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-cal |l ed conpatibility in which- light for

recording to and/or reproducing froma plurality of
LIGHPt FQZISINGe OFRALAY FBETEMof OB FGALy SHCHUPN®EVIIEET HHGsBET ICAL
onto the optical recording nedia by using a
RECORDAVG | BND RRRRENUGIANG |EVI.CEafg INGaFHF coRlME| yAS WELL AS
relates to a Iight focusing optical system capable of
excel l ently perf orFiGHT HEIISANGONEEFBPPecti on on t he
plurality of recording nedia of different kinds, and
to an optical pickup device and optical. recording
and reproduci nPAHEBRENS I HY Ty SNVENFRPNT ocusi ng
optical system Description of the Related Art: In
Fielde@dnthypedngentoptrical recording nedia of various types
having different recoding densities have been
de¥bkopedsenndinnentase oklatdsskoshapedghdpticalsing optical
recordi ng medium for exanple, those such as a CD
syste@ompectinbi skp-usilhgda. cwapeltébdihtef hLasewhithl i giight for
around 780 nm a DVD (Digital Versatile Disc) using a
recowahebengt h anBépeof repobua- 660 Eirolm sa BRpliuBlalkitgy &F seyptical
using a wavelength thereof around 405 nm and
recovidinhameyiia WP MIFfddedit kinds is focused onto the optical

recording media by using a diffraction element and lens, aﬁd
particularly relates to a light focusing.opt:i‘_cal syétem capable
of .excellently performing aberration correction on the piurality
of recording media of different kinds, and to an optical pickup
device and optical. recording and reproducing device using this
light focusing optical system.
Description of the Related Art:

In recent years, optical recording media of vari,ous-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



Definition DVD) and AOD (Advanced Optical D sk) using
a wavel ength around 405 nm for exanple, can be
mentioned. In these optical recording nedia,
structures thereof differ fromeach other, and
particularly a thickness of a cover portion on the

-

side-irradiated wth light, that is, the thickness of
a substrate and cover l|ayer differs. In order to

1igh@btaFdury Co8b 1 gty at & omvimavi gy cpavebidtiye f Ofisc) using a
recording to and/or reproducing from such optica

wavd1@egidi NGertBdi @ funpl Wal khhds iBD oL LREYCAlisc) using a
recordi ng and reproducing device, it is necessary to

wavé%%hb%ﬁttﬁ@&é@@LaQEEEEaMb@nrhﬂ tJHa_éKﬁﬂﬂa¥1y8¥§tEm1bﬂD (High
consi deration of such differences in the thickness of

DefﬂdT%iBgYebvBQfFBBB aﬁ%nin(hﬁ%aW@¥8|969£thi tbﬁsk) using a
.lrradiated light. For this purpose, a plurality of _

waveq_%ing‘}‘:gi XFO!IJI?%S@@S Seril,t a_‘QJre exfaﬁglg?_segﬁtﬂné/em%:ﬂcﬁ@d.

rec ing nedia may be provided without difficulties

g;?hog§§ggl pt{é?fﬂfé rga%gcgegﬁg?rgﬁég?%greé{fﬁ%reof differ

I scl’osed 1n the a -descri at en

referen 1, an ' S . ' AtJRibd L e
eron] SeEhC el Aianfie BB iR S e ARG S3TRE R Er Pértion
l.enses, sujitable .for .the DVD.an respectlv £
on trkhestsaqueed“iﬂlha%lnaé: C{)b"b]itnr}l oﬁg[a?lt’bid%l%%all%ctﬁ% o?ﬂl%%\%g&s ot @
use. However, when a

Sub%gﬁaggfg%§lgég%%fg%gﬁégfﬁgﬁﬁﬁgg are installed, 2 the

g:3§hsgﬂ$§;§310rt;?%“ﬁ“%%éfagggagggntQggfkéS%é%patibility for
recording to and/or reproducing from such optical recording
media of plural kinds in one optical recording and rgproducing
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 suitable
for respective optical recording media may be'provided without
difficuities {for example, refer io Patent reference 1).

In a method disélosed in the above-described Patent
reference 1, as an optical System having compatibility between a
DVD and CD, the bné in which tWo objective lenses suitable for
the DVﬁ and CD respectively are installed in one bobbin of a

biaxial actuator has been put into a practical use.

However, when a plUraiity of objective lenses are installed,



in the aspects of high-speed operation and

m niaturization of an optical system Then, a nethod
for recording to and reproducing froma plurality of
optical recording nedia of different kinds by using
one objective | ens has been proposed. In an optica

recording-and reproducing device having the
conpatibility between the DVD and CD, the aberration
the clalmeithlbyacile- i fiiesemncesidryd hend htbknesssofa tdissadvantage
cover portion and in the wavelength is corrected by
in ts gpeadisf ofadtiighesbead (poratexanphied miefarurticathen of an
Patent reference 2). [Patent reference 1] Japanese
optiRatiertystAppl i cati on Publication No. 2001-110086
[ Patent reference 2] Japanese Patent Application
Pubthiegat iz0Nme NBod 2G01- 1645351 iDdVMARY s0d THEp AIWNENHONrom  a
In recent years, with the BD and HD DVD being put into

plurfd1aGhi & opsecait rBasrls wesid el t @i ol @it ainds by using
objective lens wth which even the BD and HD DVD

one REGRR ;Gampahisbhes i KeaddiddRRed 0 the DVD and CD.
, However, the BD has a cover portion whose thickness

I S IAPRLKOYALRLY B rihagt Bhakness oeficdngo Rk iBer hb9fing th
of a DVD,Fgﬁd thérmavele%gth for tﬁé BDn?s aréund 405ng ©

comﬁ&@fﬂﬁh@@gjE%t%%@ﬁtth%uﬁhﬁﬁﬂuuﬁ @ﬁﬁEEhéa%b%E§££96§ Héused by

of the objective lens becones |[arge correspondi ngly

the tﬂf@éﬁ%eﬁ@esa@q @h@%ﬁi@&&%t@f}%e V(\gwpgr %clrelﬂ%n\’\@inﬁh in the

noves between an objective lens and a surface

wavelength is corrected by using a diffractive lens (for example,
refer to the Patent reference 2}.

[Patent reference 1] Japanese Patent. Application Publication
No. 2001-110086 :

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

SUMMARY OF THE INVENTION

In recent vyears, with the BD and HD DVD being put into
-practical use, it has beeﬂ desired to obtain anrobjective lens
' with which even  the BD and HD DVD become compatible in addition
to the DVD and CD. However, the BD has a cover portion whose
fhickness is approximately 1/6 the thickness of a coverlportion
of a DVD, and the wavelength for the BD is around 405 nm which
is short. Further, a_numefical aperture NA of the objecEive lens
beéomes'large corréSpondingly to the BD, and a working distance

WD of a lens which moves between an objective'lens and a surface



3 of an optical recording nmediumis typically short.
Furthernore, in the BD, a difference in the anount of
spherical aberration fromthat of the DVD and CD
becomes enornously |large. Here, the spherica
aberration is typically obtained fromthe foll ow ng
—formul a. Spherical aberration - NA"- x d/A  NA =

Nunerical Aperture d = Thickness of Cover Layer X =
Wavel engt h Accordi ngly, a nethod of using an objective
of | psopinicaglomyiavatiion netdhum s ffymictdldly ghatingFhashermore,
al so been studied; however, a practical use thereof
inj sheli BPi cal Hiddertncsucth bher emsontt hét sphprichl odbd¢thmation
diffraction grating is considerably mnute to the
freaxtgmt off 3hgr ®VDMendoUBr becomd heerBBmous 1iys Laegessidne, the
to make a lens larger in order to enlarge the working
sphfsitcaic es B radridnasisa residallyt hermiinedsutteranche following
i nconveni ence that a focal |ength becones |arge and
fonrivdaechr omati ¢ aberration increases. Exanple
enbodi nents seek to obtain conpatibility between the
BD $phedBcBYDabadratienDYDNaAdx GY by neans of a
configuration including one objective lens and a
di f f Nacti Bemegyriataiingpentare | i ght focusing opti cal
system having an objective lens that is wused in
conbidnat | Dini glirtetssa ol f¢oet | baygr at i ng.

A = Wavelength

Accordingly, a method of using an objective lens in

 combination with a diffraction grating has also been studied;

however, a practical use thereof is difficult due to such a
reason that a pitch of the diffraction grating is considerably
minute to the extent of 5 urn.

Moreover, in the BD, 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 aberration increases.

Example embodiments seek 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 foc&sing optical system having an objective lens that is

used in combination with a diffraction grating.



4 In accordance with a first aspect of the present
invention, there is provided a light focusing optica
system conprising: a diffraction elenent and | ens
with which light for recording to and/or reproducing .
froma plurality of optical recording nedia of
—-di-fferent kinds is focused onto the optical recording

media, wherein said diffraction elenment has at |east
first and second diffractive surfaces; said first
di f f Faca¢arrdsnce acet i 4 fiigetts aspeght oidee pwavehengtention,
is 630 run or nore and 670 nmor less to perform

theﬁ@erlrsatH’WléiGrdr écthishtonfaavsépei calkisakor titmy medinphsing: a

whose cover Iayer on which light is incident has a '
d1fifFiackieds edemgisr enichdtsalsy Y0, 6 nfiend isditd ecomgording to
diffractive surface diffracts |ight whose wavel ength

- andy/ eTABOPRAY YT Hh i CBing Pattahitbrof epticglpeprerding media of
aberration correction on an optical recording nmedi um
diffREeRt cIvVdIds aVyer TORURRFACOREYhtPs SRidicddnt ToFRIsligy media,
t hi,ckness of apprOX|nateI% 0.1 nm or apprOX|nater 0.6
WheﬁﬁﬁnpﬁﬁlﬂerdlffﬁafﬁéO%bsé;@ G5 cPRBedt |l§ﬁ‘th dadst ng'md second
. tical em accor.d to the e enbodi nment
a1 £ ReCER ¥ onth A FFr actd Juﬁtacslﬁggaﬁ 721 GUELRGRf Aog fracts
. . _Furthe t he ve-described lig f ocusi
LigBgy rhgee &95{*@%{1% o e Vet e é&%ﬁ@éﬂ%%&dﬁﬁe&rﬁess to
er%odlffﬁggtl N, gratin |s prOV|de ppu g . iy
PerEaFack WHér e “Rat 'S tRavPhg i fP%FJe?ﬁ‘ V\é\‘?SP fiypsh medium

whoggpe ence in 2. refract|v |nd§§g%re

is incident 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 light is incident
has a thickness of approximately 0.1 mm or approximately 0.6
.

