LI GHT FOCUSI NG OPTI CAL SYSTEM OPTI CAL PI CKUP DEVI CE
AND OPTI CAL RECORDI NG AND REPRODUCI NG DEVI CE USI NG
THE SAVE, AS WELL AS LI GHT FOCUSI NG METHOD BACKGROUND
OF THE INVENTION Field of the Invention: The present
invention relates to a light focusing optical system
havi ng so-called conpatibility in which |light for
recording to and/or reproducing froma plurality of
LIGHIPFOCEEING eQRN Mg SYSTEH , oOPHICAR I BIGKUE REYICE ANBUSRHICAL
onto the optical recording nedia by using a
RECOEDATT oM @EEREDUCEHNE DESHSSE MSANGPEHE| 8AMBr |AS WELL AS
relates to a Iight focusing optical system capable of
excel l ently perforLntHD EdhErgIatt GBTHODr ection on the
plurality of recording nedia of different kinds, and
to an optical pickup device and optical. recording
and reproduci nBACEYRENUSITHENIFVENTHOE f ocusi ng
optical system Description of the Related Art: In
Fieldegkntheydawventopbi cal recordi ng nedia of various types
having different recoding densities have been
deftled gpetenandniventdéase reflatedi sk- shagedtopgbiccaling optical
recordi ng medium for exanple, those such as a CD
systéfConpacind sdo-aadileg a cvapakebdt btef Fasewhidhl i ghght for
around 780 nm a DVD (Digital Versatile Disc) using a
recow@Me) engt haridyeireoteps eaunel GH0 £ & BP1GBRUitRY dI Séptical
using a wavelength thereof around 405 nm and
reco&difd aiddiaa D OMEFLHIGN kibefd nid i ook afth AR optical
(Advanced Optical D sk) using a
recording media by using a diffraction element and lens, and

particularly relates to a 1light f0cusing'optical syétem capable
of exéellently performing aberration correction on the plurality
of recording media of different kinds, and to an optical pickup
device and optical. recording and reproducing device using this
light feocusing optical system.
Description of the Related Art:

In recent years, optical recording media of wvarious types
having different recoding densities have been developed, and in
case of a disk-shaped optical recording medium, for example,

those such as a CD (Compact Disk) using a wavelength of laser




wavel engt h around 405 nm for exanple, can be
~nmentioned. In these optical recording nedia,
structures thereof differ fromeach other, and
particularly a thickness of a cover portion on the
side irradiated with light, that is, the thickness of
a substrate and cover |layer differs. In order to
obtain a configuration having conpatibility for

ligh&eQﬁkﬂﬁﬁQ t@)aﬁﬂéoﬁir@@ﬁOQQQQBQairQ@h%ﬁﬁml@pﬁﬁ%@) using a
recording nedia of plural kinds in one optica
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correct optical aberration in the optical systemin
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the cover portion and in the wavel ength of the
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objective lenses suitable for respective optica
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recording to and/br reproducing from such optical recording
media of plural kinds in one optical recording and reproducing
device, it is necessary to correct optical aberration in the
optical system in . consideration of such differences in the
thickness of the cover portion and in the wavelength. of the
irradiated light.

For this purpose, a plurality of objective lenses suifable
for respective optical recording media may be provided without
difficulties {(for example, refer to Patent reference 1).

In a methoed disélosed in the above-described Patent
reference 1, as an optical system having compatibility between a
DVD and Cb, the one in which two objective lenses suitable for
| the DVD and CD respectively are instailed in one bebbin of a
biaxial éctuator has beén put'into a practical uée.

- However, when a plurality of objective lenses are installed,::




Then, a nethod for recording to and reproducing froma
plurality of optical recording nedia of different
ki nds by using one objective | ens has been proposed.
In an optical recording and reproduci ng devi ce having
the conpatibility between the DVD and CD, the
aberration caused by the differences in the thickness
of the cover portion and in the wavelength is
the otdbkeel edcbyatst ngeeomkd f Tactd vendl ensefd olseraniilsedvantage
refer to the Patent reference 2). [Patent reference 1]
- in tHapasese:PaientighAppkedabpenaPudt i @@l iimiaNarization of an
2001-110086 [Patent reference 2] Japanese Patent
optid®pldwaddnan Publication No. 2001- 160235 SUMVARY OF
' THE I NVENTION I n recent years, with the BD and HD DVD
beirgh,pui RtBodpract i EadomSeg | to hasdbeeprdasiciag tfrom a
obtain an objective lens wth which even the BD and
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However, the BD has a cover portion whose

one &EH@A@E%%S 1le$ saRRE %é}ﬁrsﬁ‘ﬂobo%/eﬁ the thickness of a
cover portion of a DVD, and the wavel ength for the BD
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aperture NA of the objecCtive |l ens becones large
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refer to the Patent reference 2).

[Patent reference 1] Japanese Patent Application Publication
No. 2001-11008%6

[Patent reference 2] Japanese Patent Application Publication
No. 2001-160235 |

SUMMARY OF THE INVENTION

In recent years, with the BD and HD DVD being put into
'practical use, it has beeﬁ desired to obtain an objective lensr
" with which even the BD and HD DVD become compatible in'addition
te the DVD and CD. However, the BD has a cover portion'whose
thickness is approximately 1/6 the thickness of a cover portion
of a DVD, and the wavelength for the BD is around 405 nm which
is short. Further, a numerical aperture NA of the objective lens
becomes'large corréspondiﬁgly to the BD, and a wofking distance

WD of a lens which moves between an objective lens ahd‘a surface




fromthat of the DVD and CD becones enornously | arge.
Here, the spherical aberration is typically obtained
fromthe followng formula. Spherical aberration =
NA4 x d/ 1. NA = Nunmerical Aperture d = Thickness of
Cover Layer X = Wavelength Accordingly, a nethod of
using an objective lens in conbination with a
. diffraction grating has al so been studied; however, a ,

of apraptical useotdiereafedisindi f icpicadue tshostich Farthermore,
reason that a pitch of the diffraction grating is
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in the BD, it is necessary to nake a lens larger in
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result there is such an inconvenience that a foca
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i ncreases. The present invention is proposed in view
form@fa t he above- described problens, and it is desirable
to obtain conpatibility between the BD or HD DVD and

t BenDVR and, PRy s BRansy A -ag/4onfiguration including
one objective lens and a diffraction grating in a

i gt Qene-082PPALLSAl sySt em having an obj ective
lens that 1s used in conbination with a diffraction
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iment 4 of the preésent invention includes a
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Accordingly, a method of using an objective lens in
combination with a diffraction grating has also been studied;
however, a practical use the;eof is difficult due to such a
reason that a pitch of the diffraction grating i1s considerably
‘minute to the extent of 5 um.

Moreover, in theiBD, it is necessary to make a lens larger
_in order to enlarge the working distance WD, and as a result
there is such an:inconvenience that a focal length becomes large_
and the chromatic aber;ation increasés.

Thé pfesent invention is proposed in view of the above-
.described problems, and it is desirabie to obtain compatibility
‘between the BD or HD DVD and the DVD and CD by means of a
configuration including one objective lens and a diffraction
grating in a light focusing optical system having an objective
lens that is used in coﬁbination with a diffraction grating.

- A light focusing bptical system-accérding to an embodiment




with which light for recording to and/or reproducing
froma plurality of optical recordi ng nedia of
different kinds is focused onto the optical recording
media, in which the diffraction elenment has at |east
first and second diffractive surfaces; the first
diffractive surface diffracts Iight whose wavel ength
is 630 nmor nore and 670 nmor |less to perform
of thbepraiémin NOrdrationon nefudds opt dtafraedemdidlgmerdi emi lens
whose cover |ayer on which light is incident has a
witht RilglchesBi gt  &ppr wddmicdhny Ocd mwH/and ddpgosieednd from a
diffractive surface diffracts Iight whose wavel ength
plurh3i¥P0 diM eptiBEE aRtAHInEM Nédid €T t @i pLEF@IN kinds is
aberration correction on an optical recording nedium
focudb@seckoyer thayebpeicdhi ChebbBiing S h&gigdentihasw@ich the
‘ t hi ckness of approximately 0.1 mm or approximtely 0.6

difrPEt fu t BeEmehd) LBS @ROVRsLgscribad Lh@hkeb8sUSINAGfractive
optical systemaccording to an enbodi nent of the
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positive surface power. Further, in the
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according to an enbodi nent of the present invention, a
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' less to perform aberration correction on an optical recording
mediqm whose coVer. layer on which 1light is incident has a
thickness of approximately 0.1 mm or approximately 0.6 mm.

Further, in the above—described. light focusing .optical
system éccording to an embodiment of the present invention, the
second diffractivg_surface'has positive,gurface power.

'Further, in the ébove—described light focusiﬁg optical
'system according to én embodiment of the present invention, a
Vdiffraction gratinq is provided on a boundary surface where
materials having different wavelength dependence in a refractive
index are joined to form ﬁhe sécond diffraﬁtive surface.

Further, in the above—described light focusing optical
system_according to an embodiment of the present invention, the .

‘diffraction ~grating is formed by joining first and  second




elements. Further, in the above-described |ight

focusing optical system according to an enbodi nent of

the present invention, the |ight focusing optica

systemincluding the diffraction elenent is provided

with at | east one aspheric surface having negative

refractive power. Further, in the above-descri bed

light focusing optical systemaccording to an
elemenbedi ment of the present invention, the aspheric

surface having the negative refractive power is

prravitded, onit hatd ghboseud€ensingel ofiighe fidaisiard optical

second -diffractive surfaces. Furthernore, an optica
systBhCKkEBBoS@M & e SCHOT Sk inferan o ferdiedigfiiendl itkention, the

present invention has a light focusing optical system
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including: a light source that emts light, a
refrgééigéugddg} el ement on which the light emtted from
the light source is incident, and a |l ens that focuses
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recording medium in which the dlffractlon el ement
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Furthermore, an optical pickup device according to an
embodiment of the present inventioﬁ has a light focusing optical
Systemrin which light for recording to and/or reproducing from a
plurality of optical recording media of different kinds is
focused onto the recording media, including: a light source that
emits;light, a diffraction elemeht on which -the light emitted
from the light sourée is incident, and a lens that focuées light
'from.the diffracticn element toward the optical recordinglmedium,
in which the diffraction element has at least first and second
diffractive surfaces; the. first diffractive surface diffracts
light whose wavelength is 630 nm or more and 670 nm or less to
- perform aberration. correction on an optical recording medium
whose cover layer on which light is incident has a thickness of

épproximately 0.6 mm; and the - second diffractive surface



6 diffracts |ight whose wavel ength is 400 nmor nore
and 415 nmor |less to performaberration correction
on an optical recording nediumwhose cover |ayer on
which light is incident has a thickness of
approximately 0.1 nm or approximately 0.6 nm
Furthernore, an optical recording and reproducing
device according to an enbodi nent of the present
difreR¥eati ohiaghale heastiength i ghtadOGHSIJIY @R 6AH 415 nm or
systemin which Iight for recording to and/or
tess! & i digh T £100m 3 daloWr addine c@fi oBPtditadn I 8605 8h N0 recording
nmedia of different kinds is focused onto the optica
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approximately 0.1 nm or approximately 0.6 nm .
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incident, and a lens that focuses light from the diffraction
element toward the optical recording medium, in which the
~diffraction element has at least first and second diffractive
surfaces; the first diffractive sﬁrface diffracts light whose
wavelength is 630 nm or more and 670 nm or less to perform
éberr_ation correction on an optical recording medium whose cover
layer on which 1light is incident has a thickness of
approximately 0.6 mm; and the second diffractive surface
diffracts liéht whose wavelength is 400 nm or more and 415 nm or
less to perform aberratién' correction on an optical recording
“medium whose cover layer on which light is incident has. a
t.hickne‘ss of approximately 0.1 mm or approximately 0.6 mm.

