt®&§EP)2W%~om
~(h) as ~?'" (h)y=(MXDt1?~h=+ F,h" + .+ C 1) _ C r ~hol C
d.s a co&&h‘ﬁ%ﬁefi ning a phase at a bl[undary bet ween 5 ad)é)g}g/éln;{worl?}nsgs (0 ~
1). The function MOD(Xx, y) represents e remai nder when x is divided by vy.
MOD( Prhzt Pth4+ +C, 1) is equal to zero at the boundary. The priass grating
structure is ornted on the base curve: that is the | ens surface of the

refractiverAgSfitthiebi 86812811 8hgPsndde (hRatidly 5 @RS ;ﬁéegéﬁﬁﬁrﬁgﬁ% > gch

that 10 the optical path differences rsre defined bg ~' (h

3adi cat esprsgspREd wattoehbi 6b$8E61 06 19800 d,, dRafHK WAerTaxiAveciohsh and
tenth ordsrs P~, P,, Ps) Ps and P,o of the optical path difference function

4?(h) to getastutses TitHdy aet Foembendss at puUakEN€tdlof lcohbleht}d cPRings 3272 P4
-1.5269 P6 -5.5184x10't 20 P8 1.8292X20-" PIO -1.6178x24-1 Further, the

i nci dent eachasewinfch g iangedake Cebsshsactben i a plaret bopugbnifgare
defined blr substituting the Curvature C. ~, 25 the conic constant K' and

t he céef faniopitiga®-axishr oWlyén Alle\opbilcal Shicokruphadépts the obhjebeivtelLow ng
aspherical fornzula. AVENDED SHEET  15-02-2001 30 p 3 SEP 2003 J P
0000012131eh3 50 ,hZlthl Right-seured portbonAl O-delectifrely-bmits the first

and second laser beams such that the first and second laser beams

are incident on the objective lens 50 as parallel beams.

10 Numerical examples that correspond to the objective lenses

30 and 50 shown in Figs. 3 and 4 will be described hereinafter.

First example

The objective lens of the first example corresponds to

15 Fig. 3. The transmittance controlling phase grating is formed
in the peripheral region of the first surface, and the central
region inside the peripheral region is formed as the continuous
refractive surface without grooves. Fig. 5 is a lens diagram

of an obJjective lens 30 according to the £irst example with the

20 DVD. Fig. 7 shows the objective lens 30 with the CD. It should
be noted that the phase grating is not shown in the lens diagram.

The numerical constructions thereof are described in TABLE

2. The surfaces #1 and #2 represent the objective lens 30 and

the surfaces #3 and #4 represent the cover layer of the optical

25 disc. The surface M represents the intermediate surface 30c

(see Fig. 3A).

In TABLE 2, A, (unit : nm) denotes the wavelength of the



1 +i - (1 + ~cHb~c '8~ TABLE 11 rN ~ 2.08970 t 0.000~167§I(\}%3 gNZF:-QAOO
AAN =-7.400x10" 4-t-1.5625x10- ~xN A6N d 1.000x10-5 A8N --1. £0' 4¥%z0on -
5.104x, 1 2N =-1.280x10- $+1. 8750x10' exN : ~N --0. 00~. 2% uty
-ratio of %@%“%nsw, .ttanae controll izgg pha. sa grating 52‘}2’8§ [ c"rzh?éﬁ -
conposed of the rings whose nunber rr “7i.s 15 larger than 17 ( may be
desi gned as the sane manner in the first exanple. ~Tha m n~. mum w dt h of
the ring should be |arger than 10 Nm The recessed surfaces aad the

pr ot uber a rf i i e L i rfiaces
Phat ‘are BoFrsad s PoBEoE TR R QA5 S Er KB LRR IR S amig e el
Surface ro2. &9 Gecbr)I83e¥Sodam o34 @he. OD S F;0(4Hit8: mPlchoklks thb -
730. x1a'° AMENDED SHEET ~ p 3 SAP 2~3 15-02-2001 ~ JP 000001213 31 A6 ‘'