Further, in the above-described light focusing optical
system according to the example embodiments, the second
diffractive surface has positive, surface power.

Further, in the above-described 1light focusing optical
system according to the example embodiments, a diffraction
grating is provided on a boundary surface where materials
having different wavelength dependence in a refractive index are
joined to form the second diffractive surface.

Further, in the above-described light focusing optical
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joined to formthe second diffractive surface.
Further, in the above-described |ight focusing optica
5 system according to the exanpl e enbodi nents, the
diffraction grating is forned by joining first and
second 5a elenents. Further, in the above-described

|-i-ght focusing optical system-according to the- exanple

enbodi ments, the light focusing optical system
including the diffraction element is provided wth at
sysiteastaamegdaspherm ctisur agephavengodbgatisie ted r déffifvection
power. Further, in the above-described |ight focusing
gregpticals Sysmerh &ycdradimigng of { hetexadplse cenbbdi nent s
the aspheric surface having the negative refractive
power is provided on the light source side of the
first and second diffractive surfaces. 6 In
accordance with a second aspect of the present
invention, there is provided an optical pickup device
including a light focusing optical systemin which
light for recording to and/or reproducing froma
plurality of optical recording nmedia of different
kinds is focused onto the recording nedia,
conprising: a light source that emts

‘5a



light, a diffraction elenment on which the [ight
emtted fromthe |Ilight source is incident, and a | ens
that focuses light from the diffraction el enent
toward the optical recording nmedium wherein said
diffraction el ement has at |least first and second
—gdi-ffractive surfaces, sai-d first-diffractive- surface
diffracts |light whose wavel ength is 630 nmor nore and
670 nm or less to performaberration correction on an
optical recording nediumwhose cover |ayer on which
eHeE'HFS1s i nci dent has a thickness of approximtely

0.6 Fnl and said co d diffractive surface diffracts
| gh RS Wé{}a &@@%&Psﬁ nor @ tantPcu g ppptical
| ess to rforn1aberrat|on correction on an .o tlca

or
SYSEEBY 8FRGT Uit WHES €2C8PeF FE?%?lTﬁPWﬁn(ﬁ?Q|Hﬂg §Ocu51ng
opk&%%ﬁi.%&%s PP iR B RS T R LIS (b6 Provided
he res nvention, there is pravided an
f‘?aescor%‘ﬁ)%g 28 Jlrce\r;? %d‘ad’é\ﬂgc'enﬁ e rgfapctive

Ieast a light focusing optical systemin which Iight
PY'GFrecording to and/or reproducing froma plurality
' nedi a f dlffere t. kin

f t | d

focu lél'ag@ﬁféeflﬁé%ﬁg.@aw?e 8?8%@% digttontet S g gptical
Syost%ht. a8o%h fn%.h}% tf t'é{? S R AR S0 s cERE D aspheric

%c deg{ .and useg light fromthe ded
suptRrE it herreobhire rhetactith powek®Md Mrovided on

the light source side of the first and second gdiffractive

surfaces.



recordi ng medi um wherein said diffraction el enent has

at least first and second diffractive surfaces, said

first diffractive surface diffracts |ight whose

wavel ength is 630 run or nore and 670 run or 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
waviel ergiderdagsic400 walrhor anosecand 445pantorofessh4 0 present
perform aberration correction on an optical recording

invesdiigm, whddewovers | ayervioded whach bpghtails ipdckdent device
has a thickness of approximately 0.1 nmm or

incqipptioyd nat elighd. 6f e sifag | op&deerldange twint hia fwdurdd 1ight
aspect of the present invention, there is provided a

fopetdsotb odihgcusd ngrid ot frmpradoordi ngron andpdnrality of
reproducing froma plurality of optical recording

optietila vecdirfifagemediads fordiof idwerdpt kiadls r ésorfdiquged onto
nmedia by using a diffraction el enent and | ens,

thecorprPsilhgdt heedisgt,epsonbripingi dimglsaht didifreacttitein emits
element with at least first and second diffractive

ligbir f aceésifxaitdidn redtemgintf pacth veh strd ddgrhtdieffitaetli Agom the
i ght whose wavel ength is 630 nmor nore and 670 nm

lighi |sessceoipedfoifenberand i onleosr édtdtonf onuaes optigbal from
recordi ng nmedi um whose cover |ayer on which light is

theg ndidénecthas aeldmeknesovweatdapproxiprately r@cérdimg anddium,
said second diffractive surface diffracting |light

whaisdse ﬁ@@§|eﬂgfﬁragtigg mAement has at least first and

second diffractive surfaces, said 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 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 light is
incident  has a thickness o©f approximately 0.1 mm or
approximately 0.6 mm.

In accordance with a third aspect of the present
invention, there is provided an optical recording and
reproducing device including at least a light focusing optical
system in which light for recording to and/or reproducing Ffrom a
plurality of optical recording media of different kinds is

7



or nore and 415 nmor |less to perform aberration
correction on an optical recording nmedi umwhose cover
| ayer on which light is incident has a thickness of
approximately 0.1 mmor approximately 0.6 nm As
descri bed above, according to the exanple
—epbodi-nent s, -the-first-and second diffractive surfaces
are provided as the diffraction el enent used in the
l'ight focusing optical system the |ight whose
£ wavelenq%h is from630 to 670 nm is diffracted by the
OCHEPEt YFFT r SREI VB HEGRFacERIY PERt diedla net RidSipdf i ¢h 1ight
correction on the qptical recording nedi um whose
SOUEGTer %aﬁye?“%ﬁ‘ vaﬁeeﬁ | |‘?‘ghfjlf§r@ﬁ5|18€nteji?§§nttheon which the
1 hi ckness  of ) o tely that is,
lgbgrﬁaim?ﬂefﬁ%r éSPF%%ﬁ%rfﬂﬁﬁd@ﬁé o‘b’il‘?lcaallens that
recor i.ng medi um corr nding to the DVD, the |
™ F%efgbﬁ%ﬁﬁﬁtfﬁn4f%eﬁﬁPFstOHPF?rEE?eaptlcal
he second diffractive surface to performthe
recS%%??%tW@ﬁlggrrégFﬁﬁﬁjbnsﬁﬁg oﬁﬂFf&PCEéBBrd?ﬁﬁmﬁﬁalu%?s at
whose cover | aye h I| i s iLncident has
Leadfe” tH tathostity 2 . ng.#gﬁ 698 imrs mfidhat f1rst

berratj on correctl on

dif.féésﬁa. ﬁegﬁﬁa?ﬁ%qhngfa%‘b%d%h@E o ‘ffhee @D’%r‘l-nﬁbhow 630 run

ncl udi.ng_ACD and_so the aberrati correction for
or &%beaﬁad 37058 40" L DU Sl e s gl s correction on
an ﬁ)g ?lﬁla ESXOP irgghemg %ht v\]:h%cs%&c% eorptllacyae!rSXSt ewrﬁlch light

is .incident 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 t'o perform aberration
correction on an optical recording medium whose cover layer on
which light 1is incident has a thickness of approximately

0.1 mm or approximately 0.6 mm.

Ta



obj ective lens and an optical pickup device and an
optical recording and reproduci ng device having the
conpatibility can be obtained. As expl ai ned above,
according to an exanpl e enbodi nent of the |ight
focusing optical system there is such effectiveness
—t-hat--the recordi ng and/or reproduction is perforned by
using the |ight whose wavel ength is 630 nmor nore
and 670 nmor less to performthe aberration
correction ex cellent|]y on the optical recordln%

nediﬁn1ﬁﬁ88§ eBver Thyer dn WHTH | idgRests Ofnc
s the thickness of a oxi mat el and t
lnP’SEBﬁaPhg Qﬁ&ﬁoﬁsr e e hogs Gemehp Bir i dgane or
the . li mavelen%th is 400 nmor. nore and 4

reﬁﬁfgﬁnge§§ tY ﬁ%?fﬁ?ﬂ¥? RCLMEr FAPTPoR dUrYEdtiiten of oPtlcal
L | t d wh
re A eI G i O GH e Phoragne | JRAG (HE HTSRAGaSGp=ding
t | 6 Furt d
B PR Bl e o

U SRR L AR B S i
di t f db
an%ﬁégéoaua?g%ff‘ﬁwggm BPERGT 1 00 it Porrdrechnde 4 pyr tace
th h b t b
dl%%?%%%ﬂ@ﬁé@ waaf%v%%é’ Bis oty G Pl 6F arAg SrBaRuRT0 mm
gse coyer [ _on i n¢i dent has the

°Tt hi ckiless® ofpg 95§|n§g8F§aEf%%rnﬁ?ﬁrﬁf t4%Hm on  an Sptical

recording medium whose cover layer on which light is incident

agntpresent

has a thickness of approximately 0.6 mm; and said second
diffractive surface diffracting 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 light is
incident has a thickness of appreximately 0.1 mm or
approximately 0.6 mm.

