e3deinfzZZ[ ,gR~jf+6Tnr; a 1 OPTI CAL PI CK- UP SYSTEM
CPTICAL Pl CK- UP DEVI CE, AND OPTI CAL | NFORVMATI ON RECORDI NG ANDY OR
REPRODUCI NG APPARATUS RELATED APPLI CATION This application is based on
pat ent application No. 2003-340305 filed in Japan, the entire content of
which is hereby incorporated by reference. BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present i nvehtion relates to an optical pick-up
system optical pick-up device, and optical information recording and/or
reproduci ng apparatus. 2. Description of the Related Art Recently, DVD
(Digital Versatile Disc) which is rapidly spreading as an optical recording
medi um such as an imge information, is, when a red sem conductor |aser of
wavel engt h 2 650 nm and an objective optical system whose nuneri cal
aperture (NA) is 0.65 are used, the information of 4.7 GB per one surface
can be recorded, however, for a purpose in which higher density information
is recorded/ reproduced at a high transfer rate, a request for further high
densification and | arge increase of the capacity, is increasing. In order
to attain the high densification and further increase of the density of the
optical disk, it is sufficient when a dianeter of a spot |ight-converged by
the objective optical systemis reduced, as well-known, and for the purpose
of it, a reduction of wavelength of a laser |ight source or an increase of
nunerical aperture is necessary. Relating to the reduction of wavel ength of
the |l aser light source, ‘a blue violet sem conductor |aser or a blue violet
SHG | aser is putting in practical use, and by a conbi nation of these bl ue
violet laser light sources and an objective optical systemof NA 0.65, for
the 12 cmab@f@z&ﬁrpﬂgﬂﬁﬁ' fisl, t?ﬁrt&ﬁﬂrﬁﬁ&kﬂﬂpoﬁﬂhéﬂt ARpCGBpeaeahe

recorded per one surface FEFEIH ter, in the present specification, the

optlcal di sk U, y named as
"hi gh density opti %#gﬁiﬂ\e%er, c}%g}tﬁp |W€%se of NA of
t he objective optical system a standard of the optlcal di sk by 3 whi ch
a light flux fromthe blue violet |aser Iight source is |ight-converged by
the objective optical systemof NA 0.85 and a recording/reproducing
(recordi ng and/ or reproduci ng) RELATERE ARPELFATLON i s conducted, is
proposed, and in the optical disk of this standard, the recordlng of about
23 @B per onesﬁhisu&pp&&nimﬁ@mnﬂmcbedeﬁoontpeteptiapplﬁtakioh Bodi anet er
of 12 cm Hereupon, in the high density optical disk using the objective
optical systernsofit €i8564 bgcadpent heheosntgenetahednguert @hdcdkew of the
optical disk is increased, it is designed so that a protective |ayer is
thinner thap.jn gng§§5095tg@tb§0r;fggbhgeo 6 nmmin DVD), and the coma to
the skew 1s decreased. However; only by a saying that the
recordi ng/ reproduci ng of the i nfor mation can be adequat el y conducted for
such a high density optical disk, it can not be said that a value as a
product of the optical dISk u a present tine, when
it is based on the actuall?ﬁ #ﬁé&ﬁEbdog EEE kﬁghggéamtxsk) in which various
information is recorded is sold, it is not sufficient by only a case where
the recorHi nGleePro8uthAgIBFERREONNf or mati on can be conducted for the high
density optical disk, but, for exanple, a fact that the
recording/reprdﬂm@ip@p$¢nthbnvention relates to an optical pick-up

system, optical pick-~up device, and optical information
recording and/or reproducing apparatus.
2. Description of the Related Art

Recently, DVD (Digital Versatile Disc) which is rapidly
spreading as an optical recording medium such as an image

information, is, when a red semiconductor laser of wavelength



9 information can be adequately conducted in the sane manner al so for DVD
or CD'owned by the user, leads to an increase of a value of goods as an
optical disk player for the high density optical disk. Fromsuch a
background, it is required for an optical pick-up device nmounted in the
optical disk player for the high density optical disk, that, while it keeps
a conpatibility also for any one of DVDrand CD, it has a performance by
whi ch the recordi ng/reproduci ng can be adequately conducted. As a nethod by
which, while it has a conpatibility also for any one of DVD and CD, the
recordi ng/ reproduci ng can be adequately conducted, a nethod by which
optical parts for the high density optical disk and optical parts for DVD
or CD, ar electiye i c ngi h ordi : sity of the
g ShEChiaely SuaLobed. coL 28RNl 0k NaRbEEORdag sgens] |y

opti cal r ntofmatron 1s reécorded/ reproduce can be

consi dered, however ecause lurality optical parts ar ecessary, it
i's disadﬁﬁﬁ?ﬁﬁ%ﬁ%s($%f tfe s?geg?%dﬁﬁ?éon?ggngn%BFFﬁgF?nCS?tgrg %%cpggsed.
Accordingly, in order to intend that the structure of the optical  pick-up
devi ce i kg nphTfaedl, candee heeedsders PeUEERE; §P§oaiHHFHQSSpPPC§plﬁ%ck-up
device having the compatibility, it is preferable that the optical parts
for 5 highdi ghedensit inbpriehioni $& aadordeddpereadugact $tf ér hDYD or CD
are commonly used with each other, and the nunber of optical parts
structurithgaitdecoptital i ckqupstefbeefiusteer raghddenstitie catonost anand it
can be said that it is nost preferable that the objective optical systemis
used in copO Whih-g86ho 0t PRE. cAbseity,the Qﬁbeebsmgpptmabraastem havi ng
the conpatibility to a plurality of kinds of optical disks whose recording
density | €L ILCLROU,FOT SLAC: E2BIORoRNEha! kLl enedyantagaaus Jiokrkne mss

production, 1t iS preter plastic lens Is used. However, because

the plastic |l ens has characteristic that _a_t L. r ange,.
refractiv%??%ﬁ€¥ ?g BﬁﬁD§P£ﬁcﬁ?agé§kra%ge%stﬁgﬁ%gﬁégkgf%gggl%s?l%%ﬁgg%in

t he objective optical sgsten1including the plastic Ien%“ %ﬁe gpherical
aberrati offia eRahgbdIhbrroRrREIEReLY eliBEr APUPETLNENGRE 1E8EdaFYE i < Schange
amount of the spherical aberration is proportional to ~/NA9, in the

obj ecti veregucedl sysveilrhkepuwdingnd phasthé PEA®OR&VICAg ithe conpatibility
to a plurality of kinds of optical disks, a change of the spherical

aberr ati oneflatt bunngft hevedangrht ufeachasge whghtt Beureeorcd @y r epr oduci ng
of the information is conducted on the high density DVD, becones a problem

6 The presgptehB¥eptonuREBRESESabBetapti eal npicelssupydevi ce for the high
density optical disk provided with the objective optical system having the

li ght source anﬁefatiﬁg%oeﬁePkeéﬁEEibﬁnéf aBdet BageRt beakhai glsup device
provided with a 2 group-conposition beam expander optical system as an

aberration,correction optical syste | i our. t he
objectivefﬁ%E#CSPugggfe k%@?eyx %eggggﬁﬁgﬁﬁghﬁgﬁﬁ %ng%kﬁﬁf%wga%e
2002-82280}. According to the og%tcal. ick-uE.dgﬁice di?ﬁ%? ed i n Patent
Docurent {1°48§phdri LaPeAberfr REFGA"8haRgE §EMe At ed P j &ctive
optical systemfollow ng the tenperature change, can be corrected when the
| ens int eFOBPiBRtLAR BEatheRpakdBe Fpeileal laystehiiodtc BOAVGESS RISt ed.
However, in this optical pick-up device, because a spherical aberration

det ect i ngohpansifer ogetieeli nygstha sphdAi falbdSabérrathen lehany el ighates
objective optical systemfollow ng the tenperature change when the

recor di ngbpepeaduat Bg, i sheondfetredtannt be hibghtdansiGBy capt ibealredicsidedan
actuator for changeably adjusting the lens interval of the beam expander
optical systepheagdraaeant [akrelihatikrf Ok nConer piddsRatt e ddtivaitdion,
corresponding to the detection result of the spherical aberration detecting
neans arecRgceseatyy Higkenksng RRaPLIMLSYIRIAL 2B JNCNARAR. Podn id 7
production cos y the increase of the nunber of parts of the optical

pi ck-up device n increase Qf .the size_ of 1 cal -up device, and an

i ncrease 8?“?ﬁ§l§3nﬁﬁ8§§tﬁsof B&ﬁg‘ Spteeay 8?’?1%?%% 3@&?{?’ SUMMARY OF THE

| NVENTI ON An object of the_present inventjon is to prgvb%g %n pti cal

pi ck-up system FRERAREN ER&E2EBBYetBedcPtBBILPFE6PERS Car EocGisitdér ed, and an
optical pick-up system by which, while keeping the conpatibility, the

i nfor mat i ohieatiive apsduatepystedor deGrrdfesduddd ther Bt HigkP%uch as
the high density optical disk and DVD, in which a wavel ength of the |aser
light source is different, or for a plurality of kinds of optical disks
such as the high density optical disk, DVD, and CD, and which is
appropriate for the size reduction, weight reduction, cost reduction, and
the sinplification of the structure, and a sinple structure optical pick-up
system provided with an aberration correction optical system by which the

)



9 aberration to a tenperature change of the objective optical system when
the first light flux passes through the objective optical systemfor
“recording or reproducing information onto or fromthe first optical disk,
satisfies the follow ng expression (1); and an aberration correction
optical system having at |east two | ens_groups, and being arranged in an
optical path between the first |ight sodirce and the obj ective opti cal
system wherein the aberration correction optical systemhas a plastic |ens
having a positive paraxial refractive power and a glass lens. OSA/OT > 0
(1) Further, the above object of the present invention is attained by an
optical pick-up device provided with the above optical pick-up system
Further, hihebover g epty ol el 8 PResgilic gYenLionabs,ai tahnedoRycanis
optical information’record ng and/ofr reproducing apparatuS in which the
above optjcal, pick-up device is unted. According to. the present
inventicn%léh)“??Ry ??%é?ycﬁ%?sggﬁ%ﬁtégetﬂ@gﬁFﬁﬂ agﬁg??yogpﬁgcgrséisk in
whi ch the wavel ength of the laser light source is different, and DVD, _or
for a pl i3 Teford Hed/ RPERRTEHENT di ERECEHERIadNEABT hF§RTCIYE188AsPEY
optical disk, DVD, and CD, an optical pick-up systemin which, while
keepi ng tthee corbatntion yis tbendudoednt ionpcancbedadagdatisl $he optical
recor ded/ reproduced, and which is appropriate for the size reduction,

wei ght r edluck i @b, tleDst st @it d pnthandesopplingi cét abouodf 28h8Bspeuctuee, and
a sinple structure optical pick-up systemprovided with an aberration
correcti af,; opid&atasyisd esdiyudbeghrof othewspgithe en¥kr egmantakmbeaper at ure
change when the recordi ng/reproducing of the information is conducted on
the high densjty optical disk, the spherical aberration generated in the
obj ective optical systemincluding a plastic |ens can be corrected, can be
obt ai ned. Further, optical_npi,.ck-up deyices.in i t L L.ca i ck-up
systens are rniﬁ%éﬁfﬁéﬂki%ﬂfﬁﬂﬁi%%ﬁhi%?%?ﬁ% iom@%ég%rgfﬁg gg%#grkhg
reproduci ng, apparatus in which this Oﬁtigal pi ck-up devjce is nounted, are
obt ai ned.oFhect hventPohcat seY$teoght Her “wPeh PEFEHEF 5BFeCP®2and att endant
advant ages, w |l best be understood bg reference to the follow ng detailed
descri pt i @eneakead | dueohp ugatkon oft AheherhéeshpaafkngsSdiamragssd. 111

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a nain part plan view showi ng a
structureiofdesigpdcad phak-appdeveceivEi gsye2(ay tbifey &henviiews
showi ng a structure of an objective optical system Figs. 3(a) to 3(c) are
vi ews shoywsg a@rsbvnciore mh 88 abermat ianpvonr eahtonhel esrat toFithe 4 is a
main part plan view showing a structure of an optical pick-up device. Fig.

Sis amip.part glap.yiew showing a structure of an optical pick-up
device. FIg. 6 is a main part plan view show ng a structure of an optical

pi ck-up devi ce. . Fi i in_p : | e how ng a structure of an
optical pi ck-upHCEe%‘fec%’. %ll%{r%’i% %&rﬁﬁ%ag%%{% %ﬁ‘%n vi ew show ng a structure

of an optical deyi ce. n vieM/shogﬁng a

| ck-u Fig. s mai n.part pl
structurer%?oﬁﬁlB%{F%% © ?Ekgﬂpoge938e?ngP§mafégPsCﬁgnﬁﬁnag&ﬂPaEF Vi ew
showi ng a structure of an optical pick-up device. Fig. 11 is a main part
pl an vi enwrer@WFhedafe¥reeelure BigRndBpEiLEH OprdR2dpidelrcét camngitgbeln js
a main part plan view showing a structure of an optical pick-up device.
Fig. 13 isaddgthph shvasing ascaerpectiioh pésthe obtacephdiiskablabenr asi on by
a thickness change of a protective layer of a high density optical disk.
Fig. 14 isuafgcaphtsham ng pressntectime, relsethtiofia sphedi cal thberrati on by
a change of wavelength ~1. Fig. 15 is a nmain part plan view show ng a
Structureaééuéni@gFtﬁét pvskoppcgeyteRpabkgpidh)i snawriew showong a
structure of an objective optical system In the follow ng description,

i k t i i ke; : !
S, SR P S S ST Lieeieian, Ly

a case where the recording/reproducing of the information can

be conducted for the high density optical disk, but, for

example, a fact that the recording/reproducing cf the



According to the first node of the present invention, it is an optical

pi ck-up systemconprising a first light source for projecting a first |ight
fl.ux having a wavel ength of not nore than 450 nm and a second |ight source
for projecting a second light flux having a wavel ength within a range of
630 nmto 680 nm 13 The optical pick-up systemfurther conprises an

obj ective optical systemfor convergingdthe first light flux projected from
the first light source on an information recording surface of a first
optical disk which having a first recording density, and for converging a
second light flux projected fromthe second |ight source on an information
recording surface of a second optical disk having a second recording
density which is different fromth irs e ik S| j ective
opt cal yaRmRAon, ity e L] ShatfiElrd ] BEETbYe A2nlR
refractive power, wherein a ratio OSA/OT of a c ange of a sEherica
aberrati 9D 0% JHPRraF PR LHRFGELBf LEReUBBT ect PEESopPi ¢RI TEGSEARFWAEN t he
first light flux passes through the objective optical systemfor recording
or reproduciaiié orIeed nzdntsd @pt1¢@i1@hékfplgveépfpéathai@kghsatisfies
the follow ng expression (1). ~SA/~T > 0 (1) The optical pick-up system
still furddresitconprtsesl adisber rEatdmrswor redtachyopindal 1yt epediavFeg at

| east two | ens groups, and being arranged in an optical path between the
first |i gdr sourest aedl t pecebhpciévecaphbantedyshetghewbptetal disk4 the
aberration correction optical systemhas a plastic |l ens having a positive
par axi al ﬂﬁg@ftfc\/g M%%ic?ﬂ%énﬂ@?so ensz1! Bikhe ease, Whetgeaipl astic

| ens whose paraxial refraciive power (hereinafter, S|npfy referred as
refractive power) i itiv I r g i he -a rat.KxOR~COE Lecti.on
opti cal QV% e%1am%%ﬁpgﬁéb%%ﬁ%%r%?ﬁgefgg ?ﬂg gg%igglngcéﬁgpegységnﬁ%g

ri sen, because_the refractive power of this plastic.lens is_|owered, the
divergingid%@?%%?%@ngsn%YgV%é?ﬁrggeoFeFﬁEdegﬁFEPFBQUFﬁBSdEﬁP gﬁ t he
objective optical systemis reduced. This corresponds to a decrease of the
magni f i cadetuatelhecobfeetede optical system and by this nagnification
change, in the objective optical system the spherical aberration changes
to the under cds extmevhadiregtwiohch Fuvhbde, itnheaheaobpepetieiopticalssystem
having a plastic | ens whose refractive power is positive, generally, when

t he tenpefat Uiy obné hef opvDcahdpCDk- uhesystemdiagy repnpodubéngpheni oal
aberration changes to the over correction direction as in the expression

(1) (hereipaftgfe1it chadhiefes! ed hetBoahanganeknt Bptspher peak saBerr ahieon of
t he objective optical systen1fo||omnng t he tenperature change as the

L enper at y &t NALACt e 8bLedar TREELNantNBRLERE.T BLERE! k¥e POWeR 0L he

pl astic I'enS i h the Aberration correctio optic systemis adequately

15 set, it becones, possible, that the spherical aberration changi : t he
over cor rRET| SRLBTFLEELbn=By L EREY] HPFRBHER SR "Fonbr! A6 Or TaEr Sertitpover
of the plastic lens in_the objective optical system, and the spheri cal
aberrat i ot cHBRGPRELERLt AaStinGeF WBLFBCEPSN 1BLPEREESR DY St he magni fi cati on
change of the objective optical systemfollow ng the | owering of the
refracti vee¢oderdorephedpradt i eéahehs cansheéeaber r AoWeeEor PEEEIRER dpti cal
system are cancelled out each other. Thereby, because it is not necessary
t hat, folpbwragithecfeapeiablirpachangeewhegesherryecatdiing/ repr oduci ng of
the high density optical disk is conducted, at |east one lens in a
pluralityipfabensesqgeonst byt thg thecabennatiion,cansecuiroheept coak st em
is noved by an actuator and the tenperature characteristic of the objective
optical systemyksqcorrected, the structure of the conpatible type optical
pi ck-up device can be sinplified. However, because the refractive power of
the plastic le ' erratj orrecti opt.Lcal sy ' npguel y
determ ned depgﬁﬁ+ﬁﬁégﬁgﬁﬁé {gn%gggfu?é ghggggtg%?gt%%éo$£?ﬁgkgggeggive
optical system when the aberration correction,optical stem_is.structured
by only p %%t?Bt?Eﬂgeg}ckﬁﬁpdgayégeoﬂsfFé@&&ﬁ&ﬁg 'dgpgr%¥ﬁiﬁathésparaxial
anount of the 16 aberration correction optical, systenlsucggas a focal
di st ance, rpaekefocadsCahB REENPPFEERIOR1ICKS UPnEGFAFE SRV E6nt rast to
this, in the invention of item 1, because the refractive power of a glass
| ens, whictmpatabiahgegd ih thepabéerabilentbetr &bei ontageilcRRrrSystfe®m and
which is not affected by the influence of the tenperature change, can be
freely selected, it can correspond to various specifications of the
aberration correction optical system Hereupon, in the present
specification, a sign of a change rate ~SA/~T of the spherical aberration
of the objective optical systemis defined as positive, when the spherical
aberration changes to over correction direction, and defined as negati ve,

o .



Y 19 glass lens of the aberration correction optical system has a negative
paraxial refractive power, and wherein the aberration correction optical
systemis a beam expander optical system which changes a dianeter of the
first light flux. According to this, because, even when the tenperature
change occurs between the coupling optical system and the beam expander
optical system the divergent degree of5the light flux can be nade
constant, even when one pair of optical elenents structuring a beam shapi ng
prismare arranged, it can be nmade so that the astigmatismis not

generated. Wen the dianmeter of incident beamis increased, a path between
the light source and the beam expander optical system can be nmade conpact.

Her eupon,_.i n the beam expander optical syst other _th par ich
increase§ﬂF%éh%£E. ko (o e??tbgigr?lﬁkiﬁﬁargg%cggg%ﬁgibégﬁgaigﬁ%t??? i's

al so included. According to the third node of_ the grgsegt in%gntio , In the
optical PECRPELSSTIHGRLYtepefnvikl SREBNETHBHE, *PH FESpPEFRFALPE t hat

t he beam expander optical systemis arranged in a conmon optical path of
the firstoptiignl fpaxtandtrheteeitoadtheghptirax. pick-gP AE¥SF&I A§ to this,
the tenperature characteristic also for DVD using the second |light flux can
be correclesdredswd heo, thbeatmbst cashdone tensbensaigl ohaki iy ¢k mesges
structuring the beam expander optical systemis made novabl e by the

act uat or , p ROte PR Ye OPhiPethe OBbglensity eptieal dijskembtit aksa when the
recordi ng/ reproducing is conducted on DVD, the spherical aberration can be

correct ed.,As. CAUSES 8£cHGQFE§£l°n of the spherical aberration, for
exanpl e, fhere are the wave ength fluctuation by the production error of

t he bl ue violet, sem conductgr.laser or_re em u a used for the
li ght source, f%gi% T%n%h%eq%%%%§+%§e?%£%?a?h%§%?%g %%QEH% ot
recordi ng/ ~eproduci ng for the_mnul l-laggrgd gisk such . as 4-La¥$r %jsk, and
t hi cknessCPTRREUAE 1 bRY oF Ot i RkHB&LHY sPEi BfFSn Oy OPhé Chrobu ST ol e For of
the protective |layer of the optical disk. According to the fourth node of
the presenecondengi @ansihyt he eptfearnpi ckoupthpsteashpi thed i tfe second
node, it is preferable that the optical pick-up systemfurther conprises a
beam conbadesntegebeadfng aheoptEsaprpdtbtobnt hétf isspreifghebflieuthatd aan
optical path of the second light flux into a conmon optical path, and
wherein theasoupl 1Bgs0pki GakdSyiemevéhe 9 asssé etise i plikeibehansxpander
optical system the beam conbiner, the plastic lens in the beam expander

21 optical systePteandcibecrpbiegt LuRLERLEGRE SHShe® Bt rakr akged ddl vehat
order fromthe first |ight source side. Accordingto this, because a

o 2ot | g0k LNE RE PRt 9BLLEg) LAY ko nyd e commen oot

path o I'rs ux-an € secon when the objéctive optica

system has, the tenperature,characteristic.in, whi t he _spheri.cal aberration
" changes t bPEnh8POTEFL¥Gr PRELFBA dFF 8Pi6Hc#8E98ﬂi%getﬁzafgﬁﬁéﬁfPﬁﬂequ%e at

the time of the recording/reproducing on DVD, the tenperature

char act er FBReEIGR1t REeEFRELON LReChaRERE AGLLENIBGUEDRg tEAPOVBLYS4An al so be
corrected. Further, when it is structured such that the plastic | ens serves
al so as thkaungepl iBeciess opis cahanystaneinbref pietesabeyicihe col | i mator
optical system of the second light flux, the nunber of parts can be

reduced. EHetbhgtiowhes ptobsretbHaturedaguah, thattihdecplasticel epsiean be
noved by the actuator, not only for the high density optical disk, but also

at the tipe_of th r.di ngi3 ugi ; §D*thteh% S g%r-ib&ql-tgp%rg ation
can be co?yggF@d}g @@%?Bgna gggﬁggfﬁF?% k%&ég f the 6}g§eﬂt v ntion,
plurality of kinds of optical disks, a change of the
spherical aberration following the temperature change when

the recording/reproducing of the information is conducted on

the high density DVD, becomes a problem,



in the optical pick-up systemwitten in the second node, it is preferable
that the optical pick-up systemfurther conprises a beam conbiner for

| eadi ng an optical path of the 22 first light flux and an optical path of
the second light flux into a comon optical path, and wherein the coupling
optical system the plastic |lens of the beam expander optical system the
beam conbi ner, the glass lens in the be6n1expander optical system and the
obj ective optical systemare arranged in that order fromthe first |ight
source side. According to this, because the plastic lens-in the beam
expander optical systemis in the exclusive use optical path of the first
light flux, the existence of the beam expander optical system does not

i nfluence on t te erature ch te h

recording/repro I%g ?d?t[iﬂyu5|ﬁ% #éﬁé%%%ndh% g%%igg Igl%\ccoPdlngly, by
considering only_a case where the, tenperature characteri,stic e tinme of
recordlnd??%%ﬁ%dﬁ%?n@h?o?lghedﬁP@htHe BF%?aéngE Ipanﬁdﬁglﬂé%kh%gﬁlrst
light flux, is corrected, the refractive power of the plastic |ens can be
detern1ne@bjﬂé%bV@l%@t%@a%h%Y%FﬁmhhﬁﬁH@gogh?hélﬁhéséﬁFrFﬁvéﬁgl6ﬁ legsthe
optical pick-up systemwitten in the second node, it is preferable that

t he bean1@m©amha$tb@tlea$,sysdehhésoptiaagegith—upedexébasPVQVééédopticaI
path of the first light flux. According to this, because the plastic |ens
i n the beamiexpandgro@pticabosysiem bsannekpendxel uptvealseyspecals pat h
23 of the first light flux, the existence of the beam expander opti cal

systen1d0£§e995t1@£|e§995ceﬂoﬁh §a§§raggtsmcﬁataebﬁrtﬁblqlghtt@@u&b@e of
the recording/reproducing f u5|ng he second |ight flux. Accordingly,

by consi deg g, on Ejé‘cE%go f}gea}g g LemRenALyLe EHOLAELAL! Shlctnahct e [ e

recor ng/repro CI' ng ensity optica sk using the first
Ilght flu S, cQrre efractlve power of the plastic lens in the
bean1expéﬁﬁ%k ahp ?caﬁbggéﬁéggggn be determ ned. According to the 7th node
of the present invention, in the optical pick-up systemwitten in any one
of the second t%F%@&@hn%DH%sth¢tOP%l%@%f%%%BTBPtﬂ%YlFﬁedESGEPFﬁQ 6pti cal
system has at | east one plastic | ens whose paraxial refractive power is
posi ti ve. PAtent dPagunenthils, abyrhsihgalhabposktive phasoec Jeassated Ha
coupling optical system the tenperature characteristic can be corrected in
t he opticehesystieatinel ugbbgalhsgstempfobfoephigcahesyshemraByrtehi s, because
the positive refractive power necessary for correction can be distributed

to the beagpngyeander bt Leakesystieghandchbeleaeplinggrepli @ tsystemm t he
degree of freedom of [ens design of the beam expander optical system can be

| ncreased, pandér /G eaggﬂgsgetéﬁel§teh es 21 taeja%%gant invention, in the
opti cal plc -up sys emwitten In the 8 ng in at |east 2 kinds
of optical dis whose recordi ng densities e different ach ot her,

t he opti cal dlgi ORRAY Gt chi't &t T oY T Ay %%8? r%%?gagc.bgcgggg g
information is, conducted by the first light flux s defined as the first
opti cal dFEReréﬁﬂltﬁEeéﬁﬁFgQP drERCERPEh EﬁthgoFe€8F8 g EndFS
reproduci ng of the information is conducted bé t he second l'%ht flux, is
defined asPhmeicatonbiesperéan ahargei pfi sher ebdeabiast RRELCR IndgifitMat i on
m of the objective optical systemfor the first light flux when the first
i ght fl ukopassirgt hheughmpheabbrecthurgepwheal tigst em for recordi ng or
reproduci ng information onto or fromthe first optical disk, and a

magni f i catbeBrakngf rebecabreati ve ephicakesyshefhitohiphe dceeeand | i ght fl ux
when the second light flux passes through the objective optical systemfor

record'ngoﬁflE§Er8§§ﬁ'ngn'QEEEH@B&O@OQnEBaQQeng§‘hﬂ%u%%@@@dﬂw@ﬂﬂéﬂs di sk,
are approxi mately same, and Abbe's nunber v~ of the glass

interval of the beam expander optical system, and a control
circuit for controlling this actuator corresponding to the

detection result of the spherical aberration detecting means

are necessary, there is a problem such as an increase of the



| ens whose paraxial refractive power is negative, in the beam expander
optical system and Abbe's nunber vdP of the plastic | ens whose paraxi al
refractive power is positive, in the beam 25 expander optical system
satisfy the followi ng expression (2) . udP ~ udN ( 2 ) Wen the beam
expander optical systemis designed for_the first light flux, by the

i nfl uence of chromatic aberration generated due to that the refractive
index is different in the first light flux and the second light flux, in
the second light flux, a parallel light flux is not projected, and when the
di sk is changed fromthe high density optical disk to DVD, it is necessary
that at least one lens in a plurality of |enses structuring the beam
expander optical. system:i ved, actu r af -t cqnrd, | Lght
flux is ﬁlg?%uc?atel %sc? te %\éra ?elrr?#ég%%fﬁg%xeﬁ crég{ralalggg 3f/ B§§§|§n8?h5h%i ght h
node, when the negative glass |ens and positiv astic lens_are selected
so that Ae@hdiferRrieTies 13 %&%F%%%?oﬂﬁ(g#? ﬁﬁaemﬂgnOPﬁécéﬁronatic
aberration between the first light flux and the second |light flux is

achr omat iAetk—uR tHROGECey |3MS 3 HRIPREF eXphhRHeFOBPLEEAFYsSt BRitbei ng
noved by the actuator, the second light flux can be projected as the

paral | el dpigihtal gnidcla-gondeolcé act or when the recording or reproducing is
conducted on DVD, can be reduced by one. 26 According to the ninth node
of the present invention, in the optical pick-up systemwitten in the
first node, it is preferable that the aberration correction optical system

is a coupling optical systegmnwssgyVios Gk Witdendo i rst [ight flux having

a divergent angle enters onto the coupling optical system the coupling
optical systemgm t.s: i ght i.nQ: i e Lch.is smaller
than the inci dezﬁ} ka%g%ﬂf uxtﬁo% t'he I?QS%EY‘?%‘%?&?|£§<@§8%§?Q§?%§ ?J& this,
because, to the coupling optical.system by whigch the dive nt _apgl e of the
di ver gentOR T Lt (PLSCEYR) Skt bt A PReP b IE GPGYET SRt eORAUBFBPLFLSer as
the first light source is converted snall and guided to the objectjv

opti cal s@%@é@@n%ﬁ¢%ﬁ@@ioﬁn%fa@h%P%bﬁﬁiaPiﬁh‘HBr?&EF?@anpWP&Qh'sV§FEﬁ1for
correcting the tenperature characteristic of the objective optical system
can be gikesping fhe advmptbbedblstyorthteinédupeidanotanhbenapsaraselyart s,
cost reduction and size reduction, of the optical pick-up device. According
to the temsdormed/ péptbéupedsent opvibnklodiskn shehopsi the pigk- up system
witten in the ninth node, it is preferable that the coupling optical
system i sy & angesht Nc 2l COMERNaR@t bea] pat neknt hewhivestnbighbef kuxe and the
second |ight flux. 27 According to this, because the plastic lens in the
coupling ica t 1 S.1 Nt hes opt.i a ; ier $t laisght
flux and %%%ége%% délgg%%é?lgi,ggﬁgﬁggﬁg'og}eg?kvg %g??%éﬁhgyEFeﬁﬁﬁgg t he
tenperaturge characteristic in which the.spherical_ a tathon.ghan to the
over corr@ t?%ﬁﬁ%ﬁie%%?%% ?%??oﬁfngh?hglggngngﬁuyeggﬁégggtB%%Q’t%ﬁ@'of t he
recordi ng/ reproduci ng of DVD, the tenPerat re cgaracteristic at the time of
the recordhhFP e odutihghfbf FREFCRATaFSotBE EBPr 8CEEITCBUFERBF, when it
is structured such that the lens constituting the coupling optical system
can be noveloly reduacioni ofosthecdphetPeal 2BBefhat FéRPéAR1FaTEOFr 8¢t ed at
the tinme of the recording/reproducing not only for the high density opti cal
di sk, buttle sotfoctDvd, #cdoadsigrle sheudttihenogéichlt becprepenstystem
invention, in the optical pick-up systemwitten in the ninth node, it is
pr ef er abl gréhaded hei ORpt A6 ahbot &t Upnsystesctiubhheptioanr ksesea bgam

conbi ner for |leading an optical path of the first light flux and an optical

path of tfe: second §h9bti &L uXahotpadi SAMPRANGR! yeakrA@kh, iwherei n the gl ass
|l ens in the coupling optical system the beam conbiner, the plastic lens in

t he coupl ] i t ' ive Lcal te F nged
R R R R S P i S
because the plastic lens in_the coupling, optical system,is in_the c n
optioal pah T HHTER R | FURRe R HRE P E e s RS L EghPEPFIR S SaRen  he
obj ective optical system has the tenperature charactenisiic,i whi ch_t he
spheri cal TafR 728 6P ERARGRY £OTt RS obePhcHRPELtYoRPELFELt AdRXr oFRBWPRY t he
tenperature rise at the tinme of the recording/reproducing of DVD, the

t enper at uteredztedteithont ahet hensi kptorvehe Pécér@ﬂﬁéﬁ&éﬁyoﬁécﬂﬁﬁsﬁér

DVD, can also be corrected. Further, when it is structured such that the
plastic lens serves also for the coupling optical system (nore preferably,
collimator lens) of the second |ight flux, the nunber of parts can be
reduced. Further, when the plastic lens is structured so that it can be
noved by the actuator, the spherical aberration can be corrected at the
time of the recording/reproducing not only for the high density optical

o o N N 2 M A P~ 1 T



30 According to the 13th node of the present invention, in the optical

pi ck-Up systemwitten in the ninth node, it is preferable that the
cqupling optical systemis arranged in an exclusive use optical path of the
first light flux. According to this, because the plastic lens in the
coupling optical system is in the exclusive use optical path of the first
light flux, the existence of the coupliﬁg optical system does not influence
on the tenperature characteristic at the tine of the recording/reproducing
for DVD using the second light flux. Accordingly, by considering only a
case where the tenperature characteristic at the tine of the
recordi ng/ reproducing for the high density optical disk using the first
light fl j t : r i r .af e St in the
coupl i ng SoTESTEREE: e SREL LR ER LR B0 a8, shRgP R BB BR® e of
the present_jnvention, in the ogticalbﬁick-ug ?é temwitten in the tenth
mode, whe™Pther bptY TaF™ dPEK P or "ARPERP L Ke2PdB8FGPng and/ or reproduci ng of
the information is conducted by the first light flux is defined as.the
first optical FwKEhed & Fepkhernerdebdechppf chltedPEREEMROSBVFBESPEI ng
densities are different fromeach other, and the optical disk for which the
recor di ngiante opreepiedaci agt bfal hpitchfopndevoaei aovdkgdcwatihbyhere 31
second light flux is defined as the second optical disk, it is preferable
that, a magnidatapion-op sfstbespbprdt ameoppticedl iasystraatfon treeofidisy
light flux when the first light flux passes through the objective optical
system f ofnd £6Or i PBoQLcE 8P 8FPEFABUE NhBLAREHOR @At 8hek bpeArkhe pliickst
optical disk, and a magnification n2 of the objective optical systemfor

t he seco lgght £l ux when the second light flux passes through the

obj ective ptlca? system for recording or reproducing information onto or

fromthe second,optical ,di sk, are.approxinat .Sa repp. gl ass

|l ens in the COSET %% %%?i g?égy%?%%gﬁ%sagen%gg¥%§8gggyggﬁa§b?é%?gctive
power, and, wherein Abbe's nunber vdN of the glass | ens whose paraxi al
refracti vRiIpbwar F¥SheBafPPRTLAIEHE coupling optical system and Abbe's
nunber vdP of the plastic |ens whose paraxial refractive power is positive
in the coupling obtiehl 1yt enpusati 50y pPrHeieetiodi Agfékpreddpbh £2)% vdP ~
vdN When the coupling optical systemis designed for the first light flux,
by the infituwengeaokatadenbthmati codbmorat tbangdnér amred due to a case where
the refractive index is different in the first light flux and the second
light flux, thes pseabhel 1iygbt sbsroet fpropectedringdanberohbeldighk 32
is changed fromthe high density optical disk to DVD, it is necessary that

the lens f?@ﬁtﬁwihggattagvg%m;itﬂgw@l%&ﬁag SUSGRMAIES sov eeh kY, tla® agt;uator,
and the second light flux-is prfojected as the parallel Iight flux.

o tur gy by oo [l MEe LD ABEEeoNEDSL 08 ERUPLLAGCORILERLnEYEEERL! ©

structured by a gl as ens serefr ve power is ti've and a plastic
| ens whose.refractive power i.s_positive,. it is.selected so that respective
Abbe' s nuﬁbﬁ?g E§F¥S?§ PﬁgtEQpFEQQi% e(fffsﬁnjlﬁﬁé ERHGTEt P8 &ferrati on
between the first light flux and the second Iight flux is achromati zed,

Wit hout alBRhgEmahépe FRECKEABY AUFRECE0RP! Bng 1EHti ORIL1SHdt EhsSiks WidwEd by
the actuator, the second light flux can be projected as the parallel Iight
flux, andhgvhhgoh facsorseapbrtihedgt dapsétyy hendedordicog ver Iiagr éd$Eavy of
the informati on by DVD, can be reduced by one. According to the 15th node
of the present FDugnbrohectadt Heonptheakepiotkd U ghystsemrws ohermn n any one
of the 9th to the 14th node, it is preferable that coupling optical system
is a collipabehatPbhCabcsyat 8F saRdavbeng B waeRnbhephiicstl ldight hekbng
havi ng a di vergent angle enters onto the collinmator optical system the

col limatog optLgal rS¥SEEThETHERsIc GRt ch! W% RATRLeh ! &30 ARl GalrsAXi S.

recording density, wherein the objective optical system has

at least a plastic lens having a positive paraxial refractive

power, and wherein a ratio ASA/AT of a change of a spherical



t 33 Accordlng to this, when the coupling optical systemis designed as a
col li rat or opti cal systentby which the first light flux is projected as the
parallel light flux, even when the objective optical system conducts
tracking at the time of the recording or reproducing of the information,
the object position is not noved, and a_fine tracking characteristic is
obt ai ned. According to the 16th node of 2t he present invention, in the
optical pick-up systemwitten in any one of the first to the 15th node, it
is preferable that the objective optical systemhas a first plastic |ens
and a second plastic lens which are arranged in that order fromthe first

| i ght source side, wherein a diffractive structure is forned on at |east
one of opt S c. ke h active
ot uct ur ST AL 5 7 exetPSrab bR (PABRS ot TP P TER Tntl The Setond

l'i ght qu and erei.n a.ratjo, of raxial _refracti 1) of
the first Ypﬁpfsf‘t ”%1 ¥ oF 1Rk tl\b%tre th B7°7he % Cs”tlc-\"lﬁl ﬁ%\eéﬁ)ﬁéc{éggha
paraxi al refractive power P2 (mm 1) of the second ﬁ ic lens f E

wavel engtIPoicahes YTt Toghteerrding 95 jerhedrol %MHGOE%F%Q%. BR*P3) .