Moreover, A method of focusing light for recording to

and/or reproducing from a. plurality of optical recording media



and/ or reproducing froma plurality of optica
recording nedia 7 of different kinds onto the optica
recording nedia by using a diffraction elenment and
| ens according to an enbodi nment of the present
i nvention, includes the steps of: providing the
diffraction element with at |least first and second
diffractive surfaces, the first diffractive surface
of diifffferaeti ndnbEgbhtvwhase opavekengbbor8i@3OmediHrbPotLing a
and 670 nmor |less to perform aberration correction
diffeAcaNceptieatnt e8ad disgs Medcund SEs CaN eEnbbayRsnONof the
which light is incident has a thickness of
pres@pRr OXinFBLeli¥n 0. 6iABIude t BRe SegeBgs di bEFachiry@iding  the
surface diffracting Iight whose wavelength is 400 nm
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correction on an optical recording nediumwhose cover
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approxi mateiy 0.1 mm or approximately 0.6
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present 1 nvention, the first and second diffractive
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focusing optical system the light whose
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medium whose cover layer on which 1light is incident has a
thickness of approximately 0.1 mm or approximately 0.6 mm.

As described above, according to an ezﬁbodiment of the
present invention, the first and second diffractive surfaces are
provided as the diffraction element used in the light focusing
opticél system, the light whose wavelength is from 630 to 670 nm
is . diffracted by the first diffractive surface tp_ perform the
aberration correction on the optical recbrding medium whose
- cover layer on which light is incident has the thickness of
approximately 0.6 mm, that 4is, to perform the aﬁerration
correction on the optical rec'ording medium correspondirng- to the
DVD, the 1light whose wavelength is from 400 to 415 nm is
diffracted by the second diffractive surface to perform the

aberration correction on the optical recording. medium whose




diffracted by the second diffractive surface to
performthe aberration correction on the optical
recordi ng medi um whose 8 cover |ayer on which |ight

is incident has the thickness of approximtely 0.1 nmm
or 0.6 nmm that is, to performthe aberration
correction on the recordi ng nedi um corresponding to
the BD or HD DVD (including ACD), and so the
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recordi ng and/or reproduction is prefornmed by usi
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nmor less to performthe aberration correction-
obtaghedi | ently also on the recording nmedi um whose cover

layer on which light is incident has the thickness of
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an enbodi ment of the |ight focusing
focusing optical system of the present invention, there is such
effectiveness that the recording and/or reproduction is
performed by using the light whose wavelength is 630 nm or more
and 670 nm or less to perform the aberration correction
excellently on the optical recording medium whose cover layer on
which light is incident has the. thickness of approximately 0.6
mm; and the recording and/or reproduction is preformed by using
the light whose wavelength is 400 nm or more and 415 nm or less
to perform the aberration correction exéellently‘ alsoc on the
recording medium whose cover layer on which light is incident
"has the thickness of approximately 0.1 mm or 0.6 mm.

Further, according to an embodiment of the light focusing

optical system of the preseht inventicn, the second diffractive

_surface is configured to have the positive surface power, and so

the recording and/or reproduction is performed by using the



optical systemof the present invention, the second
diffractive surface is configured to have the
positive surface power, and so the recording and/or
reproduction is perfornmed by using the 9 |ight whose
wavel ength is 400 nmor nore and 415 nmor |ess, and
the chromatic aberration can be corrected excellently
in the optical recording medi um whose cover |ayer on

'1igh$h%§£%éi&HUeﬂé% ﬂthEdQQB Bﬁsokhﬁofgiéﬂﬁnﬁﬁ%(ﬂh or less, and
approxi mately @:1 mmor 0.6 mm Further, according to
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the present invention, since a diffraction grating is
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e l'ight focusing opticdl systemcan be m niaturized

| :%@%P%Eit ”chgfr_ et 1 acs0r dipdy Hen@”of"'%gi 'IEg;BtOffocusing

ocusing” optical system of The présent
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optical syst can _be mniaturized to,be thin. _. :
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to fuThethE STEFHL MAVERGCHOERt |V PSEracthto Liller Foggsing
. that a focal position can be adjusted excellently wth
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recordi ng and/or, reproduction is perforned by using ,
|FﬁﬁFh%%Niﬁ§c%;¢%m@e$o,an embodiment of the light fbdcusing

optical system of the present invention, since the diffraction
grating - is formed by joining first and second elements, the
light fbcusing optical system can be miniaturized fo be thin.
further; according to an embodiment  of the light focusing
optical syétem. of the presenf invention, the light . focusing
optical system “including the diffraction element is providéd
" with at least one aspheric surface héving negative' refractive
powér, sorthat a focal position can be adjusted excellently with
respect to an optical recording medium on which ;ecording and/or
reproductiop is performed by wusing light having a longer
wavelengthA than the wavelength. of 670 nmm and a configuration
having compatibility with a greater variety of_optical recording
media can be obtained. |

Furthermore, according to "an  embodiment of the 1light-
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wavel ength than the wavel ength of 670 nm and a
configuration having conpatibility with a greater
variety of optical recording nedia can be obtai ned.
Furt hernore, according to an enbodi nent of the |ight
10 focusing optical systemof the present invention,
since the aspheric .surface having the negative
refractive power is provided on the Iight source side

foculing e diiicat angksgeopd did f HaghiNe SWae8sn, Nince the
refractive power is distributed over the first and
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havi ng the negative refractive power, and so design

provi%@é'QJ 'EMefQE&ﬁﬁJ 588£@@S§§x@pdof qﬁﬁ{e§§§s£r‘and second

erration correction accuracy can be controll ed.

dlffp95§9%§r5ugﬁ£9£glngh% rgﬁrg fy gh%aQEEiﬁg%ed over

up device and the optlca I ng an

r§¥¥é dugngo égggn%e 8%% rac ﬂyﬁesgagfégQ&?n hﬂn tllllsI gsgheric

possi provi de € op ical p1c evi ce and

surfggé %ﬁcordln%,angl pro%%%%%gvgeVICG Capsgéeso design
excel en Yy perfor n he aperratio correction on

optic ecordin m. whose cover '
ﬂex%%tyonféﬁ@ﬁ@ SR naPlond. ABCTHRSS niidkneBgmERtion
a IOX|nateI t o whi h the recording and/ or
corz YHFETGAY scﬁ%n$%r?ﬁﬂFq8} §&i'ng the Iight mhose
- wavel ength is the wavel ength of 630 _nm_or nore, an
nAPTEPY Fos sacamd e td’pt%‘ba?m*%"éi&&&ﬁ“ﬁg Oﬁe&PSmORﬁ&:g%l pleuP
_cover layer on, which |i is incident has the
devighi BRAeSBE oPPAPPR X FREPE ‘E%P‘?O indnﬁ?BFO‘éu%ll}ﬁnd?‘bl%u% the

o the recording and/or reproduction is
present invention, it is possible to provide the optical pickup

device and the optical recording and reproducing device capable
of excellently performing the aberration correction on both of
the optical recording mediﬁm whose cover layver on which light.is
incident has the thickness éf approximately 0.6 mm; to which the
recording and/or reproduction is performed by using the. light
whose wavelength is the wavelength of 630 nm or more and 670 nm
or less, and the optical recoding medium whose cover layer on
which light is incident has the tﬁickness of approximately 0.1
mm or 0.6 mm, to which the recording and/or reproduction is
performed by using the light whose'wave;ength is 400 nm or more
and 415 nm or less.

Furthermore, éccofding to an embodiment of a methéd of
fOCﬁSing light for. recording to " and/or repreoducing from a

plurality of optical recording media of different kinds onto the
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performed by using the |ight whose wavel ength is 400
nmor nore and 415 rimor |ess. Furthernore,
according to an enbodi rent of a nmethod of focusing
light for recording to and/or reproducing froma
plurality of optical recording nmedia of different
kinds onto the 11 optical recording nedia by using a
diffraction elenent and lens, the aberration

opt i1 I LLdd N re@mebeapayf asiRg exeettemdiynoribatht ofid lens,
the optical recordi ng nedi um whose cover | ayer on

the WREGRali@ht colSedtiGidesdn hBs Eagf&ﬁ'ﬁé‘d(n@ﬁéeplfently on both
approximately 0.6 mm to whic the recordi ng and/ or

of th&PS 1 A dctaR8hT AEAREN Pyndisd Nddie 1avkdhbnWiAsen 1ight
wavel ength is the wavel ength of 630 nmor nore and

is iREDOM Of,d S5 AN UG ORSs %@Jpr%§§fagkgg¥]n@dé Uhh WNOS Eyhi ch

cover layer on which l'ight is’incident has the

the :%{ac%ﬁgggd?%%d%%gr Qéﬁf_@&@éﬁ’i&i 1_igm ;%rf%'rﬁlem b§ Y u‘éﬁh%h the

/or® reproduction s perfornmed by

1ot d el L 08 YIS R A s o
670 ol od 1§38, SChemalic 8&@5@9&&@3&9 LM SAANIY cover

an’ optica ‘recording and reproducing”device according
tayed® B, SIPGRL TR0y 2", 1he BERSLLS! RILION: FLRCHAS o
sop=B BEHR05H 2 BRCSLIENY L, 20 £REp Olellsing anc/or
‘reprggé]csé:'Li(:)tnlJtiisorg:%lrfgg:%g&alrargfSggﬂzgngthae light whose wavelength is
400 nm or more and 415 nm or less.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schemat-ic constitutional diagram showing an
optical recording and reproducing device according to an
embodiment of the present invention;