-L. 260x10%tptal. POO&B. XEngtASwhen 230X D¥D 16 Usgdix 1@, AlRiti: AMOXEGnotess70X10'
Al2 -6.230x10-6 -6.200x10-6 5 a 0.015624 -0. QL9230 The transm ttanoe
control | i ngephastayr £vicad chendth f wherd i oDl Visanuk¥de Olr-edenoted ens as
t he above descri bed exanpl es, but also on a separate el enent such as a flat
pl at e @rr magadficasidpacwhent the MVhhjsectsed, Mgndenotassmabnafdamtior he
phase grating can be formed by |ithography, which eases to fottrt sharp
edges of whengthwdsisfugader)(draken mhp Geneaws &txadius af cokivietpgehase
grating is ferrned on the flat plate, the diffractive |ight whose

diffracti e§ ér dens surfiaceer(dhies vaituesf fatbythe heepigx | fof @Sphleaidalecti ve
|l ens os the like, which zeduces the noise | aser beamthat goes back to the
phot odet e SHSE acARENDEDUSKHERTMM) BRngrtex)d BiF tanseroet9ged D SOTERLR B2 1.
An optical. systemof an optical gick-~:p that is capable of using at | east
two typesadpPngptih@alorfilsad [aNE,., OF denotes ¢ ffefragtieeoinfiay @nsty,
including a light source portion [Ifl ] for selectively emtting a first

| aser 1HeaWRYRARNI R sk e FRIOE 9f\AM bPENEERDAREY o ROt TR and d

first |aser, beany and an objectjve |l ens [3 or, converging.said_|aser beam
front sa 8% GREESALEER BFE; THLIE WGP GRaDYR heqBRatng Ty veres C
optical disgc, vogﬁr ag %ri %gld gﬁ that sgid objective lens (30] is

grovi dedwfFat’? gm Ané8coht 81 FFR phase grating j32 in a peripheral

region that 1s SR §8e0hvb s ANEMhld 1 A630090d Bhaln 9 LA ddSE Peam
on the objective lens 30 as a parallel beam, an object point
15 1is located at an infinite distance from the first surface of
the objective lens 30. On the other hand, when the CD is used,
the second laser beam is incident on the objective lens 30 as
a divergent beam, the object distance from the f£irst surface
to the object point is -84.0 mm.
20 All of the first surface 30a (surface #1), the intermediate
surface 30c (surface M) and the second surface 30b (surface #2)
of the objective lens 30 are rotationally symmetrical aspherical
surfaces. The rotationally symmetrical aspherical surface is
expressed by the following equation:
hZc

1+ 41 -1+ KhZ?

25 Xh) = + Agh* + AGh® + Agh® + A h!% + A;on'? 4 A

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



for said ogtical disk [CD] having |lower record~, ng density, wherepry §g§g&n

- transmittance ovntrolling phase grating [32 ] is formed as a plurality

15&@ tric ring-shaped grooves to hare a wavel ez~gt h dependence suthOP0RR1213
zans~rittance for said first gg beamis higher than the

transm ttance for said second Iaser am wherein each of said grooves has

a rectangul ar cross- sectlon in a plane containing an optical axis [Ax] of

said objective lens [30j, si.da walls [32al of said grooves are

subst anttiaalgen tpataplte ta aapvﬂnoahl €8k Addeiiidre r&?&%%&%n%ugéeﬁes [ 32b
] of said groo ves and protuberant surfaoes f 32a | between™said grooves

are subshenspeddal eriscisdent Wﬂaqﬂ@ﬂ@&@t&ﬁﬁﬁ/r)léf%é{?@hQ 3 SEP
20p3 JP 000001213 3.3 macroscopi c shape of said |l ens surface) respectlvely,

wher ei n ofaittef sugtasdd reeoRd chaser cBgamEneatAs~x the fol | oy ng, ?Oﬂdl tion
(1?, and said transmttance controlling phase graflng (3Y) sHtisfies one of
t he fol laow Aagpterdralossrfads JcaatE(cgtSwfatokeant, engtRai eighrgai d
recessed surface [ 32b ] and the adjacent protuberant surface 32eJ; 0.al <
mi~2 <tenth,~-twelfth an& FAr¢-grdesds ) ref@ctiively .R2TR4 <oRsfant(B) where
~.1is the wavel ength of said first |aser beam ~2 is the ~xaval ength of

sai d seedfdcpreaffichenns Rithndugl i end dt hse ssheal dor ehesselllswifhgce and

t he adj acent protuberant surrece, respectively, in a radial, direction of
sai d omqéﬁﬁavé'lens [34]. 2. The optical system according to claim1l
wherein said transnB.ttance controlling phase grating gives optical path

di fference that is equal to "p' tinmes (p being an integer) of the
mavelena&% sald first laser '"beamcad that is equal to "qg + 0 . 5" tines
( g bei e 2~ .nteger ) of the wavel ength of said second | aser beam 3.
The t| al step acc in 3,aim2) whezein said magnifications "p
andl 5‘t65§’¥'§}‘ Fi- g%‘ﬁ‘&“ 9’1"§ S AVENDED SHEET