~Pl /P2~ <- 0.2 (3) 34 In order to obtain the objective_ optical system
whi ch hasont Heraontpge i Hirst yopbieabl diaki tyabiskindstbe &ptledindi sks whose
recording densities are different fromeach other; it is necessary that the
spheri calexghsygsatoron{ due 4mdthe di fference of the thickness of the
protective |ayer of the optical disk is corrected. In order to correct such
a spherical abeyy alic¥ratiion Scdr e &f o eopthintal heysitéhiriagtivg strietste is
formed on the optical surface of the objective optical system Because the

di ffractie, st Stéﬁ@t&&ﬁ dé?é%taﬁefn&ﬂxetgﬂgé@ ;c_iepgﬂdegeycam ?E’éhOptl cal

characteristic, when t erence of the wavel ength used Tor the
recordin r oduci ng h n d e berration
due to t%% ?%%ré&%efo % fl ggéggo?héhgﬁ%roPégﬁFsgg 6§E?E8 t he

opti cal dISk can he corrected Fbmev r, when such a diffractive structure
'S for ek ETtthe GRITEH SUF[2RETRAVING SOTAPGLLPBf PRELFOE PSVGFT Aothe
obj ective optical system there is a Eroblentthat t he transn155|on of the
i nci dent 3 igfastiaxlens| bakied AuRCEOTLVE PAFRYEALeTBETRRELEE| PRYETof the
ray by the step difference portion of the diffractive structure. This

| oweri ng axid tdheglaamshession due to this eclipse of the ray is |larger as
the i mage side nunerical aperture is |arger. a 35 According to the 16th
node, when the obj ectiase/ optical systemis sypyctured by 2 plastic |enses,
and the refractive power to the mevelength of the first light flux of t he

first plastic lens .arran ed n_the I| u
satisfy the ex %ﬁﬁﬁ?ﬁf %b?%% %%% %faé% %%%%hé §§€?ﬁ91§ ractlve
structure is forned on the opti cal surfa e of the first @ a k% Ieg t he
i nf | uence?btatmed oY PReCBELERE PAGKBYPt HEVSCEpPEPYEERENYEE % FofP5F ¢t he
diffractive structure can be decreased. Further, because the refractive
power to ¢pei¢akspitkghp sVake®f the objective optical systemis
exclusively given to the second plastic | ens, the working

Further, the above-object of the present invention is

attained by an optical information recording and/or
reproducing apparatus in which the above optical pick-up
device is mounted.

According to the present invention, for the optical
disks such as the high density optical disk in which the
wavelength of the laser light source is different, and DVD,

or for a plurality of kinds of optical disks such as the high



di stance when the recording or reproducing of the information is conducted
on the optical disk whose protective layer is thick, such as CD, can be
secured |l arge. According to the 17th node of the present invention, in the
optical pick-up system it is preferable that when the optical pick-up
systemrecords or reproduces infornatigﬁAonto or fromthe first optical
di sk, an inmage side nunerical aperture 1 of the objective optical system
a thickness dLz of the second plastic lens in an optical axis, and a
paraxi al refractive power PLZ (mm 1) of the second plastic lens for the
wavel-ength of the first light flux satisfy the foll ow ng expressions (4)
and (5). 36 NAL > 0.8 (9) 0.9 < dLZ ~ PLZ < 1.3 (5) In the case where
the i mge f&§ﬂggﬁﬁégi]&&§ﬁ}tﬁ NAL, ®Tch heapbpset Exe gp&kca% system when
ucing 1s

t he recordi ng/ repro conducted on the high density optical disk, is
| arger than Q.8, because the refractive . he_ppt i e on the
|'i ght sodfbégyfaé 6&rﬁﬁ% KT pt %t?%mﬁgﬁgg}gIE%fytﬁgcéggégﬁgEﬁgﬁis
necessary that, for the purpose in ich the edge thickness is secured and
the nol diGRf iRe e%%%q%%ﬁﬂuﬁﬁ%%d?%&h?%%é%?%knﬁgé ¥%°Bnlfhe optical axis
of the second plastic lens is set large. At this tine, it is preferable
that dL2 dppxerriate tfer rdi¢ aztroerpdnetiony volght #aIBFEAGEh 6PSthe first
light flux, so as to satisfy the expression (5), and when it is set |arger
than the tedwrtiom; tard $ihrepkkpiession ¢5)théeshugetuhe, edgd ehFERBAESs can
be sufficiently secured, the nolding is easily conducted, and when it is
set smal | &fridair-d heptpLr pidktupfsdecexpresstion ¢5rh theamerkingon

di stance when the recordi ng/reproducing is conducted on the optical disk,

can be Sﬁéifé?ﬁéﬂ_é&@ﬂé@ﬂ-s;@féxﬁ%y wRithe pbasbienhense generally,

because the refractive power of the optical surface on the side of the |ong
conj ugate_distance is, | t r QY ower 37 of the optica
surface oﬁn¥%%9%ﬁeet%% ?%@Séﬁ%gﬁp%oﬁﬁﬁég%eé %gtgﬂge, t he spheri cal

aberration generated at the tine_of. te rature change is. largel ner at ed
on the opfFTaFILRYfERRr 3R HRI sPHetBF ?ﬁgoF%ﬁEéPncbﬁj888?80§F§t8ﬁcgse
However, as in _a case at the tine of the recording/reproducing on DVD, in
the case Whah edemal wyinePttapl apeskur Bhef SPhersfralt abesrat 1PBpPrPRAF 2GRk
side) of the conjugate distance is not so | arge, when the |ens thickness is
set | argeinothhecbpératreveppooet systée phadufénpeasplekéisphenscapn
aberration generated on the optical surface of the |onger side (light
source silge)cefrébeeépniagabe dbsianed. atFuliehér neowtitehpeiaktme change
can be decreased. As in the 17th node, when the |ens thickness dL2 on the

optical axisiobsthg gEcORd-pLastbptiens jﬁ&cﬁehp' aygeemkharet heuhewear, |init
of the expression (5), the tenperature characteristic at the tinme of the

recordi ng produci n. n_he e :han t he
tomper at LS Char B oo B S Lo R e PSS ng on the
hi gh density optical_disk.. For.that,.even when th l, ast i. ose
refractiv%p%%ﬁgﬁu?slﬂogﬁfFUegﬁ%ﬁ PRE* 5B rPéF?GHpchgéggiéﬁ @%P?ga ‘syst em
is arranged in the comon optical path between the first light flux and the
second |i@ghe PPL&IPEAe influence on 38 the tenperature characteristic at
the tine of the recording/reproducing on DVD can be made so that it is not
so much increasBie Hecordloy tosehd, 1BeweHoet BithnEupEBSsEnPPIRGERt ABA, in
the optical pick-up systemwitten in the 17th node, it is preferable that
when t he aptendbnpi eivaptsyssenwigtobdstober epdedatesd kiyorsdeirencente or
fromthe first optical disk, the total sumE(Pi h;z) of the product of an
i mage sidehe following detailed description taken in conjugation with

the accompanying drawings.



nunerical aperture NAl of the objective optical system a paraxial
refractive power Pz2 (neal) of the second plastic lens for the wavel ength
of, the first light flux, a nmagnification m.2 of the second plastic |ens for
t he wavel ength of the first light flux, the wavelength 7~1 (mm of the
first light flux, a ratio OSA/~T of a change of a spherical aberration to a
tenperature change of the objective optlilcal system and a total sum E(Pi w
h~2) of a product of a paraxial refractive power P~ of the plastic |ens of
the aberration correction optical systemfor the wavel ength of the first
light flux and a square of a height h~ where a marginal ray passes, satisfy
the foll owing expression (6). 0.5 x 10-6 < k/E(P~ h~2)< 5.5 x 10-6 (6)
where, k = (4SA/AT) 7~ - ) Furthernore, it is
further preferable tkwug§$é?%%?é%§#%gfé§p?ggg%%nné%wfnég satisfied. 1.1 x
10-6 < k/E (P~ _h~z). < 3.3 x 10-§%£6' i Accordiqg to this, when the
refracti ve powdnh o he \ad¥t BhfH bfPT3R2 FHeet STEPEHRI f f uXEDFCTRES 197 st
plastic |l ens arranged on the |ight source side is set, to the second

pl astic |&hrirak R katP s#§vEAR- expression (3), the tenperature
characteristic of the objective optical systemis al nost equal to the

t enper at ure chatiapt.erd &t ccof2 the seeonteps ashdeingns. shcestdragby, akhe
change rate 4SA/ ~T of the spherical aberration follow ng the tenperature
change ofchectobiecipvecoOHptsgatemystem at the tine of the
recordi ng/ reproduci ng on the high density optical disk can be expressed by
the follow ng Q%ﬂ%§§3iﬂﬁ)(Qa13w@ﬁnaﬁei§i@@§esﬁ§w§n§Oﬂséﬁﬁﬁc@ﬁre of an

st andardi zation, by using the 1 mage side nunerical aperture NAL of the

obj ecti ve ' \ r fve power PLz (mm 1) to the wavel ength
of the fi?é%g#gg ?Ef?%g o?{?ﬁg §%%%%§£blastic | ens, the magnification nLZ
to the wavel ength of, the first light flux of the second_p j n and
the wavel engt h 29 of the® f1F5¢ & 5%tp#?%xYl%@mi?ﬁW%n% a(%ﬁ§&&§&¥g 8¢
m.z))9/ (~.i ~ PLZ)_ (3) where, k = (~SA/4T) 40 ~i Pz2 / ( NAL (1 - nL2
) ) 4 As @eseribedll apbveTUPh@sYefPerat ure characteristic k which is a val ue
in which 4SA/OT is standardi zed by the refractive power PL2 to the

wavel ength of tHiegfiFsis|aghaif|pirofpiae veewvnahpiasgi @ PerYCtRARgeLsi de
nunerical aperture NA, magnification nL2 to the wavel ength of the first

| i ght fl uxnodptheasesbar-pbadetréckens, and the wavel ength ~, 1 of the first
light flux, has an al nbst constant value For the purpose that the
tenperature Chafﬁilesi§§i§ Ka O ﬁ@ﬁtoﬁiﬁﬁtﬁygwOﬁhbﬁﬂth¥SBEﬁHESuﬁérbECted
by an action of the plastic lens in the aberration correction optical

system i£%Lg$gggg?s?%%k%?ga?e??bggmﬁng t he tenperature change, the

di ver gent ee o ux projected fromthe aberration correction

optical systemis changed_ by a desired,anount. e_o j Lvergent
degree, that is%l%‘gﬁa %ead¥aﬁ%f%%ﬁé bBonent g?gpﬁggmgv%?%ggﬁPg%rgFected
fromthe aberration correction oggical systemis proportional to the

an optical pick-up device.

Fig. 8 is a main part plan view showing a structure of
an optical pick-up device.

Fig. 9 is a main part plan view showing a structure of
an optical pick-up device.

Fig. 10 is a main part plan view showing a structure of
an optical pick-up device.

Fig. 11 is a main part plan view showing a structure of

an optical pick-up device.



refractive power P; to the wavelength of the first light flux of the
plasti'c lens in the aberration correction optical elenents, and the total
sym E(P~ h~2) of the product of a square of a passing height h~ of the
margi nal ray, and a change E(P~ h~2) of the divergent degree necessary for
41 correcting the tenperature characteristic k is determ ned correspondi ng
to the magnitude of the tenperature chdiacteristic k. Accordingly, a ratio
of the tenperature characteristic k and E(P~ h~2), has an al nobst constant
val ue, and when it is set so as to satisfy the expression (6), the
tenperature characteristic k of the objective optical systemat the tine of
the recordi ng/ reproduci ng on the high density optical disk can be finely
corrected. Wien,a ratjo of the tenperature characteristi n ~ -h~2)
is set |arger g%%%‘t %%w@wm?%Qﬁég%ﬁ ?ﬁ ne&bﬁ%s%?%%l?%)g %%gu%%$¥£c?Fon of
the tenperature characteristic k is not too insufficient, and Wen a ratio
of the teHpetRELFRl dPEFacERr#8Yi€8k and E(P h~2) is set smaller than the
upper limt of the expression (6), the correction of the tenperature
characteristic Bds hotig oo Saph csowinger etporectien nagdntt cafi dn nzz of
the second plastic lens to the wavel ength of the first light flux is, from
t he paraxiptierefahcibeerpoinen BPE &nohiykhesshehaaygel engahpobteheifer st
light flux of the objective optical system and the paraxial refractive

power PLllépgilaft@ B’ ma@@ggﬂgtbpgicgmedisk42 first light flux of the
first plastic lens, calculated by using the foll ow ng expression. M2 =

Pzi/Pi According to t+he 19 PQH@1 i p. | §K- t itten in
the 17th node (r}?lf%'helqglt% émt;ge, it%@%&%%r%%f%%ﬁ%f# %?%E:rﬁtﬁg]n&v{ he first
i ght source and the second |ight source, it is ovided,wth the third

|1 Oht SouTEe ahireh SPSFEet SoRHaY: fi PHEPEBNPE TRXMEPREA Hhe range of 750 nm
to 800 nm In this case, it is preferable that the aberration correction
optical systemFBisgarkanedsimain coanbrobpli chev paltewbndt destrustureght
flux, second light flux and third light flux. According to this, because

t he pl astag debscah phekaberdatrioa.correction optical systemis in the
common optical path of the first light flux, second light flux and third
light flux, whem:dhel objeciivyeeRPih6Ringyst sprhasutdeotespesBdEeive _
characteristic in which the spherical aberration changes to over correction
di rection i tenperature rise at the tinme of the
recording?égﬁéﬁgtggﬁggﬁf DVD, al so the tenperature characteristic at the
time of the recording/reproduci ng on DVD can be corrected, and when the
objective optical systemhas the tenperature characteristic in which the
spherical aberration changes,to over correction 43 direction.fol | ow ng
the tenperaturel?ise® atot %W%?%Ed%?cfhgt%ﬁﬁorg+ﬁ§/P%BFBdﬁE?nﬁeﬁFgﬁB,e§1so
the tenperature characteristic at the tinme of the recordi ng/reproduci ng on
CD can beb¥oriket refeFanehenumphEn thé0P§h§U§oﬁ§€iﬁ@ﬁﬁﬁ@lt%éaaﬁéﬁﬁation
correction optical systemis structured so that it can be noved by the
actuator, the spherical aberration can be corrected at the tine of the
recordi ng/ reproducing not only for the high density optical disk, but also
for DVD and CD. FurtbesCcRIPTISNPOET EHEDPREFERREDhEMBODIMENI'ght sour ce,
second light source and third |light source are a packaged |ight source

unit. AccordingadOoidy Sq +4& Eﬁe@ﬁYﬁQE&ﬁ@&ésofOEhéhﬁréﬁQHEtEﬁﬂeﬁiibhe nunber
. of parts, cost reduction, and size reduction. On the one hand, in the case

wher e theigpigcgﬁ Bbgkégf pick-up system comprising a first light
source for projecting a first light fiux having a wavelength
of not more than 450 nm, and a second light source for

projecting a second light flux having a wavelength within a

range of 630 nm to 680 nm.



systemis provided with the first - third light sources, it is preferable
that the optical pick-up systemfurther has a beam conbi ner which is
arranged in the optical path between the aberration correction optical
system and the objective optical system for |eading an optical path of the
first light flux, an optical path of tﬁﬁbsecond l'ight flux and an opti cal
path of the third light flux into a co n optical path. 94 According to
this, in the objective optical systemas in the 17th node or the 18th node,
for the purpose that the conpatibility is given also to CD, it is
preferable that the third Iight flux used for the recording/reproducing is
made i ncident on the objective optical systemas the divergent |ight flux.
Ther eby, the i I < M@Q i i snthick, can be
secur ed enoug\r/ﬁr n%&séécgg%%%glé:h% st%ﬁc%%ﬁ%% %Iﬁ%ﬂ)%%t&igscalgnpi ck-up
system it _is preferable that the beam conbiner f I .hg ptkcal path
of “the. 11 PRAST T TR EACa hovst P ar o parfr b P Reo sRnE Tt Pont BrEe cabA ahT
optical path of the_ third Iight flux into a common opti%al gath, is
arranged RFP1fet ¢t TEAT pht hf bet hethIbheSABEFF abT oA cOPFREPREA Bt i cal
system and the objective optical system According to the 20th node of the
present ireemtdbng swrfneeopfieaflpbEkonpisyst aftr vRi6R PAVERE hird or
tenth node, it is preferable that the first |light source and the second

| i ght souftestarececpdckagéensight sodrferundhvepgivodangetonthildgh®hen t he
aberration correction optical elenent is arranged in the common opti cal
path of theufipstjeiobd fron end tbeosecongnti gbtirtbuyn theipdekageibaser
of the first |light source and the second |ight source can be Y 45 used,
and this j a ofstae thopi L1t hesRUARSE nef aP8ekengCost
reduction%é%ﬁga?ﬁ% %?ggé?%digt?oﬁéggggo?%ing to the 21st %bde of the
present invention, Ln the opiical.pi i i i r [ y: at
Ceact 2 I FaeofRy  ofe BurBhach B85 PRLBRY, SRptoL iR e R el e R
first light flux less than 950 nm the second |ight source projecting the
second | igF®S+F¥x within the range of 630 nmto 680 nm whose wavel engt hs
are different fromeach other; and the optical pick-up system for

| i ght - conver gi nEh¢ hePI gt ve | IRt pFd} eSY TEET 1 AF at| £83BL22KPAASTSF | ght
sour ces whose wavel engths are different fromeach other, onto the

i nf or mat | bans ecaviinggaspesatevef patakeast refkantdivef popeircakwhgirsik® whose
recording densities are different fromeach other, it is preferable that

the opticahtphCksHpasystem E;ﬁaﬁll;éU_@EUéegpﬁérEBQloEb@%ﬁ:ia‘t@o@pttioc&' _system
arranged opposing to the optical disk, and the aberration correction

optical systemwhich is_arranged. in_th LC n hrSt
"Paht - sout CASRRAC RS SRFRET, e GBE! BaPCSDor BnbRRACEt B SEay "He tal Tonst 2
| ens grouEs, and, as the optical pick-ug s¥§tenh,it S pro¥Lde mﬁt@ t he
optical pFtkStpliyBtent Wi PEEASPNTARGUBReBF PRASFFIEE OB LAE 2681 “FBde.
According to this, the same effect as any one of the first to 20th nodes,
can be obfarnsgcordisgAetoraPrglueinfelRPREMABABNOPIERe OFr éXORY Hfvent i on,
in the optical pick-up device witten in the 21st node, in at |east 2 kinds
of opticafidsskspwhose déebydeagidénsst ihs aréldifiher empriessmogadh)ot her,
when the optical disk on which the recording and/or reproducing is
conducted by thegsfyxstslphght flux, is defjiined as the first optical disk, it
is preferable that the optical pick-up device further conprises a |ight

det ect or r detecting.the reflection lLight flux_of first_light flux
fromthe ?ﬁ?o?ﬁ%%?%% E%EgFﬂPnﬁygﬁﬁ?aggl%g %Hgt FFsFO%EEEESF i'sk. Further,
it is preferable that the first light flux ref|lected b ghe i.nformation
recor di ng2REFFaE&CBf CPRESFF IR 88?%8%% g¥§kes Pﬁépaeﬁ¥ Fache B RS
detector, after transmtting all plastic |lenses in the objective optical
syst em andrabefr aBN@nbednPeadt FBRIBAL iBaRNsPBE SRR LAPESPAPRGYEST RS it is
preferable that this light detector is arranged in the optical pick-up

devi ce sofihat, lagher sbheceefhdctkd bbgbkttiivexcpbrémalhe visteoy naticgsin
recording surface of the high density optical disk transmts all plastic

| enses in the objective optical systemand the aberration correction
optical system it is incident on the optical detector for the high density
optical disk. Thereby, even when the environnmental tenperature changes,
because the conjugate relationship of the |ight source and the |ight



a 97 detector can be constant, the signal detection by the |ight detector
for the high density optical disk can be finely conducted. According to the
23rd node of the present invention, in the optical pick-up device witten
in the 21st or 22nd node, it is preferable that the optical pick-up device
further conprises an actuator for driving at |east one lens in the
aberration correction opti cal systen1iﬁ4the optical axis direction, and
wherein a position of the object point of the objective optical systemfor
the first light flux is changeably adjusted in the optical axis direction
by driving the at |east one lens in the aberration correction optical
systemin the optical axis direction with the actuator. According to this,
when |1 1S Stigclured, SUCh Lals S Lensa | nsbbe.ADRLLAL! BRagREECELhan

opti cal §§s em can be driven in e optical "axrs diréecfion, because the
spherical aberration generated due_to %he gocus %un? bet ween Iageﬁs of

mul ti -1 ay R TR RRIT EEVD-BRFRX LY SKSTA2FRYEF BPERT #BVePefgeh™r GBFuati on
by the production error of the blue violet sem conductor |aser |ight
source, can be Kbritecta@se iRl 3 b byl Fep? odiefagPekRaraéteristic to

t he high density optical disk can be obtained. 48 Further, although the
spheri cal rabeacti vorpgeser thede tueftert heifpiusribaprodt asemefsastdivag

| ayers of the multilayer-disk is generated when the distance between

recor di Nngodwyer Sis i page: svde hsnerreabedpent the abetrhetabpecbirvecopbnca
system and wavel ength at the tine of the recording/reproducing, are nade
as par ametef Sqa1 heser DRI apRLer shar ecflfb ehthipedoby thheoptandar giek-tipe
optical disk. Accordingly, in the spherical aberration generated at the
time of t us, | be It LS:det Lhed by .t he, Ki . @f
optical di i{gﬁhésngg?%%’aﬁ%ﬁ%ﬁs%f§?§29%£%ggﬁég%e§égF% ?EeXQ gr g??gﬁe
correction optic system necessary at the tinme aof the focus junop._isS

uni quel y ﬁ%?grﬁ?n v ?eﬁheg??nglg?¥8ngc Fgankogna Pﬁggéagﬁi Pdafifon of

t he aberration correction optical system That is, at the tinme of ,focus
junp bet vieled +Eglk df b | HyetdeBE PRethfI PPIPSYEVEdPE X CBHe SYSHEN &SI
aberration detection nmeans for detecting the spherical aberration is not
necessar yredndedt iBia |owassoauiids the? kieeroisepef cale dnggnafdceheon
direction of the focus junp (for exanple, the 1st layer to the 2nd | ayer,
or the 2ndfl ayerobdetbevdstpt hyel) sgpeedet entiedy ahdsi maghe fdiceédoinon
determ ned by the result, the novable lens is noved by a determ ned anount.

49 Furthernahgeause theiShpbbovabl epwhen) E9stbhe sphesipealriaberration
generated due to the wavel ength fluctuation by the production error of the

bl ue vi ol e??QE?QHdHﬁ£9%%£a?ﬁ;thégﬁhdéQUEgﬁreEEibﬂedﬂ&%QﬁﬁkﬁQn process of

the optical pick-up devi position of the novable I ens is adjusted,

it is not necessary that,it_is corrected at.the t] .
recording/repro%ﬁ%?#ﬁftnﬁ?rﬁp%i% J%%ﬁ§y§yogg%F§g|%§?g§$ b?g%Pghg above
description, in the optjcal pick-up,device in which.the optical pick-up
syst em acBbraFhE %%n§h%h6?%sgﬁgr?ﬁ &t BRYPS ﬁﬁuﬁ?édFlﬁgba@?Qefﬁg1§pherica
aberration change followi ng the tenperature_change generated at the tinme of
t he recordhay/ Feprbeeehgtvnct pé hh@hoééh§ﬁﬂypé§%r@§lSm%§@9i%§ risen,
automatically corrected by the action of plastic lens in the aberration
correcti ohhepspbatisyst enprthtisphehikogksaber thei ovedetcadtriest imdans, and a
conplex control circuit for controlling the actuator of the novable |ens
corr espondi.pgct Dohhesdeheehkoaxpesdkioafl (Lhe (apherdnadit eaheritatiison detecti on
means, are not necessary, and the structure of the optical pick-up device
becomes sigpLere@ndot BecKQ8Ler 8dUCHEOBpEAR 1B 1 8Blrzad i ACRE dinkg to the
24t h nmode of the present invention, it is preferable that it is an optical

i nformati Qn. i : 0 r [ a ' ' t

opt i cal pooR S P a Ty ER e RN R e T ge, 1
nount ed. EHrt er, it is péﬁfera | e.that . the apparatus has a di sk hol der.
Accor di ng-t'% FRTRSTEhBI §arB2ePFEEf 185 5Ay one of the 21st to the 23rd node
is obtained. Referring to the dramﬁngs .t he best ngde for carnyiqg out the
present inventiBRTSHTI Bt | BALRRFbW S (RRECE| PEt CEBRLBAPREND) TBP. 1 is
a view generally showing a structure of the first optical pick-up device
PU by whishthpeaberveting/ Fepregtéprngoptichd SaESEHatiSoR Helydequat el y



conducted on any one of the high density optical disk HD (the first optical
di sk),” DVD (the second optical disk) and CD (the third optical disk). The
optical specification of the high density optical disk HDis the wavel ength
~1 = 408 nm thickness tl of the protective layer PL1 = 0.0875 nm
nunmerical aperture NAlL = 0.85, and the optical specification of DVDis the
wavel ength ~2 = 658 nm thickness t2 ofl% he protective layer PL2 = 0.6 mm
nunerical aperture NA2 = 0.67, and the optical specification of CDis the
wavel ength ~3 = 785 nm thickness t3 of the protective layer PL3 = 1.2 nm
51 nunerical aperture NA3 = 0.51. However, a conbination of the wavel ength,
t hi ckness of the protective |ayer, and nunerical aperture, is not limted
to this. The opti | CK- LC 1. ] - d : | ue vi ol et
sem conditgr | ackeorid (PHEs tEYat SR anE S Spher e g eBE s iR e 1 Tt
flux (the first Iight flux) of 408 nmwhich is Liahé-eghttedfﬁhen t he

recor di ngHEFRAICTAGERF PHeri APoFREFFGR ASre5hiGE: BY GRSt ABTAIGRGeRSi ty
optical disk HD, red sem conductor |aser LD2 (the second |ight source)

proj ecti ngPverelnasef Fegractivug PeHErseéohBel PYRELEFULFREf TH58NEm which is
light-emtted when the recording/reproducing of the information is

conduct edcloje®vbyre | ¢ghicakt sgsbempPDandcohroaprherihalf pbstrRghn f1 ux and
the second light flux; CD use nodule MD3 in which the infrared

sem condusiaigi@geto LEBe (thdethtodrbkcghbnsaureeripnopgcthrg the | aser |ight
flux (the third light flux) of 785 nmwhich is light-emtted when the

recor di ngfg Pﬂ@&iﬂ@noéhéﬁgeiBEOEHEtbﬁgeE%iQ@UQE@E@QlOByQBemand the |ight
detector PD3 are integrated; beam expander optical system EXP as the

aberratio r i opt | yste o] .ssagctt +habj [
opti cal s€%¥%%¥%§é g@%i%%%§9¥ﬂ§c§%oghgy?%E?éﬁ§ég%hHgégﬁagéstpggﬁ?%%rgges i's
| i ght - conyer ged op t he infOfnation recgtding %urf ces 5%%’ g% , RL3;
two- axi s aetuatdr %@:a?ﬁﬁr? T8 BRAM COABIMEP T BET °Y52%Second beam
conmbi ner BC2; third beam conbi ner BC3; first collimtor optical system
COL1; secoMd-ebl¢fnatbredphi ehPeEystem COL2; stop STO and sensor |ens SEN
The beam expander optical systemis structured by a glass lens (the first
| ens EXP1) whosBheeglxi dpecafsacitvespbrer ngseasgayi veatandodlprasdfic | ens
(the second | ens EXP2) whose paraxial refractive power is positive, and
arranged tinet hempemaonrepthaabepahknotheheetbrst nhi’ gbp rokdux iagd ctfthéhsecond
light flux. In the optical pick-up device PUL, when the
recordingﬁig@r@gﬂgiﬂg ehtibgli afekmaki ednibaceenduatedeastt bachilghsdansi ty
optical disk HD, as the path of ray is showmn by a solid line in Fig. |,
initiallys Lhgeblueyvbel ebnsedl EORAUCHAL 1hasehel Bhelrgaklighl c@ifirkladonAlt er
t he di ver gent flg t"flux projected fromthe blue violet sem conductor | aser
LDl is converted intp the.parallel,|light _f nsmi.t ti i.r st
coIIinato?p%%%?gafyggg?én% fyeﬁtbyrgﬁs%F%§§E§§ %ﬁ?s?ggnEeﬁﬁgEggggﬁd beam
conmbi ners BC1 and BC2, first |lens EXP1l, second lLens EXP2, third beam
Combi ner BESLAFHEB BEC BRdtBECBRAS L B0 Eartd S8 e N orREL g
recordi ng surface RL1 through the protective , )

the structure of the compatikble type optical pick-up device

can be simplified.