FIG. 2 is a schematic constitutional diagram showing an
optical pickup device according to an embodiment of the present
invention; |

| FIG. 3 is a schematic constitutional_. diagram showing a
light -focusing optical sys'tem according tq an embodiment of the
present inventiomn;

FIG. 4 is a schematic constitutional diagram showing a
light focusing o_pti'cal systém- according to an embodiment bf the

‘present invention;

FIG. 5 is a schematic constitutional diagram showing a

12




I ight focusing optical systemaccording to an
enbodi nrent of the, present invention; FIG 4 is a
schematic constitutional diagramshowing a |ight
focusing optical systemaccording to an enbodi nent of
“the present invention; FIG 5 is a schematic
constitutional diagramshowng a 12 |light focusing
- optical system according to an enbodi ment of the
lighpr €sentindqvepiticl, FlsGend dcsoadsahenat kf embodiment of the
constitutional diagramshowng a |ight focusing
presept i Tafergyishem according to an enbodi ment of the
present invention; FIGS. 7A to 7D are di agrans show ng
| atrer. al 6 aher rat iseReinBtié hechisghtuf Deusl N@igptbRalshowing a
system according to an enbodi nent of the present :
1ightN¥8BhsORy bt MHICH JehtGm GAcoRaNSg t e aReErBbiARedd o the
Y direction when a light beamis incident on a CD in
presthe Mvdidiegtion orthogonal to an optical axis with a
field angle of 0.5; FIG 7B shows the |ateral
akepsat AN cbh 78 KXedidiechhel <AbkRegongtet o thferation in
' direction when the |ight beamis incident on t?}e CD
Iy E e Lrect | iyt fi f, 0.5
the JlghbledofARPIoRR bl hyhent hELO: AN Soq o, Snbddient of
IS W . respect . t.q,t CD;,a F D . .
the pRes il Sttt ch At ok ie e AT Phatt ok e p e ey 1o
j.t 2spe 0.t » JFILGS.. B are dj agrans
ax \%léjv%mc%ggﬁa% %re;él aatt}grgr%gt iboer?%Fnls t%hécq]al%gﬁ:t C}%oc%s?%gm the ¥

direg@]{éxgaé)rt osc_}toenrgla Coor.grll n%p%?cafaf] g}r;‘rn?s?d{&nt?gt aOffield angle of

0.5° FIG. 7B shows the lateral aberration in an X direction
orthogonal to the Y direction when the light beam is incident on
the CD in the Y direction with the field angle of 0.5° FIG. 7C
shows the lateral aberration in the Y direction on the axis with
respec£ to the CD; and FIG. 7D shows the lateral aberration in
the X direction on the axis with respect to the CD;

FIGS. 8A.to SD are diagrams showing lateral aberration in
the light focuéing optical system according to an embodiment of
the present invention, in which FIG. 8A shows the aberration in
a Y direction when a light beam is incident on a DVD in the Y
direction orthogonal-to the optical axis with the field angle of
0.5°; FIG:. 8B shows the lateral aberration in the X-cﬁrection
orthogonal to the Y direction when the light beam is incident on
the DVD in thé Y direction with the field angle of‘0-5°;?FIG..8C

shows the lateral aberration in the Y direction on thé axis with
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the present invention, in which FIG 8A shows the
aberration in a Y direction when a light beamis
incident on a DVDin the Y direction orthogonal to
the optical axis with the field angle of 0.5; FIG 8B
shows the lateral aberration in the X direction
orthogonal to the Y direction when the Iight beamis
incident on the DVDin the Y direction with the field

respabgl €o0th®. ByDFl £c B&D shions tihe: [alweall aberratien in the
the Y direction on the axis with 13 respect to the

X dib¥Ekidd Gn 8Reshaws then | ddHRlc abetratben. in the X
' direction on the axis with respect to the DVD. FIGS.

A1 . 9DnaNe G ARy SRAWRY drak@hal 13Rerhat bBBrkAtion in
the light focusing optical systemaccording to an

‘the enbadi mBRLsPhg & iﬁlesﬁfgteimmé%'birgﬁngi RoWMAhCRELGim&dy of

shows the | atera aberration in a Y directi on when a

the | bEleREAM,LSA NGH dent, Onnacy BRd) tR] Ysfbh&ClioN 1ateral
orthogonal to the optical axis wmth the field angle -

aberggtpor'i;,; iIllzl 53 Yggég%gﬁ?xﬁ)hﬁ%@tf&ﬁg@@%é%i £a 5. o1 | gﬁﬁign a

Irection orth ection when the
heamJ s, Lhclident o i the Y direction wth
BD Jﬂhae}%e a{‘ﬁé?@m J}Oérg) OEP g 'k“i]e V\g‘%{ Gl 0L W T ey the
‘the |3d angle o . % &‘1 gc sho tJhe]1ateraI
£1e180GRALTON ¢ obNerd dhgeghiol O (N2.3X SpMtlcion in the
respec o the BD; "FlI shows™ t'he 1T ateral
X di?ggﬁlgﬁ' % _I:!o%ot ng godl;ﬁg%! N o L He A% it Eirﬁfpﬁ&c—%m is

0 e T F 1071 s7a di agram'show ng spheri ca
. _.aberrati 'Eh.r pe oteCDi.ga errbdirqent f
et %Iétl?@hgg?\cl)\% silr?g%zftic%a LrerrBm idCordihgt 1% haengo’Le of
0.5°;prﬁsf;e.nt9cl rJ.s %9«%' %pu’a lateral aberration in the Y direction on
the axis with respect to the BD; FIG. 9D shows the lateral
aberration in the X direction on the axis with respect to the
BD;

FIG. 10 is a diagram showing spherical aberration with
respect to the CD in an embodiment of the light focusing optical
system according to the present Jj.nvention;_,

FIG. 11 is a diagram showing the spherical aberrétion with
respect toc the DVD in an embodiment of -the light focusing
optical system according to the present invention; and

FIG. 12 is a diagram showing the sphericél aberration with
respect to the BD in an embodiment of the light focusing optical
system according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment for carrying out the present invention is
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FIG 11 is a diagram show ng the spherical aberration
wWth respect to the DVD in an enbodi nent of the |ight
focusing optical system according to the present
invention; and FIG 12 is a diagram show ng. the
spherical aberration with respect to the BDin an
enbodi nent of the light focusing optical system .
according to the present invention. DESCRIPTION CF THE
expl PREEERREDR EMBODENVENTIS wiIveanb ot nemte feort. canvgnngomutis not
the present invention is 14 explained hereinafter,
limibewevertidheqiriesenty epxentéon is not linmted to the
foll owi ng exanple. First, an exanple of an optica
I G ek, NGrandkam@PEO@ICidi] opteMiade Bitth rafihigC @alndpidptpducing
device suitably applied to the present invention is

devi€¥Phad NeFt Rya I ef i@ikiphdieke ceChamdbly Canslidditicon@le present
diagrams of FIGS. 1 and 2. As shown in FIG 1, an

inveRPidgalsregpisifngs apd reps N  dewdes: 0dmaliudes onal
an outer case 102 in which each nmenber and each

dlagﬂgﬁgaggaﬁmﬁﬁqQ|ggg gre di sposed, and an insertion slot
_ for a disk-shaped optical recording nmedium 10, for

eXRAPL Cowd Sin PEOYL ded 1 tdphs Qut errec%%‘inéo%nﬁh%%oduc:lng |

not iTlustrated. Furfher, a spindl e motor, for
dev1@éaﬂﬁ? HEQu@@ye 4 g, ep 'Eéée [@?oig'ﬁglgﬁdbﬁgﬁlgeh§er and
I nsta In a chassis (not 1llustrated) disposed
each'ﬂéaﬁgnm&‘ UL RS L o PAlad dhak hallkd0Fon ! Qot for
I'S d 16 a shaft of ‘this notor. %
a = %a%edpagsjcigél gl‘.{:le%%rﬁl?_ﬁgt Smé‘&)ﬁﬁn ari%,loégr eexample, is

provided in this outer case 102 though not illustrated.

Further, a spindle motor, for example, to move the optical
recording medium 10 is installed in a chassis (not illustrated)
disposed inside the outer case 102, and a disk table 103, for
example, is fixed to a shaft of this motor.

On the chassis, pérallel guide shafts 104a and 104b are
installed, and a ;éad screw 105 rotatgd by a feed motor, which
.is not illustrated, is subported.

An optical pigkup device_40 of this optical recording and
reproducing device .100 includes .a moving base 107, necessary
optical parts provided on this moving base 107, and an objective
lens drive unit 108 dlsposed on the moving base 107, and bearing
rportions 107a and . 107b. provided at both. end portions of the
lmOving base 107 are supportéd by the guide shafts 104a and 104b,

regpectively, in a manner of slidihg freely. The objective lens
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installed, and a | ead screw 105 rotated by a feed

nmotor, which is not illustrated, is supported. An

optical pickup device 40 of this optical recording and
reproduci ng devi ce 100 includes a noving base 107,
necessary optical parts provided on this noving base

107, and an objective lens drive unit 108 di sposed on

t he noving base 107, and bearing portions 107a and

drivé0thaipr avisdethsata babhalehd porti@nsiofat hed sovirgdbasetion

107 are supported by the guide shafts 104a and 104b,

108bl espectinel Movaila pappesn ofioghi disngsdpeelted The the fixed
objective lens 15 drive unit 108 has a novabl e

portPOAt 10Bb108a safthrelr X&d rRBFitgOE rek§b thadghh@ suspension
novabl e portion 108a is supported by the fixed

not PANLIs@RatO8D inh ehdmer@irdf ADWLEY meBeky WtOUgN W trated,
‘ suspension not illustrated in the figure. A nut

proviBEhey i tNothd | hosidptifthe RyoVidag: Mddh Wik A NGad screw
base 107 is neshed with the | ead screw 105, and when

105,t 'aﬁdl eadnsehew:1L93 issreQt abed 1Ry dharkaedynmeher feelif@otor,
nmenber is forwarded in a direction in accordance

the “h&hmémbéPtﬁé'@waafﬁé&ﬂgﬂcﬁ]&HrééﬁidnGQQ.%ﬁﬁﬁﬁﬁégée f9th a
hat the opti cal p|c up device 40 I1s novable in

rotaFgg%gd 8&f§§?10 P thi léggléﬁyequ@%rd%%gt%%q|%ﬂblgptlcal

e 103.”1n the dptical recording

pickaﬁd(ﬁﬁﬂrgdugiandeM$e%%ﬂ?olgf'§H§hra89QI' é@E%QBn oﬁlthe

en the di sk table is rotated I n accordance

e B LA g ER
ﬁ%‘égg optﬁﬁgYDregér 1ng an eb%o&gEaBg deéygé %F %% such

. configuration, when the disk table 103 is rotated in accordance
with a rotation of the spindle motor, the optical récording
medium 1ﬁ 1oaded on tﬁis disk table 103, that is a RBD, DVD, CD,
'HD; DVD, or the like, is rotated, and at the same time, the
optiéal pickup device 40 is moved in the radial direction of the
optical recording medivm 10 by the above-described mechanism to
be capable of moving and facing the whole recording surface of
the optical .recording n@dium 10 and a recordingroperation or
reproducing operation 1is performed at a prédete;mined._track
pﬁsition-' At this time, the movable portion 108a of the
" objective lens drive unit 108 is moved with respect fo the fixed
._portion 108b, and a focusing adjustment and.tracking adjustment‘
of an objective"leﬁs, deécribed later on, which is provided in