A2=780nm £2=4.03mm M2=-0.050
Surface

Number T a neso0 n789 Y

#1 2.49626 6.00361

15 M 2.49500 2.40000 1.54082 1.53677 55.6

]
#2 -10.78900 2.270/2.1l5

#3 ‘o 0.600/1.200 1,58030 1.57346 29.9
24 l:o
20 TABLE 3
Surface #1 Surface M Surface #2
r 2.49626 2.49500 -10.78900
K  -0.440 -0.440 0.000
A4 -5,865x10" -5.867x10™ 7.378x107°
25 A6  -2.887x10° -2.837x10° -9.690x10™
A8  -2.274x107 -2.274=107 - 2.830%x10°F
aAlo  3.393x10" 3.393x10° 1.500x%10"

AMENNFN QHFFT



3~~ 0 3 SEP 2()p3 4. The optical systemaccording to claims 1 th9§u§§f’ 20M
- wherein a ratio Rli R2 var~.es depending on a position in a radi alp 000001213
15-02+20¢1i on in said peripheral region, where Rl is a width of said recessed
surface and R2 is a wdth of the adj 2rent protuberant surface in a radial
direction of said ob~eative lens. TMe optical systeia according to claim4)
wherein an absolute diff erence ~ RlL - R2 ~ decrEases towards the cuter
side fr t he r .skde in said pepi pheral ion. 6. The optical system
accor di %‘312 c4 aﬁ%rﬂ’io wher &ién 3§§l"5 Ot'ransmi & Qﬂge controlling phase grating
satisfle % in at |east (%;e pai r of 5 g recessed surface and the
adj acera proPu Pant surfate® The opti P gystem accardi.ng to claim 2)
wherein a central region inside said peripheral region is a continuous
surface whose cross section along the radial direction is a single curves,

and wherein sgigsli Gl SoHr ?pgﬁgwqﬁﬂdec%f%élsy%g&é%%ea% éfr §_‘tneand

second be~as such that said first | aser I-nci dent

on sg~t dpqBLteehi Yenk en6 aéc@rm{galdoegheeeﬁeed | RGP0 'cf%r beam i s
i ncidant on said objective |ens as I ver gent e the opt 1 caI sgst em

accordi g ted N FavWNERGER. o2 F rAEt | Vi eNgASERHGLUIS Hes 4 c% pmed in a
central region inside said peripheral region, said d~.ffractive ens

struct UaRezgatQbHESA i@ sAnd abhBYt9bn CONCENlY. 6Bl iHBss anh gfatihifch has a
wedge crass section to knave wavel engt h dependence such that” spheri cal

aberr at 3sensagitesl ) M:t Merfiddonabx( eciredidsl c6A iamd 68, Wive lvaratilk Of

i ncident light increases, and wherein said |ight source portien

sel ect ~axelsqrepresesdli duhericadnapecturs Wearsd siheh Mdxdtzomdiad. fivist and
second | aser beans are ~.cident on said objective lens as parallel -beans. r
. A YO AQESREASSRLIANGRRG: of ALATTATION . ARIAS/GE KOS ARSR axe Nun] . AFLLGS.. Al (. A2.
AN. AS, @ A9. A9. A% AL. ALL. AL. L. Ah2. A. A@> kz/K;

z3WSEQS B98I 88 ViR iesa FeReriand apker Ealan G&Fcﬁ]‘ﬁa‘]-%’b‘]@%ﬁ]%%ﬁ%a]fca] ca] ca]

eh 7T | wih oby SR LR et 4 pilero hPeLFD A% SR 85 KAy ehaRate 4% A%%] cal caU
caj ca] cg]?;:a] ca] ca] ca] ca] ca] ca] ca] ca] cal; =u<{
M d{ O{ upKta\ Wrhc”Y] ca] ca] ca] cal ca] ca] c’\a] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal] ca