However, because the refractive power of the plastic
lens in the aberration correctiocn optical system is uniguely
determined depending on the temperature characteristic of the
objective optical system, when the aberration correction
optical system is structured by only plastic lenses, the

degree of freedom for determining the paraxial amount of the



| ayer PLI of the high density optical disk HD by the objective optical

syst em OBJ. 53 Hereupon, the details of the objective optical system OBJ
wi,| | be described later. Then, the objective optical system OBJ conducts
focusing or tracking by the 2-axis actuator AC arranged in its periphery.
The reflected Iight flux nodul ated by the information pit on the
information recording surface RL1 transifits again the objective optical
system OBJ, the third beam conbi ner BC3, the second |l ens EXP2 and the first
| ens EXP1 of the beam expander optical system EXP, and is branched by the
second beam conbi ner BC2, passes the sensor |lens SEN, and is converged on
the light receiving surface of the |ight detector PDl12. Then, by using the

out put si of. the li det e 1 i roptio orded in the
i gh dendis Bt arcet S o Bt eady s hal REF SReh ERES!

recordi ng/reproducing of _the information_is conducted.on D, .as . the_path
of ray | SRR Dy SR QAT | MR MEPRL AC T APRT ot PyLUPREL PEYOIT. I8

sem conductor laser LD2 is |ight-emtted, The divergent |ight fl ux

pr oj ect eFItoMIhet @ dehsenmi Eonefiiet SRVEREEPNLPD i&eRelt cBEEAUBY FRE first
beam conbi ner BCl, transmts the second beam conbi ner BC2, first |ens EXP1,
second | ersf P2l ve bowkebeain zopbaser 1863, whiohdés, aagngnpedoimsthespot
formed on the r 54 information recording surface RZ2 by the objective
opti cal sséera€Bntdsotghtide ppoiesli vestayerand @WDchThennothe obj ective
optical system OBJ conducts the focusing or tracking by 2-axis actuator AC
arranged d#frdhe-pery gL yiRf1hdncdhgrr ehbeebrbebhghitel bHXnERAULALEHBebY the
information pit on ¥he information recording surface RL2 transmts again

t he object] pt i st , i a LN ; - | ens
SRR T i i R Rt SRR S TR Y
passes the sgnsor | ens,_ SEN, and ié.conve% ed. on t?e | i ght receiving surface
of the light t%ﬁﬁ%ﬁa?ﬁﬁ%.c%ﬁﬁﬁ? b?nugP gc?EeSSE Sﬂt signal of the Iight
detector PD12, the information recorded in DVD can, be read, Further, when
the recordi ng/ rEPrHRRA gD tRHLTHT R et PRR F 5 bhefict *RASHANCHE &s t he
path of ray is shown by 2-dot chain line in Fig. 1, the CD use nodul e MD3

i s actuatedhramne tivee i AfRAABdoSenheondherdralasberkB8ibs bifghthem tted. The
di vergent light flux projected fromthe infrared sem conductor |aser LD3
beconmes a;5pott 0L "B PR 1 heyEpiar MBt hoR; heqokdi pessHifacewRed Buethe

obj ective optical system OBJ through the protective |ayer of CD, after it
is reflec e j iper B T Lechivy. G system
S - o e o T
arranged in the_periphery of it. The reflected light flux dul ated by the
infornati%Wdp@?fgﬁe?hﬁsi%?%?Fhf?Onwsgeo£thapg8FFgéi ﬁk§ng?18Pter it
‘transmts again the objective optical system OBJ, reflected by the third
beam contFERrIBE3LC awddes convergeanofltRECLPENt TEEERSF ngtsutface of the

| ight detector PD3 of the CD use nodule MD3. Then, by using the out put

si gnal ofdé¢henddgthatieAsrt b LkBrekbedi biyoanaRMON (Recor tedni BgGBrean be
read. Further, in the present enbodi nent, a package |ight source unit in
whi ch the, bl ye violstgemcondyet or Laser ok Dinand; the fednsemganductor
| aser LD2 arée in egra?ed, and-houged 1'n’™a casi'ng, can also be used. In this
case, the first beam conbi ner BClL can be deleted, and for exanple, the
second cohdderazonnbptizafl sysnem oBLASB4ATbésdereeedRMREXE; the structure
of the objective optical system OBJ will be described. Hereupon, the

obj ective opti cRkrisyst emiOBIhé Spidcesanepst i OCtat ton) sani aptheasedoad - the
fourth, and the sixth - the ninth enbodi nents, which wll be

which uses the blue vioclet semiconductor laser or blue violet
SHG laser, as the light source for the recording/reproducing
of the information, is generally referred to as “high density

optical disk”, and the recording/reproducing of the



described | ater. The objective optical system OBJ is structured, as shown
in Fig. 2 and Fig. 3, by the aberration correction elenent L1 and the |ight
col l ecting elenent L2 both surfaces of which are aspheric surfaces, having
a function for 56 collecting the laser light flux which transmts this
aberration correction elenent L1, on therlnfornation recordi ng surface of
the optical disk. Both of the aberratldh correction elenent LI and the
light collecting elenent L2 are plastic |lenses, and in the periphery of
respective optical function sections, flange sections FL1, FL2 which are
integrally nolded with the optical function section, are forned, and when
mut ual one-portions of such flange sections FL1, FL2 are engaged, they are

|t egr al offyc4eneUpoR: 1L NcbhgupEEICRY EAROLTRRE: (BNER.TURYAL JSRSROGI Ve

fl ange sections are engage rration“correction elenment L1 and the

l'i ght collgc ele egra tructur I e
integratl%ﬁ %fggh %E?%Q?Fo %8r£é8t?8% éFZ %k andgggﬁﬁgfghbg
col l ecting el ement ) % owabl e whe thei e held, so t@ ; t he

rel ative ‘%am.%eré%w ﬁ%ﬁ.aé BRC{ RERTFE 1UBNLRRE, 1andbRaE Ok

structure in which the aberration correction elenent L1 and the Ilght

col | ecti ngy etegepblieotive pPRtégaht BHSERMOBENNE Ri-CPer thPame, may al so be

al l owabl e. The optical function surface S1 on the |light source side of the
aberr at i onecordécy i vepebenennglLefi sheagnfhomatinnFig. c®ba)ycties diaviddéd i nt o
the first area AREAL corresponding to an area to the nunerical aperture
0.67 of DVDsocanficihees th&7op€Lenl diea AREAZscantasportiong perozrcariea from
the nunerical aperture 0.67 of DVD to the nunerical aperture 0.85 of the

hi gh densl&YePthE@kngé§kiE{hb@Gg BS6SRRWN FirEhEr, 2b8heri PRafl ERel yPE
diffractive structure HOE is the structure in which a plurality of

whi
ring- shap S d t he C A Saf d, are
arranged gg%éggftﬁgggétﬁ%g} ﬁC%gghlg %&ﬁg F&gt%g§§|rgp g?%: AREAl . In the
step type, dj ffra tive stru ture first area AR t he
depth 0. bRFCTHRCLPBprBrOt b L ShocaFdet are PoLHEES %saeﬁ%ﬁc - SH5HEd zone
is set to a value calculated by dO = 2 x ~1/(nl - 1) ()u and t he nunber
of divisiBASINIothBaBROEEREIERapE UMz BRESES t8eCKPESS, lﬁoﬂ@@éF se¥ergly val ue
in which the wavel ength of the laser light flux projected fromthe blue
vi ol et sehbceadactdrtensenmi snexpeessédringtiicor orcomiding( saurdiage,~Pr= 0. 408
Eun), nl is the refractive index to the wavel ength ~1 of the aberration
correcti oalebettrat ohticher@ipksnin=whibR42he Whérknesst bifs téicep t ype
diffractive structure HOE, the laser light flux of wavelength ~1 is

i nci dent, pt-becepivealapath dif tBECRRE RhedsX ofl thenbrics s@enetatrad rhbatsween
adj oi ni ng steps, and because, to the laser light flux of wavel ength ~1,

practical by tfﬁ%%ﬁ@éﬁ qifgﬁgﬁﬁﬁgééﬁtngﬁegiyf@atigﬁ,|§§eis defined

that, in the high density optical disk, a magnetic optical
disk using the blue violet semiconductor laser or blue viclet
SHG laser, as the light source for the recording/reproducing
of the information, 1s also included.

Further, in the present specification, optical disks of
DVD series such as DVD-ROM, DVD-Video, DVD-Audic, DVD-RAM,
DVD-R, DVD-RW, DVD+ER, and DVD+RW, are generally named “DVD”,
and optical disks of CD series such as CD-ROM, CD-Audio, CD-

Video, CD-R, and CD-RW are generally named “CD".




-V 58 light flux transmts without being diffracted, as it is. Hereupon, in
t he follomﬁng description, the light flux which transmts as it is, wthout
t he phase difference being given practically, by the step type diffractive
structure, is referred to as O-order diffraction light. On the one hand,
when, on this step type diffractive structure HOE, the |l aser light flux of
wavel ength ~2 (herein, ~2 = 0.658 Vin) %ﬁojected fromthe red sem conduct or
| aser is incident, the optical path difference of dO x (n2 - 1) - ~2 = 0.13
~mis generated between adjoining steps, and because, in one segnment of

ri ng-shaped zone divided into 5, the optical path difference for one

wavel engt h segnent of ~2 such as 0.13 x 5 =0.65 Wn, is generated, the

wave-front trangp the gﬂgoffigg i HtsﬁﬁﬁﬁdeQHe§hé5f§HQ€rlﬂeﬁﬁed

respectively belng s ifted one mave ngt That 1s by this step type

diffractive structure ht, f e
diffracti%%u??%hfoﬁ|???%E?éﬁgfﬁegggdBFagp Sheoliohnodhdi I8 BREHES O
refractive index to the wavel ength ~2 t he rat on correcti.on el enent
L2 (hereifishe ltll%o%ﬁ?fe#ﬁglﬁthﬁacﬁloﬁseﬁfiéﬁéﬁ F15F PREIGHEBEdEr
diffraction light of the laser light flux of wavelength ~2 is 87.5 0, and
i s a suffiavehngtigh{Aholassfohahhé50 umb9precterdbny/ Leprodavgrgcdf the
information on DVD. In the objective optical system OBJ, by an action of

the step typendifisachhyensteupturerbiy,t ha aphanigeabraleor aki ea3due to
t he dlfference of thickness of the protective |ayers of the high density

opti cal i e r e n i

di ffractl ve stru LJt%ure’ E{S%qﬂllz%sée:%g |g%{¢$‘€ 1 vv%/% e%%?hégé&?ﬁe%ggﬁt ~3 =
0.785 Vi i s ingcident optlcal i Lence of
1 x 23 (gyRHETS g%ﬁeF%F%HgbE?Zé%RISSPSFHgnéVE%eﬁ% 625782 50aY, i acer
light flux of wavel ength ~3, in the sane manner as |n the laser light flux
of wavel ehgt hs~a, 1 bebau§eukhprphassidof Beraned sngthot(AB adhi 8akFRpggi vén, it
transmts as it is, without being diffracted, (0O-order diffraction light).
In the objectide—opsDCah, SysHeasOBhe WheRd negmgmmixcatrioamhmtm\mu engt h
~1 and wavel ength ~3 are nade different, the spherical aberration due to

the.diffei§§5€ Qaukeéckegs§eegreaﬂb99bg!%dh@xa@sc@f tihe ihi ghedensibhi
optical dis CD, Is correcteéd urther, in the obj ective opti cal

system OBJ. of the.lst - hh 2 d 6th - %h enbodlne é tlcal function
surface S2"®h theldpti LiP Uugj BEOGEA anﬁeWFgF Hg@ i 6ff & enent L1
is, as shown in Fig. 3(c), dlvided into the third 60 area AREAS i ncl udi ng
t he optica&naﬁi@fcﬁﬁﬂesmondﬁﬁé n@-an area within the nunerical aperture
0.67 of DVD, and the fourth area AREA4 corresponding to an area fromthe
nuneri cal apertitcecfdbidgoto Dvet sethednnodei odl thpeptrasend. 8Bvehtihe,

in the optical pick-up system written in the first mode, it
is preferable that the optical pick-up system further
comprises a coupling optical system which is arranged in an
optical path between the first light source and the
aberration correction optical system, wherein when the first
light flux having a divergent angle enters onto the coupling‘
optical system, the coupling optical system}emits a light
flux having a divergent angle which is émaller than an

incident light flux of the first light flux, wherein the



high density optical disk HD, and a blaze type diffractive structure DOEl
is formed in the third area AREA3, and a bl aze type diffractive structure
DQE2 is forned in the fourth area AREA4. The bl aze type diffractive
structures DOEl and DOE2 are structures for correcting the chromatic
aberration of the objective optical system OBJ in the blue violet area.

Her eupon, in the objective optical sysﬂéh1CBJ of the ninth enbodi nent, the
optical function surface S2 on the optical disk side of the aberration
correction element L1 is an aspheric surface having the convex shape on the
optical disk side in a paraxial portion. Further, the optical pick-up
device in each enbodi nent is designed, when the recording and/or

repr oduci info ti i d .1 h i Leal .di.sk, so
hat the Srafnel 5t St SR BR- AL PR UOR e DGk Bat 1 B8 BPBEER, b0
tenperature change of the ob'gctive optical s%sten%satisf' s the above

expr essi gEFAYLY p%ﬁa%ﬁ%}eﬁé,rﬁﬁEﬁYetBO?ﬁé’c A gEIPRFE ~BAF~T of the
spherical aberration follow ng the tenperature, change of the 8bLective
optical S3RIERFEEID @%Er?§F%%EtPHElFﬂHeiyﬁFe@héspFa BfE PERS"FPRIt he
aberration correction optical systemis adequately set, the spherical

aberr at i ovPiehemyi pystemt Weiohechanegeacei dhatiptest Pbnthy £hEsEntidéiice of
the lowering of refractive index of the plastic lens in the objective
optical sksiem and the spherical aberration changing in the under
correction direction by the magnification change of the objective optical
system can be xansedieg vdtthAeconsingty, besausieehtths Nekpsegessary that
the lens in the aberration correction optical systemis noved follow ng the
t?”peratqéféﬁ @“SSchPstB&E%SﬁﬂrQhQQEBEPEQHaCbﬂEieéltE?sﬁéﬂhaﬁan%hEY_Opt!Cal
di sk, by the actuator, and the tenperature characteristic of the objective
opti cal stemis_corrected he ruct Lhle ty opti cal
dovi co onCHE Hedter hoPREThal ( nes tole  KhE SRR Gef PoRE b 8 S he B Rl he
plastic lens in_the aberration correction optical] systemis uniquely
deterninehl%%ﬁeﬁ%Fﬁgcﬁﬂ bReMpERPEPRELFBT chEV 8Bt BIPRE PECoP2ERe 0bj ecti ve
optical system when the aberration correction optical systemis structured
only by tdrtptastpéenentssstrnetusgngeacbepneeaRniRar PE2EBr ALK ng t he

par axi al anmount such as 62 the magnification of the aberration

correcti omrophigedl system bs madef 6bcitbat, thewestigmahistheieptiotal pi ck-up
devi ce of the present enbodi nent, because the refractive power of the glass
| ens whi chehsravédal fmededeiy didhetenc eodfiddiddrenissat Wwe thangesedf r anged
in the aberration correction optical system can be freely selected, it can
cope withy vasiRuseBREERS LRat ILQQEtOEoweeaBﬁar 8hkOBeSAr E8phhABrORbie Rk
system Further, in the 1st - fifth enbodi nents, when a pair of optical

el ement s

f e shapi PL.i e in ical t ween
t he co||i§%?§?£o§$bc§? @§§?eﬁ?§§%§?'cg%§§g%§§%:n%ifggggﬁﬁgﬁﬁ% %gﬁggxpander
optical systemEXP, [t is eferable_that the.first collinmator tica
system at?gag?éﬁﬁFﬁWedogbeﬁ 5ﬁ3§53|8ﬁ§F Tﬁé?bb&?cﬁgéﬁﬁge%gﬁe%%ggree of
the parallel of the light flux projected fromthe first collimtor optical
syst em CoLiamgkegondt BAE LT BRifher edRpBFatBRePBARNGEAMBYEBR  WhEN BLSE
tenperature change is generated, the astigmatismis not generated. Further,
in the opihcibdpiick-up device PUL in the present enbodi ment, because the
beam expander optical system EXP is arranged in the common optical path of
the first |ightagteaxdand tbetisecontirdigbtief bfixthé herésaper ahuention,
characteristic can be corrected also at the tine of the 63
recordingiﬁe@h@dggtm@agnpﬁkﬁkuﬁiBgstaﬂ secendn! ighthél Uxcohur mbee, when the
first lens EXP1 of the beam expander optical system EXP is noved by the one

axi s act upl 05 LAC aBoL. ORLY 8he! Beahi BRpahakhechesendi agbegpr aducing on the

hi gh density optical disk, but also at etinme o

di ! . Lcal _ab L A d.
(The seconhfEhagdr 1Eoe BREYPr bHE: EBTCRG®R  g2aEhEnFLgPer RTolE E2khoske
invention will be de cr'beg however, the same structure as in the first
enbodi mentf sS8ERB eglgbtt tU%ame sign, and the description is neglected.



As shown in Fig. 4, the optical pick-up device PU2 is structured by: the
bl ue vi ol et senlconductor | aser LDl projecting the first light flux; |ight
detector PDI, DVD use nodule MD2 into which the red sem conductor |aser LD2
projecting the second light flux and the |light detector PD2 are integrated;
CD use nodul e MD3 into which the red sem conductor |aser LD3 and the |ight
detector PD3 are integrated; bean1expaﬁﬁ%r optical system EXP as the
aberration correction optical system one axis actuator UAC, objective
optical system OBJ; 2-axis actuator AC, first beam 64 conbi ner BC1,
second beam conbi ner BC2; third beam conmbi ner BC3; and collimtor optical
system COL. Then, in the optical pick up device PUE in the present

embodi ment , th%u&&éi&%@%OEOOPE{ga't éE&tu§e9§ﬁ $2aL 208, Wh08CapLAXI A

refractive pomer 'S trve the first Tens EXP1l) in the beam expander

opti cal second beam p astlc I (the second

| ens EXP2§ @igx55+%§.gﬁ rﬁ??%%&'gggﬁgmésuﬁscﬁgs# re%@?ﬁe beam
expander optlcal system EXP; and objective o ié are arranged
in order, F¥F AT he"BEDeali bEREL SBRP cORBECEBr IB BFa Tyspée ePF<Fhe opti cal
pi ck-up devi ce PU2, when the recording/reproducing of the information is
conductedsbnu@h@rhmghta@nbﬁﬁy @ﬁpﬁ@dﬁrdP§E1Fﬁﬂ 8¥StRB p&t RAEE PRYaPdSshown
by a solid line in Fig. 4, initially, the blue violet sem conductor |aser
LDl is |ilghttes dtedatPbenndhecdiyeogenhel hgbh fleusipryopettedlf camkthe bl ue
vi ol et sem conductor |aser LD passes the first beam conbi ner BCl, and
transm t spihearobl %H@hoth@pké@@kd&ﬁ??@@p@@ducaﬁbeELsi tohslueeedeche®Vibnt 0 a
paraIIeI Iight flux, it passes the first | ens EXPl, second beam conbi ner

secoggl | ?ﬂﬁegfggl LBLEdabeam copbLReE B3 ctkR . Or Her ca@hdsbggones a
spot formed on the information recording surface RLl through the protective

| ayer PL1 o] | b bj i\v.e

opti cal %8%e£gﬁhﬂn $§ Phg ﬁgﬁQ%}%%}|§%g%%%Fga sys %x l%éngﬁbf% t he
focusing or trackin axi s actuator _arran d |n the perip

1. The r%%?eE?%dWPgaﬂ¥n9F L5abRal St opYarRen POBE SR e Ton o che”
informati on recording surface RL1, transmts again the objective optical
syst em OBdluehvialpbarraoRpRABEt BE3L 2868 0RY Fé%sSE%PEOH§é€Gﬁ& Bé&RIconbi ner
BC2, first lens EXP1l, and collimtor optical system CO., and is branched by
t he firstubeanfonnbhaeﬂisﬁt,spasses fheusefsop beftweSEN]ayed scétvdhged on
the light receiving surface of the |ight detector PDl1. Then, by using the
out put signae 6f tbeokbghty/gepectiaciRBl fotthehenhodmatlayerecdordded isuchhe
hi gh density optical disk HD can be read. Further, when the

recor di ngége@tpgges:nalgic t BRgl BB@Embb@nfuﬁc%ga@g@he@romh@\@ne@% the path
of ray is shown by a dot t ed line in Fig. 4, |n|t|aIIy the red

rom the foarEbAEoRNuE o FaltriLe L FEFPEcred By Fhe Sotons hodu:

conbi ner Bg2 and ?f i ﬁ %erted into a parallel Ilght flux in the second
| ens EXP2°TpiBSeSPERE thPFa beam conbi ner BC3 in order, and becomes a spot

formed on the 66 i nformation recordlng surface RL2 thrOﬁgh t he
protective | ayehCEPPISRIDYD Bt AeubbPeBPFFeCbptREaPrEyEPE Eﬁ?ntlon'

in the optical pick-up system written in the second mode, it
is preférable that the optical pick-up system further
comprises a beam combiner for leading an optical path of the
first light flux and an optical path of the second light flux
into a common optical path, and wherein the coupling optical
system, the glass lens in the beam expander optical system,

the beam combiner, the plastic lens in the beam expander



Then, the objective optical system OBJ conducts the focusing or tracking by
the 2-axis actuator AC arranged in the periphery of it. The reflected light
fl,ux nmodul ated by an information pit on the information recording surface
RL2, passes again the objective optical system OBJ, third beam conbi ner

BC3, second |lens EXP2, and is branched by the second beam conbi ner BC2, and
converged on the |ight receiving surface" of the | i ght detector PD2. Then,
by using the output signal of the light detector PD2, 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 is showmn by a two-dotted
chain line in Fig. 4, the CD use nodule MD3 is actuated and the red

sem condu ser i i e : . Ih k g o] fl pect ed
fromthe ?%gigéﬁi%%%%%@togn%aggé ﬁ%%%eg%ygrSP?&¥§ﬁrgp%g%kégEgya?EgH?%Prd

b nbj ner, BC3 formed on the informati di
cur T ace. RS TR GUGFOThel FPBL BUEI bh* Fhybt SRL30R7CD B) Fhe obj ccti ve opti cal

system OBJ. The objective optical system OBJ conducts the, focusing or
tracking by t hef2=eBdnactativhs ACSFFARged PheFheCpefiphéPythe Pg‘?‘mThe
refl ected 67 light flux nodul ated by an information pit on the

i nf or mat | 9¥PaRdY PPl cat f avet@n3isatbethet cpamens orgaica lt ratdbpéctinge
optical system OBJ, is reflected by the third beam conbi ner BC3, and
conver gedf nst hElbx glbd r ecei yeogndufiaee whehhehki ght edétieet optkBalof t he
CD use nodul e MD3. Then, by using the output signal of the |ight detector

PD3, the ipfesmotaontnecoedsdripued enarbeceeadcikbnihhehophi ¢ak pi ck-up
device PU2 in the present enbodi nent, because the plastic lens (the second

| ens EXP2) .. bg@%} e Lcal s e Pakh$ 12! Qptica
pat h of t %hgfégflllg tP%?ﬁﬁHa%%Qﬁéggsggoﬁgél?EE? FFE%?E&%gﬁ ?%ggggfggtive
optical sysiem B fas Lhe LeNPeLatyfe char agteriphi e pauhich the
spherical™a erratt on chang%s TRt he  over - Gorrection direction foll owi ng the
tenperature riée at the time of the recogdin /regrgducin of DVD, g¥ t he
action of FERerdERSNBCPEASURI®S, o8| B¥D hE Feﬁ%@?ﬁ BFETENSPACEEPLEPELSt the
time of the recording/reproducing on DVD can be corrected. Further, because
the secondt| s EMP2 gBrvBs BHBERTEsNENESEEPPLRANSr CBpPVEal CafisEdFCobet he
second light flux, the nunber of parts can be reduced. Further, when the
pl asti c | epsré¢thedsechmthans wRR)1it siseslersotthed $tclkhabhde bhibeed by the
actuator, not only at the tinme of the recordi ng/reproducing on the high
68 densitylepticalefiiskerbes alse at the tbuplahgt henseoptdicad/ septeduci ng
on DVD, the spherical aberration can be corrected. (The third enbodi nent)
Next, thehhiedeobodipept ohetB81PEREERL nggegmoayghbh)b@fan@rlbed,
however, the sane structure as the first enbodinent is denoted by the sane
sign and scripii IS I i.n. Fig. optica
o1 ok- up. cevrRaS e fE' ERake, RO AEhALy, 0% BA2ER, Ao bd. pRuckll OO Paser
LDl projegti the first_light_flux; light detector,PDl, DYD use nodul e MD2
"t wht cherblet e Rehs tonbactoF o RLEPAL BEchr bhgE: FRE PRESLatone™r Ghr
flux, and |ight detector PD2 are ) ,

be moved by the actuator, not only for the high density

optical disk, but alsc at the time of the
recording/reproducing for DVD, the spherical aberration can
be corrected.

According to the fifth mode of the present invention,
in the optical pick-up system written in the second mode, it
is preferable that the optical pick-up system further

comprises a beam combiner for leading an optical path of the



i ntegrated; CD use nodule MD3 into which the infrared sem conductor | aser
LD3 and light detector PD3 are integrated; beam expander optical system EXP
as the aberration correction optical system one axis actuator UAC,

obj ective optical system OBJ; 2-axis actuator AC. the first beam conbi ner
BCl; second beam conbi ner BC2; third beam conbi ner BC3; collimator optical
system COL; and coupling opti cal systeﬁﬁtUL3. Then, in the optical pick-up
device PU3 in the present enbodi nent, the collinmator optical system CQO,

pl astic |ens 1 169 (the second | ens EXP2) whose paraxial refractive
power is positive, in the beam expander optical system EXP, second beam
conbi ner BC2, glass lens (the first |l ens EXPl1) whose paraxial refractive
power is Ah ive,.,.in X optigal s e 1 h
objectivéﬂé%ﬁ%C%ﬁg%%s¥eﬁgcgﬁgnggegggggééeggtﬁ %?dgﬁgfggggﬁﬁeﬁggﬁg g%%ﬁet
sem conductor laser LDl sjde..In_the optical pick: device PU3, when the
Fecor di ngiHebrba el ofSEhee nbar fint 81 PESEBUELBACORPLNRINP B teNsi ty
optical disk HD, as its path of ray is shown by a solid line in Fig. 5,
initiall BYYHRH e poretigehfdndlictbe Paa®r 2KPRNAST| PRRECRA Fﬁ’ég.em‘d’he

di vergent light flux projected fromthe blue violet sem conductor |aser LD1
passes t hHdid ilresam beenb toebi nehe BClasandendt én tbhaveeawdekpandehe parall e
l'ight flux by passing the collimtor optical system CO., passes the second
| ens EXPZpisiscainds etaam c oatd nehe BERjettise bpnscEXPiysaed bherdrbeaged
conbi ner BC3, in order, and becones a spot fornmed on the information

recor di ngi sWHAC o Fid r t PFOHOPRE hei PEOt EEhhYesbayee Fhdeof the high density
optical disk HD by the objective optical system OBJ. Then, the objective

optical system ; f i r. i h i
actuator AC arﬁgﬁéé ?ﬂfcgé §§?§1§5%§%€%%2$@§ ?ﬁ%é?g?|g%?%d§??%§% ? %ﬁ
nndulated}%y a infornation g%t on_the %gforna ion recording.suifagg RL1,
transnits dg? e?kﬁ?%&f% t¥¥ %%t%%a?nsy teht S1¥fe“tHi Fd 583n1€0n§iner
BC3, first | ens EXPl, second _beam conbi ner BC2, second | ens EXP2, and

col | i mat RF dpt¢ catreystkahbctl vandtpe srantRBacpgLt hRSf PREM BERATEBADI ner
BO , passes the sensor lens SEN, and is converged on the |ight receiving
surface ofpthealighstemtdeecornPblinfheanceyonsthg thepsuepuresi gnal of the
| i ght detector PDl, the information recorded in the high density optical

di sk HD camirmecteadstforéhethewhemet b€ recording/reproducing Hbrt BED
information is conducted on DVD, as the path of ray is shown by a dotted
line in Rigind, thdidéadhy, 1ifecr ethusemconshieiggly ASeF dSndigirtiegi tted.
The divergent light flux projected fromthe red sem conductor |aser LD2

Combi ner B3 Andt ST (ot Eanart 6 Trt 6 A ar el T TRt I Uy TRCLRE™Fire
) paralle ight flux in the first
lens EXPL; ¢ PASSSS4 108/ L OLEaDERM CROP PRE RSBy 88¥sity optical disk
using the first light flux, is corrected, the refractive
power of the plastic lens can be determined.
According to the sixth mode of the present invention,
in the optical pick-up system written in the second mode, it
is preferable that tﬂe beam expander optical system is
arranged in the exclusive use optical path of the first light
flux.

According to this, because the plastic lens in the beam

expander optical system is in the exclusive use optical path




beconmes a spot formed on the information recording surface RL2 through the
protective |layer PL2 of DVD by the objective optical system OBJ. Then, the
ohj ective optical system OBJ conducts the focusing or tracking by the
2-axis actuator AC arranged in 1 the periphery of it. The reflected

|l ight flux nodul ated by an infornationég%t on the information recording
surface RL2, passes again the objectiv ptical system OBJ, third beam
conmbiner BC3, first lens EXP1, and is branched by the second beam conbi ner
BC2, passes the coupling optical system CUL3 and converged on the |ight
receiving surface of the light detector PD2. Then, by using the out put
signal of the light detector PD2, the information recorded in DVD can be

read. Furgpef,c whgpst hfl%ﬁ‘eow?;eg/ ERR QQESEQHcef ohenknbeniREkeanke
conducted on CD, as ray 1s shown by a two-dotted chain line in

Fig. 5, the CD use nDduI uat th or Iaser LD3
oo SRS ! @8?aen?£|%aﬁ?u%‘?§§ Bﬁotggt 2%%%%%‘3@%%
sem conduct or | aser er is ref thlrgpbean1 onblner
BC3, becoﬁ%%r%?E%B%S?b?n%H BﬂethémPnPSr FiBﬁCPé P&/HSP§8 &&Bg 8Tt hr ough
the protective |ayer PL3 of CD by the_objective optical system OBJ. The
objectlveD%%tP%hmgs?@@eﬁ?@Bﬂdcéhahét§1Fﬁe FRRECRT AENGEY  rAEKFRYS bYeF hRg
2-axis actuator AC arranged in the periphery of it. The reflected Iight

fl ux nodubmtedabyaam wnépenaheohepperahutrbechafrectatriicn iceesdr dhrg tsmef ace
RL3, after it passes again the objective optical systemOBJ, is reflected
by the thbdfdrbeapitoghteptoBadingndoeonker gedhotehbe thi gbt icateidtishg
surface of the 72 light detector PD3 of the CD use nodule MD3. Then, by

using theyguhpuinsi goakrof sthe kight QgtEBEQEcE@é the rREenRike@N recor ded
in CD can be read. In the optical plck-up devi ce ﬁUB in the present

enbodi nmen CAHUS i ns_( n t m
expander %%Y?gaﬁfsgg%eﬁ%gﬁg§%sﬁ?hgt e %§§|%gggegﬁggggﬁﬁrgéklﬁgﬁhg?FQ%ﬂb
first light flux, the existence of the beam expander optical system EXP
does not affeRt @ﬁﬁefﬁﬁﬁg ature characteristic at the tine of the
recordi ng/ reproduci ng on DVD using the second light flux. Accordingly, by
consi deri ng onl3<¢ ln%et@eﬁ%%régﬁr@oéﬁa?écFﬁﬁlEFPéeQF L RESPE B 0 1Phe
recordi ng/ reproduci ng on the high density optical disk using the first

| i ght flukhéscebicattpickthe sgbkant wratpeneinofnyheng aft itdel essotiche
second | ens EXP2) can be determ ned. Further, when the glass |lens (the
first | enscEXPi}hisotdesedibyithprafierakile abttatore UaAGplioty opkycatl t he
time of the recording/reproducing on the high density optical disk, but

al S0 at thpstimenet hbeleser 8hBObIARESHUCERE @RcBMDpatheispheri cal
aberration can be corrected. (The fourth enbodi nent) Next, the fourth

enbodlnengegga%g§¥?:§§$gg hgvggg&ggvg{II be descri bed, homever, t he same

structure as t

According to this, by using the positive plastic lens
in the coupling optical system, the temperature
characteristic can be corrected in the optical system
including this coupling optical system. By this, because the
positive refractive power necessary for correction can be
distributed to the beam expander optical system and the
coupling optical system, the degree of freedom of lens design

of the beam expander optical system can be increased.