As described above, according to the example
embodiments, the first and second diffractive surfaces are
provided as the diffraction element used in the light focusing
optical system, the light whose wavelength is from 630 to 670 nm
is diffracted by the first diffractive surface to perform, the
aberration correction on the optical recording medium whose
cover layer on which light is incident has the thickness of
approximately 0.6 mm, that is, to perform the aberration

8



Further, according to an exanpl e enbodi nent of the
l'ight focusing optical system since a diffraction
grating is provided on a boundary surface where
materials having different wavel ength dependence in a
refractive index are joined to form the second

di-ffractive surface, the |ight focusing optical
system can be mniaturized to be thin. Further,
according to an exanpl e enbodi nent of the |ight

focusjng optical system since the diffraction grating
coi—’éec%‘f By GG L FREPTARRY SBRbHR elgirerPending to the

Dvb'ght Cu3|n optical systemcan be mniaturized to
e (. ?%?Fh 0S8 CH7 Uf %PgBhaﬁseﬁﬁﬁﬁFe4gﬁbdd?néh@ nm is

f ocusi ng optlcal system the |ight
dl?ISE “ﬁjg 8}& T 3SPEN FEEF%‘Eﬁh‘getﬁéré?%ré@tlwfom the
b is provided with at |east _one aspheric
a Eﬁffggc}@nhg\ﬂrﬁ&%elg%&.% TRE Rt ol pbReprdégot Rgdiym whose
focal position can be adjusted excellently with
respect to an optical recordi ng nedi umon which
recordi ng and/or reproduction is perfornmed by using
i ght having a | onger wavel ength than the wavel ength
of 670 nm and a configuration having conpatibility
Wth a greater variety of optical recording nedia can
be obtai ned. Furthernore, according to an exanple
enbodi nent of the light 10 focusing optical system,
since the aspheric surface having the negative
refractive power is provided on the |ight source

8a



side of the first and second diffractive surfaces, the
refractive power is distributed over the first and
second diffractive surfaces and this aspheric surface
having the negative refractive power, and so design
flexibility further increases and a decrease in
aberration correction accuracy can be controlled.

coMOF EQNEL y _@,{—‘ICQ,,FHH in}?{] ?éaqglc%dggpo%iagenéh of tﬁ:ch dness of

optical pickup device and the optical recording an
apﬁ?@k@gggb_ﬂg d@Vj_ Clm & Igs 6por§1§,|, blt%ato Egow%)?ngggﬁarm the

opti cal pickup device and the optical retor

abé@ﬂﬂ%ié&&%\gi%% %p.ar.mee IQBf O %l l %tdli}{lm P:%rrgf E&H@ing to
both @ ptica

the aberration correction on f the o

£eqyy di,pg ypedipy ver | r o i Lght_.i .
thincident has tEL hf%?%gsséo %ggprogPﬁgté?ykEQG %ﬁé&ratlon

cotfe i Gh Ebe ﬂv@ﬁoé%ngloéndéﬁraﬁgprﬂ%duﬁl 0R,S e ﬁze‘formed

performed by using the |ight ose wavelength 1s

exd@VRIANG! hy of 630 1B FDLEs AN @%Qiggll %r eslrt%glﬁ’haaﬂqug one

the optical recedi ng nedi um whose cover

ob Y€l d | 9bhsi siridncidenthag it %J@%Cmﬁcfagnd an optical

approximately 0.1 mmor 0.6 nm _
red&e0hdi Bqapdhosal P IHGLI-EN hh¥ind erfor ﬁ%&?}:@i&)ﬁ%&ﬁ% can be

the light whose wavelength is 400 nm or
obtdike@r less. Furthernore, according to an exanple
enbodi nent of a nethod of focusing light for

recasdicngl f ohandidyd epsQdieiing «br am a . kykal iehléoﬁiment of
optical recording nmedia of different kinds onto the

the light focusing optical system, 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 Jless to
perform the aberration correction excellently also on the
recording medium whose cover layer on which light is incident
has the thickness of approximately 0.1 nun or 0.6 mm.

Further, according to an example embodiment of the light focusing
optical system, the second diffractive surxrface is configured to have
the positive surface power, and so the recording and/or

reproduction is performed by using the

9



11 optical recording nedia by using a diffraction

el ement and | ens, the aberration correction can be
performed excellently on both of the optical '
recordi ng nmedi um whose cover |ayer on which light is
i ncident has the thickness of approximately 0.6 mm to
which - the recordi ng and/ or reproduction is perforned

1iBYt UshHGe thssclldnght WoOSE: Wayel-en@hh Laqat hes V\@NQJIerlgtsQ . and
of 630 nmor nore and 670 nmor |less, and the optica

thee odone tiedi AHEWMA@SenC eI bd A¥EFr &P I Eh-d1 Bt 1S in the
i nci dent has the thickness of approximately 0.1 nm or

op@ibalMrete rthhghmbbeuheefbdb NG ARG/ alaydreodpetdPn i $he is
performed by using the |ight whose wavel ength is 400

inBIYEKt YL tRRd tA18kAdd8 ¥f kepsox BRA &R DBESERWETSON @F mm.
THE DRAWNGS FIG 1 is a schenmatic constitutiona

di aguamhshpwakgoadin®ptbcah eeepdbNgnBREi h&PT OSHCLRY 1ight
device according to an enbodi ment of the present

fotuwiary | aptiddd Zystem, schametkl C cconstiddlch@Bal grating is
di agram showi ng an optical pickup device according to

pranianbatti nersowfddiie sprgaest whibpyenbt&nial GawdnlgS @A fferent
schematic constitutional diagramshowing a I|ight

wa ¥R thg deiplen@ahcsysher ae¢ohdtNge t Onddk RO sy afo form
the present invention; FIG 4 is a schematic

theonsiddnd | @naf rdtagramsshawicag achéi ghlghftoCHSERging optical
opti cal system according to an enbodi nent of the
system can be miniaturized to be thin.

Further, according to an example embodiment of the light
focusing optical system, since the diffraction grating is
formed by Jjoining first and second elements, the light
focusing optical system can be miniaturized to be thin.

Further, according to an example embodiment of the light
focusing optical system, the light focusing optical system
including the diffracfion element 1is provided with at least
one aspheric surface having negative refractive power, so that a
focal position can be adjusted excellently with respect to an
optical recording medium on which recording and/or reproduction
is performed by using 1light having a longer wavelength than
the wavelength of 670 nm and a configuration having
compatibility with a greater variety of optical recording media
can be obtained.

Furthermore, according to an example embodiment of the light
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present invention; FIG 5 is a schematic
constitutional diagramshowing a 12 |ight focusing
opti cal system according to an enbodi ment of the
present invention; FIG 6 is a schematic

constitutional diagramshowng a |ight focusing

optical systemaccording to an errbodl nment -of -t he —
FoPh SRRt of PYEHY | #h G5 1A Lo L AQL Al $how
° | at eral Oié)tgerrat ?ghttgn the C|teght oc Si ng opgﬁé Fig r}%vmg

théyﬁésgf@(}@ogfglfggc&gv@n W@‘i}d'ﬂe tr detdhgnp{:ﬁéefg_ ht Source
7n

i nvention, in whic 7A sho the aberrati on

SlCYedlég(:tJCﬁ)@ V\@lef‘s@ lérgi‘t beamd s d:ﬂ?ﬂ&%@lvgn @u@a%gs, the

the Y direction orthogonal to an optical axis wt

refigldiangbeyel & 54iEkGipdBghaps t h%h{eatﬁr:tas{’] gnd second

aberration in an X direction orthogona

difEFeeti-pn \Mﬂﬁ:rfat:'ag I ight deam is h%%'lﬂené?}?%a%é h'(la_alagl?ng the

inthe Y direction wth the field angle o

0 J.at be tisan [
negz&elgl ﬁéﬁ{lﬁclﬁe%ﬁ%ﬁt oéltaﬁe %Ddéa]sn Flééu?D s lt&/@ Plreher

indhesdad efad ngééf‘éé@@ itrﬂ aBQ?r%t%ﬁ eE&fﬂbt%nt I%%cﬂﬂtéy can
with respect to the CD; A to 8D are diagrans

be ShOWRG1Lat eral aberrati on |n the i ght focusing
optical system according to an enbodi nent of the

pr e@@f’éo&éﬁ/eﬁ'{:bgﬂdlﬂl@ W Lh a1 8AcRBONEd e 0f the optical
aberration in Y direction when a |li1ght beamis

picklpl de0LcONa/d DM% ' %ﬁftealY r@éJr%ELtngo%n‘ar tr'%%%ﬁé‘!:lﬁ& device,

the optical axis with the field angle of
it 1is 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 medium whose cover layer on which light is incident
has the thickness of 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 receding medium whose cover layer on
which light is incident has the thickness of approximately 0.1
mm or 0.6 mm, to which the recording and/or reproduction is
‘performed by using the light whose wavelength is 400 nm or more
and 415 nm or less.

Furthermore, according to an example embodiment of a
method of focusing light for recording to and/or reproducing
from a plurality of optical recording media of different kinds

onto the
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0.5; FIG 8B shows the |ateral aberration in the X
direction orthogonal to the Y direction when the
light beamis incident on the DVDin the Y direction
with the field angle of 0.5; FIG BC shows the

| ateral aberration in the Y direction on the axis wth

13 respect to the DVD; FI G 8D shows the |ateral
aberration in the X direction on the axis with

optilegpeekotr@ihfembVD: Fy Gosifdf & 0d9Er & i@ @F®nt and lens,
showi ng | ateral aberration in the light focusing

the Oftbd5alt iy St@IMAGAAIG Nkl ObaNperbodhd®NEx8E11ddh€ly on both
present invention, in which FIG 9A shows the | ateral

of @ARelJptiican kBcardifdy’ 8641 QR WSS acddddht RREMINS which light
incident on a BDin the Y direction orthogonal to the

is ORLidAt RS tMd R HiR&nsiseldd a8 :0haPedP: 0FbGinPBro which

shows the |l ateral aberration inthe X direction

the OEROYADAY LRJIMS Y dhis&idonwhen the dd.9hly bﬁ?imel.}séing the

incident on the BDin the Y direction with the

1 igk‘ﬁ:n ghﬁ)s%lf wa%ei;en'éltﬁ i95c tﬁnio Y@aégﬁﬁgacthe rcﬁé 6’3&? rl%rﬁt ‘.I)P nmja Pe and

the Y directionon the axis w respect to e BD,

670 Fﬁr@ o?:D §Q§§\F’ %Hg liﬁ{ee\rmgl:ﬁiégfr rr@c'o‘&'ﬂn%;ﬂg‘e'?%gé Fmirlgselocover

direction on the axis respect to

layeirs aondi ﬁ{ﬂ]zh%@l{p nge%ggkd% rrﬁg%ggtyx\%gﬂtthickness of

respept (0] ! In an e |n¢n (0]
PP RIORE B, TG 15T & 05 ar By At SN hg- LRo EBrar B 279/08
reprg)?i%[rc%gglplogﬁ}/\ﬁpt?ggagﬁgge}ggf El&?lrtlgh etl%vpligrktamh%rg%owa%eegtength is
400 nm or more and 415 nm or less.
BRIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 is a schematic 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 system according tQ an embodiment of the
present invention;

FIG. 4 is a schematic constitutional diagram showing a
light focusing optical sy'ste‘m. according to an embodiment of the

‘present invention;

FIG. 5 is a schematic constitutional diagram showing a

12



optical system according to the present invention; and
FIG 12 is a diagram show ng the spherical aberration
with respect to the BD in an enbodi ment of the |ight
focusing optical systemaccording to the present

i nvention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An
enbodi-nent- f-or--carrying-out--the -present -invention-is