A Y,
%i?nqhg?lqcﬂg%] ca %g}fcg% S cl:é]alcc%}'ég%&a lc°aU] c%‘f‘ca] C%%séﬂictaﬁatuaﬁeca] ca] ca

Cfi]cl ! % ? #00 2" ?_E_EC@L ﬁé?ﬂ&?r%ﬁ gw&lzgé‘%he duti,'lrat Qc’l‘t\lfj I] ca] ca cas] cal ca] ca
1 ca] ca] anjxa] oabcalmﬂem]daal @-almalscahll TABIR |« 2kppbsah € fied | diadealeal ca] ca) ¢

alcalcal 8(t(((((1)2)\))))$*Q***+S++++8, >, ~,,,, % B----- {vql gb\WcaU] ca] ca] c
a] ca] cajic froa| th¢ caicidadapedbca] ra | IABLEA | ¢ atlva |ddataaleah oadoads=etjsca) ca] ca]
caUca]calcalcal----.Uo0....%$/~//////00800&1c1{1}111

222222 Auppéizsioghy ‘m]ia:a:]leaw]ada}s ddureiacy] betifern theregksapddweidean] cal] c a]

c”a] ca] c™a] ca] ca]écaU] cal] ca] ca] ca] ca] ca] ca] calU] ca] ca
§SBESER BTy

223324u824%! gﬁblngg,@ﬁofenm‘éa}%anj}nﬁq ca]call c
ol cahealoalgy sakasked sobealoal Al calehirhealipeh ool cadlgal ol g ool cal oo
J<<<=K=QE==>>3>>>72% 2/ 222522977 nh A

U] ca] calfc®] 9] E’XU%%?&]E%“%A%% E%%f %%&gﬁ%ggﬁ‘% ] G(E:J]ag]a]:gla]:g
ajJ caj ca

E} EEEEFﬁA\%ﬁE{%m Q@EXEWX sﬁ?’cﬁkf%l_%] ca rﬁf’&a] & a?)]‘%"aﬁ c%]% aﬁ%‘%ﬂ% aU] ca] ca
| ca] cal sl ool Gabk ¢ hisk o Bakeabb aabepl aaksak el akeal sal ay) ol o2

recessed surfaces 32b and the protuberant surfaces 32b.
25
TABLE 4

Protuberant Hollow
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as the following TABLE 5. In such a case, transmittance of the
second laser beam (780 nm) as the zero order diffraction light

1s 16%, the transmittance controlling phase grating 32 requires

10 widerwidth to sufficiently reduce the light amount of the second
laser beam. Thus, the transmittance controlling phase grating

32 is formed in the peripheral region that is outside of the

circle whose radius is about 1.6 mm.

15 TABLE 5
Protuberant Hollow
Surface Surface

(0.000 - 1.616) 1.616 - 1.637

1.637 - 1.684 1.684 - 1.704

20 1.704 1.752 1.752 ~ 1.769
1.769 - 1.812 1.812 - 1.831
1.831 - 1.872 1.872 - 1.890
1.890 - 1.930 1.930 - 1.947
1.947 - 1.986 1.986 - 2.002

25 2.002 - 2.039 2.039 - 2.055
2.055 - 2.091 2.091 - 2.107

2.107 - 2.142 2.142 - 2.156
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2.298 - 2.329 2.329 - 2.343
5 2.343 - 2.373 2.373 - 2.386

2.386 - 2.400

In the examples shown in TABLEs 4 and 5, the duty ratio

is constant in the entire region of the peripheral region. On

10 the other hand, in the example shown in TABLE 6, an absolute
difference |R1 - R2| decreases towards the outer side from the
inner side in the peripheral region. The duty ratio in the

innermost side is 0.7 : 0.3 and that gradually varies to approach

0.5 : 0.5.
15
TABLE 6
Protuberant Hollow
Surface Surface
(0.000 - 2.013)
20 2.013 - 2.052 2.052 - 2.066
2.066 - 2.104 2.104 - 2.117
2.117 - 2.152 2.152 - 2.166
2.166 - 2.198 2.198 - 2.214
2.214 - 2.243 2.243 - 2.261
25 2.261 - 2.287 2.287 - 2.307
2.307 - 2.329 2.329 - 2.351
2.351 - 2.373 2.373 - 2.400
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5 inthe peripheral regionof the first surface, andthediffractive

lens structure 51 that compensates the spherical aberration is
formed in the central region inside the peripheral region. Fig.
9 is a lens diagram of an objective lens 50 according to the
second example with the DVD. Fig. 11 shows the objective lens

10 50 with the CD. The numerical constructions thereof are
described in TABLE 7.