‘the movable portion 108a is performed.
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opti cal pickup device 40 is noved in the radi al
direction of the optical recording nmedium 10 by the
~ above-descri bed nmechanismto be capable of noving and
facing the whole recording surface of the optica
recordi ng medium 10 and a recordi ng operation or
reproduci ng operation is perforned at a predeterm ned
track position. At this time, the novable portion
108a of theicabj ecddordihgnnddrive 1Mi 1488 fick Miwedoptical
with respect to the fixed portion 108b, and a
recot@Citgi Afq adbysbdBMnANG+iACKi Y a6 Ushiesdl plickilp device
obj ective |l ens, described later on, which is provided
40 abBordiigy "y ablee pRakbheni AP8erish per fuyy med, 16pfs ame, a ¢p
optical” recordi ng nmedium 10 used for the optica
10c, Fecapdind® apd, r apuoguel nd xdeviree 1QAmand, OpkhCBk mentioned
pi ckup device 40 according to the present invention,

as s _O@Q :}LQA’FI%.D\éD 1@’ t& @ve%t}% HLx DLVA%éioDu@r&d e for

I ke, for exanple, can be nentioned as shown in FIG

: . _As. - ' f t i
thes%ptoﬁgé%gl V\@é{(% g{dr}:md%allg?@r &ﬂ@hﬁ)vé‘sf@b Q5es §]§§@r light

recor di ng the DVD 10B uses | aser

of 6'%89h1tm &t xgg’pe ng}x?gﬁ?ggfqu;ggrszgsg,m Qﬂel %Salddqeug laser

C uses | aser rimor nore and 800 rim

i ! D 0D |

sisnf o 58y i REEORARISS SR PR AR 28 10n o o
ition, ] f h opi | i

oo ST PR PGP 1 OLOP! B0 G814 Cale! SATAA"G: 1cc0

transm,ssjive substrate or_cover lLayer_.on
| PR RGE Y het &g O 54T h&T ol &8t i §

neas SRESE ! TROGHE G 0m  n GEoBhet N 1B chlipperansmissive

substrate or cover layer on the side irradiated with the light

t€$%§% d%ecording
ens, 1S

uby the obijective lens, is approximately 0.1 mm in case of the BD
1OA,. approximétely 0.6 mm 1in case of the Hb DVD 10D,
approximately 0.6 mm in case éf the DVD 10B, and approximately
1.2 mm, for example, in case of the CD '10C, .énd és to a
. numerical aperturé NA of an objective lensh3, it iq desirable
that the DVD 10B, CD 10C, and HD DVD 10D have NA of around 0.5,
and the BD 10A have that of arocund 0.85 inAconsideration of the
wavelength used, thickness of the COvér-po;tion, and the like of
each optiCal‘recording'medium.

| The opticél pickup deviée 40 includes, for example, a first
light source 41 and seéond light source 42, a coupiing lens 43,
a light path composing element 44, a beam splitter 45, a

collimator lens 46, a _:-r'ai'sing mirror 47, a 1/4 wavelength_ plate
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approximately 0.6 mmin case of the DvD 10B, and
approximately 1.2 mm for exanple, in case of the CD
10C, and as to a nunerical aperture NA of an
objective lens 3, it is desirable that the DvD 10B,
CD 10C, and HD DVD 10D have NA of around 0.65, and
the BD 10A have that of around 0.85 in consideration
of the wavel ength used, thickness of the cover

48, Q%E'f@?ao@i‘&ﬁnt Bechd ke @f afaehioptival 1408 di AYconversion
medi um The opti cal plckup device 40 includes, for

e l e I t 1 0 I t
tens Kﬁﬁge 423bgﬂ%§%} %%gg é%§¥%%gnéa @?gﬁ%ﬁga?ﬁ ég%£05|néﬁght

recef&%%léﬁ'&n@ ?fa%sghbx;n}.i mg\%ellegnng?i]}mgsg %e@ 'than

sing mrror ate 8,

the d(')bfr;{/er c:;Lt‘vleon %Iegl’r%’]t a%’e afy 1?4&%%&' \e l eNg %ncwa;mg base 107

ersion Ns 49,7 7an op axi's conp05|ng el enent

and | jght rece|V|n 51, as sho NLLG 3
exPlimea&nleho‘g C otHhe” ‘gjtkfwe&ggj}gct i ve s ens s

prov:a%% ose Icﬁl:]lrrtbohebggw ngtgﬁxge% £l loetﬁs al rf)%%ckzlve fe $ drlve

provi de
e anabIe portion 108a of the objectlve Iens drlve
unit, 1%- 108. The first |ight source 41 i s configured to
have a first_ light emtting.elene t 41la_and
g e A e Ab%ifs e At der o) DedFS Y rirse
ght of about 660 rim which corresponds to,the DVD
llghﬁoﬁwl?%ﬁn%»éﬂﬁﬁ%ﬁt et ed F?Sﬁ??hglg?FrE?lFFkﬂﬁ Slenent
emtting elenent 4la, and | aser ht of about 780

41b | LR YRR chteeFeopontts®™ tHENED I . IRRutex RN e 7 s which

emtted from ) '
corresponds to the DVD 10B, for example, is emitted from the

first light emitting element 4la, and laser light of about 780
ﬁm which corresponds to thé CDh 10C, for example, is emitted from
the second light emitting element 41b.

Further, the second light source 42 is configured to have a
third light emitting element 42a inside thereof, and laser light
of about 405 nm which corresponds to the BD 10A or HD DVD 10D is
ﬁemitted.

' The coupling lens 43 has a. function of performing a
conversion of an optical magnification factor in a forwarding
path of the laser light emitted from the first light source 41.

The light path composing element 44 is made of a beam
splitter having a mirror surface 44a capable of selecting
wavelength, for example. The laser light having the(wavelength

of about. 660 nm or about 780 nm that is emitted from the first
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the second light emtting el ement 41b. Further, the
second light source 42 is configured to have a third
light emtting el enent 42a inside thereof, and | aser
l'ight of about 405 nm which corresponds to the BD 10A
or HD DVD 10D is emtted. The coupling lens 43 has a.
function of performng a conversion of an optica
magni fi cation factor in a forwarding path of the

1ightASRELLEGALc ALCT f QIR th8:dhid o o9l 80U eefdment 41b
The |ight” path conposi ng el ement 42 I's made of a beam

of thBl iFtitet ﬁ]ii(ylll@gs@lfﬂ&r ror Jgirﬁaaﬁe A@a@ﬁ@aghetﬁé light path
sel ecting Wwavel ength, for exanple. The | aser ?

comp?ﬁYﬁ&g éﬂgﬁéﬁﬂveh?rmgﬁiodaﬁ apput égﬂ%lﬁ%borlé“%““43780a951 is

'S en1tted romthe first 18 Ilght emtting
reflg @ . b %o%qubggt4§%n '{Hhéa @%@t %% c8$p051ng
19

t source 41 is nmade I ncli ent on

eleanghEﬂpaEHe ggnEQSh h@lﬁgsgég ﬁhéh&gyéﬁhﬁ{Facg%”) 5&% 405

and ecte e mrror ace
thls | i th G I e h
nm tﬁ htlshawgpe her%%vgggﬁﬁph OH%'%bu?&&ggin% S%%ﬁ§§% 42a of
d thethlr I| ht, em tt.i
the tsﬁi °§1§c ]1;11 g%?usourg% i & nrsén%ang h?ouztﬁlet jgirror

. %{ surface 44a. The bean1sp|itter 45 has a
sur ?ﬁ%c ®n of transmitting or reflecting incident |aser

L, BeBend g on. 2. ST enog, .2, POlarl 2 Mg o
| refl%%@ﬂ%%h%gg§hégy(%gggfifﬁgﬂg é%ggg%%%g4%% %p%df%é?%%%e in a
polarization direction, the 1laser light in the forwarding path
is transmitted through a split surface 45a and is made incident
on the collimator lens 46, and laser light in a return path is
reflected by the split surface 45a and is forwarded to the light
: receiving element 51.

The laser light made into parallel light by the collimator
lens 46 is reflected by the raising mirror 47 with a light pafh
being convérted by approximately 90° the polarization direction
is converted by the 1/4 wavelength plate 48 to be made incident
on the diffraction element 2 of a light focusing optical system
1 having the configuration of the present invention, and as
described later on, the aberration correction of the l‘ighrt' is
peiforﬁed correspondingly to the wavelength used and thickness
‘of the cover portion of each- optical ;eCording medium 10.

Further, the laser light to_which the aberration correction
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on the collimator lens 46, and laser light in a return
path is reflected by the split surface 45a and is
forwarded to the light receiving elenent 51. The

| aser light nmade into parallel light by the collimator
lens 46 is reflected by the raising mrror 47 with a
light path being converted by approxi mately 90; the
pol ari zation direction is converted by the 1/4

is ﬁ!@’@ﬁ%@t h,p! ate @ﬂf?a@@zgﬁd%ﬂeﬁ%hgerﬁ i8N APBsed onto a
diffraction elenment 2 of a |ight focusing optica

_pred§¥(§}:ﬁﬂec§' I%.ac\ébﬁg e Gy | gerag i %c%frdﬁhﬁepé@;?@ﬁe of the

I nventi on, as described | ater on aberration

optlggﬁr e,tcédo%lﬁé {dnPh o S(%Cﬁ?"f ngEd “RIr %§pof@jﬂ))ng|b\§ the

to the wave ‘Used” and ‘ckness ‘of the cover
o ach optical recording nedium 10. Further,
Obje?gg%%agéfjffght to mhlch the aberration correction 19

on’{l‘i)erf APHE s)ért Ii? g t F ac c@@d e%reé}i?n:th %u:ggu%%gordlng

" predé ern1n posi ti'on on a recording

medll_u&: ﬁ?ei%fD)IEh tﬁ.g_ regor gkng f}addl é?et%%%l 11%@& 48

e o%Jectlve éns
mth recordln

reflected fr 1
enropifikhe PREFHENT® o the ﬁﬁéwé%éfe%%‘iwn o 4 e
t hrough the b ective leps.3 and diffrac n el t
polaShSERRD PoISRr 28 FBRTaT ot | OFF IheioE ”ngagaﬁ"@ﬂe faser
converted; and the | aser ref] ected, by .the
Lighfaisi g Ehert B E? F@egéQﬁs rnqié;?r Woﬂﬁhb?%gransmltted
collimator | ens thereafter as descri bed above,

thropgh| ée?e&%}lwe% p%?res siPf abBeBSATITT (P2 PEPEFIoeR| aﬁove,

_ beam
is reflected by the split surface 45a of the polarlzatlon beam

splitter 45; and is made incident on a predetermined position of
fhe light = receiving element ‘51 through the optical axis
composing element 50, and a signal 1is detected_ by a.
_ predetermined detecticn mechahism, which 1is . not 1llustrated,
though.