14 expl ai ned herei nafter, however the present
lightvemtusomg optoicall i ggdteth taadoteihgl lkowiang exadplent of the
First, an exanple of an optical recording and
pregapr oswenngondevi ce and optical pickup device suitably
applied to the present invention is explained by
refeeri g ie schewhbinetCONSidnistitiic@@@bnati aGFmOf showing a
FIGS. 1 and 2. As shown in FIG 1, an optical -
lightectrdisigiansbuienodisiteeg 4evwireend0@ol Rel WERS@Rent of the
outer case 102 in which each nenber and each
pred@mahamiverciegyi red are di sposed, and an insertion sl|ot
for a disk-shaped optical recording nedium 10, for

exenp e, 7TAStoPrrevigded dindrhiks QHGA nGaSe t 1 11ROUGR tion in
or

not illustrated. Further,” a spindle notor, f _
the eXBR efodud i)Y EltigaPtdeRlen ra%%g&giﬂg RBAUMI D bSment of
installed in a chassis (not 1llustrated) dlsposeg

the I PS8t he A8 HLCase Je%gfh?'%‘gg’i‘ GhSk LRl %hg%g;ﬁfzé%tion in

exanple, is fixed to a sh t hi's not or
a YChasaLeioRalALhel, GUiR Sl 5 J04 AN IOIR 8T 0 4n the v
installed; and a | ead screw rotate y a Fee@
dird i dMyHa%onal to an optical axis with a field angle of
0.5° FIG. 7B shows the lateral aberration in an X direction
orthegonal 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
respect 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 8D are diagrams showing lateral aberration in
the light focusing optical system according to an embodiment of
‘the présent 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‘direction
orthogonal to the Y direction when tﬁe light beam is incident on

the DVD in the Y direction with the field angle of 0.5% FIG. 8C

shows the lateral aberration in the Y direction on the axis with

13



is not illustrated, is supported. An optical pickup
device 40 of this optical recording and reproducing
devi ce 100 i ncludes a noving base 107, necessary
optical parts provided on this noving base 107, and an
objective lens drive unit 108 di sposed on the noving
base 107, -and bearing - portions 107a and 107b provi ded

at both end portions of the noving base 107 are

ressaEpord _esdmebymtme o des s har dves 1@4@ A4 hberration in the
respectively, in a manner of sliding freely. The

X dohicttdnvenl €ns adbsdrime #deck08 hageapipvabl e
portion 108a and a fixed portion 108b, and the

noyagbe PArtbonplA8a idi SHRRERT tathiindt he ddrsed aberration in
portion 108b in a manner of noving freely through

the SU St&dis l:]ﬁ dgdikstir ad\ed dnh. até?%rfdlglﬂr &0 Al Lé,Imbod;urnent of

menber, not ustrated, ~ provide h the novi ng

the b%ﬁ%slzgz | SnbBshed W t; ri'l t Qﬁlbﬁﬁ%“ﬁr eWna 1gﬁow§ndtl¥@eﬁateral

the l'ead screw 105 i s rot ated e feed not or

abefwtﬁ%m?ﬁf d SY f 9{1\[‘@\59% ' \Qh& dir f%éﬂ)? maSSOH%ESSnt on a

rotation direction o SCrew

BD Uﬁ'afthteh% %ﬂe@llonp'c{#ﬁ%g%% ' ¢ oA'Ot}liS ¥agaf ax;Lé hBlth the

radi al direction of optical récordi ng nedi um

el PR PRI Ert 2 e L [ I
* SN SIS IO AL JER S o 1
inc{ il AT AT S AT Saple A0 TR0, e o
O.F%agEGEI ’shgws the 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 iight focusing oﬁtical
‘sysﬁem according to the'present invention;‘

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

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

DESCRIPTION OF THE PREFERRED EMEODIMENTS

An embodiment for carrying out the present invention is

14



opti cal pickup device 40 is noved in the radi al
direction of the optical recording nmedium 10 by the
above-descri bed nechanismto 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 perfornmed at a predeterm ned

c sition, At this tinme, the novable portion
expl Gt RER e hglr ety | VB Teted e RAFYHbs ocnbags % not
. W th . respect the fixed ortion 108b, and a
llm%%%%é?héﬂghfﬁé?ﬁgﬁPgaﬁﬁaT?%gking adj ust nent of an
ob%ect've | ens, dgscrgped later on, whic _|56£rovided )
i n° TtRe’ nBYalfE™Boft i%n %8%9?%0%]2%%‘? Ny AR Fpproducing
optical recording nedium 10 used for the optica
dewr‘gecoar nCGDtdﬁ:dﬁr SHRc i9Rg 198V iste tEbbY aRBPbhEd chp the present
. ickup device 40 according to the present invention,
m"%l%r&ﬂ?o%ﬁ SRV ITB, PR EBFC1DERT atRDSEREMAbET gAEsEheutional
. like, for exanple, can be nentioned as shown in FIG
diagramgs qfy EfSFel dngPAs2of |aser |ight used for these
optical recording nedia 10, the DVD 10B uses | aser _
|i it STEWIe3R nffer dor émarPler® InnFesionddsyg atkk Tgproducing
10C uses laser light of 760 nmor nore and 800 nm or
devices sl 0 nineded amAcekeFDCagwDL8Dins edhilchs @adhj gigmber and
of 400 run or nore and 415 nmor less. In addition, a
each gvehasers gie Bl resk R rsptdicwiosegGoradidn@n nedianrhit®, slot for
specifically a thickness of a light transm ssive
a ddghssharedororibiesl | apeordinghemsditen i ritadi dbed wkémple, is
the light by the objective lens, is approximtely 0.1
provyhfsdn icasbief obher BEese 102 though not illustrated.

Further, a spindle motor, for example, to move the optical
recofding medium 10 is installed in a chaséis {not i1llustrated)
disposed inside‘the outer case 102, ahd a disk table 103, for
example, is fixed to a shaft of this motor.

On the chassis, parallel guide shafts 104a and 104b are
installed; and a ;éad screw 105 rotated by é‘feed motor, which
~.is not illustrated, is subported.

An optical pi;kup device 40 of this optical recording and
reproducing dévice 100 iﬁcludes 'a moving base 107, necessary
optical parts provided on this moving base 107, and an objective
lens drive unit 108 disposea oﬁ the mbving base 107, and bearing

-portions 1072 and .107b provided at both. énd. portions of the
‘mOVing base 107 are supportéd by the guide shafts 104a and 104b,

respectively, in a manner of slidihg freely. The objective lens
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10A, approximately 0.6 mmin case of the HD DvD 10D,
approximately 0.6 mmin case of the DvVD 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 | OD have NA of around 0.65, and

dr‘%he BDtlaQ‘h ve that of around 0.85_in consideration )
1BF PREC wdVel"@fgth NeBEPIenPEkRéSE oP8phendoferfixed portion

ortiqgn, .and the |ike of  each optical recordin _
10880 Pa S BRYFREE BPEkGPNdeiBEe WD PREPRER] Pyr the fixed
exanplg a . first light source 41 and second |i ght ‘
PorLinR c&0%D 18 @o@FnPRg |¥nshaABing A Feqt HardnEomposkpgension
eL?nent 44, a beamsplitter 45, a collinmator |ens .
- notygliystzatedqin (ther Brgure1/ A afelTaiddr plegte ilyustrated,
48, a diffraction elenent 2, an objective lens 3, a
Pro¥iRAreligh themoun dpept 1 €Al iaxkeshehposingtlet ehead screw
50 and a light receiving elenment 51 as shown in FIG
105 anddwhapsehet hepdt Bamewt HE Soljsectdtad eldeny Fhar efeed motor,
di sposed in the noving base 107 explained in the
the giey enefeeey | bediFv@rdedintn t hedipast Bon sin prowtithden with a
the novabl e portion 108a of the objective lens drive
rotajpijanaflogli reed ifonr sif |thght lesoliroeredd 165,conf i gurtedttieo optical
have a first light emtting elenment 4la and a second
pickimghtesiiet i4ly ébemamtabXdbinnstite traddedf ,dimwsarion of the
. light of about 660 rimwhich corresponds to the DVD
optikGB, rHfeworedagphedius B0 léeded r@@mdHie disc table 103.

In tﬂe optical recording and reproducing device 100 of such
7 oonfiguration, when the disk.table 103 is rotated in accordance
with a rotation of the spindle motor, the optical recording
modium 10 loaded on tﬁié disk table 103, that is a BD, DVD, CD,
.JHD: DvD, or the 1like, is rotated, and at the same time, the
optioal pickup device 40 is moved in the radial direction of the
optical recording medium 10 by the above-described mechanism to
be capable of nmving and facing the whole recording surfaoe of
the optical recording medium 10 and a recordingroperationﬂ or
reproducing operation is performed qt a 'predetermined track
position. At this time, the movable portion 10Ba of the
,objéctive lensid;ive unit 108 is moved with respect fo-the fixed
_po;tion 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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first light emtting elenent 41a, and | aser |ight of
about 780 nm which corresponds to the CD 10C, for
exanple, is emtted from the second light emtting

el ement 41b. Further, the second light source 42 is
configured to have a third light emtting el enment 42a
i-nsi-de thereof, and |l aser light of about 405 nmwhich

T

corresponds to the BDIOA or HDDVD IOD is emtted.
ThéScothpl PR§LFaAs ¥ argdng. Membun oAOofugset f bemi mbea optical
~ conversion of an optical magnification factor in a

recqting AMYy rparpdetinthedenbes LPOhendnidptedaflr grickug device
first light source 41. The |light path comnposing

10 FEHHnAU49 Sheadeestns beuantsphj t4 eBD hBOA nga DVH rI0®, a CD
surface 44a capabl e of selecting wavelength, for

10C,exaniP eDVPh@O0Pasand| jthlet lhdei, nf drheesmanpdlesngtam bef mentioned
about 660 nm or about 780 nmthat is emtted fromthe

as shewnr in8FIGght2.erfig timgweverengtHdacor 1aeeondibhghtused for
emtting element 41b of the first light source 41 is

thesedept i ldertcaniidyge dddiid  pat hth€0DPDSING @lse@BNtas44 1ight
through the coupling lens 43, and is reflected by the

of 630rom sur framee 44adofe70hisn | bghtiepal h th@NOS| DGC uses laser
el ement 44. The | aser |ight having the wavel ength of

lighabeuft 7405 nmneirt hakei sne@mbbeanf spmibe thid dHd $Y 108 or HD
emtting elenent 42a of the second |ight source 42 is

DVD trEnsisdd exhddy oLghhtt her M Okm SHT 868 448- 4TBenRed 1ess.
splitter 45 has a function of transmtting or

In addition, a cover portion of each optical recording

medium 10, specifically a thickness of a light transmissive

substrate or cover layer on the side irradiated with the light

by the objective lens, is approximately 0.1 mm in case of the BD
102, approximately 0.6 mm in case of the HD DVD 10D,

approximately 0.6 mm in case of the DVD 10B, and approximately

1.2 mm, for example, in case of the CD 10C, and as to a

- numerical aperture NA of an objective lens 3, it is desirable

that the DVD 10B, CD 10C, and HD DVD 10D have NA of around O0.65,
and thg BD 10A have that of around 0.85 inrconsideration of the

wavelength used, thickness of the cover portion, and the like of

- each optical recording medium.