73 enbodi nent is denoted by the sane sign and the description is neglected.
As shown in Fig. 6, the optical pick-up device PU4 is structured by: the
high density optical disk use nodule MDL into which the blue violet

sem conductor |aser LDl projecting the first light flux and Iight detector
PD1 are integrated; DVD use nodule MD2 into which the red sem conductor

| aser LD2 projecting the second |ight f44ix, and | i ght detector PD2 are

i ntegrated; CD use nodule MD3 into which the infrared sem conductor |aser
LD3 projecting the third light flux and |ight detector PD3 are integrated,
beam expander optical system EXP as the aberration correction optical
system one axis actuator UAC, objective optical system OBJ; 2-axis

actuator AG the.{issinbeam cpubhRErBEL: o2ec0nd 9§§gheognb £3BE2: s st

col | i mat or optical sys §écond or opti sysfen1CCL2
In the optjcal picksup.systemin the ent.e nt, beam expander
opti cal é%?eﬁ? ' Bé?%aHBeﬁyFﬁePhggégipﬂs99 nEﬁFlCQP atl”’('[EEI 5t he
first light flux. Ln t he optical pick-up device PU9, when the

r ecor di ngtF epF oHEi@Fhg2 oklﬁﬁé PﬁfQPﬁéFﬁéndF§kéoHBGé?eéeéﬁrﬁﬂéghlgh densi ty
optical disk HD, as its path of ray is showmn by a solid |line in Fig. 6,
initialIydemhetbeaeaveoﬁéfferéntséwbmoﬁdabtOthbaseEhEDPp¢§CEﬂgﬁﬂSénpmted.
The divergent light flux projected fromthe blue violet sem conductor |aser
LDl , aftewhrtohvehéedecatrdihbeapdrall ekplrbdhtihbuwfbyheadsifogmriatechi ist
collimator optical system passes the first Iens EXP1 (gl ass | ens whose

paraxi al ¢ehaaetéyeppovRE EsrBegat pke) £18Q¢0RNd Wers nEXP2s( phastiigskens
whose paraxial refractive pomer is positive), the first beam conbi ner BCL,

second be@ﬂ%f@ﬁ?'gﬁékBCZn Eh@rQﬁEnﬁéﬂddﬁgﬁogﬁswﬁl%BOEhEOFE%%r%Enbhe

i nformati on recordi ng sur ace RL rou the protective ayer PLI" of the
hi gh denS|t tical disk HD he.objective_o tlcal t Then, the
obj ective o%{lgafegys§HCl huc%sgbﬁma 6 us? rdF%zc ge t he

2-axi s actuator AC arr ed |n |t per.i phe The refl ected I| fl ux
nndulatedsﬁﬁoﬁﬂ Fh@Ban%gén pet I5R1PRE PﬁfB%ﬁaF?&ﬁnﬁeeﬁF&Fﬁé ggﬁ%acétRLl
transmts again the objective optical system OBJ, the second beam conbi ner
BC2, firsisbpapfesablnerhBtl, asmaondiieasionPe; ofrthe| ehseEPIe and first
col I i mat or optical system COL, and is converged on the light receiving
surface obptheali ghttemt EctrothPDEirfhehighy @dumgwhiee abepdtrsiigidlghaf the
| i ght detector PD1l, the information recorded in the high density optical

di sk HD canukepseads thrdéhghuthbepbjvhenvehepreeandispgieapregduci ng of the
information is conducted on DVD, as the path of ray is shown by a dotted

line in Fkgcoﬁdlh@'BkaEE¥rOHH@15ﬁ 1ﬁ?8kﬁ8@gﬁﬁtghtba%%rfkg% %%e first
light-emtted. Thé divergent t flux projected fromthe red

sem condu s D2 fte r n | ux
when 11t PRt fstRE seeéné &abblkﬁ SE88, oyt {9?608@%§g59g bl e
by the flrst bea i ner the econ bean1c L and
bacones. a5 LPLENT B FelnBnS FRGA i OERR: oMY 4B SPdFﬂs SREPaGs LRED " AlGUgh ¢ he
protectlve Iayer PL2 of DVD by the objective optical systen1CBJ Then, the
objectlvepéﬁﬁﬁéth§9§9€nFEBJOé@ﬁ@ﬁéﬁ§ PREIFBAUSYAGCBr TOFadRIERG BTt RE
2-axis actuator AC arranged in the periphery of it. The reflected Iight

fl ux nodurereddbging information phtoonrt Asomntbemseicondr epsidiang ddeiki ace
RL2, passes again the objective optical system OBJ, second beam conbi ner

BC2, and ksebsgpebrimbyelheshinest aRganbeenbi nemoBelyv WBeNtht Basses the
collimator optical system COL2, after it is converted into converging |ight

fl ux, o] e surf he . ctor
POz, Thent B TETRg PRECSUE puf “EF GREE "o PPRGE| LontSdardster Lot Aeat
information recorded in DVD can be read. 76 Further, when the
recordlng??@%@%ﬁﬁc?ﬂ516ﬁltﬁésFﬁForﬁﬁglBﬁstSCBHHQSFeHmoﬁfCBhQa§1@ﬁ§1§ath of
ray i s shown

lens whose paraxial refractive power is positive, in the beam



by a two-dotted chain line in Fig. 6, the CD use nodule MD3 is actuated and
the infrared sem conductor laser LD3 is light-enitted. The divergent |ight
flux projected fromthe infrared sem conductor |aser LD3, after it is
reflected by the second beam conbi ner BC2, becones a spot fornmed on the
information recording surface RL3 throg%P the protective |layer PL3 of CD by
the objective optical system OBJ. The jective optical system OBJ conducts
the focusing or tracking by the 2-axis actuator AC arranged in the
periphery of it. The reflected light flux nodulated by an information pit
on the information recording surface RL3, after it transmts again the

obj ective optical systemOBJ, is reflected by the second beam conbi ner BC2,
and conv :Q%gj t | Loghto & b Vi Of i eyt hghtxdetest e PD3 of
the CD ugée rmddt}élke {%%é%e?%?hhs?%%lﬁ%&gﬁ% pﬁ? Si gna? ofgt he Iight

det ect or ESB, the information recorded in CD can be read. In the optical

pi ck-up deVice PU4 in the present enbodi nent, because the plastic lens (the
second | ens EXP2) in the beam expander optical systemEXP is in the

excl usive use Optitalapath of the first2)ight flux, the existence of r 77
t he beam expander optical system EXP does not affect the tenperature
characteri sti c vatert hehe ibemnofetpendec orpli hedt epyoderci hy das Dyiedsfoy t he
second light flux. Accordingly, by considering only a case where the - -

t enper at wies charscterdist | £1.ak, the theeigfltbeceesor dhpgheepeoduci ng on the
hi gh density optical disk using the first light flux is corrected, the

refracti\%Fé§g§E}§gf§§§%ﬁ%@é&i&uéee§n£§ﬁe sReopdrlgps; FXPZ)gen; be

det erm ne odi nent) e optical pick-up device PU5 in the

present e iment,.the optica | fl i on .o h i Lt tica

di sk F[)iégfﬁéf%%Reﬁ%ng?% fﬁrg 4§€8ﬁ%]k§ﬁ%cgﬁgséh%lg% bﬁﬁeggggkeﬁ%?gé | ayer
PL1 = 0.6, mm. nunerical_. aperture NA1 = 0. 67, . and e tical specification
of DVDis#@rﬁp%wﬁ%ﬁ%%@t%lgﬁt:%%%ﬁ'nﬂ]P?ﬁPgiﬁ%s 19§Q0F8ﬁﬁelﬁr8? ctive |ayer
PL2 = 0.6 mm nunerical aperture NA2 = 0.66, and the optical specification
of CD is,PXdieaks@dl emed hwhen =thgsdhsk ihi ckaegsdt Srem the BighedfnseétVayer
PL3 = 1.2 mm and nunerical aperture NA3 = 0.51. However, the conbination
of the waveteogt hdithitkneéB, oftt he peoeestryethayear amdshumpei éahs
aperture, is not limted to this. f As shown in Fig. 7, the optical

pi ck-up devigepRibal steteaclanedsbytrhbeubing vhel easeskpandaet or | aser
LDl projecting the first light flux; red sem conductor |aser LD2 projecting

the seconghiight £{sXemi DErR6e84seYl eRBdHEtahtbaser kR3tprakeskiBadt he
third light flux; Ylght det ect or 123 common to the first - third |ight

fluxes; b X er_optLi S P a ti correction

opti cal s§§$%§1pgﬁ% %ii§£%i€%%§%rg§£i5508?§%§?§% g%?ﬁga 92?éten1CBJ'; first
beam conbj ner Bd ;. second, be combj ner BC2; third_beam conbi ner .BC3; first
ol 1 ot ACSREPEBd L Sy ot i Oorhe  SLEBNG BEFF: kPSP SHE: DRPoLg CPoRieae2: | and
third collimtor optical system COL3. In the optical pick-uE %¥St¢n1in t he
present eh®odi AeHtPOThel beaRlegpaRderNEpiieafesgstermh BERPNEafPRAgEd in the
common optical path of the first light flux, second light flux and third

| ight fl uxunibertsetbpfieal theckxppetdeipte (PUS, andenhehethe chromatic
recordi ng/ reproduci ng of the information is conducted on the high density
optical dalskrtHirias beewpahhtbhé faysitslibbwnfbyxaasdl kdel srecnd Eight7,
initially, the blue violet sem conductor laser LD is light-emtted. Wen
the divergent {&oghénfbuxtpeepectedhbnenut henbl ig ¢hel ekasesikpandeet or | aser

LD1, after it is converted into a parallel light flux when it 79
transmits " | LOBLOT nOPLLCRL SHS! gBLERk Ly, PRBSeSebBadl 1 ghebeam
conbi ner %égfc%%c% %E%%aﬁgg%ﬁbyner BC2, third beanFconbine? BC3, f?rst | ens

EXP1 (9'a?fuﬁegénmﬁgsgrgﬁéé%éé'as the paraliel light, and a control

factor when the recording or reproducing is conducted on DVD,

can be reduced by one.



refractive power is negative), second |l ens EXP2 (plastic | ens whose
paraxial refractive power is positive), in order, and becones a spot forned
on the information recording surface RL1 through the protective |layer PL1
of the high density optical disk HD by the objective optical system OBJ'
Then, the objective optical system OBJ' conducts the focusing or tracking
by the 2-axis actuator arranged in the riphery of it. The reflected Iight
flux nmodul ated by an information pit on the information recording surface
RL1, passes again the objective optical system OBJ', second | ens EXP2,
first lens EXP1, and is branched by the third beam conbi ner BC3, passes the
sensor | ens SEN, and converged on the light receiving surface of the |ight
det ect or PD123. [ t S tor
PD123, the mforr?g:?ﬁEi e%%r an?ﬁ ?%héggﬁé?oér%%g?% %?ggiéE)can be
read. Further t he recording/reproducing of.t
wmmm%ﬁm&w%%WW%ﬁewa%ﬂﬁﬁ%ﬁw%pg7
initially, the red sem conductor laser LD2 is light-emtted. The divergent
light fluxs Prat%)f%reﬁ%%t%arr%t%e%dt%%%%%H%%’%b?nl%EEJrCiszYa’F?JBr it
is converted into a parallel light flux by transmtting the second

col | i mat orisopt i calpkirsy ePpiCER2] $ystefl eanddvivgre e whest theafl€dhbi ner
BCl, passes the second beam conbi ner BC2, third beam conbi ner BC3, first

| ens EXPLligthﬁﬂdXHhaiaﬁQ,ai@i@ed@entamdgbeOQHESra spbd tbeneduphinge

i nformation recording surface RL2 through the protective |ayer PL2 of DVD
by the objgstive opfdeah, syiss esd&PBling Thepicihespbtent éner ophi Tahhsystem
OBJ' conducts the focu3|ng or tracking by the 2-axis actuator AC arranged

in the pengnhfraariﬁie |n?€ o f éﬁ@C£§g1é'9H£cﬂly§ oRavi afegdn by #Re

information pit on tion recording surface RL2, passes again the
obj ective 0 tr st.em econd_l e rst Iens EXP1l, and is
branched by e:?% Hg%%aﬁfgon%?ng?e rQ§ Fxg t%% gensor |l ens SEN, and it
IS converged on the |jght recejvin urface of the Ii Pt detector PD123.
Then, by using AHeCTRAPU “<i ghaf- o e?ﬁes?rgﬁ? H%?e%?ﬁg PRA 2P fiat
|nfornat|on recorded in DVD can be read. Further, when the

recor di ngFy&pemdugi woieh the davergantoanpdecohdubeedizarepntadighs path of
ray i s shown by a two-dotted chain line in Fig. 7, initially, the infrared
sem condutiox pfﬂjestedgﬁremnthEedluéheidﬂeErgemicbhghttﬁtuiapﬁajested from
the infrared sem conductor |aser LD3, after it is converted into a
paral l el thghfifbtux1bynpassunget he tbhidreell Efalor anpt hoabegysbenhe€OL3, is
reflected by the third beam conbi ner BC3, passes the first | ens EXP1,

second | eggy g%%?ve'ﬁ pidet, s%@geﬁecgn?ﬁnétigﬁtoEOEHSdaBBrEBleHfOFHHt|On
recordi ng surface RL t hrough the protective |ayer PL3 of CD by the

o AP LD e BRSPS RSP U g

eri pher The refl ec ht fl d I an_informatio
e M BrRRTE SR P attr B uPPRE kS oPEiEad E7sPénBahhe" FRLLE]

it i1s advantageous for the reduction of the number of parts,

n pit

cost reduction and size reduction, of the optical pick-up
device.

According to the tenth mode of the present invention,
in the optical pick-up system written in the ninth mode, it
is preferable that the coupling optical system is arranged in
a common optical path of the first light flux and the second

light flux.



after it passes again the objective optical system OBJ', the second |ens
EXP2, first lens EXP1, and is branched by the third beam conbi ner BC3,
passes the sensor |ens SEN, and converged on the |ight receiving surface of
the light detector PD123. Then, by using the output signal of the |ight
detector PD123, the information recorded in CD can be read. Further, in the
present enbodi nent, a packaged |i ght sdurce unit into which the red

sem conductor |aser LD2 and infrared sem conductor |aser LD3 are integrated
and housed in a casing, can also be used. In this case, the second beam
conmbi ner BC2 can be deleted, and the collimtor optical 82 system can
be made two, and for exanple, the third collimator optical system CO.3 can
be del eted. Fur j n_t e i t Kk ' 1.g source
unit into mhic*é%%éf%%%%-gfo e?§%2%$§%§%€c?%€ ?%%%?EED?gggthegBe

sem conductor.laser LD2 are integrated d housed in,a casin n,.also be
used. In CRTRLEASCOPTHEAE] PYP BRans cBibl HEr CBRIORaRPhAC Al BEEY, 2nd Fhe
collimator optical systens can be nade two, and_for ex | e, the second

col | i mat of 1 bpti taPhsyStem Ee2tRanSBECHE| ot et ﬁﬁPFheVﬁgBthPn t he present
enbodi nent, a packaged |ight source unit into which the blue violet

seni conduelrbectagercpbicat edystamcbagdueher tkmperaktpze gharafteaisgic

sem conductor |aser LD3 are integrated and housed in a casing, can also be
used. In ihishtasethéhspherstahndbsecandobealmogabi her $hBCbyveBC2 can be

del eted, and the collimator optical system can be nmade one, and for

exanpl e, thersecopd andethivfl €ohlbivher tBpt teabesystiens réek2atCond can be
del eted. Next, the structure of the objective optical system OBJ' wll be

descri bed; : Her gup j ' 6 S P R
Structur e STCo R Theofo ROLERAPRUEE Ay, PEDRR ke KAk R e

83 The objective optlcal sysie " IS r V) I i.c | whose
bot h surf%ﬁ%gagrgrgg% %r?g,%gﬁgkﬁn tﬁg Bg%ig%%g%ggggfg%pggr%aé%gs%%%n t he
i ght source side, a bl azed type diffractive structure, DOES is forned. The
bl azed” tyEDERr ALEPyBeeePREL e RO PO T e s YRR £ b bF SRFERCLRES
spherical aberration of the wavel ength ~1 and wavel ength ~2 due to the
chromat i csupbrthefohhef 1ene pPESELEULERS tBecEPEPeiag, ORbd By EHSESHcti on,
the first light flux and second |ight flux respectively form good spots on
respecti veannber mavednbyetbedangustirtacébeotphbeihiagh atbersiaty copttacabedi sk
HD and DVD. Further, in the objective optical system OBJ', when the
magni fi catbepsctedt be wayetengt bf~thandevavel engtrbprddacd ngade tdiohfier ent ,
the spherical aberration due to the difference of thickness of the
protectivechayge Reguegenthe hbghiegmsu&xkppr%ablgbs&o&n®v®D, i's
corrected. Hereupon;, in the ¥If h and the tenth enbodi nent, when the gl ass
lens (in the fi i pen t i | eps PL ...l h -
ALDoEAPOQI B e L 1P 8k | 8BS E breblnthentetlon, in

enbodi nment, the ) e aberrationh correction optic

systemis ved b he,ope axi s _actuator UAC, the magnificatjon of .the
objectivetggtPEEFXE;sPéﬁPCEﬁ'SV§%8WaH6ééFen e §Eelﬁgpﬁ& gﬁﬁﬁdaﬁ%pﬁgk-up
device PUS in the_present enbodi nent, because the plasti¢c |ens (the second
| ens EXP2PrRRetRBlBebiiftExpRAdEPTdFRILCRI CEyEPefYERP™ & U heke CO FSpti ca
path of the first light flux, second light flux and third |light flux, when
t he obj ecti beanprpshingysfem OBddihgsanheprtémpér aBghe ofh&hgcttddisstic in
whi ch the spherical aberration changes in the over correction direction
fol | owi ngltibatt éiper ahdr enr bpeiatlt pethi o thet becradoddighd/ féprodmdtiong of
DVD or CD, by the action of the second |l ens EXP2, the tenperature _
char act er gStbgmah bE@iEEMEpQEhEhﬁhé@é@hdkﬁg/@QQ@@duéhﬁgi@ntE%deup@@n@an
al so be corrected. Further, because the second | ens EXP2 can be noved by

the one aé%ﬁiéﬁ&“@%QE WAC pEhgesRnebheaheabethat ban s¢aR hentonneeted not
only at the tine o tﬁe recordi ng/ reproduci ng on the high density optical

di sk, but . L e ordinglr ci - D The
Gah ombsarReaty REEitETnevery SRRC oapi SREERE  PiaR MRS TRh Se |
be descri bed, however,.the sane truc% re_as in_the first enbadj ment is
donoted bfTfABISENISERAL QRASENEEBSEPPpER oA 41054 SOLEES AL town in
Fig. 8, the optical pick-up device PU6 is structured by: a light source
unit LUL into which the blue



ss violet sem conductor |aser LDl projecting the first light flux and the
red sem conductor |aser LD2 projecting the second light flux are

integrated; l|ight detector PD12 common to the first light flux and the
second light flux; CD use nodule MD3 into which the infrared sem conduct or

| aser LD3 projecting the third light flux and |ight detector PD3 are

i ntegrated; coupling optical systenlcu@aas the aberration correction

optical system one axis actuator UAC, objective optical system OBJ;

two- axi s actuator AC, first beam conbi ner BCl; and second beam conbi ner

BC2. Hereupon, in the sixth - tenth enbodi nent, the coupling optical system
CUL, as the aberration correction optical elenent, is the collinmator

opti cal SyStemzf%%cY{q%leh f/{llgléejr%i@r%é'éa Lghtndlyxa of i theapavehepgth ~1

projected from s'emi conductor laser Z, DL is converted into
ht flux.. The couplin ical_syste

the parallel |i | uXx. o] i ruct d by a
gl ass Ieﬁ%OTEi&ﬁhi?%?l?%%ssfiEfT hﬁdgg gﬁgs?P@m¥8ngp %ﬁglséggth?eEQSCULZ)
whose paraxial refractive power_ is gositive, ang is arranged in the common
optical pathSbfliFet fite¥ #pgnthe| 8x°aRd thENSeEoRd | FERE FPGx. In the
optical pick-up device PU6, when the recording/reproducing of the .

i nf or mat | @p] ¢t tondert bea bnsysieem hagethfgheBRASREYIEpENEARCERERSHDE as t he
path of ray is shown by a solid line in Fig. 8, initially, the blue violet
sem conduth owhi@sethé Diphsricght akertrtedonThbadgeer genthki gherf | ux
projected fromthe blue violet sem conductor |aser LD, passes the first
beam conbipereBAonfdiséct €88 EHLLoGOhasshkensmpBeseupar axisal atefthacti ve
power is negative), second lens CUL2 (plastic | ens whose paraxi al

refracti VELROVEE tie PPSELEYS) g/ $662BEuRERR 6eNbiBer tBE2 tehp@idereand
becones a spot torned on the information recording surface RL1 through the
protective layer PL1 of the high.densit pt.i I okj.ective
opti cal s?%?%%?ﬁﬁﬁ}sﬁﬁ%n?ptE%éogfggt§§e¥8%t%%%?Eggggzﬁ?gﬁ?&ggﬁggc??%the
focusing or_tracking by the 2-axis actuator arranged,in,the perjphery of
it. The rBYPect?d ?gﬁﬂtb?IGQrﬁﬁHE?QtedH 9%%r1nv g%ai%oﬁspFFPBﬁkﬁﬁ%d
information recording surface RL1, passes again the objective optical

syst em OBIucBetbad bbanPtenbifieteBE2ses¥esnadlrendocuthe coMd iigns cuLl,
and is branched by the first beam conbi ner BCl, passes the sensor |ens SEN,
and conveogetdiceh shetémnglimorecpirefngablyt aceléfimpher| ilghis)detfedhsr PD12.
Then, by using the output signal of the light detector PD12, the

i nfor mat i eschbaaol dgdci Altke bhghndebsirt yfopaircal cdinskeHRedamwehe read.

s~ Because the case where the recording/reproducing of the information is
conduct edrp@pc FVYD, LiBchhensapBaadsithecpadseswWieraciheteeer dhrg/ riepreduci ng
of the information is conducted on the high density optical disk HD, the

o ot | B2 h8vBSOLECLAQ. JEULLPBE, WHENSPAR.ERGY AoRGIERACAIMEBLO! L0

informati Of 1S CON 0 a$ the th of ray is showmn by a two-dotted
chain line in Fig., 8 e CD use ule MD3 Ji.s actuat and i nf.rared
seniconduEPBFethgraEDég?stFPShPﬁgﬁgFt53?ofﬁ n&?&&P&Eﬁgcﬁpghbﬁﬁlgglya
projected fromthe infrared sem conductor |aser LD3, fter\;t is reflected
by the se@@ﬁdtbéaﬁiaﬁnﬁ?ﬁéPtBCQPtﬁéééngé85'SEHF f Pﬁe%oﬁh[{ﬁ% i nf or mati on
recordi ng surface RL3 through the protective |layer PZ3 of CD by the |
obj ective opti catceydiren OBIthFhé2shj sedpvefopbpchrespsteANBLFtéGRduUélls t he
focusing or tracking by the 2-axis actuator AC arranged in the periphery of
it. The rehkeopedchighticklurp spdukat edibyean innftoenatingh picdeon itthe s
information recording surface RL3, after it

preferable that the optical pick-up system further comprises

a beam combiner for leading an optical path of the first
light flux and an the second light flux into a common path,
wherein the glass lens in the coupling optical system has a

positive paraxial refractive power, and wherein the plastic



transmts again the objective optical systemOBJ, is reflected by the
second beam conbi ner BC2, and converged on the |ight receiving surface of
the light detector PD3 of the CD use nodule MD3. Then, by using the output
signal of the ss light detector PD3, the information recorded in CD can
be read. In the sixth - tenth enbodineQ%i, because the coupling optical
system CUL has a glass |l ens and a pl ast | ens whose refractive power is
positive, the function of the aberration correction optical systemfor
correcting the tenperature characteristic of the objective optical system
OBJ, OBJ', can be given to the coupling optical systemCUL, and it is
advant ageous for the reduction of the nunber of parts of the optical

pi ck-up ice; C i on 3 i uct iannEer ] si xth
- tenth e %ﬁi%%n?@% ﬁﬁgﬁg%%g %%ggggﬁag?ﬁgggfe%g%tb?gﬁ gﬁ@%ﬁﬁskthgh@
sectional _shape, of th er light flux. ] fr t bl [ t
senicondd%f%ﬁ£I% % t 1%§$r%%$¥%258|P#é%ggghggé%?%'cgg§uﬁgf,°§§e§§g§§ it is
preferable that the beam shapi ng el ement at |east one optical_.surface of
which is %PE&??%d?Y%E?ms%F?agEnggegrFﬁnﬁgatiﬁréﬁé gﬁ?ﬂc%hepgﬁﬁsﬁetmeen t he
bl ue violet sem conductor |aser LDl and the coupling optical system
Further, }iohhesopr¢eatipeek-up device PU6 in the present enbodi nent,
because the coupling optical system CUL is arranged in the common opti cal
path of the firstcdrding ftauxtlang, thecgesentdhei ghastiaxlenaehnt hbeobj ective
optical system OBJ has the tenperature characteristic in which the 89
spheri cal cabsr 1 8g i opt tbangegstemt he amerheoeketusanedusecbpai chal bewhng t he
tenperature rise at the tine of the recording/reproducing of DVD, by the

action ofrfde-sec08dcbens thk2cohBeihgMBpEakune soRapACkeksShibe at the tine
‘of the recording/reproduci ng on DVD can al so be Ccorrected. Further, when

the first, L.is % n i -yatar _.n only at <t he tinme
of the re%%fg?%é§%e%#ogﬁ§iﬁgm %r%ggr%i§R§§§§§?§§%§%?i35|? Fs%}ﬁgukfalso at
the time of the recording/reproduci on VD, .t he heri cal, aberrati on can
be correc?%ﬂ.r??ﬂﬁgéﬁgéﬁgﬂrgﬁBSHPﬁe%gf t YS¢RE §§§eﬁﬁﬁogﬁbg&9 nt of the
present invention will be described, however, the sane structure as in the
first enbbHiRentAGEL A Sd RY t HRNSHART SRGnONhKd® t FRSHe¥RrFHt FBR i s

negl ected. As shown in Fig. 9, the optical pick-up device PU7 is structured
by: the btempeiateresehatcontiaciotrikcassr thBltpmej eét ithg the first |ight

flux; red sem conductor |aser LD2 projecting the second |ight flux; |ight
det ect or PPiardbnypnepootiheifigr $brl gkt hiikhx dend isgc opd ilcdaghtdifslkuxsiGD use
nmodul e MD3 into which the infrared sem conductor | aser LD3 projecting the

third |ightef Fuxsand: fhe kight ideteetrectBEl ane irifegratieod; pomep! ioFy
opti cal system CUL as the aberration 90 correction optical system one

axis act U@ﬁgrﬁgé&iebhsﬁgi YEnOBLI Gak <$¥Shem. OBdur { Ho: axhfeAcivaigr AC

first beam conhbi ner
structured such that the glass lens serves also for the
coupling lens optical system (more preferably, collimator
optical system) of the second light fiux, the number of parts
can be reduced. Further, when the glass lens is structured
such that it can be moved by the actuator, the spherical
aberration can be corrected at the time of the

recording/reproducing not only for the high density optical

disk, but also for DVD.



BCl; second beam conbi ner BC2; and third beam conbi ner ‘-BC3. Then, in the
optical pick-up device PU7 in the present enbodinent, a glass lens (the
fiorst ens CUL1) whose paraxial refractive power is negative, in the
coupling optical system CUL, second beam conbi ner BC2, plastic lens (the
second | ens CUL2) whose paraxial refractive power is positive, in the
coupling optical system CUL, objective tical system OBJ, are arranged in
order fromthe blue violet sem conductor |aser LDl side. In the optical
pi-ck-up device PU7, when the recording/reproducing of the information is
conducted on the high density optical disk HD, as the path of ray is shown
by a solid linein Fig. 9, initially, the blue violet sem conductor |aser
LDL is light-em T i g I r bl

vi ol et sem' con é%% n£%§ %ﬁé ggité%eﬂgg?% E,# P%(%%) %ﬁﬁé&L%ﬁgg}l%?nbegﬁ
conbi ner secon beag1conb ner ter é |snco ert?% nto, %he
paral l el ¥ %ﬂﬁ ?%ﬁ? i Rt he"BelHn eWeHE 5 1Bakl%s %H 'b&am Conbi ner
BC3, and becones a spot forned on_the i nf or mat i on recordi ng surface RL1
through tR%eehbiltei vRat ¥heogopryeRappRtofatnayRAFgH aénéFgﬁnHﬁgl&Qla8|sk
HD by the o {ectlve optical system OBJ. Then, the_ objective optical system
OBJ conduexsleheve oessi APt bea rB@khngfbphﬁhélQSéxﬂsggét@épﬁr arranged in
the periphery of it. The reflected light flux nodul ated by an information
pit on the infdomtidng ecorthbyg, svetacee Rtle phssescayana thetbbjective
optical system OBJ, third beam conmbi ner BC3, second lens CUL2, and is
branched dyuphengesppd-heasysoshi nes BS2:hpassesubheesansobpkans1SENL hand
converged on the light receiving surface of the |ight detector PD12. Then,

by using She. ut put gl gogh of1tlte Lhahtxdeteater ofDLge Lhaphaher mtion

recorded in the hig ity optical disk HD can be read en’t he
recordln r.odu ot o] C as the path

o TLEPLERLEl 0058 oLAE, PALOEIRLLERCLS R ORHUCk SoRp O
senlconductor Iaser LD2 i The dlver

prolectedc??ﬁﬂ?FﬁEl?EchéﬁlE%ng&FSrt% g@? EEEOfPénngFBEPg Cﬁﬁgtﬁgrflrst

beam conbi ner BCl, passes the second beam conbi ner BC2, after it is

convert edOYRt Bs anGarak| 8ECPNghi 1ghtix SLAXE hehGRREFNT Bhs RYLQONpadeEsNThe
third beam conbi ner BC3, and becones a spot formed on the information
recordingonhyfaceaEEZWhhreughethemperatgzepcbaeatteeiBaﬁeramLzh@ftDmB by
the objective optical system OBJ. Then; the objective optical system OBJ
conducts ¢hethecustogdongy Fapkbdgehygt fer2taxi hight dahed tACoptianded in the
periphery of it. The reflected light flux nodulated by an information pit
on the '”&QEHHuEQng%QV di pgrsurfacerRu2, 1passescagaun the elifeeldtvee
optical system OBJ, third beam conbi ner BC3, second 'ens CUL2, and is

branched gg wbheogee gdaggmsomeem o 8333830408 PPEERad s 23 rSENy and

I's conver ed on recelving surface o ctor PD12.
Then, u5|$g t he, output signal of the |ight detector PD12, the
|nfornat| t5r%&8%Hn DVD can be read. |

According to the 14th mode of the present invention, in
the optical pick-up system written in the tenth mode, when
the optical disk for which the recording and/or reproducing
of the information is conducted by the first light flux is
defined as the first optical disk, in at least 2 kinds of
optical disks whose recording densities are different from
each other, and the optical disk for which the recording

and/or reproducing of the information is conducted by the



Further, when the recording/reproducing of the information is conducted on
CD, as the path of ray is shown by a two-dotted chain line in Fig. 9,
initially, the CD use nodule MD3 is actuated and the infrared sem conductor
LD3 is light-emtted. The divergent light flux projected fromthe infrared
sem conductor |aser LD3 is reflected by the third beam conbi ner BC3, and
becones a spot fornmed on the infornatiéﬂ'recording surface RL3 through the
protective |ayer PL3 of CD by the objective optical system OBJ. Then, the
obj ective optical system OBJ conducts the focusing or tracking by the
2-axis actuator AC arranged in s 93 the periphery of it. The reflected

| ight flux nodul ated by an information pit on the information recording

surface Rl oRASSESHATAI ikt DS QbEeRLEVEsORPhECL oYt 8BLPBA1 aRd), S ikranched
by the third beam Tonbi ner BC3, and converged on the Tight receiving

surface Q{Stéﬁétéég%%%eﬁﬁg PraHF?gnIPEQatEXQUﬁL”%Ef@ﬁéOﬁéfgétfégna' of the

| i ght det'ect e 1 nforma n-recorde can read. In the
optical pick:-up, device PU7 in the, present di mept, cause the, stic
ons (i NP ohl TERSSE D) The R PEEuntBHE GorroaRely ERenteret 41 ghtanged
in the conmmon optical path of the first light flux and the second |ight
flux, whehliherobfestibecephithe SPIeEh UBICRAICRheSYEREBY 00T e
characteristic in which the spherical aberration changes in the over
correcti orecratng onr f oépowinginpeinEnpreratianeontsecat from theefdfsthe
recordi ng/ reproduci ng of DVD, by the action of the second |lens CUL2, the

t enper at uset thar agi ek sénd atmibfeifiortobnt he ¢2coteli sigl¢epivducphgcan DVD
can al so be corrected. Further, because the second lens CUL2 is served both
‘as the Coé%éﬂéﬁofoﬁpﬁhéaéeédﬁéeﬂl@ﬁttEﬁuﬁeﬁﬁgﬂ Lhehkebbuy, 1tBatnyrher of
parts can be reduced. Further, whén the second lens is noved by the one

axi s act UaLoroLAG, 0ol 0bhy ab; Lbe, L Boot cLhesyseandieag! Lepcodyagng on the

hi gh den y optica but o at 't I'me o
recked.

di ng/ duci ng. DVD, .th heri cal ab ti
(The ei gRERS NGOG Hant5: REXT L LPRe BFGnER GRBBAE RBNE C6P"EhaPprEsdnt®

invention will be described, however, the sanme_structure as in the first
embodi mentf s2BRRBYEE2 Bl Y heaBaneWBrgRinakbet Hé2dEseRPFt AN tP§ negl ect ed.
As shown in Fig. 10, the optical pick-up device PU8 is structured by: the
bl ue vi ol epupbrNgoPEbtcadl $¥stem Dasppopegenyet Rarekist FeghBctRyR, |ight
detector PDl; DVD use nodule MD2 into which the red sem conductor |aser LD2

proj ecti ngotbe, see@nehéight Abpy’ andukber! vghtb fdetheciyra 2D eare vihitisegr at ed;
CD use npdule MD3 into which the infrared sem conductor | aser LD3

proj ecti 1 hi I I d.th Lght .dete r i L.at ed;
couplingng%%ggéébs%g¥%%ggiméa§é¥§g é%eﬁ?g%?g%ecgbrgﬁgiSﬁggéﬁﬁgapggggﬁgnl
one axi s actuator UAC, objective optical system OBJ; two-axis actuator AC,
first beafY&bfBi neRdpEabe secBHBRBEatrc Srfbi PBESt1gnd % M A5€am conbi ner
BC3. Further, the coupling optical system CUL is structured by the second
| ens CULZ2panawhathrafgbiasivéepswahose pasaxiisk nef taet cveppawer opsical
negative, and a plastic | ens whose

system, satisfy the fellowing expression (2).