Here, the diffraction element 2 in the 'light focusing
optical systeﬁ 1 of_the present invention is provided with first
and sécond diffractive surfaces 21 and 22, in which fhe light
whose wavelength is 630 nm or more and 670 nm or less is
diffracted in the first diffractive surface 21 and the 1light
IWhOSe wavelength is 400 nm or more and 415 nm or less is
diffracted in the second diffracfive surface 22.

With reSpect -tq ‘the 1light focusing optical system 1

according to the',configuration of the ‘presént- invention,
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splitter 45; and is made incident on a predeterm ned
position of the light receiving elenent 51 through

the optical axis conposing elenent 50, and a signa

is detected by a predeterm ned detecti on nechani sm

which is not illustrated, though. Here, the

diffraction elenent 2 in the light focusing optica
system 1 of the present invention is provided with

schefikt 8¢ candigeconihbrd féf ackinmel sty f agesh2dhadd f22rent kinds

which the |ight whose wavelength is 630 nmor nore

of opitdcBYOrasdbedid®Sfediss Lid fuact ediden shid@nf ihStthe folliowing
diffractive surface 21 and the |ight whose wavel ength

FIGSLS #00nhshdh O . NOIe 20ds413 Nehesudiess, | Shadi ifactederence
in the second diffractive surface 22. Wth respect to

numekBEs | laglt JOLUS| P QRIre8hboSASAEMpdrt 8668 Ginkg 4 O rbhR@ndant
configuration of the present invention, 20 schematic

expl8RRf i Gyt i.gns el exanpl es, in which dlfferent Ki nds
, of opti cal recordlng medi a are used, are shown in the

f ofd OVl NGh 1 Bl G §h5919u911? prcl m FIGR @bﬁﬂrg@fglﬂlén igemade

sane reference nunerals are glven to correspondlng

suchp%‘é'to%%ea'}%c%rﬁﬂb‘”%ﬁéore’%@%ﬁ@&&é@ 4 S; 9 ”bEEEQrmé:&r using

exanpl e, as shown rn FI e configuration s mad

. the %ﬁ{ictaliat réggrt{q{;%oh leBQ}JﬁcaO%r B%DY%C%IDOI’]&‘%S]-&& Pptlcal

rmed usi ng recordi ng medi um

reco%gfn D%l%é:u%g '%'%} D%%amg gﬂoﬁg @1%' fgf‘) %ﬁ‘ploq_,, AQD,

r peC|f|chIy by "usin
sbec:.f:g all }\al\ﬂpoagl}ll\gvﬁl eﬂgtllls 4oosoe rikfave(.)fength is 400 nm or
more and 415 nm or less, and the aberration. correction 1is
performed by the second diffractive surface 22 of the
diffraction element 2 on the optical recording medium 10A whose
cover portion 11 has the thickness of approximately 0.1 mm or
0.6 mm. In FIG. 3, an alternate long and short dash line c
denotes an optical axis.

On the other hand, as shown in an schematic configuration
of FIG. 4, in a case where another optical recording meaium of
:_DVD 10B, fer example, 1is used in this light focusing optical
‘,sy-stem 1, the configuration is made such that the recording
and/or reproduction is performed by using  light L2 whose
wavelengti'l is 630 nm or more and 670 nm of rless, and the
~aberration correction is. performed b& the first diffractive

surface 21 of the diffraction element 2 on th.e DVD 10B whose

‘cover portion. 11, a light transmissive substrate in this case,
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nore and 415 rimor |ess, and the aberration
correction is perfornmed by the second diffractive
surface 22 of the diffraction elenent 2 on the

opti cal recordi ng nmedium | OA whose cover portion 11
has the thickness of approximately 0.1 mmor 0. 6 nm
In FIG 3, an alternate |long and short dash line C
denotes an optical axis. On the other hand, as shown

has tReabhsehesm® ir epphbgimatdion o.¢f whl.G 4, in a case
wher e anot her optical recording medi um of DVD 10B,

f oe £xamphe,thes Ms@fhldechibehl Wilr froeHSbAY QRket@l 2, the
systen11 the configuration is made such that the :

secoh@CQﬁQEQgct§0Q/%hr&§9é0qgckk%&l %rB@rﬁﬁfnﬁﬁhﬁytHél?@sitive
light L2 whose wavelength is 630 nmor nore and 6

Surfébg]85wé§ssan§ngotQﬁena?ﬁér§éﬁgﬂeﬁ§{ﬂef§|Qﬂtéﬁéd in such a
perfornmed by the first diffractive surface 21 of the

cased%%fEa%BM%Q %keQ%%tlaﬁﬂ@ %%gtpyg 1g§e$@9§elscgwgﬁched from

port ansm ssi ve substrate In this

oo Sl O e PPN, O B
aber%li%@lor?egggdb@ fc%torr L¥§ YL e?.CLS %f C\?\)ﬁf Iagli'lrae&lo% hfﬁ/ewhich-
ositive sur ace power, 8 S%

‘ I h I d
1ionfre 8RR " ahiePhagrd S S = ﬁﬁ‘ﬁiag?aiefg‘w flae  axe
o _[recor

sssehgELRURLON, GNPl o CanPbt bt Pired Beobrent Ty byocond
s oo P D S e L S Lo e 9
‘aberg Ei&?lcgékgcgigg Qen%hl o?e%gggcal disk” in page 87 of
“Introduction to Diffraction Optical Flement”, published 'by
Optronics Inc. supervised by Japan Society of Applied Physics,
et al.}.

In addition, since this second diffractive surface is
formed using a combined hologram in which elements 2a and Z2b
" made of materials having different wavelength dependence in a
refractive index are Jjoined together and a diffraction grating
is formed on a 7joint surface, the diffraction of 1light in a
different wavelength band is prevented and only the light whose
_wavelength is 400 nm or more and 415 nm or less can selectively
‘bé diffracted with the desired diffraction efficiency. |

For examéle, in case that this second diffractive surface

is configured as a boundary surface of different materials, and

each of materiais is selected to be the material, héving‘ the

22



diffractive surface (for exanple, refer to section
“"Chromatic aberration correction |lens for optica

di sk" in page 87 of "Introduction to Diffraction
Optical Elenent”, published by Optronics Inc.

supervi sed by Japan Society of Applied Physics, et
al.). In addition, since this second diffractive
surface is fornmed using a conbi ned hol ogramin which

wave@kBHEAt £2&3@NG2br MBS OhndBEQDI aks Javiaig: didd enené the
wavel engt h dependence in a refractive index are '

comph@i Bedi t PORI hera and, awdithr agki aMngsat hogdiksefohid®@din the
on a joint surface, the diffraction of light in a

wavelkhbeh epinyayel engthy kandnd:& prRVenbedrargd Ak, t B8d which
i ght whose wavelength is 400 nmor nore and 415 nm

has Q rk83$-CA0 SeFRGUNel ¥n herdbff{Rct athad tih the wavelength
desired diffraction efficiency. For exanple, in case

_ t hat [ diff nagt Lve ' onfi gur as
bandaggoﬁﬁga§§§§%$£§§eng4g?f?érg%$ﬁ%g%§¥ﬁggg$ gﬁaggeggﬁg' and

I
ther%%gggterhﬁk§ iéiff%%ggﬁg%otosgff£a§ nﬂ%gghaldun§Vi%§cellent

22 wavel engt nmor nore and 670 nm or

n N i.bi ki .t:h _a - \Whi h
vavel BRLESNE L0Ey SRR LLEND EREMUL sy e
or mpre and 780 nmor |ess, and which has a requiring
confang%?énce in refractive index in the wavel ength band

of ~the wavel ength of 400 nm or.nore.and 415 nm.or
s giiietencda b e M Brrte il il iifonnor Fro-

e

s TSl e SRRV s e <o
perform the reproduction from the CD 10C as the optical
recording medium whose cover portion 11 has the thickness cof
épproXimately.l.Z mm, a light focusing position to this CD 10C
is extended and the working distance WD that is a space between
the objective lens 3 and the surface of the optical recording
medium 10C is enlarged, when providing at least one aspheric
surface 23 having negative refractive power with the . light
focusing optical system 1 which includes this diffraction
element 2.

Here, in the examples explained in FIGS. 3 through 5, the
~diffraction element 2 is formed of two elements 2a and 2b, the
first diffractive surface 21 is provided on a surface of the
element 2a facing the lens 3, and the sécbnd diffréctive surface

22 is provided on the joint surface between the two elements Za

and 2b. Further, the aspheric surface 23 having the negative
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Furt hernore, as shown in an schematic configuration of
FIG 5, where |ight L3 whose wavel ength is about 780
nmis used to performthe reproduction fromthe CD
10C as the optical recording nmedi um whose cover
portion 11 has the thickness of approximately 1.2 nmm
a light focusing position to this CD 10C is extended
and the working distance WD that is a space between

refriBE-AD] 58&&%&@3;%@&9& %ﬁl spriace @f tHS. AR I G8he with

recording nediuml I's enl arged, when providing at

resp%cgtfas{o 00 ai_sﬂ"]sef iéﬁ'ld Ségc{?gl%leidél%tfgg%i:fge ngxgﬁféé/e% 1 and 22,

ractive power with t ocusi ng optica

thatﬁ%?é?@%ﬁtﬁ%é&@ﬁ%ﬁ%%#ﬂ%? & 'ﬁéé#ffréﬁ§2§§b?§§§§"§f éﬁgf the

es explained in roug

the ,diffraction_elenent 2 is fQr. t
e1enS3 28 St A SV IR Lot oy T ePhiebtS, SHEPR Shay e

ovi ded ,on a surface of th el enent 2a facing.t .
provPifl U i celReRarrr et i Lup acstobdopLPPractive
- rovided on, the joint surface between the two enent s

sur B Bl 2 AL (R KohaP ol 80P alEP SR RN (o the
., __lhe negativ 23_refractive power _iis provjded.on the
sirs |G SRR SPUEIANE rUGOCES oL FBY st HiRde 1® such
second djffractive surfaces 21 and 22, that is,.in ,
advaRiRIeH f FRakt itOF ettt 21ERLPLpiosi fBCEFYREY thE design
el ement 2b to the objective lens 3. This aspheric
flexihilid{de RAy B FloFrastivh (NETesRe sUr fSRATEE t hghd the
. first or second diffractive surface 21 or 22, however .
diffrReines effd¢ianay 3epatihit eA§FHTEM e 2PEFFEFLGHgcOTrection

second diffractive surfaces 21 and 22, there is such
are not impaired.

As explained above, in the light focusing optical system of
the present invention, the first and second diffractive surfaces
21 -and 22 are provided as the diffraction element 2, the light
whose wavelength is from 630 tq 670 nm is diffracted by the
first diffractive surface 21 t§ perform. the aberration
correction_on the optical recording medium whpse cover portion
has the thickness of approximately 0.6 mm, that is, the"
aberration correction of the optical ;ecording medium
cofresponding tq the DVD is performed, and -the light whose
wavelength is ffom 410 to 415 nm is difffaCted by the second
diffractive surface 22 to perform the aberration correction on
the optical recording medium .whose cover portion has the
thickness of approximately 0.1 mm or 0.6 mm, that is, the

aberration correction of the optical recbrding medium
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advant ages that the design flexibility increases, the
design flexibility of the diffractive surface is
secured, and the diffraction efficiency and the
accuracy of aberration correction are not inpaired.
As expl ai ned above, in the Iight focusing optical
systemof the present invention, the first and second
diffractive surfaces 21 and 22 are provided as the

corrdebéﬁ@mq oftoel genkn2,id hpelf@hted ;Whase waveteagbersation
from630 to 670 nmis diffracted by the first

corrditismctoy epdirdar ol Bpo ipepERFAIhd® SR IIRINOR using the
correction on the optical recordi ng nedi um whose cover

1ighROkbEABindaspt healt hiedress ofavappr %'e%bﬁle)ét@v@ M®s 3 and
that is, the aberration correction of the optica

the REQEHLNG: BREL Uy £S T S5PONH NG 1t O-dR VR a8 a
© Sgrfornegl aﬂ% thg l'i ght mﬂ%ée mavelengtﬁ FS fﬁgﬁle%Clng

devik8 ﬂé@ﬁgﬂﬁ dotbracheri by dhepsecppdindyffractive

sur ace to perforn1the aberration correction on

l.re n
the fﬁﬁéfﬁgigss%g apprOX| tepe gﬁﬁﬁﬁf%rggyfédg hQ@En% the
negaf%vetpgfr alt% Q:%ECOEESCB ch f&iihﬁ(u%ﬁtde c.e and optlcal

recordi ng ne corres

recol BT TR, ARSI EOKE SN, DB

ocusing optical system 1, haV|n e objectiv Ien
opt1£2f %%ﬁ%egBtPéa?gp.ckuﬁnaeV|aé n3”a$ﬁ LERE sl Rad che

compRE el EEP?h§¥h%$é9%¥b?%V5ﬁeVF8FEStLE;'Aé%hZ?Pc

' S%ex%c,e arllla\{/aixg p![e of an optical design of the light focusing
optical system having such configuration as the present
inventi.on is explained. FIG. 6 is a diagram showing a schematic
configuration of an example of the light focusing optical system
1 whiéh has the compatibility between the BD, HD DVD or A0GD, and
the DVD and/or CD, similarly t_o the above-described example
explained in FIGS. 3 through 5.

'-In ‘F-IG.. 6, in the diffraction element 2 and objective_;ens
3 constituting the 1light focusing optical system 1, boundary
~ surfaces in a light path of laser light for recording and/or
reproduction are shown as 281, 282, 2353, 284, _385, and 356 from
the 1light source side in order. Further, in Athe op{:ical
recording medium 10, a surface ‘of a cover .portion of a BD. type

- optical recording medium is shown as 10S7A, a surface of a cover

portion of a DVD type optical recording medium is shown as 10S7B,
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negati ve refractive power, the optical pickup device
and optical recording and reproducing device in which
the light focusing optical systemusing a single
objective lens also has the conpatibility with the CD
can be provided. Next, an exanple of an optical design
of the |ight focusing optical system having such
configuration as the present invention is explained.

and Bl Guifacs i AHWADShRW-RGnAc$Chemd G peCarftdogul Al RBA1um
of an exanpl e of the I'ight focusing optlcal system 1

is S\Mar«ﬁh a3 okhe sﬁaz@@twfﬁéag bﬁ}efre% ttl?:% BBjeEP BYB:0bf the
D, and the DVD and/or CD, simlarly to 9

optlgggve %?%§é%@f gﬁgsfﬁﬁéplgiggd ﬁéhﬁﬂé?? %u&@%eggh 10588

raction el enent

betwggr.e%rlxsysgaér LGonst] tuting gﬁae Laht o pgus'sﬂgfa are

I Ca em 1, oundary surraces 1 n a

SRR IO T C

_ I Sld d Further in th o) cal
melemCo?alﬁ%S gdlum [&&Euﬁgace 7 4 g%?$|o £t y and

opti cal recordln nediumis shown
1055025, 58] G RBBEy B ofbr Eap " poken

. recor dlUﬁ]IS sho 25 and a sur.face
1ines £2" Ehapdl ot Mhstehst LAV ahs e 1 LLEr G T FeAC e nE g and/ox

shown_as 10S7C anon surfaces | OS7 on the ob ect 5998
type,

'repregu?F%pnc&ﬁ|§§ﬂ £ |ﬁ6cﬂ€QﬁQﬁnm§ﬂﬁf §|S@Db dRGar

surfaces 10588 between the cover portion and the
and FHCBYRE fPEuEeE19R®- respectively shown as | OS8A in

the BD type optical recording
Here, in this example, the boundary surface 254 on the side

_ of the objective lens 3 of the diffraction element 2 is made
into the first diffractive surface, that is, the diffractive
surface to diffract light whose wavelength is from 630 to 670 nm
.and to perform the aberration correction on the optical
recording medium whose cover portion has the thickness of
appreximately 0.6 mm, and the boundary surface 283 inside the
'diffraction element 2 1is made into tﬁe eecoad diffractiﬁe
surface, that is, the diffractive surface to diffract light
whose wavelength is from 400 ﬁo 415 nm and to perform the
aberration correctiocn on the optical' recording medium whose
cover portion has the thickness of approximately 0.1 mm or 0.6
mm. In addition, the boundary surface 231 on the light source
side of the diffraction element 2 is configured to be the

aspheric surface having the negative refractive power.
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medi um as 10S8B in the DVD type optical recording

medium and [1OSBC in the CD type optical recording

medi um Further, broken lines L1 through L3

respectively show |ight for recording and/ or

reproduction on the optical recording nedia of BD

type, DVD type, and CD type configurations. Here, in
this exanple, the boundary surface 2S4 on the side of

t heesabhj eghi veahgns 3rof adhepdi fhfacbironralseneidh?2 Escusing
made into the first diffractive surface, that is, the

optibhifspotdwe s subliace to diffract Iight whose
wavelength is from630 to 670 nm and to performthe

akerLatl i R COLT BGH QN bitdhe Adweal cheetdiagragdidin of
whose cover portion has the thickness of

each,a%w.gfgaw eLyr£: & My apgh A doupdary, sykfacerdS3ne next

inside the diffraction elenent 2 is nade into the

bound§EONd dicL£L aQ?EiCJ¥e eﬁ%ﬁﬁéﬁ?&ﬁe&ér@%ﬁﬂ i, S, tREafid f £8CtiNEe next

surtace to diffract ose wavel ength 1s from

bdunéQP}Ft %ué}_gcéi maﬁlndag : %%é orcmegfgfci&pcer r Qhﬁona diffractive

cortection oh the op recor di ng medi um whose

, ti ' f Lt al

suce§BY Y Be AL, LBLcksees.ol a0pron et aly Gudn one
' . he_| i ght id f the di ti . :
neas ) LOSHh PP LG, SRk e L LEEELLOD Sh Rl
' ti f tiv . 26 Next, I f
oren ST Bl LLBPLING POUEE 25, 1) B2 e oo

hown. First, the fol | owi ng Tabl h .
mateP L (RPRLPY BACH TOlihadt ST Abe"a LHEgs (OR A

axis to the next
[Table 1]
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rv 28 [Table 2] Refractive |Index

of Wavel ength In Case of Wavel ength
In Case of Wavelength 785 m 658 nm 407.5 rim d
1.511 1.514 1.53 & 1.567 1.574 1.61 G3 1.534 1.537
1.555 4 1.684 1.689 1.715 G5 1.569 1.577 1.616

[Tabi®r® in the above Table 1, an aspheric fornula shown
in

Refractive Index
Glass Sign | InCase of Wavelength In Case of Wavelength In Case of Wavelength
785 nm 658 nmo 407.5 nm
Gl 1.511 1.514 153
G2 1.567 1.574 1.61
G3 1.534 1.537 1.555
G4 1.684 1.689 1.715
G5 1.569 1.577 1.616
Here, in the above Table 1, an aspheric formula shown in

the following formula 1 was used as the aspheric coefficient.

[Formula 1]

Y2/R

1+ -+ KT RPP?

+ AV4+ BYS + CY?+ DY 4 EY12 4 FP14 4. GY

where, X: depth from surface apex [mm]

Y: height from optical axis [mm]

R: curvature radius [mm]

K: conical constant

_A:‘aspheric coefficient

B: aspheric
C: aspheric
D: aspheric
E: aspheric

F: aspheric

coefficient
coefficient
coefficient
coefficient

coefficient

of
of
of
of
of

of

G: aspheric coefficient of

Alsp, as to the phasé difference

29
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the followng fornula 1 was used as the aspheric
coefficient. [Formula 1] X _ Yz/R ~~Z
+AY4+BY6+cr +DY10+EY12+Fr4+G 6 1+{1- (1 +K) (Y/ R) x}
where, X depth from surface apex [mm Y. height from
optical axis [mm R curvature radius [mm] K conica
constant A: aspheric coefficient of termY4 B
aspheric coefficient of termY6 C. aspheric
surfegef f acphkase opolwramiv8 sDowasphethe Ctekfdwigicedorofila 2 was
term Y10 E: aspheric coefficient of termYl2 F
usedaspheric coefficient of termYl4 G aspheric
coefficient of term Y16 Al so, as to the phase
di { Fermrice 2Joefficient of diffractive 29 surface, a
phase pol ynom al shown in the following fornmula 2 was
useeD 4 Eorrmd 2y CIPRCAYE- Y3y P e+ C3Y6 +CAY8 +(C5Y1
+C6Y12 where, OPD:. phase difference fromaxis [nm Y:
hejygbte f roam:ophikeal carfsrdind fraternlsapedrati on with

respect to the CD, DVD, and BD was

Y: height from optical axis [mm]

Lateral aberration with respect to the CD, DVD, and BD was
| calculated using the light focusing optical system based on such
design. Results are shown in FIGS. 7 through 9.

FIGS. 7A to 7D show a case where the CD is used, FIGS. 8A
to 8Drshow a case where the DVD is used, and FIGS. 94 to 9D show
a-case where the BD i1s used, wherein FIGS. 7A, 824, 9A and 7B, 8B,
‘9B are diagfams showing the \lateral aberration in the Y
direction and in the X directicon orthogonal thereto,
respectively, when a light beam is.incident in the Y direction
orthogonal to the optical axis with a field angle of 0.5° and 7C,
BC, ‘9C and 7D, 8D, 9D are. diagrams showing the lateral
aberratioﬁ in the Y direction and in the X direction on the axis,
fespéctivély.

| As is obvious from the results of FIGS. 7 through 2, it is
verified that the lateral aberration is suppressed in this light
focusing optical system in any of the optical recording media CD,
DVD, and BD.- |
. Eurther, spherical aberration with respect to the CD, DVD,

and BD was also calculated. Results are shown in FIGS. 10
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cal cul ated using the Iight focusing optical system
based on such design. Results are shown in FIGS. 7
through 9. FIGS. 7A to 7D show a case where the CD is
used, FIGS. 8A to 8D show a case where the DVD is
used, and FIGS. 9A to 9D show a case where the BDis
used, wherein FIGS. 7A, 8A, 9A and 7B, 8B, 9B are

di agrams showi ng the | ateral aberration in the Y

- throdgheqb, Ol}egﬁgct{‘véﬂ? &@If@c\%ml@d hegenal it hekets@herical
réspectively, when a |ght beamis incident in the Y

aber@h %%B' ?8 +fet kegapalnt 4 her@ptical s s it Brarkheidn to
ang e of 0.5, and 7C, 8C, 9C and 7D, 8D, 9D are

Rt hg 4l atd@q{@' prRber At | g atile ¥o the BD

|rect|on anﬁnln fhe X rectlon on the axis,

show%eﬁﬁegiéﬁe%?aué§s Epgggg cé&onwthe results of FIGS.

roug verl that the latera

o%gom&%%gi%&%%%m@@ﬂ%@mﬂ

sys em 1 n any ecordi ng ne
DVD, and er,_s |caI rrati
reco?@éﬁ FEF%athe @B anéPB was a%%§ ca Pa%% Hength’
ts ar shomn in 30 th 12
numefégaictF€8F§ur?t Vel Tl JLRD lﬁ%%%ogpherh@aFt inage

' berration_to the shown i her i cal
'dlStQBE?ratﬁgﬁkPBQ tﬁgpggﬁcghomm %?Hgﬁéﬁ 1]9fo 80%%5erF€5Flon’
- aberration to.the BD shown_in FIG 12 a suppr.esse
chropghic| RPERatHPynt Nt GEFsi iyt oBEV%Ja?n%Rﬁ %ﬁf % nm,
of optical recaording nedia of BD, DVD, and CDis
aberaggaonaclp%%ad}tqréﬁ&ﬁ on axis, and aberration characterlstlc

the

outside axis (in case of 0.5°) are shown in the following Table 3.

[Table 3]
Use BD DVD CD
Focal Length [mm] 2.32 2.388 2.489.
Numerical Aperture 0.85 0.65 0.5
Wavelength [nin] ' ' 407.5 658 785
Magnification 0 0 0
' | Object-Image Distance [mm] Infinite . Infinite . " Infinite
Working Distance [mm] 0.785 0.547 0.275
Thickness of Cover Portion [mm] 0.0875 06 1.2
Chromatic Aberration
. ) 0.483 0.003 0.063
| (Wavelength Fluctuation +1nm) [um] - _ '
Aberration Characteristic
N 0.004 0.002 0.009
on Axis [Arms) :
Aberration Characteristic
0.035 0.013 0.038

outside Axis (0.5deg.) [Arms]

From the result in this Table 3, it is verified that the

chromatic aberration is controlled to be a practical numerical
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nunmerical aperture, wavel ength, magnification,

obj ect-imge distance, working distance, thickness of
cover portion, chromatic aberration in case of

wavel ength fluctuation +1 nm aberration
characteristic on axis, and aberration characteristic
outside axis (in case of 0.5) are shown in the
following Table 3. [Table 3] Use BD DVD CD Focal Len

valu[amhﬂ 3858388 2. 8% NWRidiCaleHRarhyr 8818k &¢ 68D, DVD,
. Wavel ength [m] 407.5 658 785 Magnification O 0

and @D bhecln | fmge. inst aRce <Myt ot p{di drad Mdthl t@e aberration
Infinite Wor ki ng Di stance mm 0. 785 0.547 0. 275

char;b£&¥15¥¥% Qfn GoMEr ABAr kN ahE A O: AT BB tiristic ocutside
Chromatic Aberration 0.483 0.003 0.063 (Wavel ength

v t ct erd. sty 004
axis ]c’i_‘l.‘lg é%dogyg&mtoﬁﬂﬁég{ﬁém%fﬁg%%??%ng %’]davfaj:(‘la?eerql stic

re@ vl B R s AT o 5 s PP e YRR TRe o R the
o im $0F OFBL] 1 ARBIIANIQN 45 GONEOL €EQ-DE; @ REACELSA ded on

nuneri ca

the boundary surface 253, the chromatic aberration with respect
to the BD was 0.541. Specifically, it 1is verified that the
chromatic aberration was suppressed excellently by prqviding the
diffraction surface correspending to the BD with this boundary
_surface 253.

As explaiﬁed above, according to the light focusing optical
system of the present invention, the aberration correction can
be performed excellently on various kinds of optical recording
media of the BD type, DVD type, and CD type by the optical
éystem using one objective lens, the compatibility between three
different kinds of optical recording media can be obtained by
applying this light focusing optical system to the optical
pickup device and optical recording and reproducing device, and
also the miniaturization, thinness, and reduction in weight of
- the device become possible.

It should be understood by those skilled in the art that
the present invention is not limited to the configurations
- explained in the embodiments described above but various

modifications, combinations, sub-combinations and alterations
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31 value with respect to each optical recordi ng nmedi um
of BD, DvD, and CD, and in addition, it is verified
that both the aberration characteristic on axis and
the aberration characteristic outside axis are also
controlled to be sufficiently a low level. Here, in a
i ght focusing optical system based on the simlar
desi gn, when the diffractive surface is not provided
may Qrtcdheadoundalyy sy fres g25F 4@ crbBhosalbng abeid At E9Btors
with respect to the BD was 0.541. Specifically, it is
inso¥8Fi hbednkPabrtNQitRDRORBLI 6cBPET HAt LRE UBSSUPP! €85BS or
excel lently by providing the diffraction surface
the ggﬁi@gggﬁyy Rget@okEhe BD with this boundary surface
: 253. As expl ai ned above, according to the |ight
f opaisi NG PRLI Cal AYSY eanPT g&&%iggge%%%g,cgg\égpﬁtgﬂ’ phf€1 on

aberration correction can e perrormne ent | y on

. the V%éx%’-a? ic?%ﬁegf adr)]ééstii(%ﬁi ;e%gﬁ%ig,' ng ¢ m.'fgi %Pg%;%?g%%le to

type, type, y the optic
! o e e :
cons G400 23800 CHPIFIAE"SpeL 0 COPPA LULYRIHIGE co one

np DRf_8RAAAS ) DY o APRLYI N U S d TGk, fOEUSINGOBLE LA, vich
: systemto the oﬁilca pi cKup  devi ce and optica
the 550§H#“d¥% and reproduci ng device, and also the

m niaturization, thinness, and reduction in weight of

-the device becone possible. Lt shoul.d.be understoo

oyt ROCUL SR SFUEREPREUaPy (9T PHe pPasft e ANE that
' .invention_is npt limted to the confiqgurations .
variQie| ariea 7 ARt e embodi TBHTE T BREr | bet abEUR Bations  and
raltez\:/a?g:{oonl'lss may occur depending on design requirements and other

factors inscfar as they are within the scope o©f the appended

claims or the equivalents thereof.
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nodi fi cati ons, comnbi nati ons, sub-conbinations and

alterations 32 nmay occur dependi ng on design

requi renents and other factors insofar as they are

within the scope of the appended clains or the

equi val ents thereof. For example, in the |ight

focusing optical system based on the above-descri bed

design exanple, it is also possible to configure a

| i ght focusing opt'eat 55 sHé#"&6r f8sponding to the HD

DVD and ACD instead of the BD to have the

cohpdt i1gighitt FoRRERNY t ¢t IR la /Y SEVD, CPRPBIFIRIA be

under stood by those skilled in the art that various

nmodli fdiddiriagd onconbement orind sdbneonblHat idrshandight for

alterations may occur dependi ng on design requirenents
recogdin®t her ahddlenr geprsdhainas firthmy ar elwrehinyt pd optical

scope of the appended clains or the equivalents
recorfier@ofed B8 Whadifferdmi nkinds: i4. fachseht ofigruthegoptical
' optical systemconprising: a diffraction el enment and
recokéivsg wddiaphi ch |ight for recording to and/or

reproducing froma plurality of optical recording

medicaredh didifder énffkdadion sefasugedchant att Heaspt iHalst and

recording nedia, wherein said diffraction el enent has
secondl detadtiivet sandacsecond di ffractive surfaces; said

first diffractive surface diffracts |ight whose

said first diffractive surface diffracts 1light whose

wavelength is 630 nm or more and 670 nm or less to perform
aberration correction on an optical recording medium whose cover
layer on which light is 1incident has a thickness of
approximately 0.6 mm; and

| said second diffractive surface diffracts light whose
wavelength is 400 nm or more and 415 nm or less to perform
aberration correction on an optical recording medium whose cover
layer on which 1light is dincident has a thickness of

approximately 0.1 mm or approximately 0.6 mm.

2. The -light focusing optical system according to claim 1,
wherein said second diffractive surface has positive

surface power.