The optical pickup device 40 includes, for example, a first

light source 41 and second light source 42, a coupling lens 43,

a light path composing - element 44, a beam splitter 45, a

collimator lens 46, a raiSing mirror 47, a.1/4 wavelength plate
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reflecting incident |aser |ight depending on a
difference in a polarization direction, the |aser
light in the forwarding path is transmtted through a
split surface 45a and is nmade incident on the
collimator lens 46, and laser light in a return path

i-s--reflected by the split surface 45a and is
forwarded to the light receiving elenent 51. The

18, | asdiffrahtiomdelemént par akhelobbieght vby 16he 6ol ld radr@fersion

. lens 46 is reflected by the raising mrror 47 with a

leng i gt panh omieiqey cerver tesngnsiappr exemahel 5008ndt he light
pol ari zation direction is converted by the 1/4

recegoniglge ngtdmepltat 81 48st @hbenndee FIwi dent an@nthbB8e other than
diffraction elenment 2 of a Iight focusing optica

the sydtjientitehaveng the aaenf ugupaseé@n of tde PRESEAE base 107
invention, and as described later on, the aberration

expledmeeCt ion e t Aovieglkstsibo@r fordred 1Co5 A @SRRI DGLY 3 is
to the wavel ength used and thi ckness of the cover

proji@ed an @hecaclyadpki @Eti@ﬁOlﬂﬁﬁgoﬁegh@n&ﬂ§kcﬁgﬂéIT%Bfgdrive

the laser light to ich the aberration correction
unitd gogerfornmed by the diffraction elenment 2 is focused
- onto a predetermned track position on a recording

surhacei@ktt he gaPt iG@ld egor di n%dﬁ%qig#b 0 0B, 5
| CC or 10D) bygt[he obj%ctive Isens 3. eran ﬁ%%%e% first

il RS O eyt oS LRGN, AL s
41b ;nfhgr%ti%% theQRiHSt i Ve dans 3. gnd diffragtion ghement 2 .. 4
corresponds to the DVD 10B, for example, is emitted from the
first light emitting element 4la, and laser light of about 780
nm which corresponds to the CD IOC,'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

emitted.

- The coupling lens 43 has a  function of performing a
conversion of an optical.'magﬁification 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 surfaée 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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pol ari zation direction thereof is again converted; and

the laser light is reflected by the raising mrror 47
to be transmtted through the collinmator |ens 46;
thereafter as described above, is reflected by the

split surface 45a of the polarization beam splitter
45; and i-s made i ncident on a predeternm ned position

~of the light receiving elenment 51 through the optical

lighixiemitdamposilegealteddat B0, seanchda Isigitaleniis tdeyeellesent 41b
by a predeterm ned detection mechani sm which is not

of the uSirsit edightt kowgize Mér e.s tedaiiffoiaenionnelt@mentigBt path
in the light focusing optical system 1l of the present

compapiangt | eheingnpr o4 dethroiuth fithst candisecobéns 43, and is
diffractive surfaces 21 and 22, in which the |ight

reflshvosel Wwyvehengtibrbs 630faten 0da NOF etlaiyl B ipALt®r composing
less is diffracted in the first diffractive surface

elenfhtantd 1 Mehd | Dhder Whogier VANl €0t He | Ga¢@DemBIOr o fTOBBout 405
and 415 nmor less is diffracted in the second

nm didf racténvie tsid faem Ihe WHilkd aﬁgﬁ\@ @ tkh8g! EUBhent 42a of
focusing optical system1l according to the

the Coatogdr aighd @ourke pMesest dMMRMiIeRd HicgRe"Bld Cmirror
configurations of exanples, in which different kinds

surfRfceopuhcal recording nedia are used, are shown in the
following FIGS -3 though 5. In FIGS. 3 through 5, the

‘samBel HRRENSS] i FHHET a5S 1L i \f%?a_cﬁ:goﬁororfesgp&%lﬁ]ﬂ:ting or
_ portions and a redundant explanation Is omtted.

7 reflecting incident laser light depending on a difference in a
polarization direction, the laser 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 path
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 opti.cal syst‘em
1 having the configuration of the present invention, and as
described later on, the aberration correction of thé l'ight' is
performed correspondingly to the wavelength used and thickness

"of the cover portion of each optical recording medium 10.

- Further, the laser light to which the aber:ation correction
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For exanple, as shown in FIG 3, the configuration is
made such that the recording and/ or reproduction is
performed using the optical recordi ng medi um 10A of
the BD as the optical recording nedium for exanple,
anmong the BD, HD DVD, or AOD, specifically by using
li-ght L1 whose wavelength is 400 nmor  nore and 415

e

nmor |ess, and the aberration correction is
is perfformed by t hee seddifdadicfibnactiamersur? ade 22o@isddheonto a
diffraction elenment 2 on the optical recording nmedi um
predéemiiossl ¢odek pesditorornll dmasat heeddddikressueface of the
approximately 0.1 nmmor 0.6 nm In FIG 3, an
optatdr nalcerdang ameiishor ttodashodj ne.o@, depot es- anob) by the
optical axis. On the other hand, as shown in an
objsctiematienscanfiguration of FIG 4, in a case where
anot her optical recording mediumof DVD 10B, for

examarg, the usedri Dighis rbirgbtc£QCUSbNOPtESBlcal recording
system 1, the configuration is nmade such that the

med1@EONdi Ngs aRHeOr 1 HEPAOAHCAON the PeyiOKRE 1B\ g¥sI NF1ate 48
light L2 whose wavelength is 630 rimor nore and 670

thréWgIor thesspjéddi dd1elepbesr ahioRi¢eLeet bPNel Snent 2 and the
performed by the first diffractive surface 21 of the

poldhf A4 tacdn %I%E%%Ht tRe Lot Nes DY 10B- 0088  £0V d the laser
portion 11, a |ight transmissivé substrate in t

1igi6@ses rékibaseghey tg'h(‘ekp%gﬁ;dﬂ{?f PrOxi nﬁe}:X %e %}gnsmltted

Here, in the abovée-desc raction el enment

thICSln_fﬁ’l @ﬁ&oeglgirﬁg‘l{dﬁfztié@s SH%f acf:%er%aggnf I ggr %% c(%ltr])%\ée above,

he positive
is reflected by the split surface 45a of the polarization beam’

splitter 45; and is made incident on a predetermined position of
fhe light * receiving element ~51 through the optical axis
éomposing element 50, and a signal is detected  by a
predetermined detection mechanism which is not illustrated,
though.

Here, the diffraction element 2 in the light focusing

optical system 1 of the present invention is provided with first

and second diffractive surfaces 21 and 22, in which the light

whose wavelength is 630 nm or more and 670' nm or less is
diffracted in the Ffirst diffractive surface 21 and the light
whose wavelength is 400 nm or more and 415 nm or less is
diffracted in the second diffractrive surface 22.

With reépect .to the 1light focusing .optical system 1

according to the —configuration of the present  invention,
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surface power, and so when the wavelength is altered
in such a case that power of the light emtting

el enent is switched from reproducing power to
recordi ng power, for exanple, the chromatic
aberration can be corrected excellently by an action
i-n-whi-chlight beans fluctuated to the |long :

wavel ength side are diffracted nore toward the

SCheftiGl CaRf 394r el ens t f s cserpAds ., diiff ndcitdly edsifdmod  kinds
éfor exanple, refer to section "Chromatic aberration

of BF+e2ti BRCPERENG oORedin | ea¢ dWhsks @re paljewi87imfthe following
"Introduction to Diffraction Optical El enent",

FIGHubPi sHee®Yy Sept FoniFEsSknc3 sbpenghsed byhdapame reference
Society of Applied Physics, et al.). In addition,

nungrake £HPs Fetihdtdi fdammispoadsogf goert ionsf oan@d ausi@@indant:
a conbi ned hol ogramin which elenents 2a and 2b nade

exp bnaigity iie omhidtiedg di fferent wavel ength dependence in
a refractive index are joined together and a
di foracticowlgr akisnghows fiar Fed. 08, athei Bbnsugh A€ol e made
diffraction of light in a. different wavel ength band

such sthaeveheedeamod danhy afigolri ghip niese i owavel entifbringd using
400 nmor nore and 415 nmor |ess can selectively be

the diopfisetedravdidine desitad 104 fract kAR edhi GiseNeNe optical
For exanple, in case that this second diffractive :

recoutifrge enedsuc,onfogurcadn@ied REMMAryhsusbaceyPfpyn, or aop,
different materials, and each of materials is

specsidlieetiog twy basihg MaLek ali @ﬁ&é@gwta%leﬁétﬂﬁ\ﬁ%' e Pom or

of 630 nmor nore and 670 nmor |ess and have the
more and 415 nm or less, and the aberration correction is
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 medium of
bVvD 10B, for example, is used in this light fogusiﬁg optical
system 1, the configuration is made such that the recording
and/or reproduction is performed by using light L2 whose
_v_wavelength is 630 nm or more and 670 nm or .less, and the
.abex;ration correction is performed by the first diffractive