Vap > Van (2)

When the coupling optical system is designed for the
first light flux, by the influence c¢f the chromatic
aberration generated due to a case where the refractive index
is different in the first light flux and the second light

flux, the parallel light is not projected, and when the disk



paraxi al refractive power is positive, are cemented, and a 95 gl ass | ens
whose paraX|aI refractive power is positive, and in the optical pick-up
device PU3 in the present enbodi nent, the second lens CUL2 in the coupling
optical system CUL, second beam conbi ner BC2, a glass lens (the first |lens
CUL1) in the coupling optical system and obj ective optical system OBJ,
are arranged in order fromthe blue vi t sem conductor |l aser LDl side. In
the optical pick-up device PU3, when the recording/reproduci ng of the
information is conducted on the high density optical disk HD, as the path
of ray is shown by a solid |line in Fig. 10, initially, the blue violet

sem conductor laser LDl is light-emtted. The divergent |ight flux

projectedigréﬁgﬂ dbeSthHéeﬁlélFB€H§§H9tBbthéﬁﬁrdkgi tBagees theikirst _
beam conbi ner BCl, second | ens second beam conbi ner BC2, and after it

he PRy L d L0, LA PALAL FLn L gaﬁs£h96taﬂ @ﬁngEEglkﬁﬁsﬁgy jpasses

the thir eamc I ner ecorresas orne OI’I’TB.'[IOI’]

di f RLL t th t | PL| qf hi.gh_densi t
opt i cal | RERETD by TRESLNEetP oo GhIREaT” SyOtcht BEICCREn 1BRE GhfEctrve

optical system OBJ conducts the_focusi n% or tracking by the 2-axjs actuator
AC arrangePisctpe perthpepyratlel. L¥gb réﬂPécte@C¢?Eﬁ&n$1ﬁx FOAtt ate by
96 an information pit on the information recording surface RL1, passes
agai n t hel 9 evvdee epenchhe sgeuphi OBI oPthcRd beafemoiBbi ASruUBESred b8t | ens
CUL1, second beam conbi ner BC2, second lens CUL2, in order, and is branched
by the fiasglbﬁanlemﬁwaGSeBféfraassee pbeesemsonegenivSENndaadpdaatécged
on the light receiving surface of the |light detector PD . Then, by usi ng

the OPtpuieﬁéQﬁﬁéséfrébﬁabighékgﬁbgﬁtQ% BBLitthe, lmtoagabeqact@@osded in
t he high density optical disk can be read. \Wen the

[ecor dingl i epr 00ueL: 0L AR} 0T RLHBLEAN op8:620dYRLedyBRoRRonag 2t he path
of ray is shown dotted Tine rn |t|aIIy, e red

duct I tt d Th
pro) cot et Hor ErehT et soin ebfatar o Ebar BB, EhEEPERFeecBlto e 2doone
beam conbi ner BC2, after it_is converted into a pa%EIIeI ht flux in the

first | ens"®UBSCONE badREsTIWE A RENBERRTIGRET ndrtEEYE én& B&cHAES®a spot
formed on the information recording surface RL2 through the protective

| ayer PL2tly# Dupsbynthbeobpupiing eptical system GBIMOVREnDYt k&Sobj ective
optical system OBJ conducts the focusing or tracking by the 2-axis actuator
AC arrangedtuatdhe peei phepydolipght Thexr ebhebeegrbijghtefl as mbeul at ed by
an information pit on the information recording surface RL2, r 97 passes
again thgpgbaﬁpéLVEi@ﬁtiﬁ@hx$y§hanb65&xouhEﬁ@tbeanEQOﬁhbneﬁchaf frhest | ens
CUL1l, and is branched by the second beam conbi ner BC2, and is converged on

the "ghtré@f§a¥h?90§u£E%ESdQEl£ eoki gk dekreehatiBR2pyThem, BYnuseng the

out put signa t defecfor PD2, fhe information recorded i n DVD
can be re t her en the recordlng/reprodu0|ng of the information is
conductedgg%ug§§ Qg ?Héhpath of ray is shown

According to the 15th mode of the present invention, in
the optical pick;up system written in any one of the %9th to
the 14th mode, 1t is preferable that coupling optical system
is a collimator optical system, and wherein when the first
light flux having a divergent angle enters onto the
collimator optical system, the collimator optical system

emits a light flux parallel to an optical axis.



by a two-dotted chain line in Fig. 10, initially, the CD use nodule MD3 is
actuated and the infrared sem conductor LD3 is light-emtted. The divergent
lisght flux projected fromthe infrared sem conductor |aser LD3 is reflected
by the third beam conbi ner BC3, and becones a spot forned on the

i nformation recording surface RL3 thro the protective |layer PL3 of CD by
the objective optical system OBJ. Then,”t1he objective optical system OBJ
conducts the focusing or tracking by the 2-axis actuator AC arranged in the
periphery of it. The reflected light flux nodulated by an information pit
on the information recording surface RL2, passes again the objective
optical system OBJ, and is branched by the third beam conbi ner BC3, and

converged on the-tbghingecsi vhng swméﬁcehefcéﬁelthgh&pgetgttggseaﬁ ighen,
by r 98 using the output S|gna1 of the Iight detéector t he

| nfor mat i g Tegonded LnoCDi6anche peadealng ggeﬁapbyg%hiehct up sdeice PUB

in the presen enbo ecause e Seco ens I nc udlng t he

pl astic I he couplin t.ica stem i ranged in_the
exclu5|ve Bi?éatspgfﬂngggﬂeaF|F§¥ Pﬁﬁﬁgy ﬂuilgﬁﬁe%g%ﬁstgneg §Phe
coupling optlcal gstentCUL does not affect the tenﬁerature characteristic
at the ti%eeoPPiAELEBEOPREAGALcBYSBER RENEHCDYDIGEFKYTEhE tsEE6nd ey RE
flux. Accordingly, by considering only case where the tenperature

char act ertlsei reaprdhpgt brereprofucisgordi hger épfoduetagnen thge oRJgtdensity
optical disk using the first light flux is corrected, the refractive power
of the plpssitibenssinothmosedondnﬂeasfCHbZtcankhagdehamabﬂedisﬁdmther,
because the first lens CUL1 serves both as the collimtor optical system of
t he secongphtbghtdfl ux, the nunber of parts can be reduced. Further, when
the second lens CUL2 is noved by the one axis actuator UAC, not only at the

time of the recgéggf)gg#spggdygénﬂ?eﬂ ﬁtgﬁehbﬁhtﬂgn%}:E¥e99t b Gabndisk, BHt

also at the tine o e recordi ng/reproduci ng on he spheri cal
aberration_can rrected. (The ninth, enbodinment) t, |nth
nbod nent; OPRACH eséﬁt"URv%XF?SW Rt ERE s Efbnane %%tgﬁérflﬁ%i &
structure as |n the first enbodi hi ted by ghe sane si %nd the
descri pti bi®i §° hBgledted tad SsREGASEACERG L I LhRe CBREFEAT S l&ﬁ devi ce
PU9 is structured by: the high density optlcal di sk use nodule MD into
whi ch t hespstemvharee Sémstondastor Laser anplappsicendi rgashd of iledys | i ght
flux and the Iight detector PDl1 are integrated; DVD use nodule MD2 into
whi ch t hewhédhsemecendaoged LaséhakD2rpeo) écbmnghehdigetond ghitglstoufdagx and
the Iight detector PD2 are integrated; CD use nodule MD3 into which the
infrared segtcoRdueton kasefrkR3tpre eetrurgutrbe ikhifbdmeidglh fattud earzd t he
| i ght detector PD3 are integrated; coupling optical system CUL as the

aberratioaneoetCBgteaangueegcégsBentheneleétquegteeonegéc waRireGh ve
optical system two-axi s actuator AC first beam conbi ner BCl, second

beam conbi pe” o867+ 204 OLLLIBLAL -oRt Egal, austem OO, The couphing 1ot ca

system CUL 'I's arrange exclusive use optic pat the flrst I i ght

flux. he. op caI k up devi the re ordlng/reprodu0| g of
the i nf or T EnErERcaR 8u6P8d58ﬁ°Pﬁelﬁg§ﬁ 3@H§rt9n8pt SXF G &k D8 he
path of ray is shown by a solid line in Fig. initiall t he bl ue viol et
100 sentc@nEEEPﬁFaﬂa§§ﬁrEBIlV§ PPYRE- 8N1tm@dl ?ﬁetaﬁvéﬂge%tpﬁﬁgﬁﬂﬁt|ux
projected fromthe blue violet sem conductor |aser LDl, passes the first

| ens CUL1l¢pkagsrl éhs whaeéEpataxbélthefﬁé@ﬁtvéisbﬁeﬁlu§ R&gati ve), second
|l ens CUL2 (plastic | ens whose paraxial refractive power is positive), first
beam conbpaeaxBEl, re€écandibeapreerbPpetmBC?, odndhkeserenda pdpatt ifcorlemd on
the information recording surface RL1 through the protective |ayer PL1 of
the high densthy @ateCahg@hskrHPnBY riketohjigati ¥euapkiealssyyshem OBJ. Then,
the objective optical system OBJ conducts the focusing or tracking by the
2-axis ackyaigl:AG arpargedohn (he periphery of it. The reflected Iight

fl ux nodul at ed by an nfornatlon pit on the information recording surface
RL1, passes agaj %g &jgctlve opti cal §ysten1CBJ second beam conbi ner
BC2, first bea 6 i fie , second | érF CUL2, first lens CULL, in order,
and converged on the light receiving surface of the Iight detector PD1.
Then, by using the output signal of the |light detector PDl, the information
recorded in the high density optical disk HD can be read. \Wen the
recordi ng/ reproducing of the information is conducted on DVD, as the path
of ray is shown by a dotted line in Fig. 11, initially, the red

sem conductor laser LD2 is light-emtted. The divergent |ight flux
projected from f the red sem conductor |aser LD2 is, after it is
converted




into a parallel light flux by passing the collimtor optical system COL,
refl ected by the first beam conbi ner BCl, passes the second beam combi ner
BG2, and becones a spot fornmed on the information recording surface RL2
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 AC arrg%bed in the periphery of it. The
reflected Iight flux nodulated by an information pit on the information
recording surface RL2, passes again the objective optical system OBJ,
second beam conbi ner BC2, and is branched by the first beam conbi ner BCL,
passes the collimator optical system CO., and is converged on the |ight

receiving surfage 6§dé$“%$i&E%%éﬁﬂﬁﬁé06bf§@t15898ptP&aySEQQtEMGWHEEHUt

signal of the light detector PD2, the intormation recorded in DVD can be
read. Further,.. when the.recordipg/re I e .Lnfar L IS
conductedh%% %Ef %%m?%gl%5§ﬁ£%fggaé gégg%g%ggb§ka&?§8%d%?tggEgﬁggn line in
Fig. 11, initiallg, t he CD_use aodule,NEB IS c%gated a?d the infrared

seni condutt®FS LHRCFE FRGRTIendt %ﬂ?l?ﬁﬁsdﬁggrgé ®EPBht TFPUXSBFGj ected from
the infrared sem conductor |aser LD3 is ref|lected_by the second beam

conbi ner ®Perandt bbeoreseasappt thaEnbieofPhRELICal1BberERELRBt PO/ “&cor di ng
surface RL3 through the protective |layer PL3 of CD by the objective optical
syst em OBdhe ThehfetdecebpEctheetbptknabssyft theOBrotentduves leerf ofusi ng or
tracking by the 2-axis actuator AC arranged in the periphery of it. The
reflectedthée gbptitax avdul asedobycabetnf ormredrdar pté onrtdeti sfohnation
recordi ng surface RL3, passes again the objective optical system OBJ, and

i's branchggnby:the Lbirdabeam copbigep BE3rapnd eanveraed ofri-hehivaht
receiving surface of the light detector PD3. Then, by using the out put

si gnal of i.ght . de he Lt i ecar (2 - be
ead I n THECEREFEat S pr Snas HRvEES PBSCI ALt Rerpretent Sood TSRt Because
the plastic_len éthe secaond Iens.@%LZ .% thg.cou IingFogtical gysten1CUL
i s arrang®dt iRt heY8kEPusi TS optT &t %5?% BYStREEYTFRES I HERtSF 1 ux, the
exi stence_of the coupling optical system CUL does not affect the,
tenperatu%@raﬁawaﬁﬁé@ﬁgigcdapeﬂﬁenﬁwn@noﬂtﬁhépFé€6#dFH@FP&&P&&&&Pﬁg on DVD
using the second light flux. Accordingly, by considering only case where

t he tenpevhenrehehdtf€erensei efathehwaviedengtht heededordithg/ r epr oduci ng on
the high density optical disk using the first light flux is corrected, the
refracti veepovetngf répeoghashigcobenae( théosmanidnl éssu€ed?) than be

det er m ned. f 103 (The tenth enbodi nent) Next, the tenth enbodi nent of

the presegphbpventi gBewrhtibg descCtbbede howe¥veenckhefsame $hidGhese as in
the first enbodinent is denoted by the sane sign, and the description is

negl ect ed h j i,g. t i PG K+ deviCce P ' .
e A P R W e S
l'ight flux; red,sem conductor_|aser LD2.proj [ cond i ux;
infrared senico%%%%Y%?’l%%%? fg p?o?%%??ﬁgkiﬁé ?grﬁggP?gh?gf S;ggpiéht
detector PD123 commpn to the first - third |i Et fl uxes; coupLin% opti cal
syst em CUEP&sOPRECabeFPEERGR BBVEBEt Pohb8Ei CAIE TEFSLER PONE adis *8& uat or
UAC, objective optical system OBJ'; two-axis actuator AC, first beam

conbi ner BEiecsé¥endrbéamlcoibraty BE2reapd ehPrePBeEMtEs hitheér BC3. In the
optical pick-up systemin the present enbodi nent, the coupling optical

syst em CUtrassmisangedeifnthheinoimentoptiivbal fpaxhisf lowerkidr shuel itghtthiel ux,
second light flux, and third light flux. In the optical pick-up device
PULO, whenntkhgefieeobdi ngkr eprogduei g ehet kayi biyorthet isarp sliddedeciced on t he
hi gh density optical disk HD, as the path of ray is shown by a solid line

in Fig. 12crtRbhi 8kl ¥net RerbkHBLYVAl 8k ruckurQ4 @EHECPBQQEKQF basehelDl is
light-emtted. The divergent light flux projected fromthe blue violet

sem condu . L DL . _passes:th L a onminer, n eam
conbi ner E%gﬁs#§?§5°heéﬁ$cg§b?§é% %Engg%rgﬁ EE%SQ%BL%S(3%%§§§fgﬁgqﬁﬁbse
par axi al refractlﬁe gomer.is negat%veé,.%e ogdelens CUL2 (plastic |lens
whose par a%FAF PERFaRPIVE 58derPrE tB8S ¢PvEF 9K 'or der, and becomes a spot
formed on the information recording surface RL1 through the protective

| ayer PL1 of the high density optical disk HD by the objective optical
system OBJ'. Then, the objective optical system OBJ' conducts the focusing
or tracking by the 2-axis actuator AC arranged in the periphery of it. The
reflected light flux nodul ated by an information pit on the information
recordi ng surface RL1, passes again the objective optical system OBJ',
second lens CUL2, first lens CULL, and is branched by the third beam



conmbi ner BC3, passes the sensor |ens SEN, and converged on the |ight

recei Ving surface of the |light detector PD123. Then, by using the output
sisgnal of the light detector PD123, the information recorded in the high
density optical disk HD can be read. Further, when the
recordi ng/ reproduci ng of the information is conducted on DVD, as the path
of ray is shown | os by a dotted linein Fig. 12, initially, the red

sem conductor laser LD2 is light-emtted. The divergent |ight flux
projected fromthe red sem conductor |laser LD2 is reflected by the first
beam conbi ner BCl, passes the second beam conbi ner BC2, third beam conbi ner
BC3, first lens CUL1, second lens CUL2, in order, and becones a spot forned
on the infornmatj di ng r th h e~k 2t LV PL2
of DVD by the. oy et Tun oot ooy Lo5R gl AR ke oBa B R B AL
system OBJ! _conducts, the, focysing,or.tracki by the_2-axis r, AC

o ranged TYeERY pir Ephary Brtr bYIznR  pEREECer Egne ) e e A Sd By an

i nformation git on the informatjon recor%ingﬁs r.face RL2, %a%%ésfagain t he
obj ecti vePBPEFchP E)St BRAVEBSNITBeBond Fend TEOL 2 19t S URe L& i s
branched by the third beam conbi ner BC3, passes the sensor lens SEN, and is
convergedpgﬁsth@ Lepht arseepeRngnstibfadégdt sharcegktidgetictt POL23. Then,
by using the output signal of the |light detector PD123, the information
recorded tn BWDisép bbker eagreBaibher ) whenthke seeccoddipdg/stepr ddnsingraf t he
information is conducted on CD, as the path of ray is showmn by a two-dotted
chai n |ingheéndEF@radlivenstirabtVret he EBkmadednsemecopduetor suRFdce of
light-emtted. The divergent light flux projected fromthe infrared

sem condugch@r ¢k aser 1 28tEc196nkDBhs Kefhaehed By the seaqpdcbeamigrnbi ner
BC2, passes the first lens CUL1l, second lens CUL2, in order, and becones a

spot for on..t i | rdi surface, RL3 . thr he protective
| ayer PLgF% %ﬁ §et%g8 g?%%??5§8§§t %g?légsfgn$8§3%}E$ﬁ§%%qfﬁé obj ective
optical system OBJ' conducts the fqcusing or tracking by the 2-axis

26t Ut or | RETAFFaRBeBSRNCEnEShErRBREr y BREE R TS RRPECTRE TRRRCFITR

nmodul ated by an information pit on the information recording surface RL3,
passes agapﬁefhEOOEPéc§FVétogﬂgéa|féy§t@§1GB@'Pb§@€6ﬁ36|@@§le@@2FYﬁﬁ%a

|l ens CUL1, and is branched by the third beam conbi ner BC3, passes the
sensor | ehs SENluahdeiynuérgedtonthheskicghtl pdesitiicngdess,f &be ofortkiad i ght
detector PD123. Then, by using the output signal of the |ight detector
PD123, theisnkacsawhen caeordedrifnGDotamebeodeadng it héeopifeaimapiick: up
device PULO in the present enbodi nent, because the plastic lens (the second

| ens CULleiBOBHQCE@Hpbhnﬁhepb%ﬁﬁbaiyaﬁgﬁ‘QHbsksﬁ%bE@&&Q@é nabfee cemon
optical path of the first light flux, second light flux and third Iight

flux, whepythe pghﬁﬁ}%%egﬁgtggﬁLngg ggggﬁqiag the tenperature

characteri'stic’in spherica eérration changes in the over

correction diregtion.follow t fe rature. rise at _the_ ti .of th
recording/repro%ﬁ%?ﬁ%lng °1€geo?$fﬁm£§ ecE# §9etﬁéeggp%oﬁngFg?ﬁgnéeégnd

|l ens CUL2, the tenperature characteristi¢c at the tine of the

r ecor di ngFPEpPBAUERAGPORKDYD SYSER: cah 4FsBTBSSLEPLECFEAL FREThdME when
the glass lens (the first lens CULl) in the coupling optical systemis
moved by PRELEAE BXFE-HBt §¥BOEMUAECOREE o yFertrodnees raiermafdon onto
recordi ng/ reproduci ng on the high density optical disk, but also at the
tinme of the feocwrdhegfieptodptinglodiB¥p and iGBget Ise dephamegdlcadberrati on
can be corrected. (The 11th enbodinent) In the optical pick-up device PU
~in the prepeptuesgbrdi entshd heo PPttt Lod Spectil cavsoempf at bRibkgbsdeasi ty
optical disk HD is the wavelength ~1 = 405 nm thickness tl of the
protectivegrl ayer sBLing Eiés{?m: NUABT i gaknapeitung NAlsT Gn0a RGaLARL
optical specification of DVDis the wavelength ~2 = 655 nm thi ckness t2 of
t he protecgti r =50. NUAeL i ca t = 6 a t he
opti cal s%ég¥§F%g¥?oﬁg%%rcfﬁi3?“?%% mavé*%n%?ﬁggé gi%§§%%n%e$ﬁigﬁﬁegget3 of
the protective |layer PL3 = 1.2 , a| mer i cal, erture NA3 = Q. 45.
However , Wﬂge€8ﬂﬁ¥ﬁa?ﬁoﬁh8f%fﬁégug%gﬁgngﬁﬁf Fﬁ%&ﬁ%@é%kgf%Pﬁéo rdfecti ve

| ayer, and nunerical aperture, is not limted to this. | oe As shown in
Fig. 15, ERBr8PFLeRF PrekaBH deVvice PULL is structured by: a laser |ight
source unit LD123 into which the blue violet sem conductor |aser LDl
projecting the first light flux, red sem conductor |aser LD2 projecting.the
second light flux, and infrared sem conductor |aser LD3 projecting the
third light flux, are integrated; |ight detector PD123 common to the first
- third light flux: beam expander optical system EXP as the aberration
correction optical system one axis actuator UAC, objective optical system

oy - o R N - e



recordi ng/reproduci ng of the information is conducted on the high density
optical disk HD, after the position in the optical axis of the beam
expander optical systemEXPl is adjusted so that the first light flux is
projected fromthe beam expander optical system EXP under the condition of
the parallel light flux, by the one axis actuator UAC, the blue violet

sem conductor laser LDl is Iight-enittéﬁ% The 109 divergent light flux
projected fromthe blue violet sem conductor |aser LDl, as its path of ray
is showmn by a solid line in Fig. 15, is reflected by the beam conbi ner BC,
and when transmits the collimtor optical system COL, after it is converted
into the parall el Iight flux, passes first lens EXP1l, second | ens EXP2, in
order, and thetyiggt f lgux dlanetqr is regulated by the stop STO and
becones a spot ftor on t he |nfornat|on recordi ng surface RL1 through the
protective Iay LI of the hi nsity optigal disk HD by t he objective
opti cal systenlcég<£f%é ? <gg]g§t|ve optlég? systeanBJ conducts the
focusing or tracking b he 2-axis actuator AC arran in t he, peri ry of
| The r of | cctatl TR At s Hortmnf 4t N BYS oL Sa BURBES 67t pRPCEREERCNAT

i nformation recordlng surface RLI, passes again the objective optical
syst em OBF®  thecohiteFehde EXPRical r s¥SEeRsWERP1Eh&nd when passes t he
collimator optical system CO., after it is converted into the converging
light flusgcpadbes/téprbdaninvgnbsneon8a-tednsor thensigENdeandtiys converged
on the light receiving surface of the Iight detector PD123. Then, by using
t he out puiptsignBldDékf hesl L ghyedetreho0 . PD1B3cat:be thtorsdtkhenirvecorded in
the high density optical disk HD can be read. 110 Further, when the

recor di ngdd.&pF agitict g 8&tl@§l'§ﬁ?f§@é'@ﬂ tﬁeCQBQHQt@QuQBeDy@deaEEeEhehe
position’in the optical axis direction of the first lens EXPl1 is adjusted

so that 1he-58800fa it g0t 1 LLLX,LSyREQ) efbed,LEam Lhe, Qeﬁgeséggegeehgetlca'

system E condrtron o e para I|g he oné axis

act uat or AC t he red sem conduc Oﬁp r E% ﬁ% ght emtte %

di ver gent ?%g%Ref?%Qp%?%jeEtg 1f ?h@ PEdt8e '88ﬁ u&FoFeF5§8g EB as its
path of ray is shown by a dotted line in Fi is reflected by the beam
conbi ner BEe BRip@ni®r aASH Y sCPREVELPHT r’rﬁ%@r 16pEi ERF-CEPEFENFEOCT after it
is converted into alnost parallel light flux, by transmtting the first

| ens EXPlihsecphidcd ensxEXPRL theiseegndepﬂedtﬁntéenﬁeipaﬁarlgarBEghtArlux.
After that, it beconmes a spot fornmed on the information recordi ng surface
RL2 t hrouighi ¢ hieimpe pt BEtivepkayeraPl2 nhaDVDLpﬁs re=tqbjtectihee optical system
OBJ". Then, the objective optical system OBJ" conducts the focusing or

tracki ng Jbarfﬁ@tﬂvexgaéwegt Hat @l AReakizaiaethddh td¥e iRy ifahesty 1dfgrtt . The
reflected light flux nodul ated by an information pit on the information

recor di nge sy f age §§}St gBE8s gﬁhQ Egﬁr§QEEBE'Y% Othaabhéﬁsﬁ%”théet

second Iens EXP2 ens E P1, an ter 1t 1S converted Into

Converglcog_ glpttharlajx%h%yl%{rans utnE'L{:n% Qﬁecg ngtsgrogoqg én%ecauséll

system asses” The beam ¢ i'ner sénsor “FéRs "BEN I'S converged
on the Ii ce|V|n surface of the _Light detector 123, The usi ng
t he out pu %ﬁ s B?l %ePFgﬁFnd%?eEPgﬁl BED3; YtﬁécPﬁﬁg nﬁPPoWOEQ&Bﬁded in

DVD can be read Further, when the recording/reproducing of the information
i s conduct®eceanilp, candertefle podi vhen ik tResgpt PBallaxi §hanr 88€i on of the
first lens EXPl is adjusted so that the third light flux is projected from
t he beam expandkimbpt ofathsyskpmeEXPoundé) ,t hkecondkingndottaheepahahl el
l'ight flux, by the one axis actuator UAC, the infrared sem conductor LD3 is
| i ght - em thedredbed thy ergppbalit@hly fEuxoptareetiednf tam bpeikcaflr aied,

sem conductor |aser LD3, as its path of ray is shown by a two-dot chain

line in Riga g§,5&§f{@ié§§§?dsgguggg beam conmbi ner BC, and after it is
converted into al nost paral light flux by transmtting the collimtor

opti cal systemF(H_1i t e st 1 s EXP2,
it is converted 1'n §¥heiﬁgﬁﬁ% %}Q?Fgﬁtl%+g g%ﬁ?g? béegeggcgﬁgs a spot
formed on_t nformati on rec surface RL3 thro h the prot t|ve

| ayor PLIGTEXE by (Re"Obj et FUE BRFiear S5PaReLlouh Lisprgtegtive
optical system OBJ" conducts the focusing or_ trackin the 2-axis

act uat or %&?%r?%%b%@aF% dlii?nFﬁelEeﬂﬁﬁﬁngtBﬁniFheT%§f¥@FFé3FeHOW?§ht f1 ux
nodul ated by an information pit on the information recording surface RL3,
passes again the objective optical system OBJ", second | ens EXP2, first

| ens EXP1, and when it transmts the collinmator optical system COL, after
it is converted into the converging light flux, passes the beam conbi ner

BC, sensor lens SEN, and is converged on the |light receiving surface of the
| i ght detector PD123. Then, by using the output signal of the |ight
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113 sections of the aberration correction elenent L1 and the |ight
converging elenent L2, flange portions FL1, FL2 integrally nolded wth the
optical function section, are formed, and when nutual portions of one
portion of flange sections FL1, FL2 are engaged with each other, they may
al so be integrated. The optical functiaon surface S1 on the |ight source
side of the aberration correction el eneht L1, is divided into the first
area AREALl corresponding to an area up to the nunerical aperture 0.65 of
DVD, and the second area AREA2 corresponding to an area fromthe nuneri cal
aperture 0.65 of DVD to the nunerical aperture 0.85 of the high density
optical disk HD, (not shown), and a step type diffractive structure HCE in

which a pherahity 9ic£%“9u§?éesdo%096é bEaédeOEh@hbﬁBrEh%o%B%%a%%rUCtUre

is fornmed, are ar anged around the optical axis, is forned |n the first

area AREAL, te e diffractjve structure re for
correctrng ggs%he?h%a PQEE}F%? on-abeé f8ntﬁsn8FK%8Feﬁ%e %%#Eknggs of
protective | ayers between the hi nsrt al disk HD and DVD, and
Deonuse | (STPSRETTER BEoBpPUCEulGRpS (¥naciaRaras PRetEtepPtaReld (i acti ve
structure HOE of above-described objective optical system OBJ, herein, the
det ai | ed %%%E@?%t@@nthé siflet @8, the iongenr cRBOLORKSE R4 SEBNEEHi ve optica
system OBJ", the optical function surface S2 on the optical disk side of

t he aberr%@W@mecoraecihoa cheseat the tsmdi vfdetei nto the third area AREAS
including the optical axis corresponding to an area wthin the nuneri cal
aperture Pedbrein§Preprdatibenfount bvay eanAREA4cager @bperdithg homaiianaa
fromthe nunerical aperture 0.45 of CD to the nunerical aperture 0.85 of

the high gdeasthyeopticak Qhék‘té@ siret (spewaky andyt Q@d@t)eraft ¥he
diffractive structure HOE which is a structure in which a plurality of

' ng- shapegy 7ones. i gelden oL WT GBCUE SLERLSILHERULRLI SharTRdpates

arranged aro e optrcal axis, for int ar ea

step type,diffractive ure HCE ornmed in the thi rd area AREAS, .t he
depih db heroshelsrdn For hea rﬁfaasﬁlrrna°§ﬁ£p8% SbePLrstat: 165 Fhtue
cal cul ated by dO 5 x ~1/(nl - Pg , and_the nunber of divisions N of
each r|ngSE%ﬁﬁéﬂa%oﬁEeF§a§éPntSeﬁer feveRr, the petachayverehges of he | aser

light flux projected fromthe blue violet sem conductor |aser is expressed
in mcronlonger ¢héeeilhighlt soo0rges5skde), cantihal cosjagrékr ddisiteacienddx to

t he wavel ength ~1 of the aberration correction elenent LI, (herein, nl =
1.5601). thelibSm¥hefi thepkasenrki ghanfkyuxcah wevdeemrgibedl i s i nci dent on
this step type diffractive structure HOE , the optical path difference of 5

X ~1 (Nm) is gexeraheghdei nvegnmads 0l th8s shePpsendnghberadse the dhase
difference is not practically given to the laser light flux of wavel ength
~b, it tr@ﬂ@ﬂb£§ axis of the second plastic lens is set larger than

the lower limit of the expression (5), the temperature

characteristic at the time of the recording/reproducing on

DVD, can be suppressed very smaller than the temperature

characteristic at the time of the recording/reproducing on

the high density optical disk.

For that, even when the plastic lens whose refractive
power is positive, in the aberration correction optical

system is arranged in the common optical path between the

first light flux and the second light flux, the influence on



as it is without being diffracted (0O-order diffraction light). Further,
when the | aser light flux of wavel ength ~2 (herein, ~2 = 0.655 fun)

proj ected fromthe red sem conductor laser is incident on this step type
diffractive structure HOE , because dO x (n2 -1)/~2 = 2.98 ~ 3, the optical
path difference of 3 x ~2 (Eun) is geng%?ted bet ween adj oi ni ng steps, and
because the phase difference is not pr ically given to the laser |ight
flux of wavelength ~2 as the laser light flux of wavelength ~1, it _
transmts as it is without being diffracted (0O-order diffraction light).
Hereupon, n2 is a refractive index to the wavelength ~2 of the aberration
correction elenent L2 (herein, n2 = 1.5407). On the one hand, when the

laser |igpheflixpotavavel eRgthcsdribeiei Ar t8e=tAmé83sVichk projected from
the infrared sem conductor laser is incident on this step type 116

diffracti .. hecaus 0 ( = 1) ~3 .=,.2.47
transniss¥§%§§gg§é?%%%%g§%§ﬁggnggd?gﬁnféa ggeﬁéﬁeigosﬁﬁfﬁe&%bgshépﬁ e
wavel engt h, and al nost ,of |ight anount of the third light flux incident on
the step TYPR WRFFFactfve structure HOE is distributed to 1-order
diffraction light. Hereupon, n3 is a refractive index to the wavel ength ~3
of the aberrati®¥FceoitedtFontetehBhlt Padeheferhe RBeseRtsiRYPNTACR;t &R of

ri ng- shaped zone of the step type diffractive structure HOE is determ ned
so that, the ¢pbidel ditkrupt Byatemghritegnoidethgi ff7iithcmiods | ighisis |i ght
converged on the information recording surface RL3 of CD, and by the action
of the stepefypebilefthactwkensthacbprecklEpickhepsplyetienalreaberisatiron due
to the difference of the thickness of the protective |ayer between the high

density optpeghudbskihBoandtEbn bateobkeet-af. cher rhes: Beeavse bhekstep
type diffractive structure HOE is forned in only an area within the

nuneri cal erture NA2 af _DVD, . id i ructured in such a manner, that the
light fl u%ggaégggfaﬁmgrgépbuf spﬂé 5’% IS\EIk’f FECSHES aoffslaé} embaiﬂﬁ)osr}edn% on the
information recording surface RL2 of DVD, and the aperture limt to DVDis
aut omat | CRMRGT EpRYutPerture HAy ¢hribrrobbeehise PReiSaLpSY§PEdi&#fractive
structure HOE' is fornmed in only an area within the nunerical aperture NA3
of CD, itpasasialictefedcthveuphwarnBonemnt hatof hehei gacohduxlpssses an area
out si de of NA3 becones a flare conmponent on the information recording
surface RL3nef €D, thadwhtelapgehuv€ btha FitretCDightadlamgt acal | y conduct ed.
In the beam expander optical system EXP, the first | ens EXP1 whose paraxi al

refracti veagavei chsiBgial) VW& the adl@Rs dienstianddderseqond | ens EXP2
whose paraxial refractive power is positive, is a plastic |lens. The

spherical_ aberratjon of the_objective optical stem " has the

Cbper af WYATSLFARHENRE RHPCALZHE LHETH RaUGr FRE MEUSIAPAGH Bpr DHOLI %6 on
the high density optical disk HD, changes in the over correction direction
when the tkepfiastréighseslby, 38 €athowABar ATt oft ke chiaagge odmaunt of the
spherical aberration follow ng the tenperature change, the refractive power

of the seggndrheas EBS?réEiQﬁtEBi§e€emﬁéﬁakﬂrbh%h§@@% BENRGE 3p kbtihe
first enbodi nent, the spherical aberration follow ng the tenperature change

h ' f th ical d h d
opti 0ol - SPRT ERTEXPYRRE heBofie 08 BRTY BAF toy sl G0 B o bial

118 Further, in the optical pick-up _device PU] in the present enbodi nment,
because tRarpradti EefEASt{vRePeBEENE: | ehstEXxm2Iashi€ hbeheart ekpander

optical systemEXP is in the common optical path of the first I[ight flux,
second |igherfaukoanderheetibnghptiteak, swhénmt Herobhecwiavelepuicbabisyst em
OBJ" has the tenperature characteristic in which the spherical aberration
changes i hhthéiogerlighteflurnaddr eckgaartoblfow hgithe hempesad use rise at
the tine of the recording/reproducing of DVD or CD, by the action of the
second | ens-§XF21 the pespespt Ureishar agkerbstbGiay kherbisBRoafl (khe
recordi ng/ reproduci ng on DVD or CD, can also be corrected. Further, because
the first |lens 1 b by it he _ope.axis.actuator UAC,  the

spheri cal aberrgﬁgﬁﬁqggh %eﬁzgﬁgéc¥e 'if he Figg of the (8)
recordi ng/ reproduci ng not only on the high density optical disk, but also

- on DVD and CD. Wetderk betA8B8AAThe kecorRizV éNB1 EXPYL of mhe) beam expander
optical system EXP can be shifted in the optical axis direction by the one
axi s actuator UAC, as described above, the focal distance of the beam
expander optical system EXP can be adjusted so that |ight fluxes of
respective wavel engths are projected fromthe beam expander optical system
EXP under the condition of the parallel |ight flux. | 19




In the present enbodinent, it is structured in such a manner that the |aser
| i ght 'source unit LD123 and the |ight detector PD123 are separately

ar,r anged, however, it is not limted to this, a laser |ight source nodul e
into which the laser light source unit LD123 and the |ight detector PD123
are integrated, may be used. It is preferable because the reliability of

t he recordi ng/reproduci ng of the opticéﬁ}pick-up devi ce PUll can be
increased, that it is structured in such a nanner that the diffractive
structure is formed on the optical surface of the collimtor optical system
COL or beam expander optical system EXP, and the chromatic aberration in
the bl ue violet wavel ength area of the objective optical system OBJ" is
corrected. We%h@ﬁ&f&ﬁf{ eﬁs%u%'ﬁéﬂ??gf@f&ﬁ%' gnapegnation is
corrected by the diffractive structure 1n this nmanner, the optical pick-up
systemin jch.the chromatic erration.is-conrected by a sinple
structure?g@%%wb%go%¥%Fﬁga}oﬂl?griaﬁﬁvéﬁ§}gFﬁ§9éad of the above-descri bed
diffractive structure, a doublet lens,in which a positive |ens mpich has
the positive refrhetil@& powkrZdRd Abbe)s<ndnBer &R d-ray is vdi€ Jand a
negative | ens which has the 120 negative refractive power and Abbe's
nunber in d-rayrcSowdlPngvid? chvd] )whanetkbeneafedctiay pbserbecathanged as
an elenment structuring at |east one part of the collimator optical system
COL or beasvexprgderoeptheakisyst emyEXPriMkenrt haesapetobitBeidi fikhactive
structure is deviated fromthe design value by the production error,
because the Qh%éaagﬁl ofeciibfitedeyrbs boyered Sbhe thansll ssbanqyof the

opti cal plcﬁ up-systemis wer ed. However, when it is structured so that
the chromatic_aberration is corrected_by. such a refractiqn t doubl et

l ens, alth ﬁﬁﬁlfti?gsanSSp?Fc P &y %ggyiﬁ%ﬁhﬁéﬁrﬁﬁglgﬁréﬁﬁfiﬁggberration is
corrected, the ogtical pick-up,s¥$ten1in which the transm ssion i s hL%h
can be obt@RRRATEGEt ARRIAFReFAETpFeSEnthENBBARREAYS PPLRSAdt PYSEEFedSsuch
that the collimator optical system COL and the beam expander optical system
EXP are sepapatebguatrhfgéle hewpespture rdamecterdstds eé thessesradit may
al so be structured in such a manner that the collimtor optical system COL
is omttedlaahilct hendivergent light flux projected fromthe | aser |ight
source unit LD123 is directly incident on the beam expander optical system
EXP. Ther eby, tﬁ&éﬁ@yﬁ%wp phet BRaAYADEELQf ABAYAG BF the eBhkeakbapi ck-up
devi ce PUll becones further possible: 121 Hereupon, the sensor |ens SEN
provi ded in the_abov tical pick- devices PU1 - 3, 5 - 8,.10, 11, is a
Pens. by WAPRHERRLSRs EPORGITHM FoCqr YORCEEORE FRGRES Plx PSr PRICEE FPom t he
optical disk, which is toward the |ight detector. Further, each of the
above opt PRELCHL cRYBBSBedtctioptime 88 tReprEFPIed N/ CRPACCRFSNE PRI ter DFL
by which the aperture Iimt when the recording/reproducing is conducted on
CD, is cohbachedh dadsihisogidéhrdi difkl can DELexkpr@sisgen by thke two- axi s
actuator AC in the direction perpendicular to the optical axis, being

i nt egr at eflohidhihbeerpyrestive @l caheaykt ém mhdeugls ehechsktdnngofenber HM
Her eupon, although the illustration is neglected, when the optical pick-up

devi ce shgvaniartiheaabeue $§tpsiﬁéthh@nbmﬁg@eaﬁder@h@b&Q@adrbp@rd@wbce
whi ch rotatably holds the optical disk, and the control device for

control | ng, the id us plcepsd gbeibesesklids, ofndevbeescrare FoyoEed,, an

optical information recordi ng and/ or reproduci ng apparatus by which at

| east one }g&}‘n—l})h%or 86 rqqian l%‘nrgttt}le C;fn&%(r?rr:aénii]io%eoloqpqﬁp flmd% g{ﬂ tq_iesk and t he

reproduciﬁ of the Tnformationm recorde Ica can be
conduct ed, can .be_obtai ned. Next, an optical ,system preferabl e _as the
e o eR AR g RRE kot ansy” Shet RBoRRey E2uath: Mad bt ie e e Endrl 120
devices PU - 11, wll _be descri bed bﬁ listing specific

of the first light flux of the second plastic lens, and the

wavelength Al of the first light flux.