3. The light focusing optical system according to claims 1 or

wherein a diffraction grating is provided on a boundary
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wavel ength is 630 rimor nore and 670 nmor less to
perform aberration correction on an optical recording
medi um whose cover |ayer on which light is incident
has a thickness of approximately 0.6 mm and said
second diffractive surface diffracts |ight whose
wavel ength is 400 nmor nore and 415 nmor less to
perform aberration correction on an optical recording
surfipsei urhaitosealeigrls |hgemg ofd fffneint] e ieggitheidgpendence
has a thickness of approximately 0.1 mm or _
in apmioxictavel yndes ame IoinEde toj ghenf seidi srEwpt ididifractive
system according to claim1l1l, wherein said second
surfgicef.r acti ve surface has positive surface power. 3.
The light focusing optical systemaccording to clains
1 or 2, wherein a diffraction grating is provided on
a4boGﬁéaﬂygh%4f%ﬁﬂﬁﬂ§€eoﬁﬁ%ﬁ%9rﬁﬁ%ﬁepaﬁgc?ﬁﬂﬁqﬁgto any one of
claifisfferent wavel ength dependence in a refractive index
are joined to formsaid second diffractive surface.
4. whEreiln ght df a¢astaer iapt igcak iayst entaansot diyngdiaiangy first
one of clainms 1 to 3, wherein said diffraction
and geabhdgeiandmysred by joining first and second
elements. 5. The light focusing optical system

accordin% to any one of clains 1 to 4, ,
5. The light focusing optical system according to any one of

claims 1 to 4,

wherein said light focusing optical system incliluding said
~diffraction element is provided with at least one aspheric

surface having negative refractive power.

6. The light focusing optical system according to claim 5,
wherein said aspheric surface having  the negative
- refractive power is provided on the light scurce side of said

first and second diffractive surfaces.

7. An optical pickup device including a light focusing
“opfical system in which 1light for recording to and/or
repfoduéing from a plurality of optical recording media of
&ifferent kinds is focused onto.the recording media, COmprising;
~a light source that emits light,
a diffraction element on which the light emitted from the

light source is incident, and
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wherein said |ight focusing optical systemincluding
said diffraction elenent is provided with at | east
one aspheric surface having negative refractive
power. 6. The light focusing optical system according
to claim5, wherein said aspheric surface having the
negative refractive power is provided on the |ight
'source side of said first and second diffractive
sw f aeas. thatAnfopiseal pgbkufmbevi tee | nélfddangien element
light focusing optical systemin which |light for
towalr€éCOhdi agtimmlandcordingepedduei ng froma plurality of
optical recording nedia of different kinds is focused
oninerdie recial dingfrediian cop@tidsi njas atl ilghistsoficer and
that emts light, a diffraction el enent on which the
secohgRl renhdt aek foematbe, |ight source is incident, and
35 a lens that focuses light fromthe diffraction
el speat riovar ditdreaepiveal shecordi ngi Medicts) WAGHEI Nwhose
: said diffraction elenent has at least first and
wavéi@ﬁ?ﬂﬁi disf fgaet hye Urheeesangaidhof i kst odi fifdsaCtiyeperform
surface diffracts |ight whose wavelength is 630 nm or

aberTRE €oANEo BAO-1¥BO0n &8S obeiB8Lf PEADr&lQ MRMdi®R whose cover
correction on an optical recordi ng nmedi um whose cover

layek@Y & ONepueh Higlt i 8si ngidentnbas past hiLknesse@ess  of
approximately 0.6 mm and said second diffractive
appro¥ihace ¢id fd aftSahight whose
said second diffractive surface diffracts 1light whose
- wavelength is 400 nm or more and 415 nm or less to perform
aberration correction on an optical recording medium whose cover

layer on which light is incident has & thickness of

approximately 0.1 mm or approximately 0.6 mm.

8. The optical pickup device according to claim 7,

wherein said second diffractive surface has positive surface

power.

9. The optical pickup device according to claims 7 or 8,
- wherein a diffraction grating is made on a boundary surface

where materials having different wavelength dependence in a

refractive index are joined to form said second diffractive

surface.
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wavel ength is 400 nmor nore and 415 nmor less to
perform aberration correction on an optical recording
medi um whose cover |ayer on which light is incident
has a thickness of approximately 0.1 nmm or
approximately 0.6 nm 8. The optical pickup device

aciﬁtd%ﬂ] des6hal gy L yNeraila %@Egré§§yng$ dinkf bAEtb¥eciaims
suff ace has posittve surface power. 9. The opti cal
7 teiTkup device according to clains 7 or 8, wherein a

diffraction at i I s .made _on.a bqundar ur f.ace . )
anZrePSa Fad S Ak IR R fond g, YuRahdeg. £iet
: andi na Jre éag}léé/e index are joined to formsaid second
diTTracti Ve ™ surface. 36 10. The optical pickup device
according to any one of clains 7 to 9, wherein said

diffraction grating.is de by joining first and )
se]C]Ungﬁgl 8%%1?%. pf%ku?hgggb?‘? c%#coﬁid&ﬂgptﬂe?ﬁ%éme of claims
7 toatOprding to any one of clains 7 to 10, wherein said
i ght focusing optical systemincluding said, . .
di ¥ o??lé“g ehehtt | P P hAiceR SYSteRstinghgding said
._aspheric surface_ having negative refractive power. .
diffractipp o%]tei“}%‘lt pt-Bk pr tehdede Hékbr dithglE8SEIl H1F 1 §spheric
wherei n said aspheric surface having the negative
surfaepr Bavine RIS ves PREBITHETE diPWee | i ght source side

of said

12. The optical pickup device according to claim 11,

wherein said aspheric surface  having the negative
refractive power is provided on the light source side of said

first and second diffractive surfaces.

13. An optical recording and reproducing device including
at least a light focusing optical system in which light for
recqrding' Fo and/ox reproducing from a plurality of optical
recording.media éf different kinds is focused ontc the optical
recording media  comprising:

a light socurce that emits light,

a diffraction element on which the light emitted from the
light source is ihcident, and

a lens that focuses light from the diffraction element
. toward the optical recording medium,

wherein said diffraction element has at least first and
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first and second diffractive surfaces. 13. An optica
recordi ng and reproducing device including at |least a
i ght focusing optical systemin which |light for
recording to and/or reproducing froma plurality of
optical recording nedia of different kinds is focused
onto the optical recording nedia conprising: a light
source that emits light, a diffraction el ement on
secomlli €if inwetlivghsuefateted fromthe |ight source is
incident, and a |lens that focuses light fromthe
didfircactiiaztel eddEitract bwar dsihenwept idddlf raetor dilight whose
medi um wherein said diffraction el ement has at |east
waveléfigih and 630 seeona diddfd aghd ve7sunfraces, leakd ifd rsérform
diffractive surface diffracts |light whose wavel ength

~abert8t 630 ddrPet ikRr @nald 6F0ifM OFed@SH nigo meeali her *hose cover
aberration correction on an optical recording nmedi um

laye¥hogg CQufilch | aygfhton wWhi CAnkig@bht i ShkBCi dentthiaskndss  of
t hi ckness of approximately 0.6 mm and said second

appr&k{ddaati ve eswhfagggdi ffracts light whose wavel ength
is 400 nmor nore and 415 nmor less to perform

aheritat LRRLRAr F 8§EF AL AN sAPELSR! dBGOQItRY MeghtMyhose
whose cover |ayer on which light is incident has a

wave Q%ﬁﬁpe§§ Qfoo anRT X TRHR! Yaith 149 O 8PPT 9%5884Q) Yperform

mm 14. The optical recording-reproduci ng device
aberf§%§yﬁ“83}r%%tion on an optical recording medium whose cover

layer on which 1light is incident has a thickness of

_approximately 0.1 mm or approximately 0.6 mm.

14. The optical recording-reproducing device according to
claim 13,
wherein said second diffractive surface has positive

surface power.

15. The optical recording-reproducing device according to
‘claims 13 or 14,

wherein é diffraction grating is made on a boundary surface
where materials having different wavelength dependence in a
Iéffactivei index are joined to form said second diffractive

surface.

16. An optical recording—reproducing device according to any -

one of claims 13 to 15,
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claim 13, wherein said second diffractive surface has
positive surface power. 15. The optica
recordi ng-reproduci ng device according to clainms 13
or 14, wherein a diffraction grating is nade on a
boundary surface where materials having different
wavel engt h dependence in a refractive index are
joined to formsaid second diffractive surface. 16.
An optical recording-reproduci ng device according to
‘any one of clainms 13 to 15, 38 wherein said
diWferadni crrigr atiififgacsiomdgrbyingi héngafér by jeading first
second el enents. 17. The optical recording-reproducing
and dewbse® @bemgrdisng to any one of clains 13 to 16,
wherein said |ight focusing optical systemincluding
said diffraction elenent is provided with at | east
one aspheric surface having negative refractive
pawer Thd 8ep e 10pk6adli ieaebivigef ePradiitiengcderdit® to any
according.to c{ im17, wherein said aspheric surface
one RAvilythe >nEfative refractive power is provided on
the light source side of said first and second
didffer-aghi L@ igunfiases. rotlsifAgMebedaof siecusi Rechu@hig said
for recording to and/or
diffraction element is provided with at Jleast one aspheric

surface having negative refractive power.

i8. The optical recording-reproducing device according to
claiﬁ i7,

wherein said aspheric surface Thaving the negative
refractive power is provided on the light source side of said

first and second diffractive surfaces.

19. A method of focusing 1light for recording to and/or
feproducing from a plurality of optical recording media of
‘different kinds onto the optical recording media by using a
diffraction element and lens, comprising the steps of:

providing said diffraction element with at least first and
second diffractive surfaces,

said first diffractive éurface diffracting light whose
wavélength is 630 nm or more and 670 nm or less to perform

aberration correction on an optical recording medium whose cover
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‘reproducing froma plurality of optical recording
media of different kinds onto the optical recording
nmedia by using a diffraction el enent and | ens,
conprising the steps of: providing said diffraction
element with at least first and second diffractive
surfaces, said first diffractive surface diffracting
_ l'i ght whose wavelength is 630 nmor nore and 670 nm
layegr !O%SS Wi er f PIiRe abJe_£ ratloRqCREr egLLon 0N &fk ckness of
optical recording nedi um whose cover 39 l|layer on
which | i s _i.ncident has a thickness of
appra%%%%&%%g?%ﬁiﬁﬁf68h%1 and said second diffractive
surf.ace_diffracti |ight . b is 1408 nM,y
orsaﬁ%r es%%%}lcalélfggactfve %9§gcew%f§gg{i ngt I 0 ose

nm or ess to perform aberr

orrecti.on an optical_recordi i whase COVEEL ¢
waveﬁﬁ?%fhpﬁsmh c ??gﬁ?ri%Pﬁ%m?a%nﬁq%as a ?g}ckness ofS mHoxm
aber%ggggr)l(l gc?;felé/ti%hl o%magr OSEQES ! ggct:oe:l!’c}/in% ?ne@g]mu49¢hose cover

layer on which 1light is incident has a thickness of

approximately 0.1 mm or approximately 0.6 mm.
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