A plurality of concentric rings are formed on the first
surface 50a of the objective lens 50. A number N is assigned
to each of the concentric rings. The number of the region

15 including the optical axis Ax is "0" and the number increases
toward the outside. The rings whose numbers are 0 through 16
are formed as the diffractive lens structure each of which has
a wedge cross section in a plane containing the optical axis
Ax. The rings whose numbers are larger than 17 are formed as

20 the transmittance controlling phase grating 52.

Since the diffractive lens structure 51 compensates the
variation of the spherical aberration due to the change of
thickness of the cover layer, the first and second laser beams
are incident on the objective lens 50 as parallel beams. It

25 is preferable to compensate chromatic aberration of the

collimator lens when the objective lens 50 of the second example

is used.



| (10%e& ()-9! (10% " & ()-9! (10%e& ()-9! (10%?2& ()-9' (10% 03 SEP 2m
-15_%2(% @(10%4H& ()-9 RRRRRRRRRUV7 JP 00000121<
VA0 & ()-310% & ()-& 10% & ()-f& 19% & ()- 10ee 10ee
10ee! (10%e& ()- 9RSTLTI TTTaBuV7 ! & 10% & ()-!10% & ()-&L10% & () -
109 & () -1 9109984 () -1 10% & () - TBUSWWW) ~2uV7
109 & ()- 96 10% & ( Isly#lowm"b"&r()-IFsly#lowb"
" &' ()-y!'109%°& '66*5 g%r Wﬁxﬂ#v@éawing-‘g@iwm)ergss 0

10% ??L:l(()())%gfr#logfo <z'&' - - légéi%é‘%s Fics 100 &)K(gqugg I : Kl\{%;g\ég}\(’WXYgYJ
e UNRRIS B0 4  D ity
WWWWL,R@:,%%S 0% )5t WA Lecaa" 1 {’@aég 5o (L0%E0) #a) .

5

The base curve is a macroscopic shape of the surface without

diffractive structure.

TABLE 7

Al=650nm £1=3.30mm

180 A2=780nm £2=3.32mm

Surface
Number X 4a nés0 n78q LY
§1  2.11706 2.40000  1.54082 1.53677 55.6
$2  -7.254 1.592/1.222
15 #3 w 0.600/1.200 1.58030 1.57346 29.9
#4 ) w
TABLE B
N h N h
20 0 0.000 - 0.436 9 1.241 - 1.283
1 0.436 - 0.689 10 1.283 - 1.322
2 0.68% - 0.833 11 1.322 - 1.358
3 0.833 - 0.938 12 1.358 - 1.391
4 0.936 - 1.017 13 1.391 - 1.422
25 5 1.017 - 1.085 14 1.422 - 1.452
6 1,085 - 1.143 15 1.452 - 1.480
7 1.143 - 1.195 16 1.480 - 1.500

' |
AMENDED SHEET !



$s"109%& ()- ss"10%& ()- amCx"wmvwwmawxsnmm&() ss" 109ak8 (5EP 2003
- ss"10%& ()- 'ss"10%& ()- 5Wic x"ss"10%& () - . Css"10%
15562-D0T& () - 5VOC x"ss"10%& ()- ss"10%& ()- so 10004 () v oDggiets

X"ss"10% & ()- ss"10%& ()- ss"10%& 49 - ss"10%& ()- ss"10%& ()-

YYYYYYYYi J+Css" 10% &' () - ss"10% & ()- ss"10%& ()- ss"10%& () -
ss"10%& ()- ss"10%& ()- ss"10%& ()- YYYYYYZr S4+Css"10%& () -
ss"10% & (%- ss" 10(%2&' ()- ss"10%& ()- ss"10%& ()-

10

15

20

25

2185 - 1,241
TABLE ¢
Surface #1 Surface #2
X -0.4400 0.0000

AL -0.2560x107  0.1882x10™
A6 -0.8470x107 -0.5235x107?
A8 0.8800x10” 0.3275x10"
Al0 -0.7500x10°  0,3235x10™

Al12 -0.6200x10"  0.0000

The diffractive lens structure 51 i1s a diffractive lens
whose blazed wavelength is 715 nm. An additional optical path
length ad}ded by a phase grating structure is expressed by the
following optical path difference function ¢{h}:

@(h) = (P;a° + Ph' + Ph% + ...) x A

where P,, P, and Py are coefficients of second, fourth and
sixth orders, h is a height from the optical axis and A is a design
wavelength.

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 phase grating structure where the height £rom the
optical axis is h.

An actual microscopic shape of the phase grating structure

is defined like a Fresnel lens having a large number of concentric

AMENDED SHEET
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fourth, sixth, eighth and tenth orders P,, P,, P,. P, and P,, of

the optical path difference function ®(h}) to define the

diffractive lens structure 51.

15
J-
TABLE 10
P2 -2.3272
P4 -1.5269

P6 -5.5184x10"
20 P8 1.5292x10"

P10 -1.6178x107

Further, the incident surfaces of the rings ¢f which number
N is 0 through 16 are defined by substituting the curvature C,,

25 the conic constant K, and the coefficients A, through A, and 4,

shown in TABLE 11 in the following aspherical formula.
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The duty ratlo of the transmittance controlling phase

grating 52. which 1s ccmposed of the rings whose number N is

15 laxgerx th’é.n 17, may be designed as the same manner in the first
example. 'The minimum width of the ring sl}ould be larger than

10 un. The recessed surfaces and the protuberant surfaces are
included in the respective aspherical surfaces that are defined

in TABLE 12.
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TABLE 12
Protuberant Hollow
Surface Surface
r 2.09778 2,09903
25 X ~-0.440 -0.440
A4 -8.750%10" -8.730%10"*
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15providedwiﬂaatransmlttancecontrollingphasegrating[321
in a peripheral region that is outside of the transmitting
region [31] of the laser beam having a predetermined NA required
for said optical disk [CD] having lower recording density,
1
whefein sald transmittance controlling phase grating
[32] is fo'rmed as 8 plurality cf concentric ring-shaped grooves
to have a wavelength dependence such that the transmittance
for said first laser beam is higher than the transmittance for
said second laser beam,
wherein each of said grooves has a rectangular
cross-section in a plane containing an optical axis [Ax] of
said objective lens [30], side walls [32a] of said grooves are
subhstantially parallel to said optical axis [Ax], recessed

surfaces {32b] of said grooves and protuberant surfaces [32¢]

between said grooves are substantially coincident with the
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whereln saild first and second laser beams satilsfy the
following condition (1), and said transmittance controlling
phase grating [32) satisfies one of the following conditions
(2) and {3) in at least one pair of said recessed surface [32b]
and the adjacent protuberant surface [32c¢c];

0.81 < AL/A2 < 0.85 (1)

1.2 < R1/R2Z < 3.0 -**(2)

1.2 < R2/R1 <€ 3.0 --~(3)

where Al is the wavelength of sald first laser beam, A2
is the wavalength of said second laser beam, R1 and R2 are widths

of said recessed surface and the adjacent protuberant surfacs,

respectively, in 2 radial direction of said objective lens

[3o].

2. The‘ optical system according to claim 1, wherein saigd
transmittance controlling phase grating gives optical path
difference that is equal to "p" times (p being an integer) of
the wavelength of salid first laser beam and that is equal to

“g+ 0.5" times (g baing an integer) of the wavelength of said

second laser Dbeam.

3. The optical system according to claim 2, wherein said

magnifications "p” and "g° satisfy p = 3 and q = 2.
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7. The optical system according to claim 1, wherein a
central region inside said peripheral region is a continuous
surface whose cross section along the radial directionm is a

single curve, and wherein said 1light sourcaportion selectively

emits said £irst and second beams such that said £irst laser
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beani is incldent on said objective lens as a parallel beam and.

sald second laser beam is incident on saild objective lens as

a divexrgent beam.

8. The optical system according to claim 1, wherein a
diffractive lens structure is formed in a central region inside
said peripheral region, saild diffractive lens structure is
formed as a plurality of concentric rings each of which pas
a wedge cross section to have wavelength dependenca suych that
spherical aberration varies in the undercorrected direction
as wavelength of lncident light increases, and wherein said
‘light source portion selectively emits said first and second
beams such that said first and second laser beams are incident

on said objective lens as parallel beams.
i