ASA/AT = k + (NB; - (1- mu3))%/ (A1 - Pr2)  (7)
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nuneral val ues. The aspheric surface of the optical surface such as the
optical surface on which the superposition type diffractive structure (step
type diffractive structure) in each exanple and the diffractive structure
are formed, or the optical surface on which the diffractive structure are
formed, is, when the deformation amobunt fromthe plane tangent to the apex
of its surface is X (m), height of t hét@irection perpendi cul ar to the
optical axis is h(m), and radius of curvature is r(mm, expressed by the
mat hemati cal expression in which the coefficients in Table 2 - Table 9,
which will be shown |ater, are substituted into the follow ng expression
(8). Where, x is a conical coefficient, and A2~ is an aspheric surface

coef ficient hlr +~Az 1+ (1+ hIr , zZ In T Ie 2 -Table
12, NA is nuneﬂﬂgﬁf rapert ut égA/%ﬁ%) &% have:gngﬁﬁz is a
focal” di stance, mis a magnification of the obj ective |lens entlre system
t(m)is a proté%%|®%5%ﬁk%¢¢a§%o?ﬁ:ckh@sgemP?ﬁﬁ%qu ghppacyerdptic k123
curvature, N~ is a refractive index at 25 Cto the design wavel ength, and
vd i s Abbghschunbes valder ay. whiiehhaBa /AMeisupeapdatrtiieadt ppettief fracti ve
structure (step type diffractive structure) in each exanple, or the

di ffractiyverstruchy Vﬁo&éremr%%sec%ebma% iAo DAt diflar anemadded to

the transm ssion wave front by t hese structures. Such an optic pat h

diff d.b h diff ~b
et i ned YIRS ‘?ﬁ%iﬁ%a%xp? P4 EoySanchoa® SES“&E&%F%%%E” an

incident light flux, ~.e is esl ned mavelen t he hei
di rect i onPReT Pt dﬂawﬁh@alﬁb? CBi2 40 s We @Hﬁngtélz gﬁ?éﬁ% %pft%tcm
path difference function coefficient, and nis a diffraction order nunber.

~_?~/ . ~xnlkgB7~hPax (8] tbeFsethed, pWthes bénsheanbovbeexpredsngnd 1),
(3), (5), (6) in each of exanples are shown in Table 1. 124 Table 1

Exanpl e 1lExanpt er 2Exanpi n8EXA0R! €has an almost constant val
4(1)0.0020. 0020. 0020. 002(3) 0. 060. 060. 060. 06(5) 1. 091. 091. 091. 09(6)2 39x10-62

. 39x10- 62. OOXIQ?§%1§8 396%% npl 55% L % %%@ gggeggkgstlc

8(1) 0. 0020. 002 % ‘%? %%o & P ’é g%( fe 1a091 3657 §.oo

1. 09(6) 2. Sg %% X 0 6 g 1 §3mllé 6% %e Exa OEéangle

11(1) 0. 001 %% %Y%) P 6? S?YE § TLPBCASI5RT0° éﬁp
the plastic lens in the aberration correction optical system,
it is necessary that, following the temperature change, the
divergent degree of the light flux projected from the
aberration correction optical system is changed by a desired
amount. A change of this divergent degree, that is, a change
of defocus component of the wave-front projected from the
aberration correction optical system is proportional tc the
refractive power P; to the wavelength of the first light flux

of the plastic lens in the aberration correction optical
elements, and the total sum Z(P; + h;?) of the product of a
square of a passing height h; of the marginal ray, and a

change X {P; - hf) of the divergent degree necessary for



Exanple 1 is an optimumoptical systemas the optical pick-up system
nmounted on the first optical pick-up device PUL, and its specific nunerical

data is shown in Table 2. | NNroHN(  ~I0OMO 11 OO0OIl ONO ~
HWNWmMmJ~v\ U .Orl -0l tnll rl NU~~OCC~mu7u7 -~ O-~DO07
-ri CI 1-11 Ull 11 NN-nrl ~ MO og,~ WOMNON N NONII N-.~
I 11 WNro .- WMUWW-, -] W.h UMtu7 N OCloouUIl I-1 Nrorl F-~
M~zzz ~ ~ ~ Ca --x0~ 125 ~aa | ~vaOro ro. ~-~l roNr nX. UN~O U-- UJ ~ro~W N
+NJ. ~WI| ~onoNrrtroooro ~a~ pC ~Od'd* ufW7MI | f lu 7 If~ ~N.NQOFI |
~i N vH 1INVIVI 0~00Q00M .-O_ "; | I I 100 00 uf7 OMM NOO

Correcting the temperature characteristic k is determined
corresponding to the magnitude of the temperature
characteristic k.

Accordingly, a ratio of the temperature characteristic
k and Z(P; - hf), has an almost constant value, and when it
is set s0 as to satisfy the expression (6), the temperature
characteristic k of the objective optical system at the time
of the recording/reproducing on the high density optical disk
can be finely corrected. When a ratio of the temperature
characteristic k and Z{(P; + hi®) is set larger than the lower
limit of the expression (©), the correction of the
temperature characteristic k is not too insufficient, and
When a ratio of the temperature characteristic k and X (P;
h;?) is set smaller than the upper limit of the expression
(6}, the correction of the temperature characteristic k is
not too sufficient.

Hereupon, the magnification my; ¢of the second plastic
lens to the wavelength of the first light flux is, from the
paraxial refractive power PB; (mm™!) te the wavelength of the
first light flux of the objective optical system, and the

paraxial refractive power Py (mm™*) to the wavelength of the



V("OQO- -Q(" __ "~0000WnW~ ~8~00000cv | ~.rlN-NOO vf~00000000~ .-QD
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(Paraxial radius of curvature, aspheric surface coefficient, diffraction
order, production wavel ength, optical p%%h di fference function coefficient
of the 8th surface and the 9th surface) The 8th surfaceThe 9th

sur f aceAREALAREA2 AREA3AREA4( 0<_h_<<1. 535) (1: 5355h).(0~<-1. 53) (1. 53<_h) Ro0231

. 761-117.433-167. 0050. 0000E+000. 0000E+000. 0000E+009. 6672E+0O1LA40. 0000E+00- 1.
2634E- 04- 2. 3039E- 031. 0847E- 03A60. 0000E+00- 1. 4443E- 033. 1515E- 03- 2. 2698E- 04A8

1 3815E. OSAL NIt 1170 %31 TP+ Iaa F1PAL 0% w400 oot b T 00

nn824:7000E=030.gOO%Eg?O-S.SOOOE-OS-S.2595E-OSB4-5.5308E—040.0000E+005.6232
E- 04- 3. 8506E4 8652 T5915E1050 SF6EGELIO™7. 7644E- 04- 2. 8980E- 04B8- 2. 0155E- C50.
0000E+005. 1093E- 055. 6214E- O5B102. 0712E- 070. 0000E+001. 4877E- O6- 1. 4307E- 05
(Aspheric surfalle Coétfiiient of the 10th surface and the 11th surface) The
10t h surfaceThe 11th : . _

sur f aceK- 6. 6105Ecchrdigg45e+0ha419th30pde21 i0510E- OPAGZAE1 PFEKIRPL. 1661E- OL
A88. . 3248E- 061. 0617E- OLA102. 9389E- 04- 7. 0962E- 02A12~"

6. 6343E- 05257843 ExA2AR4- An2 1BBE10%5h4 306 B0 3AEG-15. 186 48E)6 0L O0GOE+00A187. 9
754E- 060. 0000E+00A20- 1. 2239E- 060. 0000E+00 I n the present exanple, the beam
expander pptireabb3ystaacEXBtwRirchhas: e¢oRpIsed tofl gy |nsese afnd wHeass | ens

whose paraxial refractive power is negative, and a plastic 127
second light source, it is provided with the third light
source which projects the third light flux within the range
of 750 nm to 800 nm.

In this case, it is preferable that the aberration
correction optical system is arranged in a common optical
path of the first light flux, second light flux and third
light flux. According tec this, because the plastic lens in
the aberration correction coptical system is in the common
optical path of the first light flux, second light flux and
third light flux, when the objective optical system has the
temperature characteristic in which the spherical aberration
changes to over correction direction following the
temperature rise at the time of the recording/reproducing of
DVD, also the temperature characteristic at the time of the
recording/reproducing on DVD can be corrected, and when the

obijective optical system has the temperature characteristic

in which the spherical aberration changes to over correction



| ens whose paraxial refractive power is positive, is arranged in the common
optical path of the wavelength ~I and the wavel ength ~2, further, the beam
conbi nes for |eading an optical path of the light flux having the

wavel ength ~3 into a common optical path of the Iight flux having the

wavel ength ~1 and the Iight flux having, fhe wavel ength ~2, is arranged in
the optical path between the beanlexpanﬁ r optical system EXP and the

obj ective optical system OBJ. The spherical aberration of the objective
optical system OBJ in the present exanple has the tenperature dependency in
whi ch, when the tenperature rises by 30 C, it changes in the over
correction direction, and the change anount of the wave front aberration

due 10 thisgrobeidn0B41ABNBNoVERR LBgANLEGHLY e 1Bl Loal sy st OB avi ng

such a tenperature characteristic is conbined wth the beam expan
optical sy , : t of the,wave fraont aberration when the
tenperatu¥§&§?§£§56§éggoépgggﬁ %gngﬁppPéggeghFo%ﬁmﬁfﬁa RVS. Her eupon, when

t he change_anounpt of the ve-front a erggtion when the tenperature changes
i's calcul%?%ﬁ?cgﬁF§sFﬁ8 ?g?FEStF§@eiﬁ eXNEnERGE FFIPPERERG CCNE 0Em&r &Fur e
change of the plastic lens included in the optical systemis 128
consi der e83 aRe FRETREEPdct i Kierihrex €hangthe atensfcenatprusing thas of the
beam expander optical system EXP and the first plastic | ens (aberration
correcti onbereaehonLaproect henobptdtile syptienali sspstramtOBed sontdiat- 1tl x
10-/C, and the refractive index change rate of the second plastic |ens

(l'i ght cooaerlge ngoeténent the) aotubherpbjtet spheeptihtakbeyshemMceBians ande
-0.9 x 10-9/C. Further, when Abbe's nunber of the glass |ens and the

plastic |epsrésetheabeaneexpaBdgr @REI ¢aLoS¥IheMrbprefliciPg@iok0 onati sty
the expression (2), because the achromatic operation is conducted on the

e DML oy e LR 5t ]

and wavel engt proj ec am expander “Opti Ca ém as
the parallel light .flux.,Hereupon, in the present exanple, en it is
structured so that e phrat? r?Fﬁﬁ?bi?u§g%F Rﬁ?e?éﬁ@ hflﬁﬂgsSPHEFaent on
t he objective gp jcal system OBJ withaout through the beam expander opti cal
syst em EXEECRR bR mumYOpEE candshii e adIhkeSEPEFEaRTEi 8kPEFXaPEEem
nmounted on the fourth optical pick-up device PU4 can be obtained. (Exanple
2) | 2biExtanppereeidnihe dptdondimpticathsyste bs adieanpageats pfek- up
system nounted on the second optical pick-up device PU2, and its specific
nuneri c viheeredhatien shownhénniabke 3f parts, cost reduction, and

size reduction.

On the one hand, in the case where the optical pick-up

system is provided with the first - third light sources, it

is preferable that the optical pick-up system further has a

beam combiner which is arranged in the optical path between

the aberration correction optical system and the objective

optical system, for leading an optical path of the first

light flux, an optical path of the second light flux and an

optical path of the third light flux into a common optical

path.
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According to this, in the objective optical system as
in the 17th mede or the 18th mode, for the purpose that the
compatibility is given also to CD, it is preferable that the
third light.flux used‘for the recording/reproducing is made
incident on the objective optiéal system as the divergent
light flux. Thereby, the working distance to CD whose
protective layer is thick, can be secured encugh. In this
case, as the structure of the optical pick-up system, it is
preferable that the beam combiner for leading an optical path
of the first light flux, an optical path of the second light
flux and an optical path of the third light flux into a
common optical path, is arranged in the optical path between
the aberration correction optical system and the objective
optical system. |

According to the 20th mode of the present invention, in
the optical pick-up system written in the third or tenth
mode, it is preferable that the first light source and the
second light source are a packaged light source unit.

According to this, when the aberration correction
optical element is arranged in the common optical path of the
first light flux and the second light flux, the package laser

of the first light source and the second light source can be
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Tabl e 3-2 (Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavel ength, optical path difference function
coefficient of the 10th surface and the 11th surface) The 10th surface__
The 11th

surf aceA@&R%%E%éWé_&%&%&eéé@ £3:-58Rs PealicPTol<clt 2RE(1. 53<_h)r-

23l .761-117. 433

number of parts, cost reduction, and the size reduction.
According to the 21lst mode of the present invention, in
the optical pick-up device which is structured by: at least 2
kinds of light sources of the first light source projecting
the first light flux less than 450 nm, the second light
source projecting the second light flux within the range of
630 nm to 680 nm, whose wavelengths are different from each
other; and the optical pick-up system for light-converging
the light flux projected from at least 2 kinds of light
sources whose wavelengths are different from each other, onto
the information recording surface of at least 2 kinds of
optical disks whese recording densities are different from
each other, it is preferable that the optical pick-up system
is structured by the cobjective optical system arranged
opposing to the optical disk, and the aberration correction
optical system which is arranged in the optical path between
the first light source and the objective opticél system and
structured by at least 2 lens groups, and as the optical
pick-up system, it is provided with the optical pick-up
system written in any one of the first to the 20th mode.
According to this, the same effect as any one of the

first to 20th modes, can be obtained.



| 0. 0000E+000. 0000E+000. 0000E+009. 6672E+O1LA9D. OOOCE+001- 1. 2639E- 04- 2. 3039E-0
31. 0847E- 03A60. 0000E+00- 1. 4443E- 033. 1515E- 03- 2. 2698E- 04A80. 0000E+006. 3328E-
04- 2. 1791E- 049. 0064E- 04A100. 0000E+00- 68934E- 05- 5. 9061E- 05- 1. 3815E- 05nl / n2/ n
30/ +1/ 0- +2/ +1/ +1+2/ +1/ +1~g658 nm 390 nn408

nnB24. 7000E- 030. 0O000E+00- 5. 3000E- 03- 5. 2595E- 03B4- 5. 5308E- 040. 0000E+005. 6232
E- 04- 3. 8500E- 04i B6- 2. 5919E- 040. 0000E+00% &. 7644E- 04- 2. 8980E- 04' B8- 2. 0155E- 05
0. O0O0OOE+005. 1093E- 055. 6214E- OSB102. 0712E- 070. OOOOE+001. 4877E- OS- 1. 4307E- 05
(Aspheric surface coefficient of the 12th surface and the 13th surface) The
12t h surfaceThe 13th )

surfaceK-6. 6105E- 01- 1. 5745E+02A41. 1439E- 021. 0519E- O1A62. 5153E- 03- 1. 1661E- Ol

105E- 05 4. 306RE- DIATE3 BoA3E. 6RO OBBOE+ BOATET: §754E Ded. CB0ESb0A0. 1. 22

39E- 060. O0Q0E+00 .l n.the present exanpl e, .t he .beam expander ti.cal_,system
EXP i3 cohBBsBHLAF WL FEREBs o Lh Sg It Hodnd Tuido HaFaioa s dit & | ve
power is negative, and a plastic_|lens f 132 whose paraxjal refractive
pover is pBaPEi dekinfAd Ph PRE1SAL Al ksathosst we&oTHA Y IderSItdRS &TE t he
plastic lens, the beam conbiner for |eading an optical path of the |ight
fl1 ux havi dgffhsenayéiremgench2otthey,t Wbegpttihealoptddalofditstke an giriah (phe
havi ng the wavel ength ~1, is arranged. In this optical system the plastic
| ens in thecbedimgxpandetr epproauciyst am EXAduateal buynatheorfiofstt Heght
collimator optical system by which the divergent light flux of wavel ength
~2 proj ectedxfrom the¢ipegond khahtrisaur etk ticuvard a¢ ipHeFdiidle
parallel light flux and introduced into the objective optical system OBJ.

Fur t her, EHaEhEhngEQEEaﬁaEQcQ&%ﬁEE%VHQ% Q%%@%%&p%gﬂﬁ&f@gé(ﬁﬂli tem EXP

and the objective optical Syst , the beam conbi ner for |eadl ng an

optical path_of the |light flux having the wavel en int comy

opti cal pgtegeggotrhgolri gﬁt eFF&)?ghgéFn%etfﬂeecv%\?e gLnlg;tthEC jﬁuéinéﬁ %eh :Pgiﬁ{l"% ux
havi ng thﬁ_mavel ngth ~2 i s arranged. ' The objective optical %%s em OBJ in
the presehiIBkafplé f&OMhENgakBLadmalé oBh-eGOnid NGt Hay Sferhf®) in the
above described exanple 1, and when the tenperature rises by 30 C_ it has

t he t enpefargtecpspendedéyki-n Warthetrhelspher Pegfeapbleathen €h&ngésstn the
over correction direction, and due to this, the wave front aberration
changes i hiGh@57Z1ARMBeflectd3d8 Wemhishiis: fobjredtiiore remidrcking ysirrad@Bh i S
conbi ned with the beam expander optical system EXP, the change anobunt of
the wave thentiabker catiealwderkt he temelcituicn rdrees ipht3Qetedray be
suppressed to 0.011 ARMS. Hereupon, when the change anount of the

wave-f ront raRer cabihaniwhendt Be 1t eAReRAIUNRRANGSS tie CAlfH@trd, only the
refractive i ndex change fol'l owm ng the tenperature change of the plastic

| ens incl LR ti_cal N i der. e tive index
change ra?g%gFgghéggFggtF%%I3%§§%%qkﬁ§'%ggﬁkgﬁﬁgﬁhé>Qgﬁ%pbéﬁﬁéis'en1EXP and
the first plastjc lens L1 of the objective agptical stem OBJ .i.s.nade -1.1
X 10-4C, and (RESPERTAS: Foetlitex (EnaRgl tFErs "0ist Fesbectnd predt o | ens
L2 of the objective optical systemOBJ is nade -0.9 x 10-4/C. (Exanple 3)
Exanpl e 39P§SEROT0PEI RUFRHFELCAD $Pst Rtdsaln @ iGivealdssiide BP fdttem
nmounted on the third optical pick-up device PU3, and its specific nuneric
val ue dat aftershben refleabed 4ights figxk |fxgm the information recording

surface cof the high density optical‘disk transmits all
plastic lenses in the objective optical system and the
aberration correction optical system, it is incident on the
optical detector for the high density optical disk. Thereby,
even when the environmental temperature changes, because the

conjugate relationship of the light source and the light
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ro U S1 135 cralingl-t2» the 23rd mode of the present invention, in

the optical pick-up device written in the 21lst or Z22nd mode,
it is preferable that the optical pick-up device further
comprises an actuator for driving at least one lens in the
aberration correction optical system in the optical axis
direction, and wherein a position of the object point of the
cbjective optical system for the first light flux is
changeably adjusted in the optical axis direction by driving
the at least one lens in the aberration correction optical
system in the optical axis direction with the actuator.
According to this, when it is structured such that the
lens in the aberration correction optical system can be
driven in the optical axis direction, because the spherical
aberration generated due to the focus jump between layers of
multi-layer-disk such as 2-layer disk, 4-layer disk,
wavelength fluctuation by the production error of the blue
viclet semiconductor laser light source, can be corrected, a
good recording/reproducing characteristic to the high density

optical disk can be obtained.



(Paraxial radius of curvature, aspheric surface coefficient, diffraction
order, production wavel ength, optical path difference function coefficient
of. the 12th surface and the 13th surface) The 12th surfaceThe 13th

sur f aceAREALAREA2 AREASAREA4( 0<- h<-1.535) (1. 535<-h) (0<-h<-1_.53)(1.53<-h)r~2
31.761-117.933-167. 0050. 0000E+000. O00O0E+000. 0000E+009. 6672E+0O1A90. 0000E+00-
1.2634E—04-2.3039E—031.0847E—03A6C1COOdE#OO-1.4443E-O33.1515E—03-2.2698E—04
A80. 0000E+006. 3328E- 04- 2. 1791E- 044. 0064E- 04A100. OOOCE+00- 68934E- 05- 5. 9061E-
05-1. 3815E- Gbnl / n2/ n30/ +1/ 0- +2/ +1/ +1+2/ +1/ +1~, B658 nm 390 nmi08

nnB24. 7000E- 030. 0000E+00- 5. 3000E- 03- 5. 2595E- 03B4- 5. 5308E- 040. 0000E+005. 6232
E- 04- 3. 8500E- 04B6- 2. 5919E- 040. 0000E+00- 7. 7644E- 04- 2. 8980E- 04i B8- 2. 0155E- 050
 0000E+005. 10935, 0, 6214 Fc 0518102, 072070, §000E+00L: ARTZEA 0B 51 AOTE- O

(Aspheric surface coefficient the 14th surface an 5th surface) The
14t h surf T. h_surface-6. 6105E- O1- 1. 5745E+02A41. 1939E- D21, 0519E- OLA6
L B1oae B 1 PE ERE s ShB Pt CE 1 FECOFALDS. SaUBE 0R Ty BRb I I6aM 26, 03
43E- 052. 7343E- 0 A14-4.2105E—05-é.3966E—%3A 6- 3. 6643E- 060. 0000E+00A187. 9754E
-060.0000§%b%£2 1§K2289ESB8626680RR6D RSt AeSpPESENPSENERPI &S PRE H¥am
expander optical system EXP is conposed of two | enses of a plastic |ens
whose paraxY@rsreimagei sédponenericpdsppeveurgne@fatirasbirend vehose f 136
paraxi al refractive power is negative, and in the optical path between the
gl ass | enspandaiheyptesti enensyel begbbamtcohbi hemef of ttéadi ng an opti cal
path of the light flux having the wavel ength ~2 into the optical path of
the |ightrétoxdbayyngprbauvangl eagthmade bs gatangedrsl nthbise opti cal
system the divergent light flux of wavelength ~2 projected fromthe second

light sousgeahbleis §PBVEELEEMiALE bheraaNKeLAHAd! bghtnb! Bthkahhe
coupling optical system furthernore; by passing the glass ens in the beam

expander j cal o 0 i.gh r..in the
opti cal p%?%kbet%\%%%fﬁ%an%%x%g%d%ﬁ %%?lg%gﬁé]%/% %%%%P&%%gy%%gso%fecti ve
optical system OBJ, .t beam conbi nes, for | eading an opti.cal, path.of the
Paht 11 BERabHIG DheChBy CPENG: ACLS. | REGAUSEomnaBBER Lt SpER SGRrRe | ght
flux having the wavelength ~1 and_ the |ight flux having the wavel ength ~2,

i s arranged. tiRekébfeefi ortdpelcalskystBm BRY1pPA Pﬁ@uﬁge§§nﬁh§xﬁﬁﬁl lies the
sane as the objective optical system OBJ in the above descri bed exanple 1,
and when it#est enpehat aberrhtdésnbgo8deCtipn hpsithé syapemanecesdependéncy
in which the spherical aberration changes in the over correction direction,
and due toh¢htsnet bé whgerdeont jamprtat ialgabapgastermdne87bARNBe kiad 137
When this objective optical system OBJ is conmbined with the beam expander

optical systeptEXR: &hexchangenanspsti el chhecwaye thengpabkestabihon when the
tenperature rises by 30 C, can be suppressed to 0.0l 1 ARVS. Hereupon, in

t he case c ft ve- f tigen t he
tomper at Ul o Ehek en CBRRgEa R B e L e e e
foll ow ng.th rature change,of the plastic ns.included.in_the

opti cal s?é?ﬁn%?ggg%ﬁsfﬁg?ﬁgfn nﬁa¥ﬁ55r8$r§§?inggﬁaéiy%ﬁéﬁéékraFéeof t he
plastic lens in the bean1exgander ogtical system EXP and the first plastic

| ens Z1 ofPRRE-GBf eRPFPTEABPPT cAPLEYSE B BRI sTREAEST2CEIRIIENS/ C, and the
refractive index change rate of the second plastic lens L2 of the objective
optical syRPeFCRY fBepndbion. Dsxnab-VeCespEXHAPRBA4)}tEXENpLéoaps et he
optimum optical systemas the optical pick-up system nounted on the fourth
optical pik&nuphdekingd PUM4ophndaltdishesnfli thauderectvahuefdaha ifscslown in
Tabl e 5. | Nrl .

jump (for example, the 1st layer to the 2nd layer, or the 2nd

layer to the 1lst layer) are detected, and in the direction
determined by the result, the movable lens is moved by a

determined amount.
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Further, because it is allowable when, for the
spherical aberration generated due to the wavelength
fluctuation by the producﬁion error of the blue violet
semiconductor laser light source, in the production process
of the optical pick-up device, the positicon of the movable
lens is adjusted, it is not necessary that it is corrected at
the time of the recording/reproducing on the high density
optical disk.

From the above description, in the optical pick-up
device in which the optical pick—up_system according to the
present invention is mounted, because the spherical
aberration change following the temperature change generated
at-the time of the recording/reproducing on the high density
optical disk, is automatically corrected by the action of
pPlastic lens in the aberration correction optical system, the
spherical aberration detection means, and a complex control
circuit for controlling the actuator of the movable lens
corresponding to the detection result of the spherical
aberration detection means, are not necessary, and the
structure of the optical pick-up device becomes simple, and
the cost reduction can be realized.

According to the 24th mode of the present invention, it

is preferable that it is an optical information recording
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139 Table 5-2 (Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavel ength, optical path difference function
coefficient of the 12th surface and the 13th surface)

and/or reproducing apparatus in which the optical pick-up
device written in any one of the 21st to the 23rd mode, is
mounted. Further, it is preferable that the apparatus has a
disk holder.

According to this, the same effect as any one of the
21st to the 23rd mode is obtained.

Referring to the drawings, the best mode for carrying
ocut the present invention will be detailed below.

{The first embodiment)

Fig. 1 is a view.generally showing a structure of the
first optical pick-up device PUl by which the
recording/reproducing of the information can be adequately
conducted on any one of the high density optical disk HD (the
first optical disk), DVD (the second optical disk) and CD
(the third optical disk). The optical specification of the
high density optical disk HD is the wavelength Al = 408 nm,
thickness tl1 ¢of the protective layer PL1 = 0.0875 mm,
numerical aperture NAl = 0.85, and the optical specification
of DVD 1s the wavelength A2 = 658 nm, thickness tZ of the
protective layer PL2 = 0.6 mm, numerical aperture NAZ = 0.67,
and the optical specification of CD is the wavelength A3 =

785 nm, thickness t3 of the protective layer PL3 = 1.2 mm,



2th surface The | The 13th surface_
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(Aspheric surface coefficient of the 14th surface and the 15th surface) The

14t h surf t ekKx~6._6%405E- A ; :

PR e A P L LR ot R
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239E- 060. 0000E+00 In the present exanple, the collimator optical system COL
i s conpos®BeHFUESpl 48t PEt| eABLMREsECpaFaRiFal refractive power is positive,
and arranged in the exclusive use optical 140 path of wavel ength ~1.
Further, the beBheesphhdet pptkcub dgsiem BXP is é@ﬁp§§éée§fbvhetgﬁass | ens
whose paraxial refractive power is negative, and the plastic | ens whose

par axi al biheaetbletpewricoadpasioti tesean@Dar riahged iims tt A6 géwte|swsings juse
optical path of wavelength ~1. Further, in the optical path of the beam
expander gpbheatigystem EXBeandibhe ebuectitne gptiseall igyst emiGBJ oft @ebeam
conbi ner for |eading an optical path of the light flux having the

wavel engt By ~2nk R0 the Lealk h t | i E j | engt h
e e T e o

havi ng the, wavel.ength.~3 i.ntg a co n_gpti.cal .pat f . i fl
EnRovErERgenion iiaCeReSRERR! of bheha Rl delle il arsiiet 5% e

havi ng t he Wwavelreng | UX "havi®ng vele

arranged. _The ohjective ogptical _system in the present exanple, has the
t enper at uftB? dép nﬁ@ﬁ&?opﬁgﬁﬁp€h}aﬁﬁ§nLP%E%FéﬁpéﬁgPﬁpe iDes SHPESE ', the

spherical aberration changes in the over correction direction, and due to
this, therhavectisat thbedeseron ighandgdsxi dtheosecardslighdn i & ecti ve
optical system OBJ is conbined with the beam expander optical system EXP,

t he changéSanounwhatht he Wagk tieont table whani dhewhretorids noemegratdnad nd ses
by 30 C, can be suppressed to 141 0.011 ARMS. In this manner, when the
col I'i mat obfophecah feyskencqO; sC erpaset cal chh@wvl;adtiightl ers dccaordENBed with
t he beam expander optical system EXP, because the refractive power of the
plastic | epgmpaCcesS@aRY fFal-s¢0nKeeki #d ukhankemper alddopcharaat enist;i ¢mof the
obj ective optical system OBJ can be distributed to the collimator optical
system Ot Lheadedr 8300 o Lagdamel Lhe-hens deslondares i o

Fi ¢ A pander

angl e magni on) o e expa optical system I'S 1 ncreased.

Her eupon, ,in the.case. re the change anmount of the wave-fro aberration
when t he éEﬁﬁeFgﬁﬁaeiéggﬁgéguF§e§aP5 ngE&Pgoﬁ%f ﬁﬁgeféﬁfﬁﬁﬁq{ggqxh&é@e
change foll owi ng the tenperature change of the plastic |lens included in the
opti cal s?@ﬂéﬁ]gégéén§#&§ﬁe&ﬁ d83 e "PdrhadsS Ve SraeRitaTye s ER/F the
plastic lens of the collimtor optical system CO., plastic | ens of the beam
expander optitdingysepmoEdRiagd ofhehei isifopmadticn |iensandusitacheTolbjict i ve
optical systemOBJ is made -1.1 x 10-4/C, and the refractive index change
rate of thadsenendiphastetelcens FR3okrehéndkjgecttiede dptanc &xrsysteam OBJ i s

made -0.9 x 10-9/C (Exanple 5) ,. 142 Exanple 5 is the optinmum opti cal
system aschhecapt kgakehi EkpUR sS ¥kt BbERuatednodie ctixinh ogftiiceal pi ck-up
device PU6, and its specific numeric value data is shown in Table 6. 143

I Nri N g}stem; one-axis actuator UAC; objective optical system OBJ
having a function by which each of laser light fluxes is
light-converged on the information recording surfaces RL1,

RLZ2, RL3; two-axis actuator AC; the first beam combiner BCI1l;
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surface and the 11th surface) The 10th surfaceThe 1lth

sur f ace AREA) ARERRARFASAREAREDAE H<OoRT 538} ( 3YB38M &K) fGEug&ureg3py| a53< h)r~2
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OO0CE+005 9 E—H . 4E- 05 .QZ12E-0 0QE+QQ1. TE-(H-1.4307E- OB
(Aspherictégr?aceggogﬁiﬁgﬁgngégﬁ g%e%ﬁft%qgggfggéggngiﬁ%égfgfﬁ%gurface) The
12t h surfaceTh 13tp
sur f acek- BS6PBSE 68t 5FWEE+02A91. 1939E- 021. 0519E- OLA62. 5153E- 03- 1. 1661E- Ol
A88. 3248E- 061. 0617E- O1A10 .
; 2. 9389E- 04- 7. 00B2EL©20RL 262 63R3EKOBR. #843EC0PRL4- ¥h210%5Re05- 4. 3966E- 03A16-
3. 6643E- 060 OOOCE+00A187. 9754E- 060. 0O0O00E+00A20 ~- 1. 2239E- 06~0. O000E+00 In
t he presenecexdnphérephedooupki odg apei calf osywsttemnClls witinchidtedc ompdded of 2
| enses of a glass | ens whose paraxi al

high density optical disk HD, as the path of ray is shown by

a solid line in Fig. 1, initially, the blue violet

semiconductor laser LDl is light-emitted. After the

divergent light fiux projected from the blue viclet

semiconductor laser LD1 is converted into the parallel light

flux by transmitting the first ceollimator optical system

COLl, it transmits the first and the second beam combiners

BC1l and BC2, first lens EXP1l, second lens EXP2, third beam

combiner BC3, in order, and becomes a spot formed on the

information recording surface RL1 through the protective

layer PL1 of the high density optical disk HD by the

objective optical system OBJ.



refractive power is negative, and a plastic | ens whose 145 par axi al
refractive power is positive, is arranged in the common optical path of
wavel ength ~1 and wavel ength ~2. Further, a beam conbiner for |eading an
optical path of the light flux having the wavel ength ~3 into a conmon
optical path of the light flux having %ﬂ? wavel ength ~I and the l[ight flux
havi ng the wavel ength ~2, is arranged it the optical path between the
coupling optical system CUL and the objective optical system OBJ. Further,
a beam conbiner for leading the light flux of wavelength ~1 reflected by an
information recording surface of an optical disk and the light flux of

wavel ength ~2 reflected by an information recordi ng surface of an opti cal

di sk, into the gdghipdlel eCiOrdeat 81 85T 8R0EHe| Bpi B8 PPLI 6aL1pAI hshetugen a
package |ight source unit in which the light emtting point for” projecting

t he Iight0$+u%i9¥ ﬂ@V§+§99%ﬁeall§EQrthe light emtting point for projecting

the Iight ux of wavel eng ~2"are housed in a casing, and the coupling
optical system,CUL. Further en Abbe! s nunber of e glass, lens and the
Pastic Tens 1o o' S dbiTe 1Pt LiprabeRonbiorSndiitnce « ne
achromati ¢ operation is conducted on the wavel ength ~1 and the wavel ength
~2, both BPCEHENT| ke FKINg 108 Fhe (adslengERuUaTognACt RETRAYEFAeABth ~2,
are projected fromthe coupling optical system CUL as the parallel |ight
flux. HerEuparerimheng. cdie weiileatrd spight ciluaberdataoed ofy tikee obj ecti ve
optical system OBJ in the present exanple, has the tenperature dependency
i n whi ch, imbemahion epperath utleerisésrhyt 30nCretbréhaggesrifactheLover
correction direction, and the change anount of the wave-front aberration
due to thtﬁam§mﬂt955%£fﬁfkh¥%68jéB?i@@Jﬁ%?&&gloﬁybﬁéh BBt erneBdnhavi ng
such a tenperature characteristic is conbined with the coupling optical

system Clbeah Neombange SapuUNtyof sé@SnWYén%&ﬁ%igzggg%%kgﬁgiwggnléﬂg

tenperature rises by 30 C,~ can be suppress reupon, in

t he case e the change appunt of he ve- front erration en th
{onper at S Lrahafa€ 800, AIPUST ohF et ReSyer PR ERES PRHeScHaRgshes
follow ng the tquerqéw&g change, of the_plastic lens included in the

opti cal g@%t%mﬁi% COrdi B ASORRINE heBr&f rBREFGE FRBeR°BAARgecPat eE8f t he
plastic lens of the coupling optical system CUL, and the first plastic |ens

L1 of the2®d|teteoRvepieeabhn syBeehi @By recravéngl1serkage- 9fCthandighe
refractive index change rate of the second plastic |lens L2 of the objective
optical systerm@BIPPE madier). w Uiy Ghe ddfpyiExapial 6)f BExdtaeplieglt: i s
the opti mum optical systemas the optical pick-up systemnmounted on the 7th
optical piekettpotlerDTE, PtHe anfoihst spRCréterngaeihctyal HegHallankstghown in
Tabl e 7. 148

optical disk HD can be read.

Further, when the recording/reproducing of the

information is conducted on DVD, as the path of ray is shown

by a dotted line in Fig. 1, initially, the red semiconductor

laser LDZ is light-emitted. The divergent light flux

projected from the red semiconductor laser LD2 is reflected

by the first beam combiner BCI, transmits the second beam

combiner BCZ2, first lens EXPl, second lens EXP2, third beam

combiner BC3, in order, and becomes a spot formed on the
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surface coefficliefi, ©iffrles Bﬁv%rBBFlch oﬁﬁﬁ?’an VEPE gEh® E?I cal path
di fference function coefficient of the 10th surface and the 11th surface)
The 10t h Ep¢esteTher 1tracking by 2-axis actuator AC arranged in the

sur f aceAREA1AREA2 AREA3AREA4( 0Sh<- 1. 535) (1. 5355h) ( 0<-

h<-1.53) (debBghdyy~281i761 The reflected light flux modulated by the
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E- 04- 2. 3039Ec 034+ 084 /51 03680: 8800EF00mi £ 9443Ec033d1h4SEu@3a2e2898E- 04A80. 00
OOE+006. 3328E-04- 2. 1791E- 044. 0064E- 04A100. 0000E+00- 68934E- O5- 5. 9061E-Os-1. 3
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| 4. 7000E- 630. 0000E+00- 5. 3000E- 0

0986 5 59T0E 00" 00 0DEA D07, FEATE 03D 8B0E" 0555 BFBEEEHED: 0BBkiB0s. 100

3E- 055. 6214E- 02. 0712E-070. QOOOE+001. 4877E- 1.4307E-

strface COEFPFEPRnbYof ?haefaflﬁ BBAFaCE A En B Ea: RaESFFO?Q% 3RESES
surfaceThe 13th

surf ace- 6181858EA - anG74SECORRETIY30R- 618, DS TDE- DRAGSVEPY3ELGE2EC1661E- OLA
88. 3248E- 061. 0617E- OLA102. 9389E- 04- 7. 0962E- 02A126. 6343E- 052. 7343E- 02A14- 4. 2
105E- 0b- 4t BO6GBEgNBALE6£8c6643ED0B0. CUBDEH0A18T1 9T SHdiEe 080t PYDOELGOAR00T . 2239
E- 060. 0O000E+00 In the present exanple, the coupling optical systemCUL is
conposed the2llgnsedcotcaocgl 2912, enhewhaserpatawnalkecorded in DVD can

be read.
Further, when the recording/reproducing of the

information is conducted on CD, as the path of ray is shown

| by 2-dot c¢hain line in Fig. 1, the CD use module MD3 is
actuated and the infrared semiconductor laser LD3 is light-
emitted. The divergent light flux projected from the
infrared semiconductor laser LD3 becomes a spot formed on the
information recording surface RL3 by the objective optical
system OBJ through the protective layer of CD, after it is
reflected by the third beam combiner BC3. The objective

optical system OBJ conducts the focusing or tracking by the



refractive power is negative, and a plastic | ens whose 150 par axi al
refractive power is positive, and a beam conbi ner for |eading an optical
path of the light flux having the wavel ength ~2 into the optical path of
the light flux having the wavel ength ~1, and a beam conbi ner for | eading
the Iight flux of wavel ength ~I reflecafg by an information recording .
surface of an optical disk and the lig flux of wavelength ~2 reflected by
an information recording surface of an optical disk, into the |ight
detector, are arranged in the optical path of the plastic |ens and gl ass
| ens. Further, between the coupling optical system CUL and the objective
optical system OBJ, a beam conbi ner for |eading an optical path of the
Tght flux-Bavindctia-uavakeagtingdd ahotAcComraRranti ¢al mathoat the Iight
flux having the wavelength ~1 and"the |ight flux having the wavel ength ~2,
IS arrangggflgﬁ%eépEﬁrghﬁahﬁge%%h'l%@e‘&f b&h%g%bli%gt&r%%t%ﬁf lth%Stt%@ oBJ
exanpl &, "has e I'C

in the presen he "t'enperat u eépéndency 1I'n , when the

tenmperature_rises. by 30 C_the spherica berration _changes in.the over
correctioﬁnéPFEEFFSﬁ,rﬁﬁﬂrgleﬁaﬁgé%éﬁﬁuh?goﬁsfh@f%§§b3f A at i on due

to this, is 0.057 ARMG. Wen the objective optical system OBJ having such a
t enper at uR82&RafhEt BPUEERE VEs OBGABARe 8 YRILER OB rcFEFINSTT %Y 5 cal
system CUL, the 1s1 change anmount of the wave front aberrati on when the
t enper at utbirdsesahy c@dbCnecaBChe sngpriéessedvesd@0Ph ARG 1igrteupon, in
the case where the change anount of the wave-front aberration when the

t enper at urecehanges sugraakculfated, laghy tleeerebra®Divefi dex dhamsge
following the tenperature change of the plastic lens included in the

optical syshemel sipgonstHek edoy andihernef bacphivesigex elange nagacof the
plastic lens of the coupling optical systemCUL, and the first plastic lens
L1 of t.hed%.@eggolrv%D@pt gl iﬁ%?&ﬂ‘%‘t% 'r%é;%%‘&%cr Inlob W be aRG4NE
refractive index change raté of the second plastic lens L2 of the objective
optical system e ;) %x

| S_made -g.Q x_10-9/ C gxa I le 7 is the
optinun1opticaI§E%§bgﬁfa§ntﬁ eoBF?é?P%pﬁgﬁg 5mg§§fen1 5%%% g9 %e 8t h
optical pick-up device PU3, and_its _specific nuneric val ue data isL own in
Tabl e 8. SORsser UnditNipgwhich [the) bouf veeletoseM=aandugd Iy aRrEINIAL N . co
Uow-~ 1l rl NIl U~~~0O0C~~50~-D~-W+! Il r NIl NIl ~r~1l~r'"7 O 1~
00 WOV | @NdImtlE +Rd| seNiicenNucitoro lasenylD2 are integrated, and
housed in a casing, can also be used. In this case, the
first beam combiner BCl can be deleted, and for example, the
second collimator optical system COLZ can be deleted.
Next, the structure of the objective optical system OBJ
will be described. Hereupon, the objective optical system
OBJ is the same structure alsc in the second - the fourth,
and the sixth - the ninth embodiments, which will be
described later.
The objective optical system OBJ is structured, as
shown in Fig. 2 and Fig. 3, by the aberration correction

element L1 and the light collecting element LZ2 both surfaces

of which are aspheric surfaces, having a function for



uw-~7 .ww.t~,. muo. roUn.,~+~ a~omro ~no~ ~l Il NIl roro~~ -~

U-CZM'X -~z r~r0 ..z a 0o0Q0.i ro~~~va~+~ro~~' ~a~o~oa~oa~ 0, mav~ ~~G-U~
~QU0+, -.-1 Urrl Ull~ ~U A ~O ~O000~-1UUp, N~1 V V.. 11V (VI 11 |

[1r7NCI 11 lrirlu7~tOQulri,-lrl~INd N ~c'"NNNNrl O C 00 C Owi N W-VWVN( 7~~
OW1lr-1lv-1i-1r1000~00 =0 om | mo ;1 1|1 [1 11 100010~1MN 000NOOOOOOO ~0O00
ul vf ~ ~ vl Il 7 1 0OA0v~r -1 NN~~O~-0C00 O -000 -61
--0000000000~ni n=I r oou~00000~n~o0~ct ' -1-10 r1C N~--1 NN NOON OQ N~or~~0 ~'
~r'1°"1S8~ . .8S8 .888~~. ~88rI~NI If~100CO00.-~rih cnm ~ 01 ~0 ~~ ~
r~-pNl~ NUro Wx I~i~roUro 153 Table 8-2

collecting the laser light flux which transmits this
aberration correction element L1, on the information
recording surface of the optical disk. Both of the
aberration correction element L1 and the light collecting
element L2 are plastic lenses, and in the periphery of
respective optical function sections, flange sections FL1,
FL2 which are integrally molded with the optical function
section, are formed, and when mutual one—poitiOns of such
flange sections FL1, FL2Z are engaged, they are integrated.

Hereupon, in the present embodiment, when mutual
respective flange sections are engaged, the aberration
correction element L1 and the light collecting element L2 are
integrally structured, however, the integration of the
aberration correction element L1 and the light collecting
element L2 may be allowable when they are held so that the
relative position relationships of them are constant, and for
example, the structure in which the aberration correction
element L1 and the light collecting element L2 are integrated
through a mirror flame, may also be allowable.

The optical function surface S1 on the light source
side of the aberration correction element L1 is, as shown in
Fig. 3{a), i1s divided into the first area AREAl correspondihg

to an area to the numerical aperture 0.67 of DVD, and the



(Paraxial radius of curvature, aspheric surface coefficient, diffraction
order,” production wavel ength, optical path difference function coefficient
of, the 13th surface and the 14th surface) The 13th surfaceThe 14th

sur f aceAREA) AREA2 AREA3AREA4( 05h<- 1. 535) (1. 535<-h) (0<_h<_1.53) (1. 53<_h) Ro023
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- 044. 0064E- 04A100. 0O000E+00- 68934E- 05- 5. 9061E- Cb- 1. 3815E- 051 nl / n2/ n30/ +1/ 0O- +
2/ +1/ +1+2/ +1/ +1~, g658 nm 390 nn¥408

nnmB24. 7000E- 030. 0000E+00- 5. 3000E- 03- 5. 2595E- 03B4

~- 5. 5308E: 0QQE+0 32E-04- 3. - Q4B :

2. 59195 010 0000 08 5 765 E 0375 Budfe Gagg 2res from the mumerical

~- 2. 0155E- 050, 0000E+QQ5. 1093F- 065, 6214E- 05B10
|2.0712E-698¥6668556g?.2%73%Eo§91ﬁ 50 7ET6S 1CALp REETE WG Pade Sdeffii ent of
the 15th surface and the 16th surface) The 14th _surfaceThe 15th

sur f ace- 6N83D5ECORI Ly5PREEFO2AGE SKABPE. GPE §515BOFPAGR TESREOR) 1. TEG1E- O1
| AB8. 3248E- 061. 0617E- Ol

| A102. 9389EcP4LYPO962ELf02AL 26684 3ECAB2e7 BUEEWAZAIM s 2ZIR5ELOBcABS66E 03A1
6- 3. 6643E- 060. 0000E+00A187. 9754E- 06 ~0. 0O000E+00A20- 1. 2239E- 060. 0000E+00 I n
t he presenhiekaapbéuraléoypbifngiaptishalpesly StoemsClinsisiesofuethindd tihhe a
cenented | ens which a glass | ens whose paraxial refractive power is
negative, saag 3cpPLastike L8N$ormed)Y 134 WHeSE R atiand eadjtvepover is
positive, are adhered to each other, and a glass | ens whose paraxi al
refractiv wer i ptive ng e oghi-ngr for |eading an optical
pat h of tﬁéE?fg%F ?ngéﬁaé¥nghghgligge%gﬁétE%@%ﬁrnto t he optical path of
the light flux having the vel e ~1. .1 s arranged i he opti.cal path
between t he centit EH0) BheP andErnat6P5astiehs S ElEREe. Ao aRRE e ner 1 or
| eading the light flux of wavelength ~I reflected on the optical disk into
the |ight tB8t 8&F8F, 2F82afRRAdedthR AREtE A cRE AT Stebhet itdm SHeRk
havi ng the wavel ength ~1 between the |ight source which projects the |ight
flux havi A§rereunavépengdhinleantl rhadcelpbiedy zope dal sofisttemaCulalugnd a
beam conbi ner for |eading an optical path of the Iight flux having the

wavel engt Bat3ul AtedapgoaODR opki kal (pat b of the)li gkl thexnhavergotthe

wavel ength ~1 and the light flux having the wavel ength ~2, is arranged

bet ween t cQupl.i.n t] e he _ohj_ective opt] yst em
B0, The. SBRGrToar Anarr Shetnt S A PBE et T e Loproal: Ssyrst v LRI =Fht he
present exanpl e, has the tenperature dependency in which, when the

t enper at ufd £FsBsYBYU801C, whhehspher HedrlgpeitFarifotheéharges il Ihre tdver
correction direction, and a change anount of the wave-front aberration

| 55 due tprohestedsiBofS5ThARMBueWrén letie sebjiechidue topt ileaersyist em OBJ
havi ng such a tenperature characteristic is conbined with the coupling |ens
opti cal S¥§ﬁ§€b§%%1ihhﬁiEBéﬂgﬁn§E9UQhe%%ihbelwa%eotﬁ@@tﬁﬁg?rhﬂtﬁ%ntWQeﬂ the
tenperature rises by 30 C, can be suppressed to 0.01l ARMS. Hereupon, in
the case where the change anount of the wave-front aberration when the

t enper at uF8TERShEEE LBIEX| EQI AREIVAFRLEIERE Pdf PdctDFe 2PRIER T dRENge
follow ng the tenperature change of the plastic lens included in the

opti cal sgsteartsopomsedenedllarntetrkan; eflaet ilveZid@dex change rate of the
plastic lens of the coupling optical system CUL, and the first plastic |ens
L1 of the objecWhye, ophi clalssyseépnt Bd tsriBdetitelsxrb@tihiCe #0d,t hae
refractive index change rate of the second plastic |lens L2 of the objective
opti cal Siﬁgsg‘§§@h£5fﬂﬁQeoﬁowgvéléﬁg%hpk%(%éaﬁﬂhﬁd%%tEx%%Q'% 813t he
opti mum optical system as the optical pick-up Sysiem mdbunted on the 9th

optical pick-up device PUW, and jits specific nunmeric value data is shown in
Tabl e 9. path difference of 2 x Al (um) is generated between adicining

- steps, and because, to the laser light flux of wavelength Al,

practically the phase difference is not given, the laser
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light flux transmits without being diffracted, as it is.
Hereupon, in the following description, the light flux which
transmits as it is, without the phase difference being given
practically, by the step type diffractive structure, is
referred to.as O-order diffraction light.

On the one hand, when, on this step type diffractive
structure HOE, the laser iight flux of wavelength A2 (herein,
A2 = 0.658 um) projected from the red semiconductor laser is
incident, the optical path difference of d0 x (n2 - 1) - A2 =
0.13 pm is generated between adjoining steps, and because, in
one segment of ring-shaped zone divided into 5, the optical
path difference for one wavelength segment of A2 such as 0.13
x 5 =0.65 um, is generated, the wave-front transmitted the
adjoining ring-shaped zones 1s superimposed respectively
being shifted by one wavelength. That is, by this step type
diffractive structure HOE, the light flux of wavelength A2

becomes a diffraction light diffracted in one-order

direction. Hereupon, n2 is a refractive index to the
wavelength A2 of the aberration correction element L2

(herein, n2 = 1.5064). The diffraction efficiency of the one

order diffraction light of the laser light flux of wavelength

A2 1s 87.5 %, and is a sufficient light amount for the
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cyrvature, aspheric surface coefficient, diffraction order, production
wavel ength, optical path difference function coefficient of the 12th
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. 4023E- 032. 4400E- 05- 1. 5823E- 03A60. 0000E+00-1. 5832E- 031. 3535E- 063. 4952E- 04Ag
0: OOOOE+006. 0208E- 04- 5. 8340E- 071. 5269E- 04A100. 0000E+00- 7. 2771E- O1- 1. 0092E- 0
6- 3. 3372E- 05nl / n2/ n30/ +1/ 0- ~, g658 nm B24. 7000E- 03

| 0. 0000 E+0: DQOOE, LRI B e~ 8n 2 490F0 B4 L5005+ 060p 000HE+#3Q0. 0000E+00
B6- 2. 8735E- 050. 0000E+000. 0000E+000. 00O0O0E+00B8- 4. 1288E- 050. 0000E+000. 0000E+0
00. 0000E+QQB10s -.‘;‘@7%-9@51 0 COQCE+98, ng(%;f 000, D9Q0E+00, L ASPhET L G,sur face
coefficient ofiﬁ%e 14t h surfdce and tﬁ% 15t su??ace) The 14th gur?%ceThe
15th

surf acek- 6 B TS B4R E A1 43522 0PN OB GE: RARS B 1E3R- 84215 %661E- 01
2105E- 05- 4 FOSHEL CHATES . Do 4IE DBLS DOUDR- DI Brocective layerd P eReMa
| A187. 9754E- 060, 0O000E+00A20- 1, 2239E- 060. 0000E+00 I n the present exanple, a
coupl i ng dptIt Aot erriacast rdks firdd bYVer gl 8sSCTeRStGHose paraxi al
refractive power is negative, and a plastic | ens whose paraxial refractive
power 158 is posithan, wherar raihdgdul s rstdre texed udi Veraskl opt sealcpardy of

t he wavel ength ~1, and the beam conbi ner for |eading the optical path of
the |ight fHax dwei ndi die Favel 8AGdvelehditio Ahe(ptéca) path of 7é¢bHewhy ght
flux having the wavel ength ~1, and the beam conbi ner for conposing the
optical path of the light flux ving t vel ength ~3 into the.optical
path of | res | TS e SRSAE tho Tebel dhit 1051 OH % 180 o DRI SRS he
coupling lens optical system CUL and the objective optical system OBJ. The
spheri cal @ber ratidn(pof} tire ahjectiak optveos s)Etiem@Blsteps heampd esks
exanpl e, has the tenperature dependency in which, when the tenperature

ri ses by j Fraki i n t r r j

directi on%a%&%%i%gi%%nﬁ% ﬁegﬁggﬁﬁtkgbeﬁaﬁgnsgﬂ% Il?(g)ﬁ%%?s, IS
0. 085 ARMB. When the objective optical system OBJ having such a tenperature
characteridiit i eoited Whh thexcolipVarelerashopti carcayseekieUL, the
change anount of the wave-front aberration when the tenperature rises by 30
C, can be phgpz edskbieten®e (0 WM/ oridet eopbhy givehe thserahemétsheschange
amount of the wave-front aberration when the tenperature changes is

cal cul at edis onkychider et 1egtd ver ragexd changerdor| @k pgatbeon 1158t .
tenperature change of the plastic lens included in the optical systemis

consi der edyy, afuk they L &f IRC TN e, ehanasasat enof the Rhaaikgchenspef the
coupling optical system CUL,” and the first plastic lens L1"of the objective

optical system q%]beis d](Ce -1.1 x lﬁ-/C ayg:g the refractpyve i ndex_change
PLe of tHE TR ITHLTT D dTh e e DT b et Wbt LR T eDEL eri oy i s
made -0.9 x 10-4/C.

spherical aberration due to the difference of thickness of

protective layers of the high density optical disk HD and CD,

is corrected.

Further, in the objective optical system OBJ of the lst
— 4th and 6th - 8th embodiments, 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



Her eupon, in the above-described exanples 1 - 7, when one lens in the
aberration correction optical systemis nmoved in the optical axis
-di,rection, the spherical aberration due to the thickness error (production
error) of the protective |ayer PL1 of the high density optical disk HD, and
t he spherical aberration due to the mavelength change of the wavel ength ~1
can be corrected. (Exanple 9) Exanple 9 69s the opti mum optical system as
the optical pick-up system nmounted on the 5th optical pick-up device PU5,

and its specific nuneric value data is shown in Table 10. 160 ON.OFN
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(Di ffractlon order, production wavel ength, optical path difference function

coct 11 chkeal (e b0 205 560 51 bosbc e Lok 038/ ahenadad comy

(Aspher i o sur Lace cael (i ghent of the 610 urface qnd the 7uh aur(geg) The

surfaceK-4. 4715E- OL- 9. 1355E+02A4- 7. 2396E- 04- 9. 4311E- 03A6- 1. 3187E- 031. 1572E-
02A85. 9370F1 ©3L 5V859BE108A16Y$L6USOBI04T. 2651 RLOBAYA Olg 52862 06- 1. 5851E- 04
| A beam expander optical system EXP conposed of a glass | ens whose
par axi al refraci¢veupomer insthegabijeetigndoptpladt sgsktensORbdosé paraxi al
refractive power is positive, is

ninth embodiment, the optical function surface 352 on the

cptical disk side of the aberration correction element L1 is

an aspheric surface having the convex shape on the optical

disk side in a paraxial portion.

Further, the optical pick-up device in each embodiment

is designed, when the recording and/or reproducing of the

informaticon is conducted on the first optical disk, sc that
the change rate ASA/AT of the spherical aberration following

the temperature change of the objective optical system

satisfies the above expression (1).



arranged in the common optical path of the wavel ength 7~1, wavel ength 7~2
and wavel ength ~3, further, when Abbe's nunber of the glass |ens and
pl,astic lens in the beam expander optical systemis set to satisfy the
expression (2), because the achronmatic operation is conducted on the

wavel ength 7~1 and wavel ength ~2, both of the light fluxes of wavel ength
~, 1 and wavel ength 7~2 are projected as®} he paral lel Iight flux 162 from
t he beam expander optical system The spherical aberration of the objective
optical system OBJ' in the present exanple, has the tenperature dependency
in which, when the tenperature rises by 30 C, the spherical aberration
changes in the over correction direction and a change anount of the
wave-front aber tlon due to t 027 n.th jective
optical system CETERAvi KERuc o tP%nﬁg?ﬁgﬁr apgg?éFlgﬁ gB%s conbi ned
with the beam expander opti cal stem EXP, the change anount of the

wave- fronﬁpbﬁél@ail@heﬁhéﬁlpﬁefpgﬁp@#&@uﬁ@er¢§@@e§?t9@eCChé@@eb@fsGﬁﬁressed
to 0.005 ARVS. Hereupon, in the case where the change anount of the
wave-frondtbabettiati optwhen shettmnpdlat the ckdmgesive cakdeul atfedheonly the
refractive index change follow ng the tenperature change of the plastic

|l ens inclpdgdtin tBAsOphi ek spstertisncedsirdetedn apdithe wmefstaat iive i ndex
change rate of the plastic | ens of the beam expander optical systemEXP is

made - 1. 1a§e&9a9é£§ agd, thﬁefgbhégabﬁq bB@%&a%H%ﬁg%héﬁb@n%flthh%be%&‘Ve
optical systemOBJ" is made - 0. C. (Exanple 10) 163 Exanpl e 10

s the Opaegygeegghcsgramsg@g H{% %gf'm%c@' & iR SYst e gmunied on the

10th optica nuneri ¢ val‘ue data is
shown in Ta LI ~.N
y-11M N +re?ra§tl‘f€ 385 bE PG P'ilésltllc 1§ng 2n tMeCfbjéCtlﬁe BECaR t 7
'JOON-.1 Ct~UIL 1l 1l NN NOO-Q Wo ,-100rl rl. MCMM-OII 11 11
.V N fdri9Wetem. | and. Fhey spherical abggratienurbanginovia-the §ndes |1 ro
HII~-IN(deIFC M-.~UCZ~Cx -~z zroy .. yaQ p.. ro

CaqOw s~UCONKEst NRh~dixeUZ ign' bUsBe~magrifichtienOchang® of the
~CL'.-0O0 i 61Nu- 1IMO~. 7TOM~~ONNN-7MU7CF ~G M- COMINI OMy C~~1 ~Q01NOM zmm-n~nl nl
objective optical system, can be cancelled out.

Accordingly, because it is not necessary that the lens
in the aberration correction optical system is moved
following the temperature change in the recording/reproducing
of the high density optical disk, by the actuator, and the
temperature characteristic of the objective optical system is
corrected, the structure of the compatible type optical
device can be made simple.

Further, because the refractive power of the plastic
lens in the aberration correction optical system is uniquely
determined depending on the temperature characteristic of the
objective optical system, when the aberration correction

optical system is structured only by the plastic lenses, the

degree of freedom for determining the paraxial amount such as
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11-2 (Diffraction. order, production wavel ength, optical path dif erence

nE2. 5. 4355 é%%@ﬁ?&é%g!‘ﬁz%%%%&%ﬁc?éﬁségt%é@%ﬁ%%é%%’ 85 seset0
(Aspheric,_surface co effjcient he 8th rfac gthe 9§Mh surff%%e The
8th surfaE%%Tﬂ£e§FH GP#SSémﬁn 718E81°8§. §5E$§§ 1ve power ©

~-7.2396E-04-9. 4311E- 03A6- 1. 3187E-031. 1572E- 02A85. 4370E- 04- 5. 3553E- 03A10- 1.
0983E- 04192883 E1 68A19BishgéE- per1a58s¢Eedqby influence of the

temperature change, arranged in the aberration correction
optical system, can be freely selected, it can cope with
various specifications of the aberration correction optical
system.

Further, in the 1lst - fifth embodiments, when.a pair of
optical elements of a beam shaping prism are arranged in the
optical path between the collimator optical system (COL,
COL1, COLZ, COL3) and the beam expander optical system EXP,
it is preferable that the.first collimator optical system
COL1l is structured by a glass lens. Thereby, because the
degree of the parallel of the light flux projected from the
first collimator optical system COLl, is constant for the
temperature change, even when the temperature change is
generated, the astigmatism is not generated.

Further, in the optical pick-up device PUl in the
present embodiment, because the beam expander optical system
EXP is arranged in the common optical path of the first light
flux and the second light flux, the temperature

characteristic can be corrected alsec at the time of the




A coupling optical system CUL conposed of two | enses of a glass | ens whose
paraxi al refractive power is negative, and a plastic |ens whose paraxi al
refractive power is positive, is arranged in the comon optical path of the
wavel ength ~lI, wavel ength ~2 and wavel ength ~3, further, in the optical
pat h between a package unit in which a |light emtting point projecting the
light flux of the wavelength ~1, a Iigh§3en1tting poi nt projecting the
light flux of wavelength ~2 and a light emtting point projecting the flux
of wavel ength ~3, are housed in a casing, and the coupling optical system
CUL, | 66 t he beam conbi ner for guiding the light fluxes of the

wavel ength ~lI, wavel ength ~2 and wavel ength ~3, reflected on the

i nf ti [ 8 [ t ect I 5. . Further,

when Abber SoRaRRRP” oroERa G g ofl BB TRk, dFel Se8iond MBS H i g
tical t ' t t I, Sf h [ 2), b th h ti

oper at | ont PECHBRGUALER RS hi=akyLFBRgER 211 odnd e bertn ok 208 b0t h of the.

l'i ght fluxes,of wavel ength ~1 and wavel ength ~2 are projected as the

paral | el PPHhtat EXSF?Erﬁ:’%{ﬁeléoGBVﬁﬁgbﬁpF%@aPnéByﬁ‘éﬁ\ edtuatps JhRer NOAl
aberration of the objective optical system OBJ' in the present exanple, has
t he tenpefatliretdepenténeyofnthhi chcondéngyrertredperiaguce thsesilgh 30 C,

t he spherical aberration changes in the over correction direction, and a
change andemsidf theiwaledirkpt babeeiabi an due tamehioF, the 0. 027 ARVS. When
the objective optical system OBJ' having such a tenperature characteristic

i's conbi negdewtdngheegouphtngqophi oab, syakespElki chhe s6hange 1amowal ok the
wave-front aberration when the tenperature rises by 30 C, can be suppressed

to 0.006 ARMBe-teq. 167 Hereupon, in the case where the change anount of the
wave-front aberration when the tenperature changes is calculated, only the

refractive '%Ee§e§£%§ggmggglﬁg%@? the tenperature change of the plastic
| ens included in e op P Car Systemis considered, and the refractive index

change rate of the plastic |ens of the couplingpoptical system CUL i s nade

-1.1 x 10-9/C, M1 ne'§ e? 7R F v rdeRethanfethat B 8FeRhe1BBFREEPTE
optical systemOBJ' is made -0.9 x 10-9/C. (Exanple 11) Exanple 11 is the
opti num optieare sgeseniagdt hecwpretal thecRamp sysuefursunsednohehe 11t h
optical pick-up device PULl1, and its specific nuneric value data is shown
in Tabl e fifrst eng8dimént is denoted by the same sign, and the

description is neglected.

As shown in Fig. 4, the optical pick-up device PU2 is
structured by: the blue vioclet semiconductor laser LD1
projecting the first light flux; light detector PD1, DVD use
medule MDZ into which the red semiconductor laser LD2
projecting the second light flux and the light detector PD2
are integrated; CD use module MD3 into which the red
semiconductor laser LD3 and the light detector PD3 are
integrated; beam expander optical system EXP as the
aberration correction optical system; one axis actuator UAC;

objective optical system OBJ; 2-axis actuator AC; first beam
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0. 000000E+00 A hearhexppndesl opt tkahp sysvese EXF2¢conpesedhef two | enses of a
gl ass | ens whose paraxial refractive power is negative, and a plastic |ens

whose paf§é&@id£§%7§§ék¥&u@9ﬂ@rokstﬂeskhkﬁﬁmakéoﬂr&énaéﬁdhEtEBeoﬁo%E%“
optical path of the z no wavel ength ~1, wavel ength ~2 and wavel ength ~3.