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

cover. portion 11, a light transmissive substrate in‘ this case,

21



conpatibility with a CD, which has al nost no
difference in the wavel ength band of 630 nmor nore
and 780 nmor |ess, and which has a requiring
difference in refractive index in the wavel ength band
of the wavel ength of 400 nmor nore and 415 run or

l ess;--and - -therefore, the diffractive surface which

has excell ent wavel ength selectivity in the
has gthg (G sef Pitc prereyxtmatdby Confimgur ed.
Furt hernore, as shown in an schematic configuration of
FI deres {ihertde i grve-atrosdbenavel Bhogtdtiics: abbetherB802, the
rimis used to performthe reproduction fromthe CD
secamt d3ffhechpre cabrfreeoridi ngomedjumadzhios ehegwerthe positive
ortion 11 has the thickness of approximately 1.2 nmm
surigagq grewdncusigigsposhenomheo whalvied e®P-A0Cs iag textanded such a
and the working distance WD that is a space between
cas¢ hehabj pevéveckense3 ldnghtt henisitrifhac @ 1ehehlte ieptdwgidlched from
recording nedium 10C is enl arged, when providing at
repi@hstingneoasghen cecsutingepadehavisy 8Lgabi&e the chromatic
refractive power with the Iight focusing optica

abesytiom lcarhi ob h@&ked65dt@g&edh%ﬁt@?tggnen?'ﬁ&%ﬂénzin which
Here, in the exanples explained in FIGS. 3 through 5,

lightthe batirid r afluotualeiento 2 thef ongRy 02tk WecBLEABNLSde are
2a and 2b, the first diffractive surface 21 is

difﬂnamtbdedmgﬂaat&%@Eacajﬁi_b?%icsheﬁﬁﬁk;2§i&é0i Eh8s secona
" lens 3, and the second diffractive surface iS

2
diffpretided airdhe | 0kt wbkpte, betyren the d g‘a'ghen?d’htr%matic
2a and 2b. Further, the aspheric surface 2 ,ﬁaV|ng

aberd® iBeJatb¥Eection lens for optical disk” in page 87 of
“Introduction to Diffraction Optical FElement?®, 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 2b
made of materials having different wav_felength depe‘n.dence in a
, refractive index are joined together and a diffraction gratirig
is formed on a joint surface, the diffraction of light 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
be diffracted with the desired diffraction efficiency.

For example, in case that this second diffractive surface

is configured as a boundary surface of different materials, and

'each of materials is selected to be the material, having the
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23 refractive power is provided on the |ight source
side with respect to the first and second diffractive
surfaces 21 and 22, that is, in the diffraction

el ement 2 the opposite side of the elenment 2b to the
objective lens 3. This aspheric surface may be

provi ded on-the sane surface as the first or second

diffractive surface 21 or 22, however by thus

waveleRd el ngfsSpar arelgr fronet bed fé10stnmndr seessdand have the
diffractive surfaces 21 and 22, there is such

conpyhpt hfes Wit @ heDdewhgnbf lhevsi billniosy inkc ridTesenidde in the
design flexibility of the diffractive surface is

wavebenyidy, bamtl atheb30ird racthore effd ci®noym and 1d¥s, and which
accuracy of aberration correction are not inpaired.
system of the present invention, the first and second

bandi ¢ r elot | wevesienrfoatesf 2Doane 32 abeePaANi #ed @s dheless; and
diffraction elenment 2, the |light whose wavelength is

thefe O30 tbe670dnm dbotdive r aghedaby¥ thghidh rShas  excellent
diffractive surface 21 to performthe aberration

wavelengdt | selentihecppticakheecal RG-S UEWRE$ELEQVELan be
portion has the thickness of approximtely 0.6 mm
confimirdd, the aberration correction of the optical
recordi ng medi um corresponding to the DVD is

perrhatiesdmnoaa ishesﬂci».e{"tiﬁf\ﬁ%?ls%ch‘%‘é%%@”%{;ﬁir%ufé@i@n“& FIG.

to 415 nmis diffracted by the secon active
5, whéf@ceigditt 83PRREREMERR 18RGERALIONGORT 861d Q0 0Ny Lood to

the optical recording nediumwhose cover portion has

perﬂdﬂm the reproduction from the CD 10C as the cptical
recording medium whose cover portion 11 has the thickness of
approximately 1.2 mm, a light focusing position te this CD 10C
is extended and the working distanée 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 Za faping the lens 3, and the second diffractive surface
22 is provided on the Joint surface between the two elements 2a

and 2b. Further, the aspheric surface 23 having the negative
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t hi ckness of approximately 0.1 nmor 0.6 mm that is,
the aberration correction of the optical recording
medi um 24 corresponding to the BD is perforned; and
so the aberration correction for DVD and for BD is
performed excellently using the [Iight focusing
optical system 1 having one objective |lens 3 and the

opti cal pickup device and optical recording and
refragfrigducbager devd cerhavidng tde aowpalididitpueas be€ide with
obt ai ned. Furthernore, with providing the aspheric
respatf doe tHavi higrstheandegatirne deffacitive pewsacethel and 22,
opti cal pickup device and optical recording and
thaty epg,odimi hige daviEEeactiohi ehehdet | pghhef QF?@EBQ(—: side of the
optical systemusing a single objective [ens al so has
elemene 2torguattihlel lobtjgcwivd 188sCh. cani Heapsawtdedsy Y%k may be
an exanple of an optical design of the light focusing

provipleidcain syl eanea i 1F eC L aHd @i Oy aseddMt diffractive
present invention is explained. FIG 6 is a diagram

surfaltewlg cr sthemalvesrerC WY | RSN Qi n@dn s%%qglt@ﬁw from the
the light focusing optical system 1 which has the

firstomgat i dbdddy detmesn ithe BRedROB of, A orcd D
DVD and/or CD, simlarly to the above- dnes%'bgg erd8s such

adva@xagpke tigxpl aheedsddy G%ie%ileﬂjigg?h i%crlegsglsg‘ Bie | Iaesign

the diffraction elenent 2 and ob ive 'ens

flexG@ASEkLUt LAY dhe Liigh i tical sy 1
¢ bounda?y surfaceslinEgE??gﬁtr%kﬁﬁ%%ﬁ nge$é$$%ﬁ% ngd the

diff;r%%,gﬁggz,gfggg%%%}ar%@%%%@&%cey o835 291 %g%kection
are nqt impaired.

As explained above, in the light focusing optical system of
‘the present invention, the first and second diflfractive 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 to perform. the aberration
correction on the optical recording medium whose cover portion
has the thickness of approximately 0.6 mm, that is, t}.le”
_ abgrration correction of the optical recording medium
coll;responding to_ the DVD is performed, and the 1light whose
wavelength is fi:om 410 to 415 nm is diffracted 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 J_:_ec:brding medium
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the light source side in order. Further, in the

optical recording nedium 10, a surface of a cover
portion of a BD type optical recording nediumis
shown as 10S7A, a surface of a cover portion of a DVD
type optical recording nmediumis shown as | OS7B, 25
and a surface of a cover portion of a CD type

recording medium is shown as | OS7C anong surfaces
COIF%‘"B‘%%C%H%etBbj%*& SPdeldf PeREorvpei calnd esor dihey aberration
medi um and al so boundary surfaces | 0S8 between the
corﬁ%ﬁ&ﬁoﬂxﬁaqcﬂVQuﬁPQrﬁPQ ridi mprforfiadecarellently using the
. _respectively shown as 10S8A in the BD type optica
llg]?%cg?%‘il‘?’ﬂgng R 167 axv$essE i evhe VR tolpedpivecdlens 3 and
recording nmedium and 10S8C in the CD type optica
the gRbtef-hgPhelRInfeFuee hand brokesl reamesdidg témdugiptdiucing
respectively show |ight for recording and/or
devi e rhsdic 6§eoﬁ0mﬁétépiltay cat dradiohg afmdida of BD
type, DVD type, and CD type configurations. Here, in
t hifiréRampPee . t HethopndaidisurfhacaspBéras shersiderasdfng the
the objective lens 3 of the diffraction element 2 is
negaigde nefirectief poverdi theaoptveabupfaioe ddatcd sand Mptical
diffractive surface to diffract |ight whose :
recapdigicengnd irspirodnc689 tdeG R nim andcho 18 f 98 Bht N&ocusing
aberration correction on the optical recording nmedium

optigidsesgoven posingn hasinbBeet hboknasisvedf 1ens also has the
approximately 0.6 nm and the boundary surface 2S3

comgatsibdé itrewitdhf Enactd ofarelIMYHovAgba. Made into the

second diffractive surface, that is, the diffractive

subkace bo ekdfpBetot iGhloptical design of the light focusing
optical system having such configuration as the present
invention is explained. FIG. 6 is a diagram showing a schematic
configuration of an gxample of the light focusing optical system
1 which has the compatibility between the BD, HD DVD or AOD, and
the DVD and/or CD, similarly to the above-described example
expl'ained in FIGS. 3 through 5.
| ‘In .FIG. _6, in the diffraction element 2 and objective lens
3 constituting the 1light focusing optical system 1, boundary
. surfaces in a light path of laser light for recerding and/or
reproduction are shown as 281, 252, 253, 2854, 355, and 356 from
the light source side in order. Further, in Vthe optical
recording medium 10,_ a surface ,Of a cover portion of a BD type

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

| portion of a DVD type optical recording medium is shown as 10S7B,

25



whose wavel ength is from400 to 415 rimand to perform
the aberration correction on the optical recording
medi um whose cover portion has the thickness of
approximately 0.1 mmor 0.6 mm In addition, the
boundary surface 2S1 on the light source side of the
diffraction elenent 2 is configured to be the-

aspheric surface having the negative refractive power.

and2g Newtfacgn cexanptevef pesiigm daf aa oént Bisse! k@Bbrding medium
focusing optical systemis shown. First, the

is pbbowRAg 1'U§ﬂpeaﬂlosbowarﬁaeelﬁva051]eoﬁaﬁhhélsoﬁj@ét €88 of the
boundary surface, a thickness on an axis to the next

_ Optbeﬂhdarqcs:mimmexﬁhﬂnmeachnmﬁvehgmgtmbunaa di UpvEQces 1058
the next boundary surface, an aspheric coefficient,

betumena dhéfraotveve psutiase phasetdiff eLepE®in surface are
coefficient. In Table 1, when the nediumto % he next

respecniesly sehbage dss Ed)%ﬁ, iad St gher fe | wNn
and the refractive index in each mavelength offg%¥ recording

med ghrassasmabesBalinshean fyp eﬁ;]gb 5 i &5t S@é{g}:dl egt r}f?edlum, and

following Table 2. [Table 1 sum m-<

lOSﬁID;mn?ghg PO PR L0 PL-Fr Hin H%GC:‘LU% C, Ec&t%rl Y roken

lines L1 through L3 respectively show light for recording and/or
reproduction on the optical recording.media of BD type, DVD type,
and CD type configqurations.

Here, in this example, the boundary surface 2S84 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
apprpximately 0.6 mm, and the boundary surface 2S3 inside the
diffraction element 2 4is made into tﬁe second diffractive
surface, that is, the difffactiﬁe surface to diffract light
whose wavelength is from 400 to 415 nm and 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. In addition,  the boundary surface 281 on the light source
side of the diffraction elemgnt 2 1is configured to be the

aspheric surface having the negative refractive power,
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Next, an example of design data of this light focusing
optical system is shown.

First, the following Table 1 shows a curvature radius R of
.each boundary surface, a thickness on an axis to the next
boundary surface (for each wavelength), a medium to the next
boundary surface,_ an aspheric coefficient, and a diffractive
surface phase difference coefficient. In Table 1, when the
medium to the next boundary surface is glass, a sign thereof is
shown, and the refractive index in each wavelength of the glass
material shown by each sign is shown in the following Table 2.

[{Table 1]
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ey

1+{1- (1+K) (Y/ R) Z} where,
[mMm Y: height fromoptical
radius [m] K

coni cal

axi s

X: depth from surface apex

R curvature

[ i

constant A: aspheric

coefficient of termY4 B: aspheric coefficient of
termY6 C. aspheric coefficient of termY8 D
aspheric coefficient of termY 0 E aspheric
coefficient of termYl2 F:. aspheric coefficient of
[Takkt KlY19 G aspheric coefficient of term Y16 Al so, as

to the phase difference coefficient of diffractive

29

surface,

a phase pol ynom al y,

axis [

formul a2
Clasgigs +
mj

was

useda:

[fFormulia
pof+harelonsithier i Cagpi: Wavelensthd
Y7gshei ght firom opt gesdm axi s [

e, t he follow ng

— ULYZ7TCZ7 TCOTO0
f fleConefe Wavelmngth
] Lah@lsain

1 on

a(Eerra1
~ el Kt ~Ad ||c~1i'§'lnlq

W Ih TesSpécit to the CD DVD,
ight fodadtng optikal

the—|

and BD was
quil-ﬂfn

bEs ed

UCAl UCUOT o CoO

bn_suchi.sedesi gn.

UoT II&J <

Resul t 3534 € shown

in Fl Gbs1 7

tdyough 9. FIGg, 7A tQ

7D show.a, case where the] JORNES

USed,
G4

FGS:

oA
1.684

1.68%

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

X =
1+ =1+ KXY/ Ry}

+AY*+ BYS+ CY + DYV 4 EY2 4 Y4 + GY6

where, X: depth from surface apex [mm]

Y: height from optical axis [mm]

curvature radius

conical constant

: aspheric coefficient

aspheric

[rm ]

of

of

term Y*

term Y®

aspheric
aspheric

aspheric

~ aspheric

aspheric

coefficient
coefficient
coefficient
coefficient
éoefficient

coefficient

of

of

Also, as to the phase difference

29

term Y®
term Y0
term Y
term Y

term Y

coefficient of diffractive



to 8D show a case where the DVD is used, and FIGS. 9A
to 9D show a case where the BD is used, wherein FIGS
7A, 8A, 9A and 7B, 8B, 9B are diagranms show ng the
| ateral aberration in the Y direction and in the X
direction orthogonal thereto, respectively, when a
light beamis incident in the Y direction orthogona
o the optical axis wth a field angle of 0.5, and 7C,
Surggcegc D, PR P YH &y shgvagriandhehéailhgwihe fateeld 2 was
berration in the Y direction and in the X direction
USePn the axis, respectively. As is obvious fromthe
results of FIGS. 7 through 9, it is verified that the
| at Erd™UdiFedat i on is suppressed in this |ight
focusi ng optical systemin any of the optica
r e@?&%@ﬁé@@"e@ﬂ“ﬂa\mﬁmmcmm her, spheri cal
.aberration with respect to the CD, DVD, and BD was
al gtharg.c YF&: egphaResdi f e aerecs hinwm aribl Gaa] 10 30
SOSP0950 through 12, respectively. It is verified
that al [¥:t heigphefroml opabesl atsiign [wa)t he CD shown in
FI G 10, spherical aberration to the DVD shown in
FI Gatkkalantiespheionakiaherespion t® tHe BD BhOWHID BD was
FIG 12 are suppressed low. In this Iight focusing

caloptitoal wyisigermhewhagheadbcatiagt bsatcal e&;ﬁa’ﬂnnq)dﬁ%di @n such
of BD, DVD, and CD is used, a focal |ength, nunerica
desiper tResml twauekeBgbin RO ES Cat it9Roughj 8¢t - i Mage

FIGS. 7A to 7D show a case where the CD is used, FIGS. 8A
t? 8D show a case where the DVD is used, and FIGS. 94 to 9D show
a case where the BD is used, wherein FIGS. 7A, 8A, 92 and 7B, 8B,
'SB are diagrams showing the lateral aberration in the Y
direction and in the X direction orthogonal thereto,
respectively, when a light beam is incident in the Y direction
orthqgonal to thé optical axis with a field angle of 0.5° and 7C,
8c, 9C - and 7D, 8D, 9D are diagrams showing the lateral
aberration in the Y direction and in the X direction on the axis,
respectively.

As is obviogs from the results of FIGS. 7 through 9, it is
-Verified~that the lateral aberration is suppressed in this light
. focusing optical system in any of the optical recording media CD,
DVD, andlBD.- |

Further, spherical aberration with respect to the CD, DVDé

and BD was also calculated. Results are shown in FIGS. 10
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di stance, 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 3pb5r0950
Use BD DVD CD Focal Length [nmm 2.32 2.388 2.489

Nunerical A erture 0.85 0.65 0.5 Wavelength [nm

thaoygls 58 veEreqkidlvcatliton 0 010 fiQ etiatl mide the spherical
Distance [mm] Infinite Infinite Infinite Wbrking

abexsdgkie feomfhe. ¥85sb0847 10. FI&. T, clapdssiochlCaberration to
Portion [mm 0.0875 0.6 1.2 Chromatic Aberration

the. H¥D GMOOB OLI06BIG( WAlel emgt hsgHeurdicaat i dretmangichprfo the BD
Aberration Characteristic on Axis [lans] 0.004 0.002

showO» Hdl§er Adt por Ehppresssd Sitidwe 0. 035 0. 013 0. 038
outside Axis 0.5de . Jans Fromthe result in this
Tablfe 8histlisghtvefddisddigt hattithe sgbtanpticeraberdmtifoBptical
is controlled to be a practical nunerical 31

recording media of BD, DVD, and CD is used, a focal length,

numerical aperture, wavelength, magnification, object-image
distance, working distance, thickness of cover portion,
chromatic aberration in case of wavelength 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 CDh

Focal Length [mm] 2.32 2.388 2.489
Numerical Aperture 0.85 0.65 0.5

| Wavelength [nm] 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 0.6 1.2
Chromatic Aberration
(Wavelength Fluctuation +1nm) [jm] 0.483 0.003 0.063
Aberration Characteristic
on Axis [Ams] 0.004 0.002 0.009
Aberration Characteristic
oufside Axis (0.5deg;) [hrmms)] 0.035 0.013 0.038

- 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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SO5P0950 value with respect to each optical recording
medi 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. ggspposg
Here;, in a light focusing optical system based on the
simlar design, when the diffractive surface is not
vapreviided oespedie tousmar yostuirdAc ecetmIdihbe nehiamabiECcBb, DVD,
aberration with respect to the BD was 0.541.
an@gpeRi fadldry,additionvenitf iedvehatritbechhresmt ithe aberration
aberration was suppressed excellently by providing the
charddtracidtdn sw faade @O €5p0RBERGat 0ot henBR WM SthicS cutside
boundary surface 253. As expl ai ned above, according

axi® die dlisghtohoeusieg eptvsdursysbant 9f at New prasant
i nvention, the aberration correction can be perforned

excealdrent | yn on Vel §ious delendsngf Rtigal Leeasdi %gsed on the
medi a of the BD type, DVD type, and CD type by t

sifpldfadesigst RMSItHE e QRIRGLEVEuelSe the ot prov1ded on
conpatibility between three different kinds o?

th®pPbbgadaeCOlH NG NBY a Gan he phkai n%@)el}y:atﬁegl ¥.r B respect

this Ilght f ocusi ng opti cal systemto the optical

to Pitgkupsslevi;ge @n@lﬂpt 568k FeLof £ ng sgnd %emeg.dt.!égéggd:hat the

devi ce, and al so the m ni atur1zati on, i NNess

chf&%td %@)errlla‘é@bgh{q {Jﬁfeggé/ ?%fcgegl t1 O ?r ?Jlr%xhréfhng the

shoul d be understoo ose s

dlfﬂ%cﬁrl%%e%fﬂ\é%méo%es%onggngl r{]ot q:q-let with this boundary

confi gur atl ons
surface 283.

As explained 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
system 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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expl ai ned in the enbodi nents descri bed above but
various nodifications, conbinations, sub-conbinations
and alterations 32 nmay occur dependi ng on design
requi renents and other factors insofar as they are
wi thin the scope of the appended clains or the
equi val ents thereof. For exanple; in-the light
focusi ng optical system based on the above-described
may  &GYH edempnrding t Op s dgsd@mposeiidl eemantscomid gotbea factors
. light focusing optical systemcorresponding to the HD
1“S?£%¥aﬁa APEYi ASEeddthint hbeBBdopehafe tiHee appended claims or
conpatibility with the CD and DVD. It should be
the pael @y orhemssé-skilled in the art that various
nodi fi cati ons, conbi nations, sub-conbinations and
al férateeep leny isctbe dépbhdifngusingespgicalequisteretased on
and other factors insofar as they are within the
the s @y wideske ibpgenttediorc| aixempar, t het equs valest Spossible to
thereof. 33 What is clainmed is: 1. Alight focusing
confgiursal a sysgbm fonpsisgngptacdif kyaetnoroekeBBHhdas to the
lens with which light for recording to and/or
HD R¥prandichy fnwomeal plfurild thD ofo OpivEathe r@GPa#iBd1ity with
media of different kinds is focused onto the opti cal
the [G@remdi MyDnedi a, wherein said diffraction el ement has
at least first and
It should be understood by those skilled in the art that

various modifications, combinaticns, sub-combinations and
-alterations may occur depending on design requirements and other
factors insofar as they are within the scope of the appended

claims or the equivalents thereof.
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second diffractive surfaces; said first diffractive
surface diffracts |light whose wavelength is 630 rim
or nore and 670 nmor less to perform aberration
correction on an optical recordi ng medi um whose cover
| ayer on which light is incident has a thickness of
approximately 0.6 nm - and said second diffractive

surface diffracts |ight @@o§§a.M@ggL§ngth is 400 nm or
nore and 415 nmor less to per%orn1 aberration

( . A perrat |
oy o b B e L e PR S ot
appy o st aloy sQnl HTLREREPPLRN! T E%fslj?/ﬁolg:tgomg}lé%% E‘leght for

| i ght focusing optical syste

reln. sai n iffractive_surface has positive .
rec%ﬁﬁ%e t%omg?éﬁég %ﬁag)rloldgr;uﬁtl 886 tEhg Gop? r‘&ﬁ?f%%/yst 8m optical
[ 0 ai 1 or . erein a diffraction .
recgr%fﬁ%gﬁggi%rgkigggfgﬁegtbiﬁﬁggrﬁs FPUGRAa B Ephdie optical
recé@%fgé;%é%.having di fferent wavel ength dependence in a
refr

ia. . .
t1vé i'ndex are joined to formsaid second

diffractive surface. 4. The |ight focusing optica
sy_s‘,'{hésrﬁealgcosrad"jcﬁgdfg%ﬁi‘fltb?fé Sﬁ‘e‘%‘é’lﬁéi ﬁé_sl_att_g %‘,ga%elféi-”ﬁt and
secSfl PALAGHLOL,PELLLY 1o Tormed by joining first

said 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 1light is incident 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 light is incident 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 1light focusing optical system according to claims 1 or
2,

wherein a diffraction grating is provided on a boundary
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and second elements. 5. The light focusing optica
system according to any one of <clains 1 to 4, wherein
said |ight focusing optical systemincluding said
diffraction elenment is provided with at | east one
aspheric surface having negative refractive power. 6.
The | ight focusing optical systemaccording to claim

rFaceMBEN i d _aspheric,surface having the negative
S efract |e\e}f|(§3a p%a\i\lte?r]iaglspr%wﬁ%% GAtERESRE gHR Ve baREEh sPgeendence
in & i first and second diffractive surfaces. 7. An .
n opg%gggcﬁﬁgﬁuﬁn§%§i%ﬁeiﬁ%%?ﬁﬁrﬁfzqu%ﬁﬁalﬁo§@§Pﬁ§ diffractive
sur®Biical systemin which light for recording to and/ or
reproducing froma plurality of optical recording
media of different kinds is focused onto the

regor ding IE%¥ rising...,a_light source that
en?fsgrgght, aaﬁ¥%§$§g{%%298 %n%¥ﬁé€ﬁ1%ﬂ39§ PHe P Yy one of
clagp$tk & Bromthe |ight source is incident, and 35 a
lens that focuses_light fromthe diffraction el enent
t oWerd St ReSBhti eaffraebion myatddiours Whemednbgajdining first
diffnggtion el ement has at least first and second

and 4p¢¢ongd (S AFIedtSraces, said first diffractive surface
diffracts |light whose wavelength is 630 rimor nore

ang.6¥£ér¥9dﬂflf%%ﬁs&ﬁgp8£E£%£E system according to any one of

claims 1 to 4,
wherein said 1light focusing optical system including 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 source side of said

first and second diffractive surfaces.

?. An optical pickup device including a 1light focusing
'.optical system in which 1light for recording to and/or
reproduéing from a plurality of optical recording media of
different kinds is focused onto‘the recording media, COmprising;.
a light source that emits light,
é diffraction element on which the light emitted from the

light source is incident, and
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aberration correction on an optical recording nmedi um

whose cover layer on which light is incident has a

t hi ckness of approximately 0.6 mm and said second

diffractive surface diffracts |ight whose wavel ength

iIs 400 nmor nore and 415 nmor |ess to perform

aberration -correction-on - an-optieal recording nedium

mhq;el%%gerrﬁﬁgy r on which light is incident has a

t hitkness ot appPERPRat APHF 1 tkmltorthgprdkf ragteign element

. 8. . The optical. pi ckup device according to

towcfgiggg,oaﬁé?%% A B 1Y f ract i ve surface has

posi.tive surface  power, 9. The optical pickup device

acCIETg t 571 afidtragkign adteaesitn hasdi #tr depisén first and
, ﬂrating I s npde on a boundary surface where materials '
sechadi Ay Larrebien S WiP@edngt h dependence in a

refractive, index are joined to formsaid second

di fFPEEt i FESurdslclracdd ven. smwfamst | cdif fppckap deghte whose

according to_any one of clains 7 to 9, wherein said
wavglepghilt iion GGt PRg 9% mR¥e WBNnd oFAP ngwf i et leand to perform

second el ements. 11. The optical pickup device
abergapi AR ngor B ¢ clrtiimml Taceriddpgwhedbim shadse cover

| i ght focusing ogtical system i ncl udi ng said
layer™ on which ight is incident has a thickness of

approximately 0.6 mm; and

said second diffractive surface aiffracts 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 light is incident has a 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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diffraction elenment is provided with at |east one
aspheric surface having negative refractive power.

12. The optical pickup device according to claim11,

wherei n said aspheric surface having the negative

refractive power is provided on the |ight source side

of - $8i dTh¢ j esticaid rdekopd ddivl &6 ast conmlisigr kacagy d8e &P claims

R

7 @ptd cal recordi ng and reproducing device including at
| east a |ight focusing optical systemin which |ight

~ forvheeer déapdt disfiddorisepyeduchaditr AABA BbULRlihi¥g first
of optical recording nedia of different kinds is

angd segoad edewenhe. optical recording media conprising:

a light source that emts light, a diffraction el ement

on which the light emtted fromthe |[|ight source is

i ndildeffhe entieal emickuipatddhaedsaschi@ig f t he _
7 tdi{graction elenent toward the ogticgﬁgréﬁigni fge of claims
medi um wherein said diffraction el ement has at |east

fingtemnith Bicerogk dibEnaold Ve c id first .
diffractive surface diffractéjli%ﬁ?ééﬁoggStﬁgng%%ﬁéin said

diffsaéB8fonmelenddite aBd S/0:1WRH' Ji8%S m ‘
aberration correction %n an optical régogﬁ%%ﬁyng Punf spheric

surfhos eheomef ndg@ireOReWRLER; LEONL, LS 1 ncident has a
t hi ckness of approximately 0.6 nm~ and

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 diffractivé surfaces.

13. An optical recording and reproducing device including
at least a light focusing optical system in which light for
r'E:cc:trding_ t_:o and/or reproducing from a plurality of optical
recording media of different kinds is focused onto the optical
recording media- comprising:

a light source that emits light,

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

a lens thgt focuses light from the diffraction element

- toward the optical recording medium,

wherein said diffraction element has at least first and
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said second diffractive surface diffracts |ight whose
wavel ength is 400 rimor. nore and 415 amor 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

approxi mately 0.6 nmm 14. The optical

of di ng- r.epr oduci devi ce according to claim13,
Sec&ﬁgréﬁ#ﬁ%&%ﬁ%v§%é%ﬁﬁ#g%eﬁﬁractive surface has positive
sur&gﬁf wer. 15._The optical recording-reproducing
device a é&Fﬁindg%Qﬁr%ﬂﬁﬂﬁﬁs E¥réaces, dihErFerhsa light whose
wav%%éfqgﬁgtoneg{ating i s made on a boundary surface
St hatdri%i® REVitG BPFfesddst & ensngrh dependenceerform
pekn @ refractive index are joined to formsaid second
PRI FF ULtV LI Fa @ b opAi copt iregbrding medium whose cover
recordi ng-reproduci ng device according to any one of
1ayeFai AB 13MiGhi 5, 13ghherdsi n iyuiidiegits f rlswt | 08 gridtiickgess  of
is made by joining first and second elenents. 17. The
aPPHtiadielye Lo fdiig- eagdr oduci ng devi ce according to any
one of clainms 13 to 16, wherein said |light focusing
opteddl §9seath | Aéfldentleai durdiaickr adtiifdnaetemehighits whose

provided with at |east one aspheric
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 jincident 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 a diffrabtion grating is made on a boundary surface
where materials having different wavelength dependence in a
réfractive[ 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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surface having negative refractive power. 18. The
optical recording-reproduci ng device according to
claim 17, wherein said aspheric surface having the
negative refractive power is provided on the |ight
source side of said first and second diffractive
surfaces. 19. A nethod of focusing |ight for recording
to and/or reproducing froma plurality of optica
recording nmedia of different kinds onto the optica

recdidng nedig by, diffractjon el enent and
| ens, conprising é?%é%éoncﬁraﬁﬁQﬂn%ﬁr@F@% By Joining first

anddgé&gg&téf@ﬁéﬁ@ nt wth at least first and second
diffractive surfaces, said first diffractive surface

diffracting |ight whose wavelength is 630 nmor nore
and 670 rimor |ess to perforn1 aberration correction

onian g tlca,ih cord g medi um whose cover 39 |ayer
on Whi ¢ <9 's eﬁ@F eRE~hERred4dingk He¥scofaccording to any

oneagprmmanmateBth.B6nn1 and said second diffractive
surface diffracting i ght whose wavelength is 400 nm

or relgnS nmor less to perform aberration
correction -8 &ﬂ%&? dAcysdeer rrtgiarddi arateiosinaclowmg  said

dif%rg r. on mg]ch light is incident has a thickness of
prosdhatferFeat L Hn drroygsieski mathl yat0. Bemmt 46ne aspheric

surface having negative refractive power.

18. The optical recording-reproducing device according to
claim 17,

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

. first and second diffractive surfaces.,

19. A method of focusing light for recording to and/or
reproducing 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 aﬁ 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 corpection on an optical recording medium whose cover
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layer on which 1light is incident has a thickness of
approximately 0.6 mm; and

said second diffractive surface diffracting 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.
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