s e3e™ni\\]\bcl 61 TmL OPTI CAL PI CK- UP DEVI CE AND OPTI CAL | NFORVATI ON
RECORDI NG APPARATUS OF THE | NVENTI ON The present invention relates to an
optical pick-up device and an optical information recording reproducing
apparatus. Recently, DVD (Digital Versatile Disk) which is rapidly
spreading as an optical recording nediug1of the image information or the

| i ke, can record the information of 4.7 @B per one surface when the red
sem conductor | aser of wavel ength 650 nm and an objective optical system of
a nunerical aperture (NA) 0.65 are used. However, for the purpose that the
i nformation of higher density is recorded/reproduced at a high transfer
rate, a requirenent of further high densification and a nmuch increase of
capacity becones strong. As universally well-known; for the purpose 2to
attain the high densification and nuch increase of capacity of optical
disk, it is sufficient when a dianmeter of a spot |ight-converged in the
obj ective optical systemis reduced, and for that, a reduction of

wavel ength of the laser |ight source or a high increase of nunerical
aperture of the objective optical system is necessary. Relating to the
reducti on of wavel ength of the laser |ight source, a blue violet

sem conduct or | aser of wavelength 405 nm or a blue violet SHG | aser is
putting in practical use, and by a conbination of these blue violet |aser

| i ght sources and the objective optical systemof NA 0.65, for an optical
di sk of 12 cmdianeter, the information of about 15 GB can be recorded per
one surface (hereinafter, in the present specification, an optical disk
using the blue violet laser light source is nanmed generally as "high
density opt pparc@is PTx-ber DEITCE AN ORTICATY GINFORMAETTON HEQYRDANG he
objective optical system a standard of optical disk by which the |ight
flux fromthe blue violet IaﬁggpkbgﬁéIﬁgu§§gAh§Tbgght-converged by the

obj ective optical system of 0.85 and the recordi ng/reproduci ng of the
information is conducted, is proposed, and in the optical disk of this 3
standard, the information of about 23 GB per one surface can be recorded

for the optical disk of 123§£%8§85§£e5F THE INVENTION

The present invention relates to an optical pick-up
device and an optical information recording reproducing
apparatus.

Recently, DVD (Digital Versatile Disk) which is rapidly
spreading as an optical recording medium of the image
information or the like, can record the information of 4.7 GB
per one surface when the red semiconductor laser of
wavelength €50 nm and an objective optical system of a
numerical aperture (NA) 0.65 are used. However, for the
purpose that the information of higher density is
recorded/reproduced at a high transfer rate, a requirement of
further high densification and a much increase of capacity

becomes strong. As universally well-known, for the purpose



Her eupon, in the high density optical disk using the objective optical
system of NA 0. 85, because the coma generated due to a skew of the optical

. disk is increased, the protective |layer is designed thinner than in a case
of DVD (thickness of the disk is 0.1 mm while thickness of DVDis 0.6 M),
and the coma anmount to the skew is decreased. However, only by saying that
the informati on can be adequately recor%ed/reproduced for such a high
density optical disk, it can not be said that the value as a product of the
optical disk player is sufficient. In the present tinme, when it is based on
the actuality that for exanple, DVD or CD (Conpact Disc) in which various
information is recorded, is put in the market, it is not sufficient only in
a case ere .re j r i.ng: i r At apsbe conducted
on"the hi gh erertycBberEor PARSEELROLZh BHE hALAERLERESETRS

recordi ng/ reproduci pg of ,the i.nformati on can_be.copducted_adequately_ in the
same manfetP ?%%yoﬂpt%%tﬁﬁﬁfo?l wh chsa?gggﬁﬁéangyw he ﬁsg%ngég s%o an
i ncrease of the value of goods as the optical  disk Elayer for the high
density obtiR@F HeRt-FrRResEeR AnbERRgPBURETIVE PRTUIERLI FEACEBr 18n optica
pi ck-up device nmounted in the optical disk 4 player for the high density
optical diskatddt , amthi feri thikeeps acdoapaenbpfi vgvalssgtbr canyhenéasert he
hi gh density optical disk, DVD, and CD, it has a perfornmance by which the
recor di ngl 1€ipr ostiei g of &heignf onoreasa odnnbeeadeqllabpkytoordodt Ede As a
met hod by which, while it has a conpatibility also for any one of the high

density opti&atifbskpt VR 3p&LER, isené@égggkﬁg/reproducing of the
i nformati on” can be adequately conducted, a nethod by which optical parts

for the high d i ty. opt. i pLkcC o] o] are
sel ectively smﬁ%%%%%l@%r#%g%%%d?%%u?gg?ﬁeé;e@%?g?%%égéngffyggfi?%g&optica
di sk for which the infor ion_iLs,recorded/reproduc an b i ed.
However , %%%%Es%oﬁrﬁ?Urﬁrsive0V18b?§ciFmbg?Pgegggrngggggagf,%F%Q?Ehg%h

di sadvant ageous for the_size reduction, and further, cost is ingreased.
Accor di ngty> TRr oPBe? PUPNYERHSENSHGt h@SEEr hEt RRELARIt B Bﬁ?Fé&Fagick-up
device is sinplified, and the cost is reduced, also in the optical pick-up
devi ce hawsag ahé ewnpatPibbinayiont ofstpeepebabrevinaett Rasept ildghtpart s
for the high density optical disk and the optical parts for DVD or CD are
comonl y sisedcaist Anéatheothéectand theinaibeysvEmopfi Yal Op&ltt s fsirr @t uri ng
the optical pick-up device is 5 decreased to the utnost, and it can be
said thatohtitslmastkpref epabhedt baktkhe ebkeehifvemaptbealbfsysbem i1$ used
in conmmon with each other. Further, followi ng the recent price-reduction of
t he Opt'0@¢ Qéﬁk%8'§¥86 dbhepeostnbeducthen QhetBengrtkeal ipi ¢lep device is
advanced. It conducts tﬁe effort to reduce the nunber of optical parts
structurin k-up devi

the, optical. pi 1o, the yt i fos
anuf act LD o7 8o F OB BER ARGy Bhents 48 ERA oRLF I TaZer T s ee  or
the optical pick-up device having t i bi i ty,f lurality of
i nds of GBEPEat NS SRR SR EhRERESWAVBEagt oy Dhgn aeheted 1Y ©

recording/reproduc{n% is different fromeach other, a laser light source in
whi ch a | PBhiceki €6FRg) point which lightemits the laser light flux whose
wavel ength is different, is forned in one chip, is devel oping. Hereupon, in
the present speBufikatioas fHoraske hight izoueseei afwNRchfatpeurality of
light-emtting points whose oscillation wavel engths are different from each
ot her, arebheusedei BpeneatasiyB@em), Sar etanteddt of" patkagad dhslkt byl erhliicght
source unit". It includes the Iight source unit in which a plurality of

l'i ghtem t£},801pghRt $1WR0sRASEhk! Btbanvwavekengkbs arngnai fslairert ifsr om each
other, are forned on one chip, and a light source unit in which a plurality
of 11 ght sounees uhaseeasal! kALl 8R4c8 148V ELEAGENS s3lse i ety fosom each

ot her, are HRouse ne casi ng. obj ecti optical system which can be

used in conmfi pation with the packaged nultiple.li rce_unit in which,
in such aaﬁanﬁﬁ?,f?ﬁ8rﬁﬁaﬁ?¥8§FP P%éHSOPﬁt§B§ré£6%%@F§§§“bﬁ6%e|y, i's
disclosed in the foll ow ng reference docupnent (Patent ,Docu 1). In this
objectiveCBBPPGE?dSy%FeHFOPB?theaBQrﬁBsEgghQP%ﬂﬁé IQ&B& F&SE&lF?ux of
wavel ength 660 nm and the laser light flux of wavel ength 785 nm projected
fromclosely provided light-emtting point, are converged onto the

i nformation recording surface of DVD and CD respectively, the

magni fi cati ons of the objective optical systemfor respective wavel engt hs,
are set to al nost equal. (Patent Docunment 1) Tokkai 2001-76367



However, a problemthat, in the objective optical system having the
conpatibility for three kinds of optical disks of the high density optical

- di sk, DVD and CD, when the nmagnifications of the objective optical system
to respective wavel engths are set to al nost equal, because the degree of
freedom of the optical design which can_be used for the inprovenent of
optical characteristic, is taken, in a process of the optical design of the
obj ective optical system good optical performances for respective

wavel engt hs can not be obtained, is actualized. SUMVARY OF THE | NVENTI ON
The above problemis considered, and an object- of the present invention is
to provide an optical pick-up device provided wth the objective optical
syst em hayi compat i bl ity £.0r ral 4t y-~0f . kin o] Lca i sks
such as f%ﬂea[}%?ég densi ?j;/ﬁg%%ﬂféc%}&glgﬁg%%@a%% %% plgfn ¢ ?c%u?%b\%a\%gﬁengt h
of laser light source.is different.. An.optical ,pick-up device which is
advant agedu ?%ﬁr#%é Lot thediRt ot %hﬁgs?geigeaﬂc?%gﬁeg§rﬂsing the | aser

| ight source by which a plurality of |aser light, fluxes whose wavel ength is
different fromHiEkGHRAerin ddif JeLIh JIRDSHEY tHRELIGR Y H&tE X sBe+REi EPfig the
degree of freedom of the optical design of the objective optical system
Furt her, chibtdieivebpreicat shetemesEniA| hveht i bacigseotbeoePB@ an opti cal

i nformation recordi ng reproduci ng apparatus in which this optical pick-up
devi ce i sgemeudtesd due ordes slewobfethbeopbbuel pdbbkens thereptiedal tpeckup
device of the present invention is provided with a packaged nultiple |ight
source undtotdctMiEMaydr als| @3sigrelli BRinBOHr €SN O0int Bechkikesbfl DYbt source
to the third |ight 8 source, respective light-emtting points are housed
in a casi f&gn@‘sgatg)?"élll&atﬁiglg adi ysiipg, %‘Bi%@' t4PEkn8bEUBEURSS By an
actuator: and a novable Tens group driven in the optical axis direction by
the actuator. The noyabl e | ens group, changes t nj L1 i of the
objectivgsb {TRh1 TN t?h%o??%%p%%%?ﬁﬁ F% gﬁ% agggrg%g?%Egsgfgght fl ux
projected fromthe packaged multiple |ight source unit, when it js driven
in the optical HBH % r e oPHYSTHEAC ?o?l?eTh%E%’b‘i}?tW%ncﬁﬂehet he

obj ective optical systemin which the magnifications to respective
mavelengtﬁ@e@m@t@lffé¢@®¥d¢dbﬁ$@é@ﬁuéﬁﬁeg9ri§Uﬁbuﬁt€a9htﬁén§ééﬁaged
multiple light source unit can be used. It realizes cost reduction and size
reduct i onppbiyca hedi educit ovanfnohebausbied dhabpthealapaet 8sok phedupti ca

pi ck-up device. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a main portion
pl ane Vi eyt stiowi GGt acsl raciurel ofeani spsi€al cpeak: upinlevheepr&sgst 2(a) to
(c) are views showi ng a structure of an objective lens. Figs. 3(a) to (c)
are vi ews, Show oA SETUStYELQT oA ARELERLEORL GOLREEt FOR ekampnt, Dvd Fi g.
4 is a main portion plane view show ng a structure of an optical pick-up
device FL8.cp tEofodBLPOL] | PR BL20A YLEVAROMLEG ABIEHCLYr € of an
optical pick-up device. FIig. "6 is a nain portron plane view show ng a

structure . . Vo .
recorded, is put in the market, it is not sufficient only in

a case where the recording/reproducing of the information can
be conducted on the high density optical disk. For example,
a fact that the recording/reproducing of the information can
be conducted adequately in the same manner also on the DVD or
CD which are owned by the user, leads to an increase of the
value of goods as the optical disk player for the high
density optical disk. From such a background, it is required

for an optical pick-up device mounted in the optical disk



of “an optical pick-up device. Fig. 7 is a graph showng a relationship of a
shift anmount of the objective lens with a wave-front aberration. Fig. 8 is
- a graph showing a relationship of a shift anount of the objective lens with
a wave-front aberration. DETAI LED DESCRI PTI ON OF THE PREFERRED Preferred
enbodi nents of the present invention mﬁil be descri bed bel ow. A structure
witten initem1 is structured in such®a manner that, an optical pick-up
device includes: a first light source for emitting a first light flux with
a wavel ength ~1; a second light source for emtting a second light flux
with a wavel ength ~, 2 which is longer than the wavelength ~, 1; a third

| i ght source for emtting a third light flux with wavel ength 7~3 which is

| onger t gﬂf}ﬁﬁé]? ﬁ@ﬁ/edr?é‘%ﬁ%r?é’én@itp?%ﬁgféawaiml enki ghirhsoyree uekpsf or
10 packaging emtting points of at Teast two of the first third |ight

sources in o %{ﬁ%ﬁlﬁ%ﬁhﬁl Pﬁ‘é’rﬁ%ogﬁ' C?#gﬁﬂétﬁl{ﬁﬁ%eﬁgwgr gbggcjﬂght

fluxes el tT€ ree kintds o t sources respectively having
di fferent wavel engths ~1, ~2 and ~3 onto_.information recprding surfaces of
at Ieast‘*ﬁg%@ IRy a2 QRRi%EJk%ﬁs%sp?Egﬁﬁ%??E%Iéyhgg%ﬁg gb?ferent
information recording densities; and a magnification adjusting o &ical uni t
havi ng arFeRQudies/ BeRr e wolab of | eh’ §Rbpmahdobefal & rﬁﬂﬁggaFE &n
optical path between the packaged nultiple |ight source unit and the

obj ecti veewplucéd system wherein the novable I ens group is driven by the
actuator along the optical axis so as to change a magnification of the

obj ective opti cad sysdteBdceorvhingh i ovlai Wavet engs ha ofcrepétght 1itvxaéaptt ed
by the packaged nultiple light source unit. According to the structure

written ifpdtany londhen akel 028Gk Q8RsiepSogtounli aikke DUDpPoshti go,| ens
groups of the nmagnification adjusting optical unit arranged in the optical

tear . | b8 t bj ect i
opL Cal SyeT or P RO TPt R gL Caasl £ AT et on By the actuat o

irection by the actuator,

e L S5ruPOLT, SLaR0BELATTE FLReES MIoRE R BLETALS gy ot
be 1 high density optical disk, and optical parts for DVD or CD,
are selectively switched corresponding to the recording
density of the optical disk for which the information is
recorded/reproduced, can be considered. However, because a
plurality of optical parts are necessary, it is
disadvantageous for the size reduction, and further, cost is
increased.

Accordingly, in order to intend that the structure of
the optical pick-up device is simplified, and the cost is
reduced, alsc in the optical pick-up device having the
compatibility, it is preferable that the optical parts for
the high density optical disk and the optical parts for DVD

or CD are commonly used with each other, and the number of

optical parts structuring the optical pick-up device is



converted into an angle corresponding to the magnification of the objective
optical systemto respective wavelengths. This is the sane neaning as in a
- case where, corresponding to the wavel ength of light flux projected from

t he packaged nultiple |ight source unit, the magnification of the objective
optical systemis changed by the nnvabhg | ens group. Thereby, even when the
obj ective optical systemin which the gnifications to respective

wavel engths are different fromeach other, is nounted, the packaged
multiple light source unit can be used. It realizes cost reduction and size
reduction by the reduction of the nunber of optical parts. In the present
specification, an optical disk using the blue violet sem conductor |aser or

bl ue Vi Olgle SRS aAfe Mitndd ghtasRUICecdOrp NgaLacoRdENgEr eprAduel Ng of

the information, 1s generally named as "high density optical disk". It

i ncl udes _an ti.cal disk of a .standard i L ch ecordLpg/ £ eproduci ng
of theilﬂﬁﬁéghﬁéi%iﬁi%ﬁnﬁhﬁn%&ﬂ?ﬁﬁﬁ%ﬁ %%F%€%$V%§gg?%cg? gégge%ﬁof NA 0. 85
and the thickness of a protective layer is about 0.1 mm and an opti cal

di sk of £ R PIFR PR recor di ng/ reproducing of the information is
conducted by the objective optical systemof NA 0.65 and the thickness of a
protective | ayduntdietbodtold®ving Xhfin recerherrice-5edecthel ugestif optica
di sk having such a protective layer on its information recording surface,
an opti calpidicskl havs hgpoldeepr oteet toet | agducbionhpEkhbssoptigbdupriséver al
to several tens nmon the information recording surface, or an optical disk
in which diddness 0§ ddeseced ot aaf iahdwysy stios dhfopr ot@ctedecéitins is 0.
Further, in the present specification, the high density optical disk

i ncl udes 4, phot osFagnet &£ dbske y1SsPgubberbhyerMbobgtisan pepdughor | aser or
blue violet SHG | aser as the |ight source for the recording/reproduci ng of

the infornation. er, 1ot e FflLeatlog, opltigaly disks of
VD ser | S tch %(E%WQB\%{?V%@ Q%\/@gﬁgg%o FoES RANE VDR © DVD: RW
DVD+R, DVD+RW are generally paned as "DVD' K _and optical g'sks f; series
such as CERTERGRED 20dF oS B, 1eEeR L EBPRWOHF eggﬁér beoﬁg%g as
"CD'. A'structure witten initem2 is structured_in such a ganner that, in
the opti calchieR-AevHesi tavinettee FAMPREAPILItKeIRBYEDPEUFEALTYr Bp is
structured by at |least 2 lens groups, and in these |ens %roups, at | east
one | ens lgindp ¢§ dpivealidiaksopnichichxtbediveselenatby foketaét uator A
structure witten initem3 is structure in such a manner that, in the
opti cal pickotPpimlgrresrafutieg ia diéfiePent fid8mt kechoweabke,| endageasup
includes at |east one negative lens group and at |east one positive |lens
group. | n {der casermbeis @RNiOhi gCligptPbmpesihyopoehct haiehj ecyhve optical
systemto respective wavel engths is changeably adjusted in the optical axis
direction, V@%“tﬁ@?lé%?”?ﬁ%h@”?k‘ﬁ% Qhok ew@éﬁ@b?th?@%_ gk e¥R riesi £l 06 ¢l ar ge,
a problenf?ha asizeo optical pick-up device is increased, is
caused. cordingly, as in the structure witten in item 2 ghs
movabl e | %%m%?o % ?ﬂ%lﬁ%ég’tﬁs deveéloping. ﬁereuﬁoﬁ, M %eh Pegggt

specification, a laser light source in which a plurality of

light-emitting points whose oscillation wavelengths are

different from each other, are housed in one casing, is

referred to “packaged multiple light source unit”. It

includes the light source unit in which a plurality of light-

emitting points whose oscillation wavelengths are different

from each other, are formed on one chip, and a light source

unit in which a plurality of light sources whose oscillation



or ‘nore |lens groups, it reduces the novenent anmount of the novable |ens
group. It realizes the size reduction of the optical pick-up device.
- Further, for that purpose, as the structure witten in item3, it is nore
preferable that the novable |l ens group includes at | east one negative |ens
group and at | east one positive |ens gr oup. A structure witten initem4
is structured such that, in the optical "pick-up device witten in any one
of iteml to item3, the packaged nultiple |light source unit provides
emtting points of the second |light source and the third |ight source.
According to the structure witten in item4, a |laser |light source (for
exanpl e, GH30707A2D made by Sharp Co.) in 14 which light emtting points
proj ecti RgvdinaP £ dherdicht flow vhgseovRye| eagéhnosska theomecinity
of 655 nmand the light flux whose wavelength is in the vicinity of 785 nm
are fornq%ﬁggmgne chip, can be used. A structure witten initem5 s
structured 1'n Such a manner that, in the optical pick-up device witten in
any one of iteml1l to itemd4, the optical_ pickup devi r ds_and/ or
reproduces i nf %%Ct&hveopqrftclaqﬁdiS’s‘ksgt%rgi‘%gl i gﬁ%/ﬁ?t?%x‘g‘gégém ?ﬂ di ff erent
wavel engths emitted by, the ackaged ngltifle iig?t ﬁource unit sgparately,
wher ei n_ tHIRDIRA D B HiE PPF et VRl FapLrstWith aPRFePeRtIthi-Cknesses
for protecting the information recording surfaces, the novable |ens group
i s driverthichhelmcieelt oz Bhwhgr t heheptighl —aRist3BIaBOLBEoREECt a
spherical aberration caused by a thickness difference between the
prot ecti verdaiyiss.cPosélyict iis ediciveadi ini tee Bolsowindcrafedenaesuch a
manner that, in the optical pick-up device witten in any one of item1l to
item 5, tde-@pin€al ppt SktppEerhsst r eEor dmn ansh orolsppsothie espt héat mat i on on
optical disks using light fluxes with different wavel engths emtted by the
packaged i gdpl ecd)offe SQUFEEsUNthatePREAL ELYr @@?EEtEQ@k difsk having a
maxi mum i nf ormati on recordi ng density anong the opfical disks conprises a
mul tilayer_structure.in wWhich,optjic r aren n
infornaii%ﬁy?é%% tin%égu? a%%% g@% ?%%¥ﬁa%é§hgl?gﬁgaégl§?bgﬁgh§5§agﬁg | ens
group is driven by an actuator along the.qptical. axis.sg.as to.corr a
sphericaJn%mé9¥%&¥%569h£EﬂmiEEBEE YrBﬁoﬁﬁaEdaEF88§§e8F%?ﬁggo€fé%%Fv%g%ens
jumps fromi-th information recording surface to j-th information recording
surface, PRYEEISHreBRtenEbenbRfeRrMREEBRIFRGOSHAPECEErTEC8eCENE PG mat i on
recording surface through n-th information recording surface are arranged
in the miDiteyeecsiveatyur theompgnséscahivhesobr tbe PPoRctRAFepsPkdiged
mul tiple light source unit side.

system for respective wavelengths, are set to almost equal.

(Patent Document 1) Tokkai 2001-76367

However, a problem that, in the objective optical
system having the compatibility for three kinds of optical
disks of the high density optical disk, DVD and CD, when the
magnifications of the objective optical system to reépective
wavelengths are set to almost egqual, because the degree of
freedom of the optical design which can be used for the
improvement of optical characteristic, is taken, in a process

of the optical design of the objective optical system, good



A structure witten in item7 is structured in such a manner that, in the
optical pick-up device witten in any one of iteml1 to item®6, the

- objective optical systemhas at |east one plastic | ens and the novable | ens
group is driven by the actuator along the optical axis so as to correct a
spherical aberration which cones froma_refractive index variation or a
refractive index distribution resulting7fron1an envi ronnent al tenperature
change of a plastic lens in the objective optical system A structure
witten initem8 is structured in such a manner that, in the optical

pi ck-up device witten in any one of item1l to item 7, the novable |ens
group is driven by the actuator along the optical axis so as to correct a
spheri cal - i Lot obj i pt, i i C s from
vl o O ey e e r O e r e LM PP erant "asva ongt he
respectively emtted by the packaged multiple Iight source unit. A
structuré§W%§%Q%§fi+Fi%%%¥@lf§e tructured in such a manner that, in the
optical pick-up device witten in any one of item1 to item8, the novable
| ens group is driven by the actuator along the optical axis so as to
correct a spherical aberration which cones froma chromatic aberration of
t he objective optical systefUMARYSOR (FHE INVENRIM ux have the small est
wavel engt h anong light fluxes with different wavel engths emtted by the
packaged nul ti fithes ldlghte souplckeuni ¢ cepaidéeds, anddt ar shpkbesofwabel engt h
of the light flux changes in a range of 10 nm The novable lens group is
struct ur esh-sgerihatnvén€adn bes debVehoir Ddehenoppieaklapiskdupedkivaneby the
actuator and it provides a function by which the object point position is
changeably, agj isg egi 11 £He OpsLeal vaxbst dELeCELQRFOREGSAGNEHAY O the
magni fication of the objective optical system "as in the invention witten
initem5 : clio y i sphet i e .QR 0
differené%gggafﬁéy?h%%kﬁ%gsagﬁigg%ﬁgg igg F%égksggo%bggkg% gggk%nsgggion
witten in item6, the spherical, k6 aberration ner at at _the, . 17.time of
focus-juﬁ%ﬁbET%é%tha§%?ngY ﬂﬁF%ngagédeigg, PEgcgﬁre&PeH%lﬁgrégﬁon, t he
spherical aberration generated due to the focus-junp between the

i nf or mat i WAVe BRI ER nQ s%@?ﬁéeélﬁhtnﬁPFFC?a9érdéﬁ%?FeP§-g§ﬁeP§Fé§aBy way of
paraneters of the distance between the information recordi ng surfaces,

i mage sideickmepidariapevhick d§ ateanbpgebiige fopt itbal copst ewdugndon,
wavel ength at the tinme of the recordi ng/reproduci ng. These paraneters are
det er m neshdyshzst apdactiofi bpt igahgdirk. 1Asear dinyly soulreesplyewhdah a
aberration generated at the tine of the focus-junp, because its anount is
det erm negi byaibeykbndl 9ke0piigat digkest nﬁo%Vﬁﬁﬁgﬂeﬁg‘E%nﬁsoﬁﬂfE@r@ﬂ\tam e
| ens group required at the tinme, is uniquely determ ned by the kind of
optical dj a h cifiLcation. the bl e gr. 4 is, at
Che t11me 5 TP ho e Pt o Bt moeh PG FRfSraati oa rocs dine dur fades of
the nulti-layer disk, it _is.desirable that the kind of .optical .disk._and a
i recti oncBf SRE TEchS. FERROOToP FoyRRpP B LFPOnFERATT: PE Cs SPHRCEoT:
recording surface to the second infornmation recording surface, or fromthe
second i nPBYHeRt oRYFE®Brdi ng surface to the first information recording
surface) are detected, and the novable | ens group is noved by a
predet er m ned afndtEhefn ahetler eelbl oft def eEhEnpgebgnthanveesyPn. 15 18
Further, it may have a function witten in item 7 such that the spherical
aberrat i oprauedé oat hept efaacinfermatdérncmacgedand/ aeprefiuadtiove i ndex
distribution follow ng the environnental tenperature change of the plastic
lens in tagpebhecti ¥8 WpitEathsysbpmitalcprbectipddediice fisnabuatedritten in
item 8 such that the spherical aberration generated in the objective

optical systemfle,tg-the, veyelenghd dbbfergpesieh,t bael bght chhuyesiuhose
wavel engths are different fromeach other, projected fromthe packaged

I 'tipl |, i t, .. : : . N bt init 9
O N R I R U

aberration_of the objective.optjcal system,when the wavel ength of _the Iight
Flux havi B ERECSBRHEEP fatoPbhoRRUEHEN GBS Fuatn Rothe. Aang F2Fo2nm  for
exanpl e, due to the production error_of the light-emtting point, is
correct ed: 198k etpBRCeEhel spher FeaPtabaPhht PORTGENECatEE Fid 1o 1iRET

wavel engt h di spersion by the production error of the lightemtting point is
sol ved when the position of the novable lens group is adjusted, in the
production process of the optical pick-up device. Therefore it is not

necessary that it is corrected at the tinme of the recordi ng/reproduci ng on
t he optical disk. 19



A structure witten in item10 is structured in such a manner that, in the
optical pick-up device witten in any one of iteml1 to item9, the novable
- lens group is further driven to be shifted in the direction perpendicul ar
to the optical axis, and/or driven to be tilted to the optical axis, by the
actuator. A structure witten in iten11% is structured in such a manner
that, in the optical pick-up device witten in item 10, the novable | ens
group is driven to be shifted in a perpendicular direction to the optical
axis and/or to be tilted against the optical axis by the actuator so as to
reduce a comati c aberration caused by tracking the objective optical

system According to the structure witten in item 11, the coma generated

by the tragiklng dféée’%'e%i'\% glgﬂfc&hygt%iﬁ@inﬁgsagen r80sbg eangel | ed out

by the coma generat t-drive and/or tilt-drive of the novable

|l ens group. A structure witten in_i ] L red.n.: nner
that, i n G ¢ ghadbt bl Gl o TR e S ShEEER YO et FRs B ER e
| ens group is driven to §hifé and/ or iili bg t he actuator so ag to reduce a
commt i ¢ abET raft | YRR 1§ A1 7 AP ERPT P LBRS 1 HECBBt FEAFSHi 3R, M7 20
According to the structure witten in item12, the coma generated by the
tilt of tIrtbpl caizlidkreapipe BHntbe| agtvatoby tThe dMekishete®d by the
shift-drive and/or tiltdrive of the novable | ens group. A structure witten
in item IRrdep sthareges edhé nmagchf acathorrofhahe phieneivpt Prakcpick- up
device witten in any one of item10 to 12, the novable lens group is
driven taybe: shidtesspindbegdi bethéonapel prgthcukal iyhtt Beuspprodkcards
and/or driven to be tilted to the optical axis following the rotation of

the opticalofliske E@{aélbgg@&tﬁaieiplé\ SUHHEt YpATMEI LheR, | Phehemt14si s

structured in such a manner that the optical pick-up device witten in any

Tac the <Shbetritiehd SRUTREE aPEr TR 0re0na 07 hp APRRg R e T e
Thereby, even when the objective optical system in which the
magnifications to respective wavelengths are different from |
each other, is mounted, the packaged multiple light source
unit can be used. It realizes cost reduction and size

reduction, by the reduction of the number of optical parts of

the optical pick-up device.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a main portion plane view showing a structure
of an optical pick-up device.
Figs. 2{a) to {¢) are views showing a structure of an
obiective lens.
Figs. 3(a) to (c) are views showing a étructure of an

aberration correction element.



The present invention provides an optical pick-up device which includes an
obj ective optical systemhaving the conpatibility for a plurality of kinds
+ of optical disks such as the high density optical disk, DVD, and CD, in

whi ch the wavel engths of laser |light source are different and an opti cal

i nformation recording reproduci ng apparﬁtus in which this optical pick-up
device is nounted. The optical pick-up device has an advantage for the cost
reducti on and size 21 reduction by using the laser |ight sources which
can emt a plurality of laser light fluxes whose wavel engths are different
fromeach other, without sacrificing the degree of freedom of the optical
design of the objective optical system Referring to the draw ngs, the best
node for carryi oyt .t : inventd i i .

Her eupon, when Err%%g'niqlf ilcé;% %@%ggoﬁﬁe&?ié@{h%%lh?‘p%rgﬁfﬁgée%gn%@ﬁl%%mf | ux,

t he thirgﬂéugpt H!UX of 1 e_objgc&ige optical system OBJ in optical pick-up
devi ces - ﬁﬁ%-%ﬁﬁ%ﬁpﬁﬁ e deseri bed bel ow, are respectively made nl ,
n2, nB, in the gptical, pick-up devices PUL and PU4, ml = n2 = 0, nmB < O,
and in the optifdd- pi ci€ Fp eV RPN BTN SRR & Hpt 0] The
first enbodinent) Fig. 1 is a view schematically showi ng a structure of the
first optdfcan pirdikiapl deidkeuPUleYiCehi ch the recordi ng/ reproduci ng of the
i nformati on can be adequately conducted al so on any one of the high density
optical disk HBi(g.hes fig st nopin gabridicok)plamvd (ide shewhnld optstealicHisk) and
CD (the third optical disk). The optical specification of the high density
optical diskHRpsicapvel €pgih ddvic408 nm thickness tl of the protective
| ayer PL1 = 0.0875 nmm 22 nunerical aperture NAL = 0.85, the optical

speci fication crfiggva IS yayelenibydhg H58% i idhbickpess 4 2swfrthe
protective layer PL2 = 0.6 nm nunerical aperture NA2 = 0.67, and the
optical specificati 0 I ~3 . =.,48 L t3 of the
protective(Tg%%f%éﬂgn% %p% %%?vﬁﬁﬁ%f%sggﬁgp%§¥%Y% ﬁﬁgﬁé %Sé?ggﬁgégVer, a

conbi nati on of the vel engt h, thickness of_ the protective |ayer,.. and
nunerical aper tihr® Y@ Iot2 19ARR SRY N & refatfonsmp_ SF 2l

amount of the objective lens with a wave-front aberration.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Preferred embodiments of the present invention will be
described below.

A structure written in item 1 is structured in such a
manner that, an optical pick-up device includes: a first

light source for emitting a first light flux with a
wavelength Al; a second light source for emitting a second
light flux with a wavelength A2 which is longer than the
wavelength A1l; a third light source for emitting a third
light flux with wavelength A3 which is longer than the

wavelength A2; a packaged multiple light source unit for



The optical pick-up device PUL is structured by: a nodule MDL for a high
density optical disk HD which integrates the blue violet sem conductor

- laser LDl which emts the laser light flux (the first Iight flux) of

wavel engt h 408 nm when the recording/reproducing of the information is
conducted on the high density optical disk, and a |light detector PDl; a

| aser nodule LML for DVD/ CD (packaged-%ﬁltiple | i ght source unit) including
the first light-emtting point EP1 which emts the laser light flux (the
second light flux) of wavel ength 658 nm when the recording/reproduci ng of
the information is conducted on DVD, the second light-emtting point EP2
which emts the laser light flux (the second |ight flux) of wavel ength 785

nm when the .recaordi ng/.r.epr oduci of - t i i ONc i o} ed on 23
CD, fir stpa\ci]ba}ﬁmrgeceétg\ﬁ%qu%é)c%{loﬁs [5%1 {ﬁlic%‘ﬁr gr?‘%é r%%e?r\llgésflfﬁgé{ refl ected
light flux fromthe information recarding surface RL2 of DVD,.second |ight
recei vi ng s i oS B M P 11y HRS %‘?Vg‘ég‘t h@r@ﬂ%ﬁjeﬂel ?%Hc?fux from
the information recording surface RL3 of CD, and a prismPS;, a

magni fi cayvremdaustayopiitgl Light tormrsenbited idVabl el 275 HREEH
conposed of 2 lenses of a plastic lens (the first |l ens MRL) whose paraxi al
refracti veinqewerf | Siglegatdweseandespetabté by | kameifg hdistevadt | ens MR2)
whose paraxial refractive power is positive, and the first |ens drive-use
actuator AQ <) ohiacd ive, opt 6 3y A8 @Bk omnosad icarnd ahers et fofes

correction elenent L1, and |ight-converging elenment L2 both surfaces of

whi ch are aspheric surfaces,. having a functi i S L1 ght

f1 ux trar‘%‘ﬁieﬁ éueqq.ﬁ St%eeerrlgwcg% %%r?%% (?%in (g Se?r%n%@%}?&l:égfle%gt ﬁég#\} rged
on the information recording surfaces RLI, RL2 .RL3; Zaaxis actuat or AC2;
i qui d cr%%ﬁ%ﬁr%W%n%ﬁﬁo{Wftb%Wa??%?ﬁgl%%aﬂ?%thf%?'B%? cBl limtor |ens COL;
and stop STO. Hereupon, the liquid crystal element LCis an elenment b

whi ch t henaphificatiaberd hesbhngeret i2l WiithkaYihe 8p FSEH%tPHnﬁnﬁegween
the information recording surfaces of the high density optical disk HD, the
spheri calmabsisTat i ems geneuat @0d i neihe abjecgédeinpancabtsgslerrOBI due to

t he 24 refractive index change/refractive index distribution follow ng
the envirggrpatal chemperrigee whangele andghbesspbeei aak tabadr ahieon
generated in the objective optical system OBJ due to the wavel ength

di sper si ogy, by.{ D PEQANCL i 08y 8L EQT Phetbenblne Mb@hglesﬁ%goﬁﬁluﬁboﬁsl aser
LDl are cortected. I'n the op¥|cal pi ck-up device PUl, when the

recordi ng/reproduci of 1he. inpf [ [ c og,t biohndgeRsi ty
opti cal d?gk 125} %s@??sg%%?%té? %gggésegﬁoﬁﬂggggg éggfdgfiﬁg in Fig.al,
initially, the blue violet_sem conductor laser LD1_is.Light-en d,. _After
t he diver@e%?gm+%h?a?+%§ BFOFQ%t@BJ?? hy?hgpg%ﬁaELFXFEFmsS%FggﬁghgtBP | aser
LDl is converted into the parallel 1ight flux when it-trgnsnits ﬁhe
col | i mat or Vevelexwinief passéghtnfspder™ hEShoPHr FRPNE2FEaAESpMPLFEP1BS,
liquid crystal elenment LC, and becones a spot forned on the information
recordi nglsghnt aseuRtd byithe objective optical system OBJ, through the
protective |ayer PL1 of the high density optical disk HD. Hereupon, the
detai | ed descrimtéorddigthe ob¢estrvetopeienltsyst ém wikih be whee bater.
Then, the objective optical system OBJ conducts the focusing or tracking by
the 2-axis.gefugher 1@§sa@£aﬁ?eﬂni Bhit soRpbERReby. 1Ehe pebueet ed Iheht fl ux
nodul at ed by an 25 information pit on the information recordi ng surface
RL1, pass ' obieGLEY85OBLE¢ak1 SYSE BMPBAngkhdyhd thkY Shali cahenment
LC, poIarﬁ%?ﬁg§%§3%$§%l???g%tégg c%l?inator | ens CEE, and is co%%erged on
the light-recejving surface_of .the |ight t hen,. .b Si t he
out put Siﬁﬁﬁﬁ %?£F%%n|£éﬁtpackageg mugglpgg ?EBEE Bgﬁrcg &R tPUndS kRS

objective optical system, is driven in the optical axis
direction by the actuator, the divergent angle of the light

fluxes whose wavelengths are different from each other,

emitted from the packaged multiple light source unit can be



detector PD1, the information recorded in the high density optical disk HD
can be read. Further, when the recording/reproducing of the information is
- conducted on DVD, initially, the first lens is noved so that an interval
between the first lens MRL and the second lens MR2 is a predeterm ned

di stance, by the first lens drive-use %ﬁﬁuator ACl. Then, as the path of
ray is shown by a dotted line in Fig. I~ the first light-emtting point EPl
is light-emtted. The divergent light flux projected fromthe first |ight
emtting point EPl, after it is reflected by the prismPS, when it passes
the first lens MRL and the second lens MR2, is converted into the parallel
light flux, reflected by the polarizing beamsputter BS, passes the |liquid

crystal & bj ' i cal .syste J e S.a spot
y eécﬁ{%?ltn%cp iand by the of stﬁéy#e%lggﬂ% Lo SYRE mgﬁgh@se@aﬁ_ o SPp

formed on t ormation recdordi ng sur 2 through protective

oo T e (PR By o hae sl iy PR C Y Ee SRELEe SHBLETLERLEONTMRL S | Ve

f ocusi ng t oat or arranged rn-its periphery.
The reflected Iight flux podul ated by an information git 0 .thet%gggrnation
recor di ng-SUTHRCANE TeRRERE 2fath £he2oBj BLEFGe GPFFcaPoRySEEnTBRS

pol arizing beamsp utter BS, and liquid crystal element LC, and is branched
by the pofairelsmytibeain Shokt ef1Bs PpassetedhEreicbhe ParkarRd, Ml EéPLlRens
MRL, and after it is reflected two tines in the prismPS, it is converged
on the |iphhecsivicr suifacehefmeébeificatibnghf- theepbingtivet PpRipsl
Then, by using the output signal of the first lightreceiving section DS1,

the inforgpdtan 1ecaisieged bPVbheanobebl €allenkugtbap,. when the
recordi ng/ reproducing of the information is conducted on CD, initially, by

the first |ens @{dugsuse-act Uplon A . ok Ei\rrétoﬂ:@ﬂéaislsvgygﬂ $8 that an
interval between the Tirst lens MR1L and the second | ens is a

P e Tireh 5L ARedns PPECLILERI LY. pSROERRL VLY LS 20ABERR Lpan at {he

time of the recording? reprodicing on n, ast th of ray is shown
Py L AP e Sk RS A Eh et 5, SEEATC LLORLESTLA BG,ROLA1 B
light-emtting point EP2, after it is reflected by the prism
light source unit can be used. It realiZes cost reduction
and size reduction by the reduction of the number of optical
parts.
In the present specification, an optical disk using the
blue violet semiconductor laser or blue violet SHG laser as
the light socurce for the recording/reproducing of the
information, is generally named as “high densify optical
disk”. It includes an optical disk of a standard in which
the recording/reproducing of the information is conducted by
the objective optical system of NA 0.85 and the thickness of
a protective layer is aboutIO.l mrn, and an optical disk of a
standard in which the recording/reproducing of the

information is conducted by the objective optical system of

NA 0.65 and the thickness of a protective layer is about 0.6



27'PS, when it passes the first lens MRL and the second lens MR2, is
converted into the divergent |ight flux corresponding to the magnification
< m8 to the wavel ength ~3 of the objective optical system OBJ, reflected by
the pol arizing beam sputter BS, passes the liquid crystal elenent LC, and
by the objective optical system OBJ, bg ones a spot fornmed on the
information recording surface RL3 thro éh the protective |layer PL3 of CD.
Then, the objective optical system OBJ conducts the focusing or tracking by
the 2-axis actuator AC2 arranged in its periphery. The reflected |ight flux
nodul ated by an information pit on the information recording surface RL3
passes again the objective optical system OBJ, polarizing beamsplitter BS,
and |iquig, cr | eqgn : j rANChed t i vt g e am
sputter g%n pgzlgg?e?ﬁeq?ega&% Ileef{r%dﬁ%s? a?glinrst I(%lis ckl\/]iel'«?llpq{ﬁl‘{ﬂ rg{%ter it is
reflected t tires in the prismPS. if_l o] n Lghtrecei vi ng
surface ot*% RSN X?Eﬂﬁ-r% %i%?%@fé%%f?%np%ééggﬁﬂgn?ﬁggahéfnéﬁthe
out put signal of the second I|i htreceivin% s§ction %E%h.tFe info%nation
recor ded GRFXSF L dit e BEGNI NXT , PTRESSH TRt RS bf OF hE OB BEFP VB opt i cal
system OBJ will be described. Hereupon, the objective optical system 28
OBJ is tRbEHMESEeLRt ke sevarab tersseRoad thenhénfeurehierbsBFREALNGNI ch
will be described |later. The objective optical systemOBJ is, as shown in
Fig. 2(b)suctmposent oin tdet abel ratsbnicovhechi thiekegeat cE1thadea
| i ght-converging elenment L2 having a function by which the laser light flux
transm t b duisi whETd pé i Oro £0tHeCH Ot Ev@NE i Lisi $s| Dght Funriver geth on t he
i nformation recording surface of the optical disk, both surfaces of which
are asphepi& sdacesspofh; 0ir 15, abrErRi §9NaEREE ¢t bpRiekemankkL1l and the
| i ght-converging elenent L2 are plastic |enses. In the periphery of
respectiv Lcal f 0 i Qns, 1| S i F 2 which are
integraJI%hégﬁéééi%wéﬁgﬁ%éﬁ%%ﬁgég éhﬁ%tﬁggﬁgegg%og?ﬁgrglgégked to be
integrated wth each other by e i ng, mutyal,..portions_of one.portion of
such F antR L aneo B 1S ea 2o £ %G 073 Bart Pt ToneLupPatBest B8Rt ho 11 oh
source side of the aberration correction element L1 is, as shown in Fig.
3(a), di VFUeEES nfer tHee f FeIPraied/ ARERCIVEHPFeShoRBPNGNEBTRATAPBA up to the
nunerical aperture 0.67 of DVD, and the second area AREA 2 corresponding to
an area from t rhirer, cal Hperrresent 65peti DMortborhecntkericAls§pepfure
0.85 of the high density optical disk HD. The first area AREA 1 forns a
step typepddfé¢nctés veush rast DVE-RIOKE, | DVvDAVEHea, DE29-plddal, i DYDeRAM,
ri ng- shaped zones in which step structures are forned, are arranged around
the opticgypax] spybergonpvbir} hevsirw, t ¥pe gehkracliyvaasthuasurevber: formed
in

and optical disks of CD series such as CD-ROM, CD-Audio, CD-

Video, CD-R, CD-RW, are generally named as “CD”.

A structure written in item 2 is structured in such a
manner that, in the optical pick-up device written in item 1,
the movable lens group is structured by at least 2 lens
groups, and in these lens groups, at least one lens group is
driven in an optical axis direction by the actuator.

A structure written in item 3 is structured in such a

manner that, in the optical pick-up device written in item Z,



the first area AREA 1, the depth dO per one step of the step structure
formed in each ring-shaped zone is set to a value calculated by dO = 2 x
«~1/(nl - 1) (fin), and the nunmber N of divisions of each ring-shaped zone
is set to 5. Wiere, ~1 is the wavel ength of laser light flux projected from
the blue violet sem conductor |aser, and.is expressed in mcron unit
(herein, ~1 = 0.408 fun), nl is an ref factive index to the wavel ength ~1 of
the aberration correction elenment L1 (herein, nl = 1.5242). Wen the |aser
light flux of wavelength ~1 is incident on this step type diffractive
structure HOE, the optical path difference of 2 x ~1 (gyn) is generated

bet ween adj oi ni ng steps. Because, to the laser light flux of wavel ength ~1,

the. phass (UILSENES 12,801 8L8cLACALAY ohyeDepLbock LOBLLL Y 1gnem (s o

it is wthout belng reupon, rnthe fo escription, the
l'ight flux mhi&gﬁiranSﬂégs as it is.mithogt t he ghase di fference being
pract i cal95PRR R tHe? 3t PR yRRSUHH YT activedEb et ure, is referred to
O-order diffraction Iight. 30 On the one hand, when the |laser light flux
of wavel ength -In (1@ i35e wherg FHEERTT POFREIRASHE oAt He FRE
senm conductor laser is incident on this step type diffractive structure
HOE, the dpiechl vpatht Ucd i espntemotoddespeaRivelyaveleagphsg3ismis
gener at ed between adj oi ni ng steps. Because, in one of ring-shaped zone
di vi ded igtiandeathhe opincaddphhhthefbpteose akiB. HBrrcbiond. §heBunhet hat
is, the optical path difference for one wavel ength of the wavelength ~2 is
gener at edyoddteeN@Vand LNt St £RASHLY Bt henadyebapngsr tBE large, a

problem that a size of the optical pick-up device is

increased, is caused. Accordingly, as in the structure

written in item 2, when the movable lens group includes two

or meore lens groups,'it reduces the movement amount of the

movable lens group. It realizes the size reduction of the

optical pick-up device.

Further, for that purpose, as the structure written in

item 3, it 1s more preferablé that the movable lens group

includes at least one negative lens group and at least one

positive lens group.

A structure written in item 4 is structured such that,

in the optical pick-up device written in any one of item 1 to

item 3, the packaged multiple light source unit provides

emitting points of the second light source and the third

light source.

According to the structure written in item 4, a laser

light source (for example, GH30707A2D made by Sharp Co.) in



shaped zones are superinposed on each other, respectively being shifted by
one wavel ength. That is, the light flux of wavel ength ~2 becones a
~diffraction light diffracted in the one-order direction by this step type
diffractive structure HOE. Hereupon, n2 is a refractive index to the

wavel ength ~2 of the aberration correcﬁﬁon el ement L2 (herein, n2 =
1.5064). The diffraction efficiency of t°The one-order diffraction |ight of

| aser light flux of the wavelength ~2 at this tine, is 87.5 0, and is a
sufficient |ight amount for the recording/reproducing of the information on
DVD. In the objective optical system OBJ, the spherical aberration due to
the difference of the thickness of protective | ayer between 31 the high

density ! 18t §0pFE5L 861 RY, t heraskhmp1ef the step type
dlffractﬁeécg?thaure HCE X%%er enfthellgser flght ?qu of wavel ength

T ert ot gy Midd Mol Lested, £rom Lhe {201 3281 CORdYSE Ohr B5ET 1 S

i nci dent ype d| ive s ructure vel ength satisfies
~3 - 2 x ~1. Th cal path dlff rence of 1 x_~3 (Eun t
between ddiSi TR é%ﬁg.w 1S tave RuTTEEers fanend) bkeop bl Aottty |,
the sane manner as in the laser light flux of wavelength ~1, because the
phase di fa%e erRiEned Qotong achtiRal F§n gPoensedt is not diffracted and

transmits as it is (0-order diffraction
A structure written in item 5 is structured in such a

manner that, in the optical pick-up device written in any one
of item 1 to item 4, the optical pickup device records and/or
reproduces information on optical disks using light fluxes
with different wavelengths emitted by the packaged multiple
light source unit separately, wherein the optical disks have
protective layers with different thicknesses for protecting
the information recording surfaces, the movable lens group is
driven by the actuator along the optical axis so as to
correct a spherical aberration caused by a thickness
differeﬁce between the protective layers.

A structure written in item € is structured in such a
manner that, in the optical pick-up device written in any one
of item 1 to item 5, the optical pickup device records and/or
reproduces information on optical disks using light fluxes
with different wavelengths emitted by the packaged multiple
light source unit separately, an optical disk having a
maximum information recording density among the optical disks

comprises a multilayer structure in which optically




light). I'n the objective optical system OBJ, by difference between the
magni fications to the wavel ength ~1 and the wavel ength ~3, the spherical

< aberration due to the difference of thickness of the protective |ayers of
the high density optical disk HD and CD is corrected. Furthernore, the
optical function surface S2 on the optical disk side of the aberration
correction elenent L1 is, as shown in ﬁﬁb. 3(c), divided into the third
area AREA 3 including the optical axis corresponding to an area within the
nunerical aperture 0.67 of DVD, and the fourth area AREA 4 corresponding to
an area fromthe nunerical aperture 0.67 32 of DVD to the nuneri cal
aperture 0.85 of the high density optical disk HD, and bl aze type

diffractiyve st e : ct.) - Qr i h hird area
AREA 3 st Tt e e e B e TP e A PR e ebcFrres DeL
DOE2 are structures to correct the chro ic.aberration,of .tk bjectjve
optical syAREMR ?iF??EFEﬁ ’vpg?é?ogggg? %ﬁ??th?uPhéso%%Fggﬁ %?c bup
device in each enbodiment is provided with a dichroic filter EEL for

i miting A amers £ePd ape? (ePelARenakhe FecBFdFAgFPERFGHUE AERFELEBAduUct ed
on CD, and this dichroic filter DFL is driven in the direction

per pendi abarrivioheviopth cad axfsrradovghnazhépahfgofreber CFVEEREEGral | y
with the objective optical system OBJ by the 2-axis actuator AC2. As

descri bedl @boveumpher pphi Cath pinkeovpatdévhceeBbkddhigt kerpresent grbbdi nent,
the first lens MRL in the conposition |ens group of the magnification

adj usting; optikati N tedbranggdsihprhhe, opheaak patbtbehveenathienpackaged
multiple light source unit and the objective optical system OBJ, is driven

in the Opiéeéév%géééss&f%&ééona é&csglkifsgﬁfbgﬁgF&Bﬁ dbusrdent angkaseof the

light fluxes wavel engf hs are erent fromeach othér, projected

fromthe packaged |tiple light source_unit _ar nyert i angl es
correspon 'ﬁﬁug% ?Eghnhﬁ#?f@%g%?BngeSPrgﬁggoﬁfég %geggSt?ggkﬂgggsggysten1
OBJ to respective_mavelengths. Ther eby, .the nagnhticatgonsfof tQ% obj ective
opti cal s?%?eﬁ?%fﬂlﬁéﬂrb§ ructure comprises in thls crder Irom e

packaged multiple light'source unit side.

A structure written in item 7 1s structured in such a
manner that, in the optical pick-up device written in any one
of item 1 to item 6, the ijective optical system has at
least one plastic lens and the movable lens group is driven
by the actuator along the optical axis so as to correct a
spherical aberration which comes from a refractive index
variation or a refractive index distribution resulting from
an environmental temperature change of a plastic lens in the
objective optical system.

A structure written in item 8 is structured in such a
manner that, in the optical pick-up device written in any one
of item 1 to item 7, the movable lens group is driven by the

actuator along the optical axis so as to correct a spherical



changed corresponding to wavel engths of light fluxes projected formthe
packaged multiple light source unit. It is nounted even when the objective
< optical system OBJ in which the magnifications to respective wavel engt hs
are different fromeach other. Because the packaged nultiple |light source
unit can be used, it is realized the cost reduction and size reduction by
the reduction of the nunber of optical3ﬁhrts of the optical pick-up device
PUL. Further, the novable | ens group is conposed of |ens groups nore than
two, and it decreased the novenment anount of the novable | ens group.
Therefore, the size reduction of the optical pick-up device PUL can be
real i'zed. (The second enbodi nent) Next, the second enbodi nent of the
present inventi i d i , . SEr e t he
bove dedtiT oG T st o T RRe Of 2 deRbE Sa by P e Aol GaheEn§Eir,d
description wll be L1fted. As shown in,Fjg. _4, the optical,.pi.ck-up device
P2 | 5 SUTAIER LRt by Al B RERFE RBAVFER LiHNGhEHEKETL JoBpEPcai LAPERIFD: use
which integrates the blue violet sem conductor |aser LD which emits the

| aser |igtvelenairnerespeetivehy enikfed By bhewasekeagehmud8iRdfwhen t he
recordi ng/ reproduci ng of the information is conducted on the high density
optical dibk)tamuactéighttdetector PD1; a | aser nodule LML for DVD/ CD
(packaged multiple light source unit) conposed of the first light-emtting
poi nt EPl whi clp edidsctdnee lwasettdm ght ftem ¢the secoaduréghinfbuxh of
wavel engt h 658 nm when the recordi ng/ reproducing of the information is

conduct e IMnibe SECPRE bbobtagnblLindpPaLol cEPRabieh effi bayt bael aser
e

light flux (the third |ight ux) of wavel ength 785 nm when th

di : he | . : d. Crst . Light
Fecel vi ne el RLE BT Shebnfy | SheTBLeBle Tef O SaoFPyRE PRL L R om
t he inf ti di f 2 of DVD d_light i Vi,

Secti on DSURIRh FRONE. FBCePVELoEnaaFoFl 86t B8 FPORUTFPaX Fr GRNPRA L.
information recording surface RL3 of CD, and a prismPS; a nmagnification
adj ust i NERPEITREICUNVRIFNR EORPOSEROBT 2aChBORBE&C| BRETHROUNCBAPELEd of 2

l enses of a plastic lens (the first Iens MR1) whose paraxial refractive
power is ¢lejatiies aptiaapl agsteml énscéshetbatoadlieht FR2X Wadsetpar axi al
refractive power is positive, and the first lens drive-use actuator ACL;
objecti vesrapileat systean®Bd snopgskight dAduaberwathodiddereati on el enent
L1, and light-converging el enent L2 both surfaces of which are aspheric
surfaces, yp¥i 89geh § UBRL t PBADYY the packaged multiple light source

unit separately and the smallest wavelength of the light flux

changes in a range of +10 nm.

The movable lens group is structured so that it can be
driven in the optical axis direction by the actuator and it
provides a function by which the dbject point position is
changeably adjusted in the optical axis direction
corresponding to the magnification of the objective optical
system, as in the invention written in item 5 and a function
by which the spherical aberration due to the difference of

the thickness of protective layers, or as in the invention

written in item 6, the spherical aberration generated at the



35 which the laser light flux transmtted this aberration correction
elenment L1 is light-converged on the information recording surface RLI,

- RL2, RL3: 2-axis actuator AC2: polarizing beamsputter BS: collinmator |ens
COL; beam expander optical system BE; and stop STO The beam expander
optical system BE is conposed of the first |ens BEL whose par axi al
refractive power is negative, and the ddcond | ens BE2 whose par axi al
refractive power is positive, and the first | ens BELlL can be noved in the
optical axis direction by the one axis actuator AC3. Hereupon, the beam
expander optical systemBE is an el enent by which the spherical aberration
generated at the tinme of focus junp between the information recording

sur faces ,of j lensit v Lgal ¢ g he sphgrigali;abergation
generate ﬁﬁggﬁ%h%%gé%t véﬁd%gg%%%§s§%¥%%ft§g %%gtto t%e re%ra&tive i ndex
change/refractive index distribution follow ng the environnental

tenperatd?@”ﬁﬁgh 7 and the spherical aberration generated in the objective
optical system OBJ due to the wave| ength di spersion by the production error
of the bl ue vi GIiSURIA ¢ IrithucIR:eT AT B el QB r I RE B SH P Ret Bpt PR al

pi ck-up device PU2, when the recording/reproducing of the information is
conducted@@mu$ﬁéumpEQeﬁWgﬁndbM%iinQEmﬁbé@ndF@ROFBEnasSPF§a§85h0§f ray is
shown by a solid line in Fig. 4, initially, the blue violet sem conductor

| aser LDImibti+Dinyeeniised. idfgenetheedi bergent ofi gatahetgrpr ofethed from

t he blue violet sem conductor |aser LDl is converted into the parall el

light fluxish@fcd thdRasii ¢8et Def 60hht I1BHOFeben8i Rl sutfacdsanteagei s
expanded when it passes the beam expander optical sytemBE, it passes the

pol ari zi ﬂgi@é?arm@ﬁéiég;agﬁétgg&' SECONESB,8RPLvEoLIRIAN Lhgrif OpmAL I on

recordi ng surface jective optical system OBJ, Through the

protective_ layer PL1 of, the high densit i I . Then,
objectivéw%%$¥%%.t%y% e%? l%%n gc §ét %8$%§g§%égéégogggé§?hg %@Qgie
2-axi s actuator AC2 arran%ed inits {%erigherﬁ.ﬁ ghe ref ECtﬁddLi ht fl ux
modul at edP#KABALERE of hat FohePRined PRedi RnFPHAF oAt 8RbFGRhg9eEF T ace RL1
passes again the objective optical system OBJ, polarizing beamsplitter BS,
beam expaheerrdprgtal theenpBEriand eberratier pepsrabed ghdths EdRfer ged
on the light-receiving surface of the |light detector PDl. Then, by using

t he out putfstigmafoofisthempj ghtcaesecivs PDiunthesi debemntned bycshded in
the high density optical disk HD can be read. Further, when the

recor di ngkie@redusppgcef dhekj nfpenabironehs emodhct ed eheDMByabiit ilahky,

the first lens is 37
group required at the time, is uniquely determined by the
kind of optical disk and the specification of the movable
lens group. That is, at the time of the focus-jump between
the information recording surfaces of the multi-layer disk,
it is desirable that the kind of optical disk and a direction
of the focus-jump (for example, from the first inﬁormation
recording surface to the second information recording
surface, or from the second information recording surface to
the first information recording surface) are detected, and

the movable lens group is moved by a predetermined amount in

the direction determined by that result.



noved so that an interval between the first lens MRL and the second | ens
MR2 is a predeterm ned distance, by the first |lens drive-use actuator ACL.

- Then, as the path of ray is shown by a dotted line in Fig. 4, the first
light-emtting point EP1 is |light-emtted. The divergent |ight flux
projected fromthe first lightemtting_point EPl, after it is reflected by
the prismPS, when it passes the first “I"ens MRL and the second lens MR2, is
converted into a divergent light flux corresponding to the magnification n2
to the wavel ength ~2 of the objective optical system OBJ, reflected by the
pol ari zing beamsplitter BS, and by the objective optical system OBJ,
becones a spot fornmed on the information recording surface RL2 through the

provect ve | ayer Rz of VR Therye UG ahieai) Yes O0LL0al, system Bler

conducts the focusing ‘or axi s actuator AC2 arranged in
its periphery. The reflected light flux nodul ated by _an_infor Lgn pit on
t he info%hﬁ'(ﬁpqeﬁﬁﬂ?ﬁ%ﬁf%HRQQékﬁ?iﬁndﬁ%%egoa%%?nr¥ﬁ a%%f%%t?%éé%ptica
system OBJ, polarizing beamsplitter BS, and is branched, by, the polarizing
beam sp RHABIIBRNPHRES 5L F R SR MP I ehsI M 1PYT$pn | Eall ?gaﬁgeafter it
is reflected two tines in the prismPS, it is converged on the.

| i ght - r eceiwi mzpeentfakctamfpe et dre schanghtof BRerpéesbiaglepet iBNTRSI.
Then, by using the output signal of the first light-receiving section DS1,

t he i nf orgtefd o vecmstdiech 1 ns M ahs beor eadte@ur thea, fwhenithewritten
recordi ng/ reproduci ng of the information is conducted on CD, initially, by

the firstjdenssiirs vardiseraet U@ﬁ@;/%ﬁ?éri&m fbestat ens fenapyeddsant hae an
interval between the first |ens 1 and the second lens MR2 is a

predet er igﬁ%gg%ﬁ%?ﬁ%ﬁ%céfe%%éééﬂjé%etﬁg thatyLiel Snghar 4k rhhancat okhe

time of t eproducing o e Information"on DVD. Then, as the

path of r IS, sho by a two-dotted. chain_|lipe Ln-Ej , nd
i ght - eni s n@l‘%’yf e ”%h??egh‘fae‘r’r?%?%%]?ﬂ?hég §i St gé%%“f}i 5%9&‘ Pagh
projected fromthe second light-emttin int_EP2, after it is reflected
by the_pr?%ﬁﬁ?ﬁipﬁﬁﬁﬁc??dp%%%%st?ﬁep??FgggaeﬂglRﬁﬁiﬁnglghE §8BoHE | ens MR2,
is converted into the divergent Iight f1ux co[responding to the
magni fi catthby nBs tecrhechrdel ehgd hfuBchionherdbiebt inelbpli EaPLsYstoatoBy,
refl ected by the polarizing beam sputter BS, and by the objective optical
syst em OBJhe besloerescal sgotrfated ganéhetedf dneatpohheecbrdinagisur face RL3
t hrough the

aberration of the objective optical system when the

wavelength of the light flux having the shortest wavelength
changes within the range of = 10 nm, for example, due to the
production .error of the light-emitting point, is corrected.
Hereupon, the spherical aberration generated due to the
wavelength dispersion by the production error of the light-
emitting point is solved when the position of the movable
lens group is adjusted, in the production process of the
optical pick-up device. Therefore it is not necessary that
it is corrected at the time of the recording/reproducing on

the optical disk.



protective |ayer PL3 of CD. Then, the objective optical system OBJ conducts
the focusing or tracking by the 2-axis actuator AC2 arranged in 39 its

- periphery. The reflected light flux nodulated by an information pit on the

i nformation recording surface RL3 passes again the objective optical system
OBJ, polarizing beamsplitter BS, and ig branched by the pol arizing beam
splitter BS, passes the second | ens NR%, first lens MRL, and after it is
reflected two tinmes in the prismPS, it is converged on the |ight-receiving
surface of the second lightreceiving section DS2. Then, by using the out put
signal of the second light-receiving section DS2, the information recorded
in CD can be read. (The third enbodi nent) Next, the third enbodi nent of the

present invention i de e gﬁa%éﬁe% hqugyerg diessame stddicidruas 4 he
above descri bed ?ﬁrstténbo I ment islhenoted bf'the sanme sign, aHé its

description will_.be omtted. As show in Fig. . t he L cal . pi ck-u evi ce
PU3 is stTUCtdr etcpan " eero%ld%&e I?_Jl\fgkf%g %Q%}%% v&g]ggl:%@ %)Igt %Jégl B

di sk/ DVD (packaged nmultiple light source unit) conposed of the first

| Ght —ema SR Thck O BT o TV AnEe {150 FPORD 17 ub RhARE ( L ven
recordi ng/reproducing of the information is conducted on the high density
optical disPeHBhEHED h st FeghtiCePeIPRCheRhar B2 WAF cAPBAFES t he
second light flux when the recordi ng/reproducing of the information is 40
conduct edizors DD d fde diiedn |ighte rieckied nge seleei ept DSl wakeh, by the
light-receives the reflected light flux fromthe information recording
surface Rckoftdhe high density optical disk HD, the second light-receiving
section DS2 which light-receives the reflected light flux fromthe

i nformation reqordiNgSWd 368 tRleh ofy OMRm and s it St RSred IWAsthen MI3 for
CD which integrates the infrared sem conductor |aser LD3 which emts the

R
i ' . 2
PLEN L I SOSER,Sod SRRIELLS O GETDIERT o2 o @

negative, and a plastic_|ens (the second | ens MR2) whose paraxi al

refracti REGFRARI: F&LPposii ToetLamdte hehei PREIFRAsaUEFVRRGERT akPulfOr ACL;
the objective optical system OBJ conposed of the aberration correction

el ement Lt et tdgainght theonveritay axeachy thebachustipfagesasf tahich are
aspheric surfaces, having a function by which the |laser |ight flux

transm t tisstude sz abendial ¢ ctbeoraectn onaebedeny tiatkihgghhecohvyergedeon t he
information recording surfaces RL1, RL2, RL3; a 2-axis actuator AC2; a

pol ari zi ngxtbeam spbétder BS, a collimator Iens COL; and stop STO 41 In-
the optical pick-up device PUL, when the recording/reproducing of the

o N R R e
prori on s gorelag an 4 sty oetaca, sk ) i, o

the first |ens irst lens is noved so that an .
i nterval between e first_lens. MRl .and th ond. i
predeterrﬁ?ﬂﬁf%ﬁ%%2%%e?hﬁh%ﬁécgﬁn?h%gﬁa?hogf§$§y8?§L§E%&%F%§£§c§%Iid l'ine
in Fig. 5 initially, the first light-emttin oint EPL is light-emtted.
The di verSEHtem | G e (S o] et eaf Bt Fhe FEPer SPRGRACEM PYI H%por nt EPL
is reflected by the prismPS, and when it passes the collimtor |ens, after
it is cosekfletdyhve m@/@arml*e*rdn*gﬁtmflgk,e np¥abilgneBBF ZECBRlar ged by
the first lens and the second lens, it passes the polarizing beamsplitter
BS, and becones? astspott o mech oren hien | ifemnbE i be secocdingdsimf agehRe
through the protective layer PL1 of the high density optical disk HD by the
obj ecti veamopidécathsy st em €Bd. ogbenal t pechbhpcievecepwirtateaydhedt@BI 10
conducts the

or 11, the movable lens group is driven to shift and/or tilt

by the actuator so as to reduce a comatic aberration

resulting from a tilt of the optical disk.



focusing or tracking by the 2-axis actuator AC2 arranged in its periphery.
The reflected |ight flux nodul ated by an information pit on the information
- recording surface RL1 passes again the objective optical system OBJ,

pol ari zing beamsplitter BS, second lens, first lens, collimtor |ens 42
COL, and after it is reflected two tinEB in the prismPS, it is converged
on the light-receiving surface of the fi'rst |ight-receiving section DS1.
Then, by using the output signal of the first light-receiving section DS1,
the information recorded in the high density optical disk HD can be read.
Further, when the recording/reproducing of the information is conducted on
DVD, initially, by the first lens drive-use actuator ACl, the first lens is

noved 0 that an dqi ANl SUNPER ABG fid Sfed @ ML Atk U, sesendohens

MR2 is a predeterm ned distance, specifically, so that it is shorter than
at the tine of .the.recqrding/reproduci 0 he. Lpf LO hi gh
density g&qecrﬁte&fsq%/ ﬁ%}e Trien; (gfs %h% %Jhé%# ?ﬁ%ﬁi'gélgﬁ%%me%gggi g(tjt ed line
in Fig. 5, the second light-emtti point EP2 is |light-emtted, The

di ver gento4l § ?h?n@?ﬁ%ﬂ%ﬁﬂ%ﬁ???éﬁﬁ&rﬁp%eﬁ%ﬁﬁtTéﬁhY%n??g?%ﬁ g tht EP2 is
reflected by the prismPS, and when it passes the collimtor |ens CO,

after it dslvomiertledl mowabihel §28 FT@EPLight flux, it is converted into
the divergent light flux corresponding to the magnification n2 to the

wavel ength ~2 &f sthe:athires tvnde togt i oal 1 tsyret Bin BBIshyucthereédrse $e@dl #R1 and

second lens MR2, it passes the polarizing beamsplitter BS, and becones a

spot for rethrdy tdieat, 45n i tHOr &t i el recokdupgdsuitacerRt2enhinughyt hee
protective layer PL2 of DVD by the objective optical system OBJ. Then, the

obj ecti ve, opid Gal 1 $YsE e OBIn £ angigh Se t Den Ogyéi%ﬁgigr dkEaeki g by the
2-axis actuator AC2 arranged in its periphery. e reflected light flux

nodul at ed ,by..an,info tho i i i oL gLk u e RL2
passes agsal’llynftt%% Jl(‘;%jtjzec i(?/lep%gﬁ%rgrp%gé?%ﬁ]{%f%pg?aﬁ'lﬁgi %gtggg% égp(?igtter BS,
second lens, MR2, fjrst |ens col]i or lens . an er it.|

ref | ect e1WPE i Fekveh ?ﬁgb%pfik?%é,L?ngg Egﬁ%g? eaxég ?ﬁgiﬁwéﬁg-Fggeiving
surface of the second |ight-receiving sectjon DS2. Then, by using the

out put si%kFiedtern tek %%%oﬁﬁt+¢©%td%%gepyiEBQSQEFPBEOEBZ, the information
recorded in DVD can be read. Further, when the recording/reproduci ng of the-
i nformation is ZonductieerewcD;tes thelpemhl 6figagtrecEnBeA by &UEho2dott ed
chain line in Fig. 5 initially, the infrared sem conductor |aser LD3 is

| i ght - emhdeter Theatli veegeptitaghpitkunppdeyectedricoent he anir anedof

sem conductor |laser LD3 is reflected by the polarizing beamsplitter BS,
and becones.@a spet 19r mednennthg.informati on recording surface RL3 through
the protective layer PL3 of CD by the objective optical system OBJ.

According to the structure written in item 14, the same
effect as any one of item 1 to 13 is obtained.

The present invention provi&es an optical pick-up
device which includes an objective optical system having the
compatibility for a plurality of kinds of optical disks such
as the high density optical disk, DVD, and CD, in which the
wavelengths of laser light source are different and an
optical information recording reproducing apparatus in which
this optical pick-up device is mounted. The optical pick-up

device has an advantage for the cost reduction and size




44-Then, the objective optical system OBJ conducts the focusing or tracking
by the 2-axis actuator AC2 arranged in its periphery. The reflected |ight

« flux nodul ated by an information pit on the information recordi ng surface
RL3 passes again the objective optical system OBJ, and is branched by the
pol ari zing beamsplitter BS, it is converged on the |light-receiving surface
of the light detector PD3. Then, by usi‘y t he out put signal of the light
detector PD3, the information recorded in CD can be read. (The fourth
enbodi nent) Next, the fourth enbodi ment of the present invention will be
descri bed, however, the same structure as the abovedescribed first

enbodi nent is denoted by the sane sign, and its description wll be

omtted. : i, Fi O , e i.C i CK- 2 SagfFugt ur ed
R PR e i & A 7o e D e

mul tiple lJight, sourc nit oNpos of the fir I emtting point EP1
whi ch emif® ?&QFYr%f f?@%% f%%@tmﬁgﬂx?ﬁewﬁgé%rg%ﬁé;gg%FggL%%%g of the
information is conducted on the high density ogtlgal.dis? HDE and thg
second | iGHtL¥MRRY i hePHoFAER EP TR cl eRPES” PRAETLELEHARYI Fhfit YFPALSWREN t he
-recording/reproducing of the information is conducted on DVD, the third

| i ght - emi ft¢edpporhittiEPopkhienl dasigni 5 the ehierELLVEhPPELGRIwhen the
recordi ng/ reproducing of the information is conducted on CD, the first

| i ght -receystierg. section DS1 which light-receives the reflected |ight flux
fromthe information recording surface RLI of the high density optical disk
HD, the second HdfH¥riRgetyitige s@edwigHS2t b lsdst i gbtier cei vesriheg
reflected light flux fromthe information recording surface RL2 of DVD, the
third "gwﬁ%eﬁﬁévﬁﬂgséﬁﬁtiﬂ@eﬁﬁﬁowhwgbllbghaeﬁgﬁgbueﬁeuba.reﬁéﬁ@&p@njIght
flux fromthe information recording surface RL3 of CD, and a prismPS; a
magni ficat)] on adj usting., optLc upj n I i tical
Syarem CR orboubit et Rbyabre Thbs Yoy SEn e S0 st o 23 P irs Sa 5
plastic lens (the first |ens M) whose, paraxial refractive.power is
negative,g% 'at%?ag??ﬁdlghgth%iu§e8gnﬁgﬁeﬁ§3ﬁﬁ&fvﬁhSE%lﬁﬁ}aQWQFem
refractive power is positive, and the first lens drive-use_actuator ACl; an
obj ect | veOBpt i aPP s8R EnPEBY-BBNPBYLASSf PHA abBFfatidRlc¥itécPPon el enent

LI and a light converging element L2 both surfaces of which are aspheric
sur f aces, déswriged Pahow) oarbyrebpehtinelyasedel mght mEL uRds dhafdRi tted
thi.s aberration correction elenment L1 are lightconverged on the information
recor di ngostit faresi RedupRi2yi Be8; Pul2anadi UAct mat er mAC; 0a pdl &r 0zi agdbeam
splitter BS; a collimator lens CO.: and a stop STO 46 In the optical -

pi ck-up deyi g8 Phbt i MhaeNst BR-ngcaedi pgkr eppoduai g 39f ntthe ionf asmat imgn<i s
conducted on the high density optical disk HD, initially, the first |ens
MRl is noyed so that an interval between the first lens MRL and the second
lens MR2 15 a predeterm ned distance by the first |ens drive-use actuator

ACl. Then S Lts path of .ray.is shown by a solid line in Fig. 6,
initialIyFTﬁﬁek+F?gteWP8ﬂ§mg kting point EPL is light-emtted. The

di vergent light flux projected fromthe first Ihght-enitting goint Pl is
reflected by thei$prikn P ahdChnerPeRapicdesyt RECEOPFi AafbFUFEHESCRE, after
it is converted into the parallel light flux, its diameter is enlarged by
the firstthen§ingt antiché BéebneP| da¥iNR2 PUdnd nhabdbs thespot forned on
the information recording surface RLI through the protective |ayer PL1 of

t he hi gh deasttiyngptrepabddiskgHBDEbyhthéndbirmetive cphi bal asiesmem=08J. Then,
the objective optical system OBJ conducts the focusing or tracking by the
2-axi s actyatioe:d§2aasbapgedniyNohksogethphiiyh Heasiell epitadalli giitskf HDx
nodul ated by an information pit on the information recording surface RL1
passes ag?tﬂetéﬁrgél8%%%&3108&g§?t Byt eRhEBlectoeoRBbtiens MR2x)f iamst |ens
MR1, collimtor |ens , and after it is reflected two tinmes in the prism

PS, it iscﬁ°?¥ﬁ59€HiQB EB%ical disk}). The optical specification of

the high density optical disk HD is, wavelength Al = 408 nm,

thickness tl1 of the protective layer PL1 = 0.0875 mm,



97-1ight-receiving surface of the first light-receiving section DS1. Then,
by using the output signal of the first |ightreceiving section DS1, the
information recorded in the high density optical disk HD can be read.
Further, when the recording/reproducing of the information is conducted on
DVD, initially, the first lens is noved_so that an interval between the
first lens and the second lens is a pr@&eternined di stance, specifically,
so that it is longer than at the time of the recording/reproducing on the
hi gh density optical disk HD. Then, as the path of ray is shown by a
two-dotted chain line in Fig. 6, the second light-emtting point EP2 is
lightemtted. The divergent light flux projected fromthe second |ight
emtting i nt: ER2 1| byt pL ; en. Lt L Sogkhe
coIIinat6?8%%%§£%;1%§%#§%#59$£?5 c%h%g?t%%é?% gi%%g g%%%f%%?aﬁgg%to?lux,
its dianeter is enlarged by the first lens MRL and the second | ens MR2, and
it becomddlh ShotWaHt oh %%é=i%5%r%%Ii%%l?E%%?ﬂiﬁg %Er?%%e RL2 t hrough
the protective |ayer PL2 of DVD by the objective optical system OBJ. Then,
t he obj egtioteempivealapystBh? GBIO conumct sundeitatuspaytoret NAdkEng- By  t he
2-axis actuator AC2 arranged in its periphery. The reflected light flux
modul at edy by @l o8 oS oEpBEL] PcRELoRNoE heDi DEOT MByEDBngEROREI AgT8Er face
RL2 passes agalin the objective optical system OBJ, second |lens M2, first

| ens MRL,_ collimator |en and after.it i f ted,t imes in the
pri sm PS ™4 ?Qggkﬁﬁ%ﬁgE% %%L?%% ??%%?9#%% i%?ﬁégshﬁ aEelbﬁo?ﬁé second

| i ght-receiving section DS2. Then, by_using the output signal of the second
| i ght r ecEtWiHig- S t3Rp Bse The Tnf og}mt iflﬁ‘“’r‘é%'r oaeocqulﬁg%jc% %jge 1ferf’eead.
Further, when the recording/reproducing of the information is conducted on
CD, initiwavslenythhetliicknesenaf dinoePusecativiat dpYAL , 2RAeNPEELCRENS MRL
is noved so that an interval between the first lens MRL and the second | ens
MR2 is a jppedetes ninedodi Simhced spethfiscally, so that it is shorter than
at the time of the recording/reproducing on the high density optical disk
HD. Then, as itmdaidt DEaT ayids—ghoiev Dye apudt i ¢dstirnetinedigy: 6a the third
light-emtting point EP3 is light-emtted. The divergent |ight flux

projeCteqmééﬁf%tﬁﬁltféfda'hggﬁeatﬁéheg BREALaEP3ikg neflkaetrd by the prism
co e

PS and when 1t passes the i mat or ns COL, after it is converted into

the parallel light flux, it is. e ' ' g ' flux
corresponﬁ?%%gf%t%%etﬁ%g%#??ca%%g%¥négﬁgc%ﬁéaﬁggglg%é?% ggﬁokhgﬁg obj ective
optical system the,, 49 first ns _MR1l _and the_second_|ens M2, and
becons a %%b?sf %Egg%ﬁrtﬁégpﬁf%hHﬁtﬁ%ﬁergéﬁﬁaiEégéﬁrfzgé?ng t hrough the
protective |ayer PL3 of CD bg the objective optical system OBJ., Then, the
obj ect i vevapeienytly4pdnnoByheBnahet seEREABENEFRGOGHCLRECRENG By t he
2-axis actuator AC arranged in its periphery. The reflected light flux
nmodul at edib§ommathdor at condpetednonhehenhépghaticositycoptiinglsdifdece RL3
passes again the objective optical system OBJ, second lens MR, first |ens
MR1, collianatgriigns @tecand mbiLerai Laberr ebbedeedMiwdoti BE¥S®/CR the prism
PS, it is converged on the light-receiving surface of the third :
l'ight -receb¥bRE58€ChEHORLPP3- 1THRA, sbYrusi ndithe iaulpdingl ghal fof-sthe third
|'i ghtreceiving Section DS3, thé information recorded in CD can be read.

rer eupon, ; abt bougl § Peqdpavh0nbs. ARk Lhedn; WaeRNENS g8L eabnpl ehuyp devi ce

shown in ment, rotation drive device by which the
optical disk is rotatably, held, . and a_control .devi,ce f ontrolling the
drive of {ﬁggesﬁFﬂﬁg @%9§5V528§)a92 Wﬁﬁﬁggggtgn%§gtsgaﬁhfﬁfgbﬁation
recordi ng repraoducing apparatus hy whic¢h _at |east one of th recorﬁggg of

the opti cRECPREGPHAFFBROBRCERE ©I58hgptPERFMATtiRTand CREPESFEEIOR Ry 6f t he

i nfornation recorded , .
the second light-emitting point EP2 which emits the laser

light flux (the second light flux) of wavelength 785 nm when

the recording/reproducing of the information is conducted on



in‘the optical disk, can be conducted, can be obtained. Next, a preferable
optical systemas the optical pick up optical systemnounted in the

« above-descri bed optical pick-up devices PU - PU4 will be described listing
the specific nuneral values. The aspheric surface of the optical surfaces
on whi ch the superposition type diffra&élve structure and diffractive
structure in each exanple are forned, when the deformation anount from
the plane tangential to an apex of its surface is X (m), height in the
direction perpendicular to the optical axis is h (m), radius of curvature
isr (m), expressed by a nunerical expression in which the coefficients in
Table 1 - Table 4 shown later, are substituted into the foll ow ng Equation

1. \Were, i
coef f1ci S ﬁgﬁst‘i?lwl é)@%fﬁff;@f%‘ 3%&'%%@92% h%“ﬁé‘?@%%?e 4 A
is anu rlc er elen s af
di st ance p tgerf{ﬁijc%ﬁ? (ﬁﬂ%’f % @é v e obj echl ve ns t?(r:T{ar)
is 51 a protectlve substrate thickness, a_radj us curvature,

d 4 o | @%a i Shove

N-, is aTHHEER iRl iHdd Rt 952 ¢ ol tHE d’é’%‘? v%\%g}e?%ﬂbfﬂn

Abbe' s nunber in d-line. Further,
light-receives the reflected light flux from the information

recording surface RL3 of CD, and a prism PS; a magnification
adjusting optical unit composed of a movable lens group
composed of 2 lenses of a plastic lens (the first lens MR1)
whose paraxial refractive power is negative, and a plastic
lens (the second lens MR2)} whose paraxial refractive power is
positive, and the first lens drive-use actuator ACL;
objective optical system OBJ composed of an aberration
correction element L1, and light-converging element L2 both
surfaces of which are aspheric surfaces, having a function by
which the laser light flux transmitted this aberration
correction element L1 is light-converged on the information
recording surfaces RL1, RL2, RL3; 2-axis actuator AC2; liguid
crystal element LC; polarizing beam splitter BS; collimator
lens COL; and stop STO.

Hereupon, the liquid crystal element LC is an element
by which the spherical aberration generated at the time of
focus jump between the information recording surfaces of the
high density optical disk HD, the spherical aberration

generated in the objective optical system OBJ due to the



inthe aspheric surface, when a deformation amount fromthe plane tangent
to the apex of the surface is X (mm, height in the direction perpendicul ar
+to the optical axis is h (mm, and radius of curvature is r (mm, it is
expressed by the follow ng Eq-1. Wiere, x is a conical coefficient, and A2~
is an aspheric surface coefficient. Further, the superposition type
diffractive structure and diffractive €ructure in each exanple are
expressed by an optical path difference added to a transm ssion wave front
by these structures. Such an optical path difference is expressed by an
optical path difference function ~b (mm defined by the follow ng Eg-2 when
7~ is a wavelength of an incident light flux, ~B is a production

wavel engtfy ¢ helghte ihddie dideed ) Pos PeLpendi chhds §9sthengpibgal axis is h

(m), B2j i1s an optical path difference function coefficient, and nis a

o 1L oCtL IO (60 Bl Sl BRI Ry ST BiAU o) aarmle 1 1
the first_aptical) piek:up device PUL and, it sBesilic pugerical datais
system OBJ due to the wavelength dispersion by the production
error cof the blue violet semiconductor laser LDl are
corrected,

In the optical pick-up device PUl, when the
recording/reproducing. of the information is conducted on the
high density optical disk HD, as its path of ray is shown by
a2 solid line in Fig. 1, initially, the blue violet
semiconductor laser LDl is light-emitted. After the
divergent light flux projected from the blue vioclet
semiconductor laser LDl is converted intoc the parallel light
flux when it transmits the collimator lens COL, it passes in
order the polarizing beam splitter BS, liquid crystal element
LC, and becomes a spot formed on the information recording
surface RLl by the objective optical system OBJ, through the
protective layer PL1 of the high density optical disk HD.

Hereupon, the detailed description of the objective
optical system will be made later.

Then, the objective optical system OBJ conducts the

focusing or tracking by the 2-axis actuator AC arranged in

its periphery. The reflected light flux modulated by an




Table 1 PUL Optical specification of the objective optical systemHD :
NA1=0. 85, fl=2.200 nm 7~1=408 nm m =0, tl=0.0875 nm DVD: NA2=0. 67,

- £2=2.309 mm 7~2=658 nm nR=0, t2=0.6 nmm CD : NA3=0.51, f3=2.281 nm

7~3=785 nm nB=-1/8.000, t3=1.2 mm Paraxial data

Surf-ace~~~~N71N72N~, 3vdnote( )( )( )(

) No. OBJ- c03. 8296. 492*11-0. 175-1 . 3541. 3541, 524241 . 506421. 5032456. 52c0- 2. 9130
. 250*2300-1 .5151. 5151. 524241.506421. 5032456. 54- 2. 600- 15. 00015. 000STQ). 0500.
0500. 050st op6*50. 9000. 9000. 9001, 524241. 506421. 5032456. 57*50. 0500. 0500. 050* 3
81.4452.5102. 5102. 51 01, 559651. 540621. 5372456. 39- 4. 5400. 6790. 4780. 32410~p. 08
750. 6001. 2001. 621101. 579751. 5732630. 0*41100 (Note) *1: light source *2:
magni fi cat just i i pEo* 3. Obj LVe: ont | S *4.
Protect | o Toart 4Bt i A0k Lol MRSt B R A RS RET C 1t
igre]f oo g?rgssloe?sst t%{jhaﬁtﬁg%“-r 658?1—5;\89?@@5 1 8189500 5B 1§48 G 8EFstan
surface- 8. 82400E- 03A44. 88708FE- 03A67. 66583FE-04 _ 59 Table 1 %Cfnti nued) Data
of the 6tHLWTAdE aRP el ZANE FFBCEP Thet 8 P3ur Fatehatefhlens COL)

sur f aceAREAl AREA2 AREASAREA4( 0<_h<_1. 535) (1. 535<_h) (0<_h<_1. 53) (1. 53< _h) Para
xi al radiard dfs ctrnveg et 231t 11 1alyt 4Bsca 57ingseepheet cosuEhaceight
coefficient0009. 6672E+OLA40- 1. 2634E- 04- 2. 3039E- 031. 0847E- 03A60- 1. 4943E- 033.
1515E- 03-=12698F: (RDAB06 TREAE E+H34 ki Hhe) 4 t3064 B0 0 16. 188345915 5. 9061
E- 05-1. 3815E-05Di ffracti on ordernl/n2/ n30/+1/0-+2/ +1/ +1+2/ +1/ +1Pr oducti on
vavel engtdetsd MnepB 90 nemDSE st i 6@l road Paski f { ereneenignciensity

coeffici ent B24. 7000E- 030- 5. 3000E- 031 -5. 2595E- 03B4- 5. 5308E- 0405. 6232E- 04

- 3. 8500E- =2 ABIOE-1040< 7 7644504, - 2. 8980E- 04B8- 2. 0155E- (505. 1093E- G5

5. 6214E- 05B102. 0712E- 0701. 4877E- 05 -1. 4307E-05 Aspheric surface

St e o105 E B nE D S0 I KL SN A05 SR S B R e T e (4 A
88. 3248E- 061. 0617E- OLAL02. 9389E- 04- 7. 0962E- 02A126. 6343E- 052. 7343E- 02A14- 4. 2
105E- 05- 4- -’"é”i‘:‘afo%%esﬁ%. - BRAILY g@@ﬂé%ﬁ?ﬁ\%@f&yzz’égﬁ- gérst ens is

moved so that an interval between the first lens MR1 and the
second lens MR2 is a predetermined distance, by the first‘
lens drive-use actuator ACl.

Then, as the path of ray is shown by a dotted line in
Fig. 1, the first light-emitting peint EP1 is light-emitted.
The divergent light flux projected from the first light-
emitting point EP1l, after it is reflected by the prism PS,
when i1t passes the first lens MR1 and the second lens MRZ, is
converted into the parallel light flux, reflected by the
polarizing beam splitter BS, passes the liquid crystal
element LC, and by the objective optical system OBJ, becomes
a spot formed on the infermation recording surface RL2

through the protective layer PLZ of DVD.



In-the present exanple, a magnification adjusting optical unit conposed of
2 lenses of the plastic | ens whose 55 paraxial refractive power is

- negative, and the plastic | ens whose paraxial refractive power is positive,
is arranged in the optical path between a packaged nultiple |ight source
unit in which the light-emtting point \projecting the |aser |ight flux of
wavel ength ~2 and the light-emtting pgint projecting the laser |ight flux
of wavel ength ~3 are housed in a casing, and the objective optical system
In the present exanple, at the tine of the recording/reproduci ng on DVD,
the plastic | ens whose refractive power is negative is noved by the
actuator so that an interval between the plastic | ens whose refractive

pover is negatipfy ang,d i RlAastds doNSchoses ol resd | ¥ondoves tise positive,
by which the magnification adjusting optical” unit is conposed, is 2.913 mMm

Ther eby, i ver i f Iz n ~ re~ec i he
packaged %rr@puﬁ%fstjlprfi c%leg'%ﬁgélg{l}ﬁ egﬂﬁﬁéiéﬁ%%%geg‘%g a?cr)]t OR?%eggg?g??g} Eﬁi ght
flux, and .incident, on the_ objective optical system Further, .at the tinme of
the recordih@Feibduti ng(hc‘?n ,letcﬁeecglla?sgt % FBHSs %%%Jeaﬁeeq FRetG Ve power s
negative is noved by the actuator so that an interval between ths pl astic

| ens whosE FaietovePHovier FRe nbyherietlendrefrer gLadt PErEaRs R

passes again the objective optical system OBJ, polarizing
beam splitter BS, and liquid crystal element LC, and is
branched by the polarizing beam splitter BS, passes the
second lens MR2, first lens MR1l, and after it is reflected
two times in the prism PS, it is converged on the lightf
receiving surface of the first light-receiving section DSI.

Then, by using the output signal of the first light-
receiving section DS1, the information recorded in ﬁVD can be
read.

Further, when the recording/reproducing cof the
information is conducted on CD, initially, by the first lens
drive-use actuator ACl, the first lens is moved so that an
interval between the first lens MR1 and the second lens MR2
is a predetermined distance, specifically, so that it is
shorter than at the time of the recording/reproducing on DVD.

Then, as the path of ray is shown by a two-dotted chain
line in Fig. 1, the second light-emitting point EP2 is light-
emitted. The divergent light flux projected from the second

light~emitting point EP2, after it is reflected by the prism



whese refractive power is positive, by which the 56 magnification
adjusting optical unit is conposed, is 0.250 mm Thereby, the divergent

- light flux of wavel ength ~3 projected fromthe packaged rmultiple |ight
source unit is converted into the divergent light flux corresponding to the
magni fication nB (_ -1/8.000y to the wavel ength ~3 of the objective optical
system and incident on the objective gﬂtical system (Exanple 2) Exanple 2
is an optimum optical systemas the optical pick-up optical system nounted
in the second optical pick-up device PU2, and its specific nunerical data
I's shown in Table 2. 57 Table 2 PU2 Optical specification of the

obj ective optical systemHD : NA1=0.85, fl=2.200 mm 7~1=408 nm ml =0,

=0, 087 5 1424 #43s 2-0.6
SR P S TR Men s e Se ok, s i o
Bata fac%f~j~q2 ggﬂ%é% e§¥ﬂ¥8£ éhg(dlvergent light flux corresponding

to the magnification m3 to the wavelength A3 of the objective
optical system OBJ, reflected by the polarizing beam splitter
BS, passes the liguid crystal element LC, and by the
objective optical system OBJ, beccmes a spot formed on the
information recording surface RL3 through the protective
layer PL3 of CD.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC2 arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL3
passes again the objective optical system OBJ, polarizing
beam splitter BS, and liquid crystal element LC, and is
branched by the polarizing beam splitter BS, passes the
seéond lens MR2, first lens MR1, and after it is reflected
two times in the prism PS, it is converged on the light-
receiving surface of the second light-receiving section DSZ.

Theﬁ, by using the output signal of the second light-
receiving section DS2, the information recorded in CD can be
read.,

Next, the structure of the objective optical system OBJ

will be described. Hereupon, the objective optical system



) () (
) No. OBJ- 004. 0005. 977*11- D. 152-1. 0701. 070l . 524241. 5D6421. 5032456. 5* 22co0- 2. 72

+ 70.7503 100-1.1491.1491. 524241. 506421. 5032456. 54

~-2.616-15: 00015. 000STO0. 0500. 0500. OSOSto 6*5
~0.9000.9000.9001.524241.506421.503245% 37*50. 0500. 0500. 05081. 4452. 5102. 5
102. 5101. 55965! . 590621. 5372456. 39- 4. 5460. 6790. 5370. 32310~0. 08750. 6001. 2001.
621101. 579751. 5732630. 0*411 (Note) *I|: light source *2: magnification
adjusting optical unit *3: objective optical system*4: protective |ayer
*5: | ower Table Aspheric surface coefficient of the 1st surface The 1st
surface-5. 99736E+00A4- 1. 15213E+00 Aspheric surface coefficient of the 4th
surface Ther Atd s faoes a1l 4406Fs Olpd4) S2088E- 034684 7Z0DRE- B8urth8 Table 2
(Continued) Data of the 6th surface and the 7th surface The 6th surfaceThe
7t h

sur f ace AREIRIHE KREmS FEAI Uk P& 4855099 5585% Ry (0<- h<_1.535) (1. 535<- h) Pa

raxi al radi us of curvaturer~208.039-117.541- 235As suy f

coef fi ci ent 000976 PRERSIAAE Qﬁﬁﬁﬁ%(ﬁ%ﬁ%@%iégg4b§78%£E§%a%%0 ﬁ §§§3E-031 9
705E- 03- 3. 0784E- 04A806. 3328E—04 5. 3893E- 043. 5607E—04A120 6. 8934E- 0OR3. 8508E-
05- 1. 7735 050 $ITRRIFH 0 briefed MPPOFRBEPT 1FOT EOFE1PR182PTE % 1P 0AUC Fon
wavel engt h~g658 nm 390 nmi08 nmiptical path difference function coefficient
| B200- 5. 3008 03-5vS393E 03Bnan 6382Ehaudng. 3 00BECDH40B. By38kighBERS0040E- 05
0-4. 9344E-04-2. 5117E- 04B8- 3. 1371E- O501. 3567E- 046. 1137E- 05B10- 5. 3665E- 060- 1.
0001E- 05- ﬂaﬂéﬁOEi@BtAspmmrtﬁamsmiﬁtedcohiélabenrabionheosthc$mohace and t he
9th surface The 8th surfaceThe 9th

surf ace- 6 64055 Glr 1; 5 7TADE02AYvd 439& OR 11 D6 19RF ORAEL1BA53Ec03d1ng661E- OLA
88. 3248E- 061. 0617E- O AL02. 9389E- 04- 7. 0962E- 02

| A126, 634%5'_:9%% 73’]‘5135[\ a%%éel éa?lgﬁgkosbétﬁ9§§lff9éé\%ﬁo§ RE43E- A8A4187. 9754E- 0

6A20- 1. 22 present exanple, a magnification adjusting

optical unit conp osed_of S t.he pla Ie r
refracti v%s%% i SUhEYAET Veeé]ostﬁh % &bt aﬁﬁﬁﬁl ens \Ai%%\%g%%r algl é?érﬁlént
refractive power is positive, is arranged in tE a patE betmee
packaged hl #PPI &1¢ i GHENsoEPRESEATBI| RIGMERR FRedF gﬁ aéﬁ%?t ﬁ&sﬁgln
projecting the laser light flux of wavelength ~2 and the |ight-emtting
poi nt profleetpayiphery agtrrésphetivaxopt igateFeRgthon3sarEiRbased LPRIG
casing, and the objective optical system

sections FL1, FLZ which are integrally molded with the

optical function section, are formed to be integrated with
each other by engaging mutual portions of one portion of such
flange sections FL1l, FlZ2.

The optical function surface S1 on the light source
side of the aberration correction element L1 is, as shown in
Fig. 3{a), divided into the first area AREA 1 corresponding
to an area up to the numerical aperture 0.67 of DVD, and the
second area AREA 2 corresponding to an area from the
numerical aperture 0.67 of DVD to the numerical aperture 0.85
of the high density optical disk HD. The first area AREA 1

forms a step type diffractive structure HOE_in which a



In"the present exanple, at the recording/reproducing on DVD, the plastic

| ens whose refractive power is negative, is noved by the actuator so that
»an interval between the plastic | ens whose refractive power is negative,
and the plastic | ens whose refractive power is positive, which conpose the
magni fication adjusting optical unit, i.5 2.727 nm Thereby, the divergent
light flux of wavel ength ~2 projected @?bnlthe packaged multiple Iight
source unit is converted into the divergent light flux corresponding to the
magni fication n2 (=-1/21.413) to the wavelength ~2 of the objective optical
system and it is incident on the objective optical system Further, at the
recordi ng/ reproduci ng on CD, the plastic | ens whose refractive power is

negative,,qs-JPMad by ri R A9t HGLO5 SR RBthagé dﬁtgfyathEé@egﬁethe
pl astic Iens whose refractive power 1s negative, the plastic | ens whose

f t f dj ust
opt | cal | U, %P%s%fféﬂ@fe?%er %‘%Cﬁﬂgﬁ Gt Gaht e gnt PFad or wavel ength
~3 ted f t k | ht ted int
Che” i ver gent OIS 9EEE ik o J § bV EHeE AR 7 CACE oFOHUSISE) 6. 000)

to the mavelength ~3 of the objectlve optical system and it is incident on
the obj ecths £t carea yAkiein 1( EXappiiersl d0 per one step of the' Step

structure formed in each ring-shaped zone is set to a value
calculated by 40 = 2 x A1l/(nl - 1) (pm), and the number N of
divisions of each ring-shaped zone is set to 5. Where, Al is
the wavelength of laser light flux projected from the blue
violet semiconductor laser, and is expressed in micron unit

(herein, Al = 0.408 um), nl is an refractive index to the

wavelength Al of the aberration correction element L1
(herein, nl = 1.5242).

When the laser light flux of wavelength Al is incident
on this step type diffractive structure HOE, the optical path
difference of 2 x Al (um) is'generated between adjoining
steps. Because, to the laser light flux of wavelength Al, the
phase difference is not practically given, the light fliux
transmits as it is without being diffracted. Hereupon, in
the following description, the light flux which transmits as
it is without the phase difference being practically given by
the step type diffractive structure, is referred to O-order

diffraction 1ight.



Exanple 3 is an optinumoptical systemas the optical pick-up optical
system nounted in the third optical pick-up device PU3, and its specific

- nunerical data is shown in Table 3. 61 Table 3 PU3 Optical specification
of the objective optical systemHD : NAl =0.85, fl=2.200 nm ~,|=408 nm

m =0, tl=f.0875 mm DVD: NA2=0.67, f2=2.283 mm ~,2=658 nm nR=-1/21.413,
t2=0.6 mm CD : NA3=0.51, f3=2.281 nm 5,3:785 nm nmB8=-1/8.000, t3=1.2 mm
Par axi al data Sur-face~~~~Na, | NA2N73vdnote( )( )( )(

) No. OBJ- 000019. 387*11- 0. 8780. 8000. 800- 1. 52424] . 506421. 5032456. 5*22~2. 0001. 5
30- 3001. 0001. 000- 1. 52424] . 506421. 5032456. 54- 2. 54510. 00010. 000- STQO. 0500. 050
0. 050st op6 '

~*50. 9000. 9000.&0%@%%4%5{@4%&9%@%&7*%@50&&50& 05081. 4952. 5102
.5102. 5101. 559651. 540621, 5372456. 39- 4. 5400. 6790. 5360. 33010000. 08750. 6001. 20

01.621101.579751. 5732630. 0*411 (Note) *1._ light source *2: magnification
adj ust i nd“adﬁ]i%%ﬂtﬁhﬁf% B?r?ft}}'e& Ve Q)'pé?% syt e S ﬁ%?%&%%er? yer
*5: lower Table Aspheric surface coefficient of the 1st surface The 1st
sur f ace- 15 OUIBDRRODAS: 21 87SB7E 02nAk@trt i ensuhiacetepetyPei @hEfBRCERECAt h
surface The 4th surface -1.28717E+00 A4 4. 85669E- 03

structure HOE, the optical path difference of d0 x (n2 - 1} -

A2 = 0.13 um is generated between adjoining steps. Becaﬁse,
in one of ring-~shaped zone divided into 5, the optical path
difference of 0.13 x 5 = 0.65 um, that is, the optical path
difference for one wavelength of the wavelength A2 is
generated, the wave-fronts transmitted the adjoining ring-
shaped zones are superimposed on each other, respectively
being shifted by one wavelength. That is, the light flux of
wavelength A2 becomes a diffraction light diffracted in the
one-order direction by thié step type diffractive structure
HOE. Hereupon, n2 is a refractive index to the wavelength AiZ
of the aberration correction element L2 (herein, nZ =
1.5064). The diffraction efficiency of the one-order
diffraction light of laser light flux of the wavelength A2 at
this time, is 87.5 %, and is a sufficient light amount for
the recording/reproducing of the information on DVD. In the
ocbjective optical system OBJ, the spherical aberration due to

the difference of the thickness of protective layer between



62-Table 3 (Continued) Data of the 6th surface and the 7th surface The 6th
surfaceThe 7th

' surfaceAREAlAREAZAREASAREAA(0<_h<_1.535)(1.535< h) (0<-h<_1.535) (1. 535<_h) Pa
raxi al radius of curvaturer~208.039-117.54 1-298. 235Aspheric surface
coefficient000 ~ 9. 6672E+OLA40- 1. 2634E-Q48. 4974E- 04'

9. 7807E- 04A60- 1. 4443E- 031. 9705E- 03 - 3. §#84E- 09A806. 3328E- 04- 5: 3893E- 04

3. 5607E- 04A100- 6. 8934E- 053. 8508E-05 - 1. 7735E-05Di ffracti on

ordernl / n2/ n30/ +1/ 0- +2/ +1/ +1+2/ +1/ +1Pr oduct i on wavel engt h~g658 nm 390 nn¥08
nm ' Optical path difference function coefficientB20 0-5. 3000E-03-5. 5393E- 03
| B4- 7. 6384E- 04 0-2. 1003E- 04- 3. 6735E- 04B68. 0040E- 05 0-4. 9344E-04-2. 5117E-04

' BS- 3. 137 0 1137E: 5 36 .
001, 000LE 5 B I A R R B R P [ PR Y and Vs bE corzocted by the
the 9th surf The 8th surfaceT

sur f ace- GHTHIE- ?ﬁeih%ﬁl%%ér i %h%’éaﬁ"zi"%5ibﬁufiﬁl\%3 B9B3E. 03- 1. 1661E- O1A

88.3248E—061.0617E—C&A102.9389E—04 7.0962E- 02A126. 6343E- 052. 7343E- 02A14-9. 2
105E- 05- 4. 3966 EE0aAte: 3. 688 E- o Ao 19 7huEh o 6Pk 10D seurebengtigariin t he
present exanple, a magnification adjusting optical unit conposed of 2

| enses of ({he. phastic=| gnpgahese paspeéedd I efsRcCthy erd@VeEmi Songgatbye, and
t he plastlc [ ens’ whose paraxial refractive power is positive, is arranged

h | h b he, col | li gh
i pr o BLT20 1 GHR . DRk agRa T (PHG. YRR CRbEF 2E hirt T aobhRR L he

light-emtting point projecting the laser l|ight flux of wavel ength ~1 and
the |ighttlenwayabepatht Sprbséees nk3 the Paddr- | F§Rt oPtdLadf Dadlel ength ~2
are housed in a casing, is converted into an al nost parallel |ight- flux,

and the objediyg-OPbECEl x swtﬁmn | 15 tden OF £EEAN b EXAE Ead Pbihbeg _
recordlng/reprodUC|ng on HD plastlc | ens whose refractive power is

negati ve, |s nov y the actuator_so th an interv nt | astic
| ens whos® %%ra%%metaom? %@S%gm% 2l ?ﬁeWﬁvs@?ngflgﬁgf\Athgg
refractive power is positive, which conpose the magnification adjusting
optical upite msnReP08sndn Ther tbyeri bighe panal bél whirghengthxids

wavel ength ~1 projected fromthe packaged multiple |ight source unit, and
converted,Lnl@sLhenpapabbel qf Eebrehbexibynbhepealti BRI QY Ledsn,i he hisght

not diffracted and transmits as it is (O-order diffraction

light). In the objective optical system OBJ, by difference
between the magnifications to the wavelength Al and the

wavelength A3, the spherical aberration due to the difference
of thickness of the protective layers of the high density
optical disk HD and CD is corrected.

Furthermore, the optical function surface S2 on the
optical disk side of the aberration correction element L1 is,
as shown in Fig. 3(c), divided into the third area AREA 3
including the optical axis corresponding to an area within
the numerical aperture 0.67 of DVD, and the fourth area AREA

4 corresponding to an area from the numerical aperture 0.67



flux dianeter is enlarged by the magnification adjusting 64 optical unit,
and it is incident on the objective optical system Further, at the

< recordi ng/ reproduci ng on DVD, the plastic |ens whose refractive power is
negative, is noved by the actuator so that an interval between the plastic
| ens whose refractive power is negativ and the plastic | ens whose
refractive power is positive, which coﬁgose the magni fication adjusting

optical unit, is 1.530 nm Thereby, the parallel light flux of wavelength
~2 projected fromthe packaged multiple light source unit, and converted
into the parallel light flux by the collimator lens, is converted into the

divergent light flux corresponding to the magnification n2 (=-1/21.413) to

the vavel.sngifh -2, aft.d heAly oo Ve, ptheal o St e bie UiegHmgot i sati on

adjusting optic I's 1ncident on the objective optical system

o T e T R e L S
SpeCIfI(:ﬁgﬂgﬂéfgﬂréﬁ%é%éf}éﬁgW%gé%gJﬁfAetﬁé third area AREA 3 and the
fourth area AREA 4. Blaze type diffractive structures DOEI,
DOE2 are structures to correct the chromatic aberration of
the objective optical system OBJ in the blue violet area.

Further, the optical pick-up device in each embodiment
is provided with a dichroic filter DFL for limiting the
numerical aperture when the recording/reproducing is
conducted on €D, and this dichroic filter DFL is driven in
the direction perpendicular to the optical axis through a
holding member HM integrally with the objective optical
system OBJ by the 2-axis actuator ACZ2.

As described aboﬁe, the optical pick-up device PUl of
the present embodiment, the first lens MRl in the composition
lens group of the magnification adjusting optical unit
arranged in the optical path between the packaged multiple
light source unit and the objective optical system OBJ, is
driven in the optical axis direction. It causes that the
divergent angles of the light fluxeé whose wavelengths are
different from each other, projected from the packaged

multiple light source unit are converted into angles

corresponding to the magnifications of the objective optical



65 Table 4 PU4 Optical specification of the objective optical system HD
NA1=0. 85, fl=2.200 nm 7~1=408 nm nil=0, tl=0.0875 nm DVD: NA2=0. 67,

- £2=2.309 mm 7~2=658 nm nm2=0, t2=0.6 nm CD : NA3=0.51, f3=2.281 mm
~.3=785 nm nB=-1/8.000, t3=1.2 nm Paraxial data

Sur - face~nm~~N7, , INA. 2N~3vdnot e( ~( ~(é%h ~No. OBJ- 0000

| co*11- 0. 8790. 80000. BO0O. 800l . 52424l 21.5032456. 52002 0002

1030. 320. . *23001. 0001. 0001. 0001. 524241. 506421. 5032456. 54- 2. 5501 0. 00010. 0001
0. 000STQO. 0500. 0500. 050st op6*50. 9000. 9000. 9001. 524241. 506421. 5032456. 57* 50.
'0500. 0500. 050*381. 4452. 5102. 5102. 5101 . 559651. 540621. 5372456. 39- 4. 5400. 680
~0. 4780. 33410000. 08750. 6001. 2001. 6211 01. 579751. 5732630. 0*411 (Note) *1:

| i ght sourc ni fication.adjusti i cal.un j ective optica
system *4Y %F é@g?g% | RyRPC% lv?oV%Veﬁgﬁggﬂ HEFS ée%%ﬁfg%% coefficient of
t he 1st surface The, 1st surface-9,. 96755E—C&A4 73298E—02 Aspher | c surface
coef fi ci SFAIDFLIFREUPRS sof f Boe TRESAFRVEUPPREER] KSYSTa78BE+667ARS
,-6.57897E- 03 66 Table 4 (Continued) Data of the 6th surface and the 7th
surface THEBISH scofBeedRAYRA Gar fare AREALAREAS AREBBE fluxes
AREA4(0<_h<_|.535)(1.535<-h)(0<_h<_1.53) (1.53<-h)Paraxial radius of
curvaturqprdiﬂcﬁ@ﬁ.ﬂ¢ﬁm4ﬂﬁe1@3c@@5@$pheltmp$er1aght source unit. It
coef fi ci ent 0009. 6672E+OLA40- 1. 2634E- 04- 2. 3039E- 031. 0847E- 03A60- 1. 4443E- 033.

1515E- 03-2s 26984 84 ASO6n I3RS Ode 2087931 04400641 04A308m608934k- Cb- 5. 9061
E- 05- 1. 3815E-05Di ffracti on ordernl/n2/ n30/ +1/0-+2/ +1/ +1+2/ +1/ +1Pr oducti on

wavel engtmﬁﬁ%&wé&%mﬁ%ﬂa@ttsakeggéet%éf gEoBEEnfUASt en coef ficient
| B24. 7000E- 030- 5. 3000E- 03- 5. 2595E- 03, B4 5308E- 0405. 6232E- 04- 3. 8500E- 04B6-

2. SOL9E-040; 7, I644E: 4 2. BIROF: 04B3- 5 Q50 05 HO9RE; E55% 6L £5BLO2. 071

2E-0701. 4

light source unit can be used, it is realized the cost
reduction and size reduétion by the reduction of the number
of optical parts of the optical pick-up device PUI.

Further, the movable lens group is composed of liens
groups more than two, and it decreased the movement amount of
the movable lens group. Therefore, the size reduction of the
optical pick-up device PUl can be realized.

(The second embodiment)

Next, the second embodiment of the present invention
will be described, however, the same structure as the above-
described first embodiment is denoted by the same sign, and
its description will be omitted.

As shown in Fig. 4, the optical pick-up device PUZ is
structured by: a module MDl for a high density optical disk
HD-use which integrates the blue violet semiconductor laser

LD1 which emits the laser light flux (the first light flux)



Aspheric surface coefficient of the 8th surface and the 9th surface The 8th
surfaceThe 9th

- surface-6. 6105E- Ol- 1. 5795E+02A41. 1439E- 021. 0519E- O1A62. 5153E-03- 1. 1661E- D A
88. 3248E- 061. 0617E- OLA102. 9389E- 04- 7. 0962E- 02A126. 6343E- 052. 7343E- 02A14- 4. 2
105E- 05- 4. 3966E- 03A16- 3. 6643E- 06A187. 9754E- 06A20- 1. 2239E- 06 67 In the
present exanple, a magnification adjus@ﬁng optical unit conposed of 2
| enses of the plastic | ens whose paraxial refractive power is negative, and
the plastic | ens whose paraxial refractive power is positive, is arranged
in the optical path between the collimtor |ens by which the |aser |ight
flux projected froma packaged nmultiple Iight source unit in which the

| Toht-em 4 Lg, DAl e P03 € Ok ondDC A @SELcL LA ] X r OlubBNg) £80tHeT, { he

light-emitting poi projecting the laser [1ght ux of wavél ength ~2, and
the light-emtting point projecting the |laser i I ngth ~3,
are houséJ“QF@fﬁéhﬁnﬁf ?é@%&ﬁ@%thﬁ ?%?oﬁﬁﬁha%%%ggt%agéFﬁé?m?¥g%$’fIux,
and the objective optical system In the present e |L.e t
recordingWF%p%dHM%W%gﬁ%F@@EPrt%%lbl%s%?%egeﬂggﬂiﬁsﬁﬁggf?scﬁ%@éegomer i's
negative, is noved by the actuator so that an interval between the plastic
| ens whospadfaged ivel pogke 1sghegaeryves anpdtiheopprasefcofehBevnhosat
refractive power is positive, which conpose the magnification adjusting
optical unidght-+en?: 0Dy nmoiTheERbyyhioht éeipar fheelabeghtiightxfédfix

wavel ength ~1 projected fromthe packaged multiple |light source unit, and
convert ed(t iy osddenpar ayhel flaght of | wxveéyehfehceobBi mat ehehenhe its |ight

flux dianeter is enlarged by the magnification adjusting 68 optical unit,

and it is.dncident/ AfthH8,00h§ChEVEn@Pthé8kmation is conducted on DVD,
the second light-emitting point EP2 which emits the laser
light flux (the third light flux) of wavelength 785 nm when
the reccrding/reproducing of the information is conducted on
CD, first light receiving section DS1 which light-receives
the reflected light flux from the information recording
surface RL2 of DVD, second light receiving section DS2 which
light-receives the reflected light flux from the information
recording surface RL3 of CD, and a prism PS; a magnification
adjusting optical unit MR composed of a movable lens group
composed of 2 lenses of a plastic lens (the first lens MR1)
whose paraxial refractive power is negative, and a plastic
lens {the second lens MR2) whose paraxial refractive power is
positive, and the first lens drive-use actuator ACL;
objective optical system OBJ composed of an aberration

correction element L1, and light-converging element L2 both

surfaces of which are aspheric surfaces, having a function by




system Further, at the recording/reproducing on DVD, the plastic |ens
“whose refractive power is negative, is noved by the actuator so that an

- interval between the plastic | ens whose refractive power is negative, and
the plastic | ens whose refractive power is positive, which conpose the
magni fi cation adjusting optical unit, is 2.103 mm Thereby, in the parallel
light flux of wavel ength ~2 projected £Pom t he packaged multiple Iight
source unit, and converted into the parallel light flux by the collimator
lens, its light flux dianmeter is enlarged by the nmagnification adjusting
optical unit, and it is incident on the objective optical system Further,
at the recording/reproducing on CD, the plastic | ens whose refractive power

|'s negat iw\ﬁefﬂcﬂ %:hrg)vleag%ebxy J%:. ACEUAL AT 80 e@Ne ik Pf eé%éq:r {ygen the

pl astic lI'ens whose retractive power 1S negatrve, and the plastic | ens whose
refractive power, i s positive,. which conpose the m ni%'cati n ] i ng
optical Ui ?eQF%Qf:éifmﬁﬁt r%%y%lfm _?ﬁﬁ%ﬁ¥%$dlgﬁh h?lh§9%¥8%%£§ engt h
~3 projected fromthe PaCkﬁﬁfd multiple |ight source unit, apd converted
into the TeBFPaAITWITacyHLE1 Blhy Rhd cordxhat 8FtPaher #s2tonverted into
the divergent light flux corresponding to nmagnification n8 (_ -1/8.000) to
t he wavelmngiti zhofbadre ab) BetewBdDpte¢ebl ingeeen epst Relmalg®a®i cati on
adjusting optical unit, and it is incident on the objective optical system
Her eupon,estparianet deal 4s gesan i ed abdvetopnSThe case
The beam expander optical system BE is composed of the

first lens BEl whose paraxial refractive power is negative,

and the second lens BE2 whose paraxial refractive power is

positive, and the first lens BEl can be moved in the optical

axis direction by the one axis actuator AC3.

Hereupon, the beam expander optical system BE is an

element by which the spherical aberration generated at the

time of focus jump between the information recording surfaces

of the high density optical disk HED, the spherical aberration

generated in the objective optical system OBJ due to the

refractive index change/refractive index distribution

following the environmental temperature change, and the

spherical aberration generated in the objective optical

system OBJ due to the wavelength dispersion by the production

error of the blue violet semiconductor laser LDl are

corrected.

In the optical pick-up device PUZ, when the

redording/reproducing of the information is conducted on the



where the divergent light flux is incident on the objective optical system
when the objective optical systemis shifted in the direction perpendicul ar
- to the optical axis by the tracking drive, because the virtual objective
poi nt of the objective optical system becones the off-axis objective point,
and the coma is generated. Wien the generation anmount of this coma is

| arge, there is a problemthat, at the3 nme of the recor di ng/ reproduci ng on
the optical disk, the good tracking characteristic is not obtained. In
Exanple 1 -4 described above, when the plastic | ens whose refractive power
of the magnification adjusting optical unit is negative, is shifted in the
direction perpendicular to the optical axis, the coma generated by the

Lracki ng (i &d pst%rbﬁpic?ﬁ e&#é%ﬁ%ﬁgféeg%tiy?é@m §8N-DG £Or ERGHRpy ! N

Fig. 7, in 0 system o esult in which, at the tine
of the recordi ng/reproducing on CD,.the come_ge at ed. t he objective
opti cal §V§F5HFP§' 1% lgkoginl?%%l%}f%ttF%%n%%?%egﬁ¥ggﬁar to the
optical axis is corrected when the plastic lens in which tﬁg%refractive
power of %%%Cﬁ%t#%?ﬁ%d%%tJr%gljo%*ﬁ‘c%mlﬁ‘ﬁ?‘fi-is"‘*frFeE‘g%t"i , is shifted
in the direction perpendicular to the optical axis, is shown. Fromthese
resul ts, divatgerdptlight sfEeensne] exaes| ran.the piugahipieleen that, when
the plastic lens in which the refractive power of the magnification
adj ust i ngseaptdaraduaint 1sseeghblves ¢snehrfteddinnot heedpaesiieh light
per pendi cul ar to the
flux when it transmits the collimator lens COL, its diameter
is expanded when it passes the beam expander optical sytem
BE, it passes the polarizing beam splitter BS, and becomes a
spot formed on the information recording surface RL1 by the
objective optical system OBJ, through the protective layer
PL1 of the high density optical disk HD.
Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator ACZ arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL1
passes again the objective optical SYStem OBJ, polarizing
beam splitter BS, beam expander optical sytem BE, and
collimator lens COL, and is converged on the light-receiving
surface of the light detector PDl. Then, by using the output
signal of the light detector PD1, the information recorded in
the high density optical disk HD can be read.

Further, when the recording/reproducing of the

information is conducted on DVD, initially, the first lens is



optical axis in tinmed relationship with the tracking drive of the objective
optical system a good tracking characteristic is obtained. 71 What is
~clainmed is: 1. An optical pickup apparatus conprising: a first |ight source
for emtting a first light flux wwth a wavel ength ~1; a second |ight source
for emtting a second light flux with §7mavelength ~2 which is |onger than
the wavel ength ~1; a third light sourceé‘for emtting a third light flux

wi th wavel ength ~3 which is |onger than the wavel ength ~2; a packaged

mul tiple light source unit for packaging enmtting points of at |east two of
the first - third light sources in one housing; an objective optical system
for converging light fluxes emtted by at |east three kinds of |ight

sour ces 1,eSperti el haul g, L5 ol yeuiel @by 1 6% AL ~Em@ntice

i nformat i on Tecording surfaces o east three kinds of optical disks
respectively havin ifferent informtion reecordi d iigssipnd a
nmagni f i ca?ei%?{’cgc}jetfgsti opt i%aﬁ’r%f%ﬁe%*ﬁ%% %#g‘%?%%’t g‘?‘?an}é a Tovabl e | ens
group and being arranged in an optical path between the packaged nultiple
l'i ght so lﬁ%%veruse actuator ACI.
Then, as the path of ray is shown by a dotted line in

Fig. 4, the first light-emitting point EPl is light-emitted.

The divergent light flux projected from the first light-

emitting point EP1, after it is reflected by the prism PS5,

when it passes the first lens MRl and the second lens MR2, is
converted into a divergent light flux corresponding to the
magnification m2 to the wavelength A2 of the objective
optical system OBJ, reflected by the polarizing beam splitter
BS, and by the objective optical system OBJ, becomes a spot
formed on the information recording surface RLZ through the
protective layer PL2 of DVD.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator ACZ arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RLZ
passes again the objective optical system OBJ, polarizing
beam splitter BS, and is branched by the polarizing beam
splitter BS, passes the second lens MRZ, first lens MR1, and
after it is reflected two times in the prism PS, it is

converged on the light-receiving surface of the first light-



and the objective optical system ~z wherein the novable lens group is
driven by the actuator along the optical axis so as to change a

- magni fication of the objective optical systemaccording to a wavel ength of
a light flux emtted by the packaged nmultiple light source unit. 2. The
optical pickup apparatus of claim1l, wherein the novable | ens group
conprises at |east two | ens groups in Which at |east one lens group is
driven by the actuator along the optical axis. 3. The optical pickup
apparatus of claim2, wherein the novable | ens group conprises at |east one
negative |l ens group and at | east one positive |ens group. 4. The opti cal

pi ckup apparatus of claim 1, wherein the packaged multiple |light source

unit provides, the second |i surce and the third |.i . 5. The
optical iTHKup HpparHt U aiﬁﬁ??' grBFﬁnghEhSpPPéngpgg%&%%aﬁgaratus
records and/or reproduces information on optical disks usingilight fl uxes

with diffidrentlTely e et e e Y1 $5° RN patkaghlie it fPpration3

recorded in DVD can be read.

Further, when the recording/reproducing of the
information is conducted on CD, initially, by the first lens
drive-use actuator ACl, the first lens is moved so that an
interval between the first lens MR1 and the second lens MR2
is a predetermined distance, specifically, so that it is
shorter than at the time of the recording/reproducing of the
information on DVD.

Then, as the path of ray is shown by a two-dotted chain
line in Fig. 4, the second light-emitting point EP2 is light-
emitted. The divergent light flux projected from the second
light-emitting point EP2, after it is reflected by the prism
PS, when it passes the first lens MRl and the second lens
MR2, is converted into the divergent light flux corresponding
to the magnification m3 to the wavelength A3 of the objective
optical system OBJ, reflected by the polarizing beam splitter
BS, and by the objective optical system OBJ, becomes a spot
formed on the information recording surface RL3 through the
protective layer PL3 of CD.

Then, the objective optical system OBJ conducts the

focusing or tracking by the 2-axis actuator AC2 arranged in



| i ght source unit separately, wherein the optical disks have protective

| ayers with different thicknesses for protecting the information recording
- surfaces, the novable |lens group is driven by the actuator along the
optical axis so as to correct a spherical aberration caused by a thickness
di fference between the protective Iayegg. 6. The optical pickup apparatus
of claim1, wherein the optical pickup-apparatus records and/or reproduces
information on optical disks using light fluxes with different wavel engt hs
emtted by the packaged nultiple light source unit separately, an optical

di sk having a maxi mum i nformation recording density anong the optical disks
conprises a nultilayer structure in which optically transparent |ayers and
i'nformati; &Qgg%gj Sukf.ac & tleaimingted Al Lenrhel e iy abl e | ens
group is 13% en by %'ac?&%tg%fgle%gge%t hlrei opt ifgLaL11It axis so gsh-t%/o correct a
spheri cal, aberratiqn ich.i,s occ f ] ive |lens

j unps frcf‘rﬁa%)oﬁnhaariln?norpn;a icgnn 1:'r%(la(a?:olr |%§9%#$rgc€e%§f#§?ﬁ ?%?g?%gtl?%% recordi ng

surface, when a first infornation recordin 74 su ces,.a _second
ot or mat IR AR Gy WU (RO T BT A svaten BB o1& PEERY

beam splitter BS, and is branched by the polarizing beam

splitter BS, passes the second lens MR2, first lens MR1, and
after it is reflected two times in the prism PS, it is
converged on the light-receiving surface of the second light-
receiving section DS2. Then, by using the output signal of
the second light-receiving section DS2, the information
recorded in CD can be read.

{(The third embodiment)

Next, the third embodiment of the present invention
will be described, however, the same structure as the above-
described first embodiment is denoted by the same sign, and
its description will be omitted.

As shown in Fig. 5, the optical pick-up device PU3 is
structured by: a laser module LMl for a high density optical
disk/DVD (packaged multiple light source unit) composed of
the first light-emitting point EPl which emits the first
light flux when the recording/reproducing of the information
is conducted on the high density optical disk HD, and the
second light-emitting point EP2 which emits the second light

fiux when the recording/reproducing of the information is



information recording surface are arranged in the nmultilayer structure
conprises in this order fromthe packaged nultiple |light source unit side.
- 7. The optical pickup apparatus of claim1, wherein the objective optical
system conprises at | east one plastic |l ens and the novable lens group is
driven by the actuator along the opticgl axis so as to correct a spheri cal
aberration which cones froma refracti & index variation or a refractive

i ndex distribution resulting froman environnental tenperature change of a
plastic lens in the objective optical system 8. The optical pickup
apparatus of claim1, wherein the novable I ens group is driven by the
actuator along the optical axis so as to correct a spherical aberration in

the obj ecgch\g-ﬁl d 3 sust eméﬂﬁws@fggh{l%@iwglgésﬁrogi bEEr gRCEN

bet ween |1 ght fluxes having different vel engt hs respectively emtted by
the packaged .multiple light source unif. ~ he opfic |
apparatug@%ﬁhgﬂ259§%ﬁe%Méh%ﬂ?F#i%?%%£a£+%h?e%%gérgﬁgﬁigﬁgr?égﬁkﬁgy?%%
actuator along.the optical axjs so as tp correct. a spherical, . aberration

whi ch coﬁ§§WTQQﬁ%1%¢%Qﬁﬁﬁi %U%fr%ﬁ?o?l%ﬁ ??%5%%Ye%$F%Ea p?f%glﬁéysten1in
case that a light flux have the smallest wavel ength anong |ight fluxes with
di f f er entthgavad @l hist Eii teee bylngesection DS2 which light-freceives

the reflected light flux from the information recording
surface RLZ2 of DVD, and a prism PS; a module MD3 for CD which
integrates the infrared semiconductor laser LD3 which emits
the third light flux when the recording/reproducing of the
information is conducted on CD, and a light detector PD3; a
magnification adijusting optical unit MR composed of a movable
lens group compcsed of 2 lenses of a plastic lens (the first
lens MR1) wheose paraxial refractive power is negative, and a
“plastic lens (the second lens MRZ) whose paraxial refractive
power is positive, and the first lens drive-use actuator ACl;
the objective optical system OBJ compesed of the aberration
correction element L1 and the light-converging element LZ
both surfaces of which are aspheric surfaces, having a
function by which the laser light flux transmitted this
aberration correction element L1 is light—convergedron the
information recording surfaces RL1, RLZ, RL3; a Z-axis
actuator AC2; a polarizing beam splitter BS; a collimator

lens COL; and stop STO.




packaged nmultiple |ight source unit separately and the small est wavel ength
of the Iight flux changes in a range of 10 nm 10. The optical pickup

+ apparatus of claim1, wherein the novable |ens group is further driven to
be shifted in a perpendicular direction to the optical axis and/or to be
tilted against the optical axis by the  actuator. 11. The optical pickup
apparatus of claiml, wherein the movaBite | ens group is driven to be
shifted in a perpendicular direction to the optical axis and/or to be
tilted against the optical axis by the actuator sows to reduce a conmatic
aberration caused by tracking the objective optical system 76 12. The
optical pickup apparatus of claim 10, wherein the novable |l ens group is

driven to shift; ARQ[01ddilds DY, e ACtaal Qe SRS Wi edice a comatic
aberration resulting froma tilt of the optical disk. 13. The optical

pi ckup ag,geac_{oaggisn%negj:r% g erelD 108, fpyable | ensogagubalisofrLien to

be shift 0 per cula to the optical axis and/or to be til
agai nst the optical axis by the actuator in order to tracg.an optical disk
rot ati on. @A %ﬁ%iQRﬁl'Qﬁcéaéki 'r%%%?ﬂ?L and” r' e o bﬁ?%gggﬁﬁaratus
conprising the optical pickup apparatus of claiml
I Nj [ NMy/ NEBAIG 7O N NG 3 NN i the first lens 1s moved so that an
INVNNMZ/NJ/NMV N ZINfw NP DY NN NME/ N/ NW NCN NNV NN NEN /N wEN] 2/ NO/
Nj W N/ N=/idi NN /W SN i N Nedt N vt IR / apd / e / s SIDA NL £ IS * FIRE
INX/ NN z& NI/ No/ N/ NP Nc*/ N, INN/N/N=IN*IN/Nv NNMNMN (; EV; y
is a predetermined distance.
Then, as the path of ray is shown by a solid line in
Fig. 5, initially, the first light-emitting point EPl is
light-emitted. The divergent light flux projected from the
first light-emitting point EPl is reflected by the prism PS5,
and when it passes the collimator lens, after it is converted
into the parallel light flux, its diameter is enlarged by the
first lens and the second lens, it passes the polarizing beam
splitter BS, and becomes a spot formed on the information
recording surface RL1 through the protective layer PLl of the
high density optical disk HD by the objective optical system
CBJ.
Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator ACZ arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL1

passes again the objective optical system OBJ, polarizing

beam splitter BS, second lens, first lens, collimator lens
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information recording surface RLZ2 through the protective
layer PL2 of DVD by the objective optical system 0OBJ.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC2 arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RLZ
passes again the objective optical system OBJ, pclarizing
beam splitter BS, second lens MR2, first lens MRI1,. collimator
lens COL, and after it is reflected two times in the prism
PS, it is converged on the light-receiving surface of the
second light-receiving section DSZ. Then, by using the
output signal of the second light-receiving section D82, the
information recorded in DVD can be read.

Further, when the recording/reproducing of the
information is conducted on CD, as-the path'of ray 1s shown
by a two-dotted chain line in Fig. 5,rinitially, the infrared
semiconductor laser LD3 is light-emitted. The divergent
light flux projected from the infrared semiconductor laser
LD3 is reflected by the polarizing beam splitter BS, and
becomes a spot formed on the information recording surface
RL3 through the protective layer PL3 of CD by the objective

optical system OBRJ.

'g
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Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC2 arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL3
passes again the objective optical system OBJ, and is
branched by the polarizing beam splitter BS, it is converged
on the light-receiving surface of the light detector PD3.
Then, by using the output signal of the light detector PD3,
the information recorded in CD can be read.

(The fourth embodiment)

Next, the fourth embodiment of the present invention
will be described, howevef, the same structure as the above-
described first embodiment is denoted by the same sign, and
its description will be omitted.

Bs shown in Fig. 6, the optical pick-up device PU4 is
structured by: a laser module LMl for a high density optical
disk/DVD/CD (packaged multiple light source unit) composed of
the first light—emitting point EP1 which emits the first
light flux when the recording/reproducing of the information
'is conducted on the high density optical disk HD, and the
second light-emitting point EP2 which emits the second light
flux when the recording/reproducing of the information is

conducted on DVD, the third light-emitting point EP3 which
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emits the third light flux when the recording/reproducing of
the information is conducted on CD, the first light-receiving
section DS1 which light-receives the reflected light flux
from the information recording surface RL1 of the high
density optical disk HD, the second light-receiving section
DS2 which light-receives the reflected light flux from the
information recording surface RL2 of DVD, the third light-
receiving section DS3 which light-receives the reflected
light flux from the information recording surface RL3 of CD,
and a prism PS; a magnification adjusting optical unit MR
compesed of an objective optical system OBJ composed of a
movable lens group composed of 2 lenses of a plastic lens
(the first lens MR1) whose paraxial refractive power is
negative, and a plastic lens (the second lens MRZ}) whose
paraxial refractive power is positive, and the first lens
drive-use actuator ACl; an objective optical system OBJ
composed of an aberration correction element L1 and a light
converging element L2 both surfaces of which are aspheric
surfaces, having a function by which the laser light fluxes
transmitted this aberration correction element Ll are light-
converged on the information recording surfaces RL1, RLZ,

RL3; a 2-axis actuator AC2; a polarizing beam splitter BS; a

collimator lens COL; and a stop STO.
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' In the optical pick-up device PUl, when the
recording/reproducing of the information is conducted on the
high denéity optical disk HD, initially, the first lens MRl
is moved so that an interval between the first lens MRl and
the second lens MR2 is a predetermined distance by the first
lens drive-use actuator ACI.

Then, as its path of ray is shown by a solid line in
Fig. 6, initially, the first light-emitting point EPl is
light-emitted. The divergent light flux projected from the
first light—emitting point EPl is reflected by the prism PS3
and when it passes the collimator lens COL, after it is
converted into the parallel light flux, its diameter is
enlarged by the first lens MRl and the second lens MR2, and
becomes a spot formed on the information recording surface
RL1 through the protective layer PL1l of the high density
optical disk HED by the objective optical system OBJ.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC2 arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL1
passes again the cbjective optical system OBJ, second lens

MR2, first lens MR1l, collimator lens COL, and after it is

reflected two times in the prism PS, it is converged on the
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density optical disk HD can be read.

Further, when the recording/reproducing of the
information is conducted on DVD, initially, the first lens is
moved so that an interval between the first lens and the
second lens is a predetermined distance, specifically, so
that it is longer than at the time of the
recording/reproducing on the high density optical disk HD.

Then, as the path of ray is shown by a two-dotted chain
line in Fig. 6, the second light-emitting point EP2 is light-
emitted. The divergent light flux projected from the second
light emitting point EP2 is reflected by the prism PS, when
it transmits the collimator lens COL, after it is converted
into the parallel light flux, its diameter is enlarged by the
first lens MR1 and the second lens MRZ2, and it becomes & spot
formed on the information recording surface RLZ through the
protective layer PL2 of DVD by the objective optical system
OBJ. |

Then, the objective optical system OBJ Conducts the
focusing or tracking by the 2-axis actuator AC2 arranged in

its periphery. The reflected light flux modulated by an
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MR2, first lens MR1, collimator lens COL, and after it is
reflected two times in the prism P38, it is converged on the
light-receiving surface of the second light-receiving section
DS2. Then, by using the output signal of the second light-
receiving section DS2, the information recorded in DVD can be
read.

Further, when the recording/reproducing of the
information is conducted on CD, initially, by the first lens
drive-use actuator ACl, the first lens MRl is moved so that
an interval between the first lens MRl and the second lens
MR2 is a predetermined distance, specifically, so that it is
shorter than at the time of the recording/reproducing on the
high density optical disk HD.

Then, as its path of ray is shown by a dotted line in
Fig. 6, the third light-emitting point EP3 is light-emitted.
The divergent light flux projected from the third light-
emitting point EP3 is reflected by the prism PS and when it
passes the collimator lens CCL, after it is converted into
the parallel light flux, it is converted into the divergent

light flux corresponding to the magnification m3 to the

wavelength A3 of the objective optical system OBJ by the



10@[dE: /! 10@ 1099 & ()-)10U & ()-i!10U9 & ()- 1099 & ()-iP"10U & () -
)10 & ()-XdE: /! 10] 10]9 109 & ()-,"10U & ()-*1099 & ()-F(n' 109 & () -

- & 1099 & ()-# 1099 & ()-B8xY:/! 10]0! 10%& ()-9l "10%a& ()-"10%& () -
F109%@& ()- \10%@& ()-10%@& ()- 10]8t"\dE /! 10]!'!10%a& ()-J 10%@& () -
10%@&f()-510%@&f()-i!10%@&f()-NllO%@&f%é—NUE:/! 10]\/ M 109 ()--109%& ()-*
10@@&]()7(4"10@@Rf()-y&NllO@@Rf()-9$Nl %ma&' ()-1lnxnbCl 10] 10%&&' ()- 10@
10@ 10@Bj ! 10%@&' () - 5ni' 10%@&' () - 3! 10%a& ()-1 10%& ()-*] AdJEnbC ,
10]109@&]()-y 10%@& ()-9!'10%a& ()- 10%@& ()- 10%@& ()-\!10%& () -
A{.idEnbC 10] V$! 109 ()-3" 10%@& ()- !'10%@& ()-cl0%@& ()-s!10%a& () -
10%@& ()-Ty@E:/! 10@10@P"10%& ()-Y /10%& ()-s-#10%@& () - P+J
10%@&()‘éf?é@”@@%é)mﬁﬁJéﬁﬁiéﬂé-éiéaﬁé!1ens MR2, and becoms a spot

formed on the information recording surface RL3 through the
protective layer PL3 of CD by the objective optical syétem
OBJ.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC arranged in
its periphery. The reflected light fiux modulated by an
information pit on the information recording surface RL3
passes again the cbjective optical system OBJ, second lens
MR2, first lens MR1, collimator lens COL, and after it is
reflected two times in the prism PS, it is converged on the
light-receiving surface of the third light-receiving section
DS3. Then, by usiﬂg the output signal of the third light-
receiving section DS3, the information recorded in CD can be
read. |

Hereupon, although the drawing is omitted, when the
optical pick-up device shown in the first - fourth
embodiment, rotation drive device by which the optical disk
is rotatably held, and a control device for controlling the
drive of these kinds of devices are mounted, an optical

information recording reproducing apparatus by which at least

one of the recording of the optical information on the
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Next, a preferable optical system as the optical pick-
up optical system mounted in the above-described optical
pick-up devices PUl - PU4 will be described listing the
specific numeral values.

The aspheric surface of the optical surfaces on which
the superposition type diffractive structure and diffractive
structure in each example are formed, is, when the
deformation amount from the plane tangential to an apex of
its surface is X (mm), height in the direction perpendicular
to the optical axis is h {(mm), radius of curvature is r (mm),
expressed by a numerical expression in which the coefficients

in Table 1 - Table 4 shown later, are substituted into the
following Equation 1. Where, ¥ is a conical coefficient, Az

is an aspheric surface coefficient.

(Eg-1)

hz Z A2h2i

= +
1+ 1= +x)hir}? =
In Table 1 - Table 4, NA is a numerical aperture, A

{(nm) is a design wavelength, f(mm) is a focal distance, m is

a magnification of all system of the objective lens, t(mm} is
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a protective substrate thickness, r(mm) is a radius of
curvature, NA is a refractive index at 25 °C to the design

wavelength, and vd shows Abbe’s number in d-line. Further,
in the aspheric surface, when a deformation amount from the
plane tangent to the apex of the surface is X {(mm), height in
the direction perpendicular to the optical axis is h (mm),
and radius of curvature is r {(mm), it is expressed by the
following Eg-1. Where, x is a conical coefficient, and Az is
an aspheric surface coefficient.

Further, the superposition type diffractive structure
and diffractive structure in each example are expreséed by an
optical path difference added to a transmission wave front by
these structures. Such an optical path difference is
expressed by an optical path difference function ¢b (mm)

defined by the fellowing Eg-2 when A 1s a wavelength of an

incident light flux, AB is a production wavelength, height in
the direction perpendicular to the optical axis is h (mm),
B2j is an optical path difference function coefficient, and n
is a diffraction-order.

(Eg-2)

= A '
b AB xnx}Z:D:szhzl
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(Example 1)

Example 1 is an optimum optical system as the optical
pick-up optical system mounted in the first optical pick-up
device PUl, and its specific numerical data is shown in Table

1.
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Table 1

PU1
Optical specification of the objective optical system

HD : NA1=0.85, £1=2.200 mm, Al=408 nm, ml=0, t1=0.0875 mm
DVD: Na&2=0.67, f2=2.309 mm, A2=658 nm, m2=0, t2=0.6 mm
€D : NA3=0.51, £3=2.281 mm, A3=785 nm, m3=-1/8.000, t3=1.2 mm

Paraxial data

Surf-
ace t di dz a3 NAl NA2 NA3 vd |note
No. (ren) {rom) (Tren) (o)
OBJ - o 3.829 | 6.492 *1
1 -0.175 - 1.354 | 1.354
> " o 5 913 | 0.250 1.5242411.50642|1.50324 [ 56.5 v
3 o0 - 1.515 ] 1.515
1 2. 600 B 15000 | 15.000 1.52424|1.50642|1.50324156.5
STO 0.050 | 0.05C | 0.050 stop
6 *5 0.900 | 0.900 | 0.900
7 “s, 0.050 | 0.050 | 0.050 1.52424|1.50642|1.50324 | 56.5 v
8 1.445 | 2.510 | 2.510 | 2.510
5 |-a.340| 0.679 | 0.478 | 0.324 1.55965|1.54062 | 1.53724 | 56.3
ii : 0.0875| 0.600 | 1.200 | 1.62110(1.57975|1.57326|30.0| *4
(Note)

*1: light source

*2: magnification adjusting optical unit
*3: objective optical system

*4: protective layer

*5: lower Table

Aspheric surface coefficient of the 1lst surface

The 1st surface
K -4 ,46585E+00
Al -7.6918%E+00

Aspheric surface coefficient of the 4th surface
The 1lst surface
K -8.82400E-03
A4 4.8870BE-03
A6 7.66583E-04
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Table 1

Data of the 6th surface and the 7th surface

m 109l & ()-P3 109l & () -
10@ 10@8ndEmM\V

The 6th surface The 7th surface
AREA] AREAZ2 AREA3 AREA4
{0<h<1.535) (1.535<h) (0<h<1.53) {1.53<h)
Paraxial radius of curvature
r % | 231.761 | -117.433 | -167.005
Aspheric surface coefficient
X 0 0 0 9.6672E+01
A4 0 -1.2634E-04| -2.3039%E-03 1.0847E-03
A6 0 -1.4443E-03] 3.1515E~03| -2.2698E-04
AB 0 6.3328E-04| -2.17921E-04 4.0064E-04
Al10 0 -6.8934E-05| -5.9061E-05] -1.3815E-05
Diffraction order
nl/n2/n3 0/+1/0 | - | +2/+1/+1 | +2/+1/+1
Production wavelength

AB 658 nm | - [ 390 nm | 408 nm

Optical path difference function coefficient
B2 4.7000E-03 0 -5.3000E-03! -5,2595E-03
B4 -5.5308E~-04 0 5.6232E-047 -3.8500E-04
B6 ~2.5919E-04 0 -7.7644E-04| -2,8980E-04
B8 -2.0155E~05 0 5.1093E-05 5.6214E-05
B10 2.0712E-07 0 1.4877E-05, -1.4307E-05

Aspheric surface coefficient of
the 8th and the 9th surface surface

The 8th surface

The 92th surface

K
A4
p2\3)
A8
Al0
Al2
Al4
Al6
AlS
A20

SNl sy N MNP Y

|
[

.6105E-01
.1439E-02
.5153E-03
.3248E-06
.9389E-04
.6343E-05
.2105E-05
.6643E-06
.9754E-06
.2239E-06

.5745E+402
.0519E-01
.1661E-01
1.0617E-01
.0562E-02
.1343E-02
.3966E-03

In the present example,

a magnification adjusting

optical unit composed of 2 lenses of the plastic lens whose
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paraxial refractive power is negative, and the plastic lens

whose paraxial refractive power is positive, is arranged in

the optical path between a packaged multiple light source

unit in which the light-emitting point projecting the laser

light flux of wavelength A2 and the light-emitting point

projecting the laser light flux of wavelength A3 are housed
in a casing, and the objective optical system.

In the present example, at the time of the
recording/reproducing on DVD, the plastic lens whose
refractive power is negative is moved by the actuator so that
an interval between the plastic lens whose refractive power
is negative, and the plastic lens whose refractive power is
positive, by which the magnification adjusting optical unit
is composed, is 2.913 mm. Thereby, the divergent light flux
of wavelength A2 projected from the packaged multiple light
source unit is converted into the parallel light flux, and
incident on the objective optical system.

Further, at the time of the recording/reproducing on
CD, the plastic lens whose refractive power is negative is
moved by the actuator so that an interval between the plastic
lens whose refractive power is negative, and the plastic lens

whose refractive power is positive, by which the
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converted into the divergent light flux corresponding to the

magnification m3 (= -1/8.000) to the wavelength A3 of the
objective optical system, and incident on the objective
optical system.
(Example 2)

Example 2 is an optimum optical system as the optical
pick-up optical system mounted in the second optical pick-up

device PUZ2, and its specific numerical data is shown in Table

2.
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HD : NAl1=0.85, f1=2.200 mm, Al=408 nm, ml=0, tl1=0.0875 mm
DVD: NAZ2=0.67, £2=2.283 mm, A2=658 nm, m2=-1/21.413, t2=0.6 mm
CD : NA3=0.51, £f3=2.281 mm, A3=785 nm, m3=-1/8.000, t3=1.2 mm

Paraxial data

[ sur-

face t dl dz d3 NAl NAZ A3 vd | note

No. | ‘mm) (mm) | (rom) (rom)

OBJ - e} 4,000 | 5.977 *1
1 |-0.152 - 1.070 | 1.070 |1.52424|1.50642|1.50324 | 56.5| *2
2 o - 2.727 | 0.750
3 o0 - 1.149 | 1.149 |1.52424|1.50642|1.50324|56.5
4 1-2.616 - 15.000| 15.000 _

STO 0.050 | 0.050 } 0.050 stop
6 *5 0.900 | 0.900 | 0.900 |1.52424|1.50642|1.50324|56.5] *3
7 *5 0.050 | 0.050 | 0.050
8 1.445 | 2.510 | 2.510 | 2.510 |{1.55965|1.54062 | 1.53724|56.3
9 |-4.540| 0.679 1 0.537 | 0.323
10 o0 0.0875| 0.600 | 1.200 }1.62110|1.57975|1.57326|30.0! *4
11 0

{Note)

*1: light source

*2t magnification adjusting optical unit

*3: objective optical system

*4: protective layer

*5: lower Table

Aspheric surface coefficient of the 1st surface
The 1lst surface
K ~5.99736E+00
A4 -1.15213E+00
Aspheric surface coefficient of the 4th surface
The 4th surface
K -1.114456E-01
Ad 4,52058E-03
A6 2.77091E-03
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Table 2 (Continued)

Data of the 6th surface and the 7th surface

The 6th surface The 7th surface
AREA] AREAZ AREA3 ARERL4
{0<h<1.535) {1.535<h) | {0<h<1.535) (1.535<h)
Paraxial radius of curvature
r w | 208.039 .| -117.541 | -298.235
Aspheric surface coefficient
K 0 0 0 9.6672E+0C1
A4 0 -1.2634E-04| 8.4974E-04 9.7807E-04
A6 0 -1.4443E-03| 1.9705E-03| =-3.07B4E-04
A8 0 6.3328E~-04| -5.3893E-04 3.5607E-04
A10 0 -6.8934E-05| 3.8508E-05| -1.7735E-05
Diffraction order
nl/n2/n3 0/+1/0 | - | +2/+1/+1 | +2/+1/+1
Production wavelength
AB 658 nm | - | 390 nm | 408 nm
Optical path difference function coefficient
B2 0 0 -5.3000E-03} -5.5393E-03
B4 -7.6384E-04 0 -2.1003E-04| -3.6735E-04
B6 8.0040E-05 0 -4,9344E-04| -2.5117E-04
B8 -3.1371E-05 0 1.3567E-04 6.1137E~-05
B10O -5.3665E-06 0 -1.0001E-05| -1.2440E-05
Aspheric surface coefficient of the 8th surface and the 5th
surface
The 8th surface The 9th surface
X -6.6105E-01 -1.5745E+402
A4 1.1439E-02 1.051%E-01
A6 2.5153E-03 -1.1661E-01
A8 8.3248E-06 1.0617E-01
AlQ 2.9389E~04 -7.0962E-02
Al2 6.6343E-05 2.7343E-02
Al4 -4.2105E-05 -4.3966E-03
Al6 -3.6643E-06
AlS8 7.9754E-06
A20 ! -1.2239E-06
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magnification adjusting optical unit, is 2.727 mm. Thereby,
the divergent light flux of wavelength A2 projected from the
packaged multiple light source unit is converted into the
divergent light flux corresponding to the magnification mz
(=-1/21.413) to the wavelength A2 of the objective optical
system, and it is incident on the cbjective optical system.

Further, at the recording/reproducing on Cb, the

plastic lens whose refractive power is negative, is moved by
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the divergent light flux of wavelength A3 projected from the

packaged multiple light source unit is converted into the
divergent light flux corresponding to the magnification m3
{(==1/8.000) to the wavelength A3 of the objective optical
system, and it is incident on the objective optical system.
(Example 3)

Example 3 is an optimum optical system as the optical
pick-up optical system mounted in the third optical pick-up

‘device PU3, and its specific numerical data is shown in Table

3.
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Table 3

PO3
Optical specification of the objective optical system

HD : NA1=0.85, £1=2.200 mm, Al=408 nm, ml=0, t1=0.0875 mm
DVD: NA2=0.67, £2=2.283 mm, A2=658 nm, m2=-1/21.413, t2=0.6 mm
CD : NA3=0.51, £3=2.281 mm, A3=785 nm, m3=-1/8.000, t3=1.2 mm

Paraxial data

Sur-
' r dl d2 d3
el ) | ) | g | om | M| N2 NS note
CBJ - a0 w0 19.387 *1
1 |-0.878| 0.800 : 0.800 - 1.52424 | 1.50642 | 1.50324 | 56.5| *2
2 o 2.000 | 1.530 -
3 oo 1.000 | 1.000 - 1.52424| 1.50642 | 1.50324 | 56.5
4 | -2,545| 10.000 | 10.000 -
STO 0.050 | 0.050 | 0.050 stop
6 *5 0.900 | 0.900 | 0.900 |1.52424| 1.50642 | 1.50324 | 56.5| *3
7 *5 0.050 | 0.050 | 0.050
8 1.445 | 2.510 | 2.510 | 2.510 | 1.55965]| 1.54062 | 1.53724 | 56.3
9 | ~4,540| 0.679 | 0.536 | 0.330
10 @ 0.0875| 0.600 | 1.200 | 1.62110| 1.57975! 1.57326 30.01 *4
11 0 ‘
(Note)
*1: light scurce
*2: magnification adjusting optical unit
*3: objective optical system
*4; protective layer
*o: lower Table

Aspheric surface coefficient of the 1lst surface

The 1st surface
K -1.01950E+00
A4 -2.87937E-02

Aspheric surface coefficient of the 4th surface
The 4th surface
K -1.28717E+00
A4 4.85669E-03
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Table 3 (Continued)

Data of the 6th surface and the 7th surface

The 6th surface The 7th surface
AREA] ARFAZ AREA3 AREA4
(0<h<1.535) (1.535<h) (0<h<1.535) (1.535<h)
Paraxial radius of curvature
T © | 208.039 | -117.541 | -298.235
| Lspheric surface coefficient
K 0 0 0 | 9.6672E+01
A4 0 -1.2634E-04 8.4974E-04 | 9.7807E-04
A6 0 ~1.4443E-03 1.9705E-03 ] -3.0784E-04
AB 0 6.3328E-04 |~5.3893E-04 3.5607E-04
Al0 0 -6.8934E-05 3.B8508E-05| -1.7735E-05
. Diffraction order
nl/n2/n3 0/+1/0 | - | +2/+1/+41 | +2/+1/+1
- Production wavelength

AB 658 nm | - | 390 nm | 408 nm

Optical path difference function coefficient
B2 0 0 -5.3000E-03|-5.5393E-03
B4 -7.6384E-04 0 -2.1003E-04|-3.6735E-04
B6 8.0040E-05 0 ~4.9344E-04|-2.5117E-04
B8 ~3.1371E-05 0 1.3567E-04| 6.1137E-05
BR10 -5.3665E-06 0 -1.0001E-05|-1.2440E-05

Aspheric surface coefficient of the 8th surface and the 82th

surface
The 8th surface The 9th surface

K -6.6105E-01 -1.5745E+02
A4 1.143%E-02 1.0518E-01
A6 2.5153E-03 -1.1661E-01
A8 8.3248E~-06 1.0617E-01
Al10 2.9389E-04 -7.0962E-02
Al2 6.6343E-05 2.7343E-02
Al4 -4,2105E-05 -4,3966E-03
Ala -3.0643E-0¢
A18 7.9754E-06
A20 -1.2239E-06
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In the present example, a magnification adjusting
optical unit composed of 2 lenses of the plastic lens whose
paraxial refractive power is negative, and the plastic lens
whose paraxial refractive power is positive, is arranged in
the optical path between the collimator lens by which the
laser light flux projected from a packaged multiple light
source unit in which the light—emitting point projecting the

laser light flux of wavelength Al and the light-emitting

point projecting the laser light flux of_wavelength A2 are
housed in a casing, is converted into an almost parallel
light fiux, and the objective optical system.

In the present example, at the recording/reproducing on
HD, the plastic lens whose refractive ?ower is negative, 1is
moved by the actuator so that an interval between the plastic
lens whose refractive power is negative, and the plastic lens
whose refractive power is positive, which compose the

magnification adjusting optical unit, is 2.000 mm. Thereby,
in the parallel light flux of wavelength Al projected from

the packaged multiple light source unit, and converted into

the parallel light flux by the cecllimator lens, its light

flux diameter is enlarged by the magnification adjusting
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optical unit, and it is incident on the objective optical
system.

Further, at the recording/reprﬁducing on DVD, the
plastic lens whose refractive power is negative, is moved by
the actuator so that an interval between the plastic lens
whose refractive power is negative, and the plastic lens
whose refractive power is positive, which compose the
magnification adjusting optical unit, is 1.530 mm. Thereby,
the parallel light flux of wavelength A2 projected from the
packaged multiple light source unit, and converted into the
parallel light flux by the collimator lens, is converted into
the divergent light flux corresponding to the magnification
m2 (=-1/21.413) to the wavelength A2 of the objective optical
system by the magnification adjusting optical unit, and it is
incident on the objective optical system.

(Example 4)

Example 4 is an dptimum_optical system as the optical
pick-up optical system mounted in the fourth optical pick-up
device PU4, and its specific numerical data is shown in Table

4.




OO ( " _C/"10%& ()-"10% & ()-"10%& ()-"10% & ()-"10% & ()-"10% & ()-

")/ 5xX8C/ " 10% & ()-"10% & ()-"10% & ()-"10% & ()- G{ s cg( "s;
C<=>?2@S/"10% & "10% & ()-"10% & ()-"10% & ()-"10% & ()-S"10% & ()-"10% & ()
- @DFVBXXBS/ " 1096 & ()-"109% & ()-"10% & ()-"10% & ()-& S CJ (

" SYai quy_?/"10% & ()-"10% & ()-"10% & (k- "10% & ()-"10% & ()-"10% & ()-yz}~
dH, /" 109 & ()-"10% & ()-"10% & ()-"10%°& ()-)" 10%&()-6{ sScog( "t, /s
CO( ""10% & ()-"10% & ()-"10% & ()-["10% & ()-"10% & ()-:<aE/ & S CJ (
"0 10% & ()-g v -10% & ()- #&LO0%& ()- #&10% & ()-

#810%M& ()-"10% & ()-<LM\[\ _| sSW{

SO. 10% & ()-gO. 10% & ()-g00. 10% & () - gO. 10% & () - g00. 10% & () - gl mpX<Q

SV: 4109 & ()-yOV: 410% & () -yV: 410% &4ty 4L310% & ()- 0O 10% & () - gOsW
SV: 41098 & () - yV: 4109 & () - yOV: 410%& ()-yV: 4109 & () -yOV: 410% & () -y' dC{
SV:4  L1QYe#+& () - \ 1094#+& (

1006 #+& 0" 10. M ) i ystemn
SR AT AR N

S)?t U’ mmm/&#@@ﬂ EXW AD98-#3RY (ym BYXVE 1098 1k (M2 BXW LEsA#E- &) - BXW 10%6+-#+
& ()-Beftgh dCNa3=0.51, £3=2.281 mm, A3=785 nm, m3=-1/8.000, t3=1.2 mm

S) 2t U' XW 1096-#+&' () - BXW 100%#+8 () - BXW 1096-#+& () - BXW 1096-#+&' () - BXW 10%+#+
& () - BpFd({

S) 2t ) 2t U0 L008#4& () - BXW 10%+#+&' () - BXW 10%#+& () - BXW 10%#+& () - BXW 10%
+H#+& () - ojo >y
) 2t U' XW g? g £) - BAWITLOYr#-68' () - BXW 10(@5&%&' )-Igéw 10%4:#:+8& ms  1006-#+&
' () - BpF*} ‘i Dot () {B))?t|U" GRS 10%ie+& ( JYBVWKW 1096-#+& (Y- BXW 10p6e-#+& () - B
XW 10%6-#4+89) L BXW 1006-#+8 1 ) - BUIA XW 1005 1006-H-8" () - B) 2 LI X L0%UH#+8( ) - BX
W 109%6#+& QB vav 10%#%8' (1) - BXW 109%8%+&' () - B *1
+67: U9* XW T0%&U.B0%4-2+8000) |- B) BRI XABD0 %o-kt-B&424 | ByANCEBYak#aX32(4) DBV 1096+ +& (

) - BXW 10%6-#2+& () oB: £HS 008 U92XWALQIXBERR0Y6-#+&' () - B) 2t U] XW 10%6#+8& )*EXW 10%
HH+& () - BXW 10%Z+& (1. 08FW 108607+ &1 (oo Bcrrsludi KW Saeie\Vi1608e4-1&6( ) 1 B) 2t |U' XW

1096-#+& () -BXWAUK# 6’ foor [BIONGBOYOH+EI ) - BXW 1096-#+& () - BUI* XW 10YXW 1096-#+
& ()-B)?t 1095# m 5’0‘5- YRV d& ”ﬂ’ﬁSﬁ)) —BXW 109 H+& \)- BXW 1O%F#+ s’sdp‘ aA* X
V\'[]_OO Y 1U/CIIL Lo (\ "+pF AVAY // + _I'\\I\A‘llldr\ oot 4 DA\AA Wg_ h ()_ XW]_

09B-#+& () - %9 mﬁlochﬁg &%ﬁrg )- %ﬁm LRGP0 }#54% ?)- 5%32 oeE TR () - BXW 1

0%+#+&' ()= N 1002 Y2 BaA* XN .1 00N /11 Q9 H-+ & B)-24 LI YA, "CO/‘-H-'— €3 -BXW 1

0% #+& () - BXW 10443+ - OBXW%%#%«@Q -E#@@é@*%v@%%oh%@# é% - B+) Pt U' X
W 10%#+& (9 - BXNSE0%69+-080 () OBKIA 10063248 () - BXW 10%#+&' () - B alA* X\W 10%
XXW 10%+#+&0 ( Bao'>t JOXUSTEDD4#6E0 () 1 2ROV [1D9GRALR,| 1) STORW| 160543264, 3@)0 BXVY 10%#+

& ()-B[] k\M({ KW 109XW 10%#+&'(( ) - B+) 2t U' XW 10%+-#+&| () - BXW|10%+#+& () - BXW

10%#+& J.U% FF& () - B{UI* XW TOYXW 10%#+& () - B+) 2t U XW 10%+-#+& () - BX
W10%+#+& ) B - BXW 10%+#+&' () - BU9* XW 109XW 10%*+#+&' () - B+) ?t U' X
W10%+#+& ) B i%/ % % /g I% @W%ﬁ @#+& () - BU9* XW 109XW 10%
#+& () - % §!’ ‘é Yo#+&' () - BXW 10%+#+&' () - BU
D FXW 100 10% i () BXW 10%#+&' () - BXW 10%+#+&' () - BX
WlO%I-#+& RS - x) 1098 & () -

x) 109" & { x)l )&@r& 3%67100/& & ()- x'i!1109%" & ()-eGrx) 109" & () -

Aspheric surface coefficient of the 1st surface
The 1lst surface
K -9.9€6755E-01
Ad ~8.73298E-02

Aspheric surface coefficient of the 4th surface
| The 4th surface
| x -1.40789E+00
X | -6.57897E-03
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Aspherlc surface coefflc1ent
X 0 0 0 9.6672E+01
Ad 0 -1.2634E-04 | -2.303%E~03 1.0847E-03
A6 0 -1.4443E-03 3.1515E-03 | -2.2698E-04
AB 0 6.3328E-04 | -2.1791E-04 4.0064E-04
Al0 0 -6.8934E-05 | -5.9061E-05| -1.3815E-05
Diffraction order
nl/n2/n3 0/+1/0 | - [ +2/+1/+1 | +2/+1/+1
Production wavelength

AB 658 nm | - [ 390 nm [ 408 mnm

Optical path difference function coefficient
B2 4.7000E-03 0 -5.3000E-03| -5.2595E-03
B4 -5.5308E-04 0 5.6232E-04; -3.8500E-04
B6 -2.5919E-04 0 -7.7644E-04, -2.8980E-04
B8 -2.0155E-05 0 5.1093E-05 5.6214E-05
B10 2.0712E-07 0 1.4877E-05] -1.4307E-05

Aspheric surface coefficient of the 8th surface and the 9th

surface :
The 8th surface The 9th surface
K -6.6105E-01 -1.5745E+02
A4 1.143%E~02 1.05192E-01
Ab 2.5153E-03 -1.1661E-01
A8 8.3248BE-06 1.0617E-01
A10 2.9389%E-04 ~7.0962E-02
Al2 6.6343E-05 2.7343E-02
Al4 -4,2105E-05 -4 .3966E-03
Alé -3.6643E-0¢6
AlS 7.9754E-06
A20 -1,.223%E~06
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-&"109% & 13s&X light flux projected from a packaged multiple light

source unit in which the light-emitting point projecting the
laser light flux of wavelength A1, the light-emitting point

projecting the laser light flux of wavelength A2, and the
light-emitting point projecting the laser light £flux of
wavelength A3, are housed in a casing, is converted into an
almecst parallel light flux, and the objective optical system.
In the present example, at the recording/reproducing on
HD, the plastic lens whose refractive power is negative, 1is
moved by the actuator so that an interval between the plastic
lens whose refractive power is negative, and the plastic lens
whose refractive power is positive, which compose the
magnification adjusting optical unit, is 2.000 mm. Thereby,
in the parallel light flux of wavelength Al projected from
the packaged multiple light source unit, and converted into

the parallel light flux by the collimator lens, its light

flux diameter is enlarged by the magnification adjusting
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plastic lens whose refractive power is negative, is moved by
the actuator so that an interval between the plastic lens
whose refractive power is negative, and the plastic lens
whose refractive power is positive, which compose the
magnification adjusting optical unit, is 2.103 mm. Thereby,
in the parallel light flux of wavelength AZ projected from
the packaged multiple light source unit, and converted into
the parallel light flux by the collimator lens, its light
flux diameter is enlarged by the magnification adjusting
optical unit, and it is incident on the objective optical
system.

Further, at the recording/reproducing on CD, the
plastic lens whose refractive power is negative, is moved by
the actuator so that an interval between the plastic lens
whose refractive power is negative, and the plastic léns
whose refractive power is positive, which compose the
magnification adjusting optical unit, is €.320 mm. Thereby,
the parallel light flux of wavelength A3 projected from the

packaged multiple light source unit, and converted into the
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In Fig. 7, in the optical’ system of Example 1, a result

in which, at the time of the recording/reproducing on CD, the

coma generated when the objective optical system is shifted
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optical axis in timed relationship with the tracking drive of
the objective optical system, a good tracking characteristic

is obtained.
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light source unit.

2. The optical pickup apparatus of claim 1,
wherein the movable lens group comprises at least two
lens groups in which at least one lens group is driven by the

actuator along the optical axis.

3. The optical pickup apparatus of claim 2,
wherein the movable lens group comprises at least one

negative lens group and at least one positive lens group.

4. The optical pickup apparatus of claim 1,
wherein the packaged multiple light source unit

provides the second light source and the third light source.

5. The optical pickup apparatus of claim 1,
wherein the optical pickup apparatus records and/or
reproduces information on optical disks using light fluxes

with different wavelengths emitted by the packaged multiple
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the optical axis so as to correct a spherical aberration

caused by a thickness difference between the protective

layers.

6. The optical pickup apparatus of claim 1,

wherein the optical pickup apparatus records and/or
reproduces information on optical disks using light fluxes
with different wavelengths emitted by the packaged multipie
light source unit separately,

an Optical‘disk having a maximum information recording
density among the optical disks comprises a multilayer
structure in which optically transparent layers and
information recording surfaces are laminated alternately,

the movable lens group is driven by an actuator along
the optical axis so as.to correct a spherical aberration
which is occurred when a focus of the objective lens Jjumps
from i-th information recording surface to j-th information

recording surface, when a first information recocrding
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7. The optical pickup apparatus of claim 1,
wherein the objective optiéal system comprises at least
one plastic lens and
the movable lens group is driven by the actuator along
the optical axis so as to correct a spherical aberration
which comes from a refractive index variation or a refractive
index distribution resulting from an environmental

temperature change of a plastic lens in the.objective optical

system.

8. The optical pickup apparatus of claim 1,

wherein the movable lens group is driven by the
actuator along the optical axis so as to correct a spherical
aberration in the objective optical system which comes from a
wavelength difference between light fluxes having different
wavelengths respectively emitted by the packaged multipie'

light source unit.
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actuator along the optical axis so as to correct a spherical
aberration which comes from a chromatic aberration of the
objective optical system

in case that a light flux have the smallest wavelength
among light fluxes with different wavelengths emitted by the
packaged multiple light source unit separately and the
smallest wavelength of the light flux changes in a range of

+10 nm.

10. The optical pickup apparatus of claim 1,
wherein the movable lens group is further driven toc be
shifted in a perpendicular direction to the optical axis

and/or to be tilted against the optical axis by the actuator.

11. The optical pickup apparatus of claim 1, wherein the
movable lens group is driven to be shifted in a perpendicular
direction to the optical axis and/or to be tilted against the
optical axis by the actuator so as to reduce a comatic

aberration caused by tracking the cbjective optical system.
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12, The optical pickup apparatus of claim 10, wherein the
movable lens group is driven to shift and/or tilt by the
actuator so as to reduce a comatic aberration resulting from

a tilt of the optical disk.

13. The optical pickup apparatus of claim 10, wherein the
movable lens group is driven to be shifted to perpendicularly
to the optical axis and/or to be tilted against the optical
axis by the actuator in order to track an optical disk

rotation.

14. The optical information recording and reproducing

apparatus comprising the optical pickup apparatus of claim 1.