Che s (E5A 220000 D0oLOs LOF MEYE BRD Re0tnbNBALRACLECDh, ) LANEnLl py AN

the position in't axis direttron o glrass €

|l ens EXPl) in.the beam expander opti cal ste is adjusted by the one
axi s act u%t%)?ljcﬂ\dl?ﬁel?ix A |4gh$n%‘FfJ§li§' ﬁg]e'ltzﬁiﬁ)l‘llﬁ Vilajlllg%fl ux gre

projected fromthe beam expander optical system EXP under the condition of
t he paral FENiFPyRectPtxlashe sBheircalghbermattsd - of "heR ©hF 2179EIOREI cal

light flux prcjected from the blue violet semiconductor laser
LDl passes the first beam combiner BC1l, and transmits the
collimater optical system COL, after it is converted into a
paralillel light flux, it passes the first lens EXPl, second
beam combiner BCZ, second lens EXP2, third beam combiner BC3,
in order, and becomes a spot formed on the information

recording surface RL1 through the protective layer PL1 of the



system OBJ" in the present exanple, has the tenperature dependency in

whi ch} when the tenperature rises by 30 C at the time of the
recordi ng/ reproduci ng of the information on the high density optical disk
HD, the spherical aberration changes in the over correction direction, and
a change anount of the wave-front aberration due to this, is 0.068 ARMS.
When the objective optical system OBJ" “having such a tenperature
characteristic is conmbined with the beam expander optical system EXP, the
change anount of the wave-front aberration when the tenperature rises by 30
C, can be suppressed to 0.029 ARVS. Hereupon, in the case where the change
anount of the wave-front aberration when the tenperature changes is 171
cal cul at g 10nbynd e, reht 841 Vi & Rdex 19?&@19@ bohbevipg bpeitenpsyatene
change of t%e plastic lI'ens included in the optical systemis considered,
and the Qﬁ% active index change rate of the plastic lens (the second |ens
EXP2) in e beam expander optical system EXP, and the refractive index
change rate of the objective optical system OBJ" made .- 0, 9 10 9/C. In
t he opti cal sysitrt}b‘?ﬁ'oféki?)(a‘?ﬁﬂeec LVEHEN %iﬂ%?%%%%t%%ﬁuﬁﬁ% élil%ss | ens
and plastic |l ens of the beam EXP is changed, a result in which the

spheri calfe@esind i o FEackiredPBdti® £r@%ihi BRREECENARGRNEEHI ¢RNERE error)
of the protective layer PL1 of the high density optical disk HD, is shown
in Fig. IZeripheheroliihtthdhopticfllechsst dmadit Bdaivplrecdulairt khea® nt er val
between the glass lens and plastic I ens of the coupling optical system CUL
i s changethf@armesibt it Wi chhé henspheattah abeordingnsisfeoerBhiied to the
change of wavelength ~1, is shown in Fig. 14. Fromthese results, it is

found thatrihenopti £5dhiSYShEMB)EXPPB! 85t 1calBsyksemUPBY Othak8obEam t he
recordi ng/ reproduci ng of 2-layer disk, further, 1t has a 172 sufficient

al | owance. fafs the gesi|Latinn veyel eagsh ofobha BLug wbbehesenteonduct or

| aser |ight source n e ments and npl es descri bed above, the

optical pLck-up, syst nd_optical . pick-u evi ¢ce_j.n.whi th :
recording#+%%?oh%%?n§£%§h %%808%g£%£%§05n8Pﬁ?835kfﬁﬁge%fE@%tiggp dsks of
the high density optical disk HD, DVD and CD, _are describeﬁ as exanpl es,
however, PYaREReHLRatNE yEHhdEr BEBBACPRAI BReEhresBAFSEAVEREI BATEAR be
applied to the optical pick-up systemand optical pick-up device by which

t he recortemy/ $8r oandi agneandpd ebntbet bdabh racekvihng sRrépercal 8hsks of
the high density optical disk HD and DVD, or two kinds of optical disks of
t he hi gh Hegist tgebptical POL sk HxrandyClisFog ExanplEput heygrah b the
structured, while the optical systemfactor necessary for the

recor di ngl { gt odlete 880 of PONPSEhéWonKbpglat 0bnopeieabiedi sksthe heghi ned, by
del eting the other optical factors, thereby, the optical pick-up system and

optical phgkspydeyt £eai ngybjchpt Benshaerggduction, weight reduction, cost
reduction, and structure sinplification, are further nade, can be realized.

o those skil el TH ahe St ThEr oy S ooy RRGLBERIATIcche o apparen

to those skille ore, anges and
nodi ficatjiops depart from 173 the s e of e present invention, they
Shoul d el RbRETS no att baPRGEFEERuRRADT Ror 8Fnthe BISR BRatVeiel SPREH | 3
1. An optical pick-up_ systemconprising; . ,
by a dotted lihe in Fig. 4, initially, the red semiconductor
laser is light-emitted. The divergent light flux projected
from the red semiconductor laser LDZ is reflected by the
second beam combiner BC2, and after converted into a parallel

light flux in the second lens EXP2, passes the third beam

combiner BC3 in order, and becomes a spot formed on the



a first light source for projecting a first light flux having a wavel ength
of nof nore than 450 nm a second |ight source for projecting a second

l isght flux having a wavel ength within a range of 630 nmto 680 nm an
objective optical systemfor converging the first light flux projected from
the first light source on an informati O%Grecordi ng surface of a first
optical disk which having a first recordi-ng density, and for converging a
second light flux projected fromthe second |ight source on an information
recording surface of a second optical disk having a second recording
density which is different fromthe first recording density, wherein the
obj ective optical systemhas at |least a plastic |l ens having a positive
paraxi al raff@aaid Ve Ponesor Ny WoeF £4Pe BRLAL £ 19r 4dnh8f pacebapggeof a
spherical aberration to a tenperature change of the objective optical

syst em wh i | gty f | p o) : j i opti cal
system fo?lr%%{%r%ﬂi%?%rﬁ\?gpk?%d% ngéfﬁ?%ir@n%t#%ﬁl%%tfoggéggl&oﬁqgghe first
optical disk, satjsfi t fo i NQ..expressi on . ~and 175, .an
aberration corr gitcﬁtelsndnq%ﬁ P’ﬁb eéﬂy%gem talvclpang Sa‘fsﬁ%rélQBq m%orf'%‘ﬁ%tsgr%%%s, and
being arr ed in an optical th between the first light source and the
obj ecti vea% Y49 s%t%ﬁcm{fg?% &%V\gﬁjr%t?%ﬁu%'b?ﬁf eg?i BhrBpEEdatPsyst em
has a plastic | ens having a positive paraxial refractive power and a gl ass
| ens. ~SA4E Peripheny Fhellopt i1 sHifdeche s siadh FFlut aeavylates thier
conprising a coupling optical system which is arranged in an optical path
bet ween t N finfkrrngigien Joul cen ke t iref abeat beh onecordenyi snrdpce cBL2,
system wherein when the first light flux having a divergent angle enters
onto the quaEddmnG@in cale syts]em i tdeoriolpd 1 ngy opémcabIsysherdebess a | i ght
flux having a divergent angle which is smaller than an incident |ight flux
of the firsmdigdd HdX, sabi@i Ned HengbRSSah&NSs Obrikenaderyath@Nsecond
correction optical system has a negative paraxial refractive power, and
wherein t i ectlon ' syst i 8, e er optical
system whi c ﬁ@ﬁ%“gﬂelsr%;r %%‘etée#&o?&%éef |C#st¥l§li:§g tf%%g.?&%{g%g& The .
optical pick- SYS of, claim 2 erein,the _beam expander tical system
i s arranged' gf(ﬁééﬁﬁF(ﬁﬁQﬁng?ﬁﬁ¥$§ﬁ %ﬂ%‘f& nﬂi%ﬂnu%HQB<éH%iq cond
light flux., 4. The_ optical pick-up systemof claim2, further conprising a
beam combi HNForoT ddtft Nt HH- FRTRB ORI of thhelrfoxpatight recexdafdian
optical path of the second light flux into a common optical path, wherein
the coupl iTWP o dxg z3adem the glass lens in the beam expander optical
system the beam conbiner, the plastic |lens in the beam expander opti cal
system and t he Fobjtdetn,vertept ithed systreihray ragrangeichdg nof higlie or der from
the first light source side. 5. The optical pick-up systemof claim 2,
further comydsidtd ch beanGoiiined dorcheadisng an ity ¢ fat h Ofsidig, first
l'ight flux and an optical path of the second light flux into a comobn

optical pai., VRS GIdL e SRR | NG OPL CRl g SYBT Sffhe LHS RLESHS G0l §MD3
is actuated and the red semiconductor laser LD3 is light-
emitted. The divergent light flux projected from the red
semiconductor laser LD3, after it is reflected by the third
beam combiner BC3, becomes a spot formed on the information
reccrding surface RL3 through the protective layer PL3 of CD
by the objective optical system OBJ. The objective optical

system OBJ conducts the focusing or tracking by the 2-axis

actuator AC arranged in the periphery of it. The reflected



of the beam expander optical system the beam conbiner, the glass lens in

t he beam expander optical system and the objective optical systemare
akranged in that order fromthe first |ight source side. 177 6. The
optical pick-up systemof claim2, wherein the beam expander optical system
is arranged in an exclusive optical path for the first light flux 7. The
optical pick-up systemof claim2, wherein the coupling optical system has
at | east one plastic |lens having a positive paraxial refractive power. 8.
The optical pick-up systemof claim3, wherein a magnification m of the
objective optical systemfor the first light flux when the first light flux
passes through the objective optical systemfor recording or reproducing

i nformati ongiont £1 @ fE@M APEaf by ShnOphESahatisk, pafdoa FRENEhEERRLENCHE Of
t he objective optical systemfor the second Ilgh? fl ux when the second
light flu es_t t obj L.ve, opt | : r i.ag or
reproduci oL o et T ant SEa FEoRt Be Desoad Sfatdar g cRIegrEve

approxi matel y sane, and e's nu r vdN of e as ens in_the beam
orpander JRtTesf Systeh OBPa ABbLoLLRGHEEr BYaPhet CPnadpPRETs COTRAGSFn | he
beam expander optical system satisfy the follow ng expressian £2). ns
Vdp ~ udNBO3: THied PR Rl IBf cROUBNSy s BRT oF CEFAVATY, SiREREPNCENEM8ber rati on
correction optical systemis a coupling optical system and wherein when
the firstlighyhtdé¢textouvPhg afdier genksangbdueat ¥Ps . onfleen heb ¥ ouplidg
optical system the coupling optical systemenmts a light flux having a

di ver gent tlamgbet it cdidsasSnaf| ehet baght hdetact denPDBj, ghhef Eufoomathenfir st
light flux. 10. The optical pick-up systemof claim9, wherein the coupling

optical syst&rass akréngesni Beareggnon optical path of the first light flux
and the second light flux. 11. The optical pick-up systemof claim9,

further conpri sy q§§?3 &{T% ~Lor iLn Nn; QPt 1 of the first
light flux andsgﬂqg%%i a %at %?ﬁtﬁg %%ggﬁ% ??gh%ﬁffhga#ﬁggégtconnnn

optical path, .wherein the gla lens in the_co in tiycal sy t he
bean1conb'%%??lT%%tpP%%??%g?eﬁﬁeiB A lEoESFFnEEEStggggngygFgglEgggsthe
obj ective, optical systemare arranged in that_order fromthe first |ight
source si 4. the pean19xpapdegppPEaf-api EKShEMs§EFfertoft e FAFNFE™Phr t her

conprising a beam conbiner for |eading an optical path of the first |ight
flux and anptifel seebndofi ghe fioxti hishh EdpHoAnd the second light

flux, when the objective optical system OBJ has the
temperature characteristic in which the spherical aberration
changes in the over correction direction following the
temperature rise at the time of the recording/reproducing of
DVD, by the action of the second lens EXPZ, also the
temperature characteristic at the time of the
recording/reproducing on DVD can be corrected. Further,
because the second lens EXPZ serves both as the collimator
optical system of the second light flux, the number of parts
can be reduced. Further, when the plastic lens (the second
lens EXPZ2) is made so that it can be moved by the actuator,

not only at the time of the recording/reproducing on the high



path, wherein the glass lens in the coupling optical systemhas a positive
paraX|aI refractive power, and wherein the plastic lens in the coupling
optical system the beam conbiner, the glass lens in the coupling optical
system and the objective optical systemare arranged in that order from
the first light source side. 13. The ogggcal pi ck-up systemof claim9,
wherein the coupling optical systemis arranged in an excl usive optical
path for the first light flux. 14. The optical pick-up system of claim 10,
wherein a magnification m of the objective optical systemfor the first
light flux when the first light flux passes through the objective optical
system for recording or reproducing information onto or fromthe first

Optica|(Héﬂéléﬁmbﬁtf@ﬂﬂ'ﬁigﬁt'Bﬁt”ZlQB fhe.pbj eghiverophical system for
t he second |i f1ux when the second Iight flux passes through | ao t he

obj ectiv ecor g g o] n or
fromt heers%%%%dﬂ YO b 28R OB ChenfBhSPLC D=hREPEPELL - Er0E,
lens in the cou ng optlcal system has a negative paraX|aI refractlve
power , euﬁPﬁﬁﬁﬁé%% Abbe' s nunber vdN of the glass lens in the coupling

opti cal systen1 and Abbe's number vdP of the plastic Iens in the coupling
optical sylitémthidid SuPadignemt) owi ng expression (2). vdp ~ vdN 15. The
optical pick-up systemof claim9, wherein the coupling tical systemis a
col | i mator opt iN&#t sydtemhiang shleedimenihert tike foresent gfm%mm(omavi ng a
di vergent angle enters onto the collimtor optical system the collinmator
optical systkerbendscaibeghthdbaxeparaheéesahieo anroptical aaxtse f6rsiThe
optical pick-up systemof claiml, wherein the objective optical system has
a first plasddimdesi fngeRc6660p¢ @h@%mﬁel@ﬂ@nm@h&htﬁéedéééﬁglgeﬂohnlé hat
order fromthe first |light source side SS 1 1 wierein adiffractive
structureg,ds lgﬁ%gyd on at |east one of optical surfaces of the first

pl astic |ens erein the dlffractlve structure diffracts at | east one of
the first light, flyx and t nd_[light, fl d wherein io of a
par axi al refra(%\tl V(Lalll p%lwer gi ﬂ)trb? B 1‘?‘?%3‘?61%? ATV ]%LZI% e

wavel engt h of the |rst |%ht flux, and a paraxial refractive Bomer Pz (mm
1) of the'SetIntF Chens! lﬁ%rvv%ema%@meﬁa%ueﬁmfhJeaWs% Fight f1ux

satisfy the follomnn%hexgre35|on (3). ~PI/PZ~ <- 0.2
projecting the first light £lux; light detectecr PD1, DVD use

module MDZ into which the red semiconductor laser LD2
prcijecting the second light flux, and light detector PD2 are
integrated; CD use module MD3 into which the infrared
semiconductor laser LD3 and light detector PD3 are
integrated; beam expander optical system EXP as the
aberration correction optical system; one axis actuator UAC;
objective optical system OBJ; 2-axis actuator AC; the first
beam combiner BCl; second beam combiner BC2; third beam
combiner BC3; ceollimator optical system COL; and coupling
optical system CUL3.

Then, in the optical pick-up device PU3 in the present

embodiment, the collimator optical system COL, plastic lens




17. The optical pick-up systemof claim 16, wherein when the optical

pi ck-Up systemrecords or reproduces information onto or fromthe first
optical disk, an inmage side nunerical aperture NAL of the objective optical
system a thickness dzz of the second plastic lens in an optical axis, and
a paraxial refractive power PLZ (neal) of the second plastic lens for the
wavel ength of the first |ight flux sati@?y the foll owi ng expressions (4)
and (5). NA1 > 0.8 (4) 0. 9 <dzz ~PL2< 1. 3 ( 5) < 182 18. The
optical pick-up systemof claim 17, wherein when the optical pick-up system
records or reproduces information onto or fromthe first optical disk, the
total sumE(Pi h;z) of the product of an inmage side nunerical aperture NAB
of the objeaLi YecBRki ¢8hsSyaboM wRoRA! BXIrAkiLEl FAGLLYE sRANRILRL2 Gl ) of
the second plastic lens For the wavel ength of the first light flux, a

magni fication nlZ of t second plastic lens for the wayelength of. the
(Tt | gRPSFFAYE CNB' WaToPBRG: RRantphnPBER colestiral ERgnt SRR & rati o
ASA/ AT of , a chan%g,of a thericaI aberratjon _to a tenperatyre change of the
obj ect i vePEpRi EQMPAPELeff-2andlaSBol ERSsUAPE( BL X Sh~2P06F EXEdr o OS5 0t a
paraxial refractive power P; of the plastic lens of the aberration

correcti oR2gpriaal refspehiver peHerwafenedgthver the thier beam gxpapidet and a
square of a height h~ where a marginal ray passes, satisfy the follow ng
expressi onptbral0s§skehOEBPR RAE( Phe hbikecthvE ppill@cl( 8ysweer €BJ,=are
(CSA/4T) 7~1 PLZI (NAL (1 - nz2) ) 9 19. The optical pick-up system of

cl ai m 18, awhenged theotakkodrag exprpsaeoRibber ksmSabnsficedr laskrx 10-6 <
kK'/E ( P~ h~z ) <3 . 3 x 10-6 ( 6" ) 4 f 183 20. The optical pick-up
system of ; ghakmyd7, further conprising a third [ight source for projecting
athird light flux having a wavelength within a range of 750 nmto 800 nm

21. The opticallgiggéu$%§¥§£f 9£k9£ igéggCGMQSEeiQB%Bgtﬁgerration

correction optical systemis arrange conmbh al "path of the first
light flux ht flux an ht flux., 22. The optical pick-up

second i g Eird I

syatem of tEFATHLE8/ TRAEPEIRITHGOR FBE FPERETEEHPEo LSt REPSBESAE PRgRTPsour on
and the third Iight source are a gackaged | i ght source unit. 23. The
optical pPRéRbupeBystEnPBELiERAI A28, HPur BReltEoRBENS Phg T2 YhaEMSEOMBI Rer
arranged in an optical path between the aberration correction optical
system and théidbjlénei ¥e Bpyical systésllyhetbienbilhe béadhedonbi ner | eads an
optical path of the first light flux, an optical path of the second |ight
flux and asmopbhcatbtpat hasérthelt hsr dibhghemfikuxdintTha aovevgenpti cal
pat h.

light flux projected from the blue violet semiconductor laser

LDl passes the first beam combiner BC1l, and after converted

into the parallel light flux by passing the collimator

optical system CCL, passes the second lens EXP2, second beam

combiner BC2, first lens EXPl, and third beam combiner BC3,

in order, and becomes a spot formed on the information

recording surface RL1 through the protective layer PL1 of the

high density optical disk HD by the objective optical system

OBJ.

Then, the objective optical system OBJ conducts the

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



a 184 24. The optical pick-up systemof claim3, wherein the first |ight
sourceé and the second | i ght source are a packaged |ight source unit. 25.
The optical pick-up systemof claim 10, wherein the first Iight source and
the second light source are a packaged |ight source unit. 26. An optical

pi ck-up device conprising: the optical pick-up systemof claim1; and a

| ight detector for detecting a reflected“light flux of the first light flux
froman informati on recording surface of the first optical disk. 27. The
optical pick-up device of claim26, wherein the reflected |ight flux
reflected on the information recording surface of the first optical disk is
incident on the light detector after the reflected Iight flux passes

t hrough tb@s%ﬁb@ﬁ?h%@ optpial réﬁ’fé@gé&ggi&lkt ?iui?!zﬂé%}hﬁalc%sﬁ? LR the

aberration correction opt| cal system e optica p| ck up devi ce of

cl ai m 26, [ si.ng,.an uat or .for _dri V|n lens in
the ¢ 188 B ABROR  EoP Pt ERon pedk o ebent i Hgeres s
direction, wherein a OSIth of, t he obj ect, point of the obj ectivye optlcal
systen1foFr?H§mFF?s?9 tgnt FI8?3F§t&W§nﬁB§BF€1a&F§§F@Hqaqﬁlﬁg axi s
direction by driving the at |east one lens in the aberration correctlon
optical shsfBntPRPiReroBfBeafiagtslanceEiiPdn wechnchbeadt ¢argyinerg BCAn
optical information recording and/ or reproduci ng apparatus conprising the
optical peekeoup dewscBXBE,ckhadnc2éliandoa dpskchdl dégstem COL, and is
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second beam combiner BCZ2, in order, and becomes a spot formed
on the information recording surface RL1 through the
protective layer PL1 of the high density optical disk ED by
the objective optical system 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 flux modulated by an
information pit on the information recording surface RLI,
transmits again the objective optical system OBJ, the second
beam combiner BCZ, first beam combiner BCl, second lens EXPZ,
first lens EXPl, and first collimator optical system COL, and
is converged on the light receiving surface of the lighf
detector PD1. Then, by using the output signal of the light

detector PD1l, the information recorded in the high density

optical disk HD can be read.
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second collimator optical system COL2, is reflected by the
first beam combiner BCl, passes the second beam combiner BCZ,
and becomes a spot formed on the information recording
surface RL2 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 AC arranged in
the periphery of it. The reflected light flux modulated by
an information pit on the information recording surface RLZ,
passes again the objective optical system OBJ, second beam
combiner BC2, and is branched by the first beam combiner BCI,
when it passes the collimator optical system COLZ, after it
is converted into converging light flux, it is converged on
the light receiving surface of the light detector PD2. Then,

by using the output signal of the light detector PDZ, the

information recorded in DVD can be read.
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infrared semiconductor laser LD3, after it is reflected by

the second beam combiner BC2, becomes a spot formed on the
information recording surface RL3 through the protective
layer PL3 of CD by the objective optical system OBJ. The
objective optical system OBJ conducts the focusing or
tracking by the 2-axis actuator AC arranged in the periphery
of it. .The reflected light flux modulated by an information
pit on the information recording surface RL3, after it
transmits again the objective optical system OBJ, is
reflected by the second beam combiner BC2, and converged on
the light receiving surface of thé light detector PD3 of the
Ch use module MD3. Then, by using the butput signal of the
light detector PD3, the information recorded in CD can be
read.

In the optical pick~-up device PU4 in the present
embodiment, because the plastic lens (the second lens EXP2)
in the beam expander optical system EXP is in the exclusive

use optical path of the first light flux, the existence of
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second lens EXP2) can be determined.
(The fifth embodiment)
In the coptical pick-up device PU5 in the present
embodiment, the optical specification of the high density
optical disk HD is the wavelength A1 = 407 nm, thickness tl

of the protective layer PL1 = (.6 mm, numerical aperture NAl
= 0.67, and the optical specification of DVD is the
wavelength A2 = 655 nm, thickness t2 of the perective layer
PL2 = 0.6 mm, numerical aperture NAZ2 = 0.66, and the optical
specification of CD is, the wavelength A3 = 785 nm, thickness
t3 of the protective layer PL3 = 1.2 mm, and numerical
aperture NA3 = 0.51. However, the combination of the
wavelength, thickness of the protective laver, and numérical

aperture, is not limited to this.
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combiner BC3; first collimator optical system COLl; second
collimator optical system COL2; and third collimator optical
system COL3.

In the optical pick-up system in the present
embodiment, the beam expander optical system EXP is arranged
in the common optical path of the first light flux, second
light flux and third light flux.

In the optical pick-up device PU5, when the
recording/reproducing of the information is conducted on the
high density optical disk HD, as the path of ray is shown by
a solid line in Fig. 7, initially, the blue wviolet
semiconductor laser LDI is light-emitted. When the divergent
light flux projected from the blue violet semiconductor laser

LD1, after it is converted into a parallel light flux when it
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100x RL1 through the protective layer PL1 of the high density

optical disk HD by the objective optical system OBJ’.

Then, the objective optical system OBJ’ conducts the
focusing or tracking by the 2-axis actuator arranged in the
periphery of it. The reflected light flux modulated by an
information pit on the information recording surface RLI1,
passes again the objective optical system OBJ’, second lens
EXP2, first lens EXPl, and is branched by the third beam
combiner BC3, passes the sensor lens SEN, and converged on
the light receiving surface of the light detector PD1Z23.

Then, by using the output signal of the light detector PD123,
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, as the path of ray is shown

by a dotted line in Fig. 7, initially, the red semiconductor

laser LDZ is light-emitted. The divergent light flux
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in order, and becomes a spot formed on the informaticn
recording surface RL2Z 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 AC arranged in
the periphery of it. The reflected light flux modulated by
an information pit on the information recording surface RL2,
passes again the objective optical system OBJ’, second lens
EXPZ2, first lens EXPl, and is branched by the third beam
combiner BC3, passes the sensor lens SEN, and it is converged
on the light receiving surface of the light detector PD123.
Then, by using the output signal of the light detector PD123,
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 is shown
by a two-dotted chain line in Fig. 7, initially, the infrared

semiconductor LD3 is light-emitted. The divergent light flux

projected from the infrared semiconductor laser LD3, after it
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is converted into a parallel light fluxz by passing the third
ccllimator optical system COL3, is reflected by the third
beam combiner BC3, passes the first iens EXP1l, second lens
EXP2, in order, and becomes a spot formed on the information
recording surface RL3 through the protective layer PL3 of CD
by the objective optical system OBJ'.

The objective optical system OBJ’ conducts the focusing
or tracking by the 2-axis actuator AC arranged in the
periphery of it. The reflected light flux modulated by an
information pit on the information recording surface RL3,
after it passes again the objective optical system OBJ’} the
second lens EXP2, first lens EXPl, and is branched by the
third beam combiner BC3, passes the sensor lens SEN, and
converged on the light receiving surface of the light
detector PD1Z3. Then, by using the output signal of the
light detector PD123, the information recorded in CD can be
read.

Further, in the present embodiment, a packaged light
source unit into which the red semiconducteor laser LD2 and
infrared semiconducter laser LD3 are integrated and housed in

a casing, can also be used. In this case, the second beam

combiner BC2 can be deleted, and the collimator optical
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source unit into which the blue violet semiconductor laser
LDl and red semiconductor laser LD2 are integrated and housed
in a casing, can also be used. In this case, the first beam
combiner BCl can be deleted, and the collimator optical
systems can be made two, and for example, the second
coliimator optical system COL2 can be deleted.

Furthermore, in the present embodiment, a packaged
light source unit into which the blue viclet semiconductor
laser 1LD1, red semiconductor laser LD2, and infrared
semiconductor laser LD3 are integrated and housed in a
casing, can also be used. In this case, the first and second
beam combiners BCl, BC2 can be deleted, and the collimator
optical system can be made one, and for example,lthe second
and third collimator optical systems COL2, COL3 can be
deleted.

Next, the structure cf the objective optical system
OBJ’ will be described. Hereupon, the objective optical
system OBJ’ is the same structure also as in the 10th

embodiment which will be detailed later.
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type diffractive structure DOE3 is a structure by which the

spherical aberration of the wavelength Al and wavelength A2
due to the chromatic aberration of the plastic lens is
corrected, and by this action, the first light flux and
second light flux respectively form good spots on respective
information recording surfaces of the high density optical
disk HD and DVD. Further, in the objective optical system

OBJ’, when the magnificaticons to the wavelength Al and

| wavelength A3 are made different, the spherical aberration
due to the difference of thickness of the protective layer
between the high density optical disk and CD, is corrected.
Hereupon, in the fifth and the tenth embodiment, when the
glass lens {(in the fifth embodiment, the first lens EXP1l, in
the tenth embodiment, the first lens CUL1) in the aberration
correction optical system is moved by the one axis actuator

UAC, the magnification of the objective optical system OBJ’

is changed.
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U& () -V 10he temperature rise at the time of the recording/reproducing
of DVD or CD, by the action of the second lens EXP2, the
temperature characteristic at the time of the
recording/reproducing on DVD or CD can also be corrected.
Further, because the second lens EXP2 can be moved by the one
axis actuator UAC, the spherical aberration can be corrected
not only at the time of the recording/reproducing on the high
density optical disk, but also at the time of the
recording/reproducing on DVD and CD.

{The sixth embodiment)

Next, the sixth embodiment of the present invention
will be described, however, the same structure as in the
first embodiment is denoted by the same sign, and the
description is neglected. |

As shown in Fig. 8, the optical pick-up device PU6 is

structured by: a light source unit LUl into which the blue
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module MD3 into which the infrared semiconductor laser LD3
projecting the third light flux.and light detector PD3 are
integrated; coupling optical system CUL as the aberration
correction optical system; one axis actuator UAC; objective
optical system OBJ; two-axis actuator AC; first beam combiner
BCl; and second beam combiner BCZ2.

Hereupon, in the sixth - tenth embodiment, the coupling
optical system CUL as the aberration correction optical
element, 1s the collimator optical system by which the
divergent light flux of the wavelength Al projected from the
blue vicolet semiconductor laser LD1 is converted into the
parallel iight flux.

The coupling optical system CUL is structured by a
glass lens (the first lens CUL1l) and a plastic lens (the
second lens CUL2) whose paraxial refractive power is
positive, and is arranged in the common optical path of the
first.light flux and the second light flux.

In the optical pick-up device PU6, when the

recording/reproducing of the information is conducted on the
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light detector PD12, the information recorded in the high

density optical disk HD can be read.
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information recording surface RL3 through the protective
layer PL3 of CD by the objective optical system OBJ. The
objective optical system OBJ conducts the focusing or
tracking by the 2-axis actuator AC arranged in the periphery
of it. The reflected light flux modulated by an information
pit on the information recording surface RL3, after it
transmits again the objective optical system OBJ, is
reflected by the second beam combiner BC2, and converged on

the light receiving surface of the light detector PD3 of the

CD use module MD3. Then, by using the output signal of the
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be given to the coupling optical system CUL, and it is
advantageous for the reduction of the number of parts of the
optical pick-up device, cost reduction, and size reducticn.

Hereupon, in the sixth - tenth embodiments, when the
beam shaping element for shaping the sectional shape of the
laser light flux projected from the blue violet semiconductor
laser LD1, from the ellipse shape to circular, is used, it is
preferable that the beam shaping element at least one optical
surface of which is a cylindrical surface, is arranged in the
optical path between the blue vioclet semiconductor laser LD1
and the coupling optical system.

Further, in the optical pick-up device PU6 in the
present embodiment, because the coupling optical system CUL
is arranged in the common optical path of the first light
flux and the second light flux, when the objective optical

system OBJ has the temperature characteristic in which the
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lens CULZ, the temperature characteristic at the time of the
recording/reproducing on DVD can also be corrected. Further,
when the first lens CULl is moved by the one axis actuator,
not only at the time of the recording/reproducing on the high
density optical disk, but alsc at the time of the
recording/reproducing on DVD, the spherical aberration can be
corrected.

{(The seventh embodiment)

Next, the seventh embodiment of the present invention
will be described, howeﬁer, the same structure as in the
first embodiment is denoted by the same sign, and the
description is neglected.

As shown in Fig. 2, the optical pick-up device PU7 is
structured by: the blue viclet semiconductor laser LDI1
projecting the first light flux; red semiconductor laser LD2
brojecting the second light flux:; light detector PD12 common
to the first light flux and second light flux; CD use module
MD3 into which the infrared semiconductor laser LD3
prejecting the third light flux and the light detector PD3

are integrated; coupling optical system CUL as the aberration
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embodiment, a glass lens {the first lens CULl) whose paraxial
refractive power is negative, in the coupling optical system
CUL, second beam combiner BC2Z, plastic lens (the second lens
CULZ) whose paraxial refractive power is positive, in the
coupling optical system CUL, objective optical system OBJ,
are arranged in order from the blue violet semiconductor
laser LD1 side.

In the éptical pick-up device PU7, when the
recording/reproducing of the information is conducted on the
high density optical disk HD, as the path of ray is shown by
a solid line in Fig. 9, initially, the blue violet
semiconductor laser LDl is light-emitted. The divergent
light flux projected from the blue violet semiconductor laser
LDl, passes the first lens CUL1l, first beam combiner BC1,
second beam combiner BCZ, after it is converted intoc the
parallel light flux in the second lens CULZ2, passes the third

beam combiner BC3, and becomes a spot formed on the

information recordihg surface RL1 through the protective
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10j 10% & Ghtok8U&oh) pYtllh 18k information recording surface RL1,
passes again the objective optical system OBJ, third beam
combiner BC3, second lens CUL2, and is branched by the second
beam combiner BCZ2, passes the senscr lens SEN, and converged
on the light receiving surface of the light detector PDl2.
Then, by using the output signal of the light detector PD12,
the information recorded in the high density optical disk HD
can be read.

When the recording/reproducing of the information is

conducted on DVD, as the path of ray is shown by a dotted
line in Fig. 9, initially, the red semiconductor laser LD2 is
light-emitted. The divergent light flux projected from the
red semiconductor laser LDZ, is reflected by the first beam
combiner BCl, passes the second beam combiner BC2, after it
is converted into a parallel light flux in the second lens

CUL2Z, passes the third beam combiner BC3, and becomes a spot

formed on the information recording surface RL2 through the
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an information pit on the information recording surface RLZ,
passes again the objective optical system OBJ, third beam
compbiner BC3, second lens CULZ, and is branched by the second
beam combiner BC2, passes the sensor lens SEN, and is
converged on the light receiving surface of the light
detector PD12. Then, by using the output signal of the light
detector PD12, the information recorded in DVD can be read.
Fﬁrther, when the recording/reproducing of the
information is conducted on CD, as the path of ray is shown
by a two-dotted chain line in Fig. 9, initially, the CD use
module MD3 is actuated and the infrared semiconductor LD3 is
light-emitted. The divergent light flux projected from the
infrared semiconductor laéer LD3 is reflected by the third
beam combiner BC3, and becomes a spot formed on the
information recording surface RL3 through the protective
layer PL3 of CD by the objective optical system OBJ. *

Then, the objective optical system OBJ conducts the

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

In the optical pick-up device PU7 in the present
embodiment, because the plastic lens (the second lens CUL2)
in the coupling optical system CUL is arrangéd in the common
optical path of the first light flux and the second light
flux, when the objective optical system OBJ has the
temperature characteristic in which the spherical aberration
changes in the over correction direction following the
temperature rise at the time of the recording/reproducing of
DVD, by the action of the second lens CUL2, the temperature
characteristic at the time of the recording/reproducing on
DVD can also be corrected. Further, because the second lens
CULZ is served both as the collimator optical system of the
second light flux, the number cof parts can be reduced.
Further, when the second lens is moved by the one axis

actuator UAC, not only at the time of the

recording/reproducing on the high density optical disk, but
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structured by: the blue vigclet semiconductor laser LDI1
projecting the first light flux; light detector PD1l; DVD use
mocdule MDZ2 into which the red semiconductor laser LD2
projecting the second light flux and the light detector PD2
are integrated; CD use module MD3 into which the infrared
semiconductor laser LD3 projecting the third light flux and
the light detector PD3 are integrated; coupling optical
system CUL as the aberration correction optical system; one
axis actuator UAC; objective optical system OBJ; two-axis
actuator AC; first beam combiner BCl; second beam combiner
BCZ2; and third beam combiner BC3.

Further, the coupling optical system CUL is structured
by the second lens CULZ2 in which a glass lens whose paraxial
refractive power is negative, and a plastic lens whcse

paraxial refractive power is positive, are cemented, and a




y109%& () - %@QI@BEBNAAJE{\ = 10" @O%& () -

| " 109& ()-1"10%& ()-vI"109%& ()-S' 10% ()- 010%& () - AAA- BgBBBAE{\ =

10/ 109%&’ ()-s- 109&" () - | +-

109 ()-1)!109%& ()-& 10%& () - %40%& () - BBOGCCOCCCxmbC 101 10961 & () - 10 10

10@10%&: ()-6109%& ()-3 109%&' ()- 1mLO%& é - CCD: DsDDDIENbC 10c” 1098 & () -\

10981 & ()-9 109l & ()- 109! & ()- "1096PR ()-y0! 1096 & () - D&EQFFFFOGIENHC

10+0! 1096 & ()-)3" 109! & ()-|' 109 & ()- Y

Y94 10961 & ()- 3" 10961 & ()-s! 1096 & () - 9GqGGG HWHGHr HSHAE: / 10$1 1031 8

10981 & ()-s6" 10961 & () - P4! 1096 & () -, 2

10961 & ()- 01096 & () - - 109! & () - sH HUHyH I 1JLrS1/ !X

' 109& 09 \ I % % % Vv

iogi L EILONERE) Re PO O i AUl AW @A0od -
"109%&' ()-5-" 10Y& .

10%: () - 1%)5}&%? OPI'(% wlg?‘w@&%ﬁmceﬁ&é AP SRREENOBRII BT 1 3

109 ()-" i 109%& ()-. | 10%& gj)L I x\ | $10988& () - Y} 10%& (). 6

109%& () - : PPEPPPEPER EFUP CVL2140gThe £qUPigng ORNISE L stiem ULy + 10%

& ()-17)PLO%& ()- & T0% () -) Q& QQQQUOQQAMHC 'IlO%&'dJ #OL00& () - \\ WLO%E! () -V

10 10 1052209@d( Pesm] gombd e rOBCRCRERRRGEISC Lergydthie \f 1109’ (ensv g )( ) - <

3109 ()- Pl0%& ()- 109%& () R(SAdSSSTTTAELC ! $" 10%&' () -

13" 109& ()a! tOeRCHIPL1aYRoPYiMaE0%E stler TUXR' (Endl B&FEEELRET ujpt@cal

110981 & ()- 10 10 103- 10%& ()-< +109%& ()-!dc(6109NE () - @L0%&: ()- TUU

UUN U+Ui Jj s@kEin 08YH! &re) alrrah@¥Bl &' Jordde rl G¥8in& the D1 ORI 1) - ] \

10%1 & ()-)\ 10981 & () -+U, WOUBU<UBUHU~_ @ _@!']\. 1091 & ()-1]\ 1091 & ()-I]\
semiconductor laser LD1 side.

In the optical pick-up device PU8, when the
recording/reproducing of the information is conducted on the
high density optical disk HD, as the path of ray is shown by
a solid line in Fig. 10, initially, the blue violet
semiconductor laser LD1 is light-emitted. The divergent
light flux projected from the blue violet semiconductor laser
LD1l, passes the first beam combiner BCl, second lens CULZ2,
second beam combiner BCZ, and after.it is converted into the
parallel light flux in the first lens CULl, passes the third
beam combiner BC3, and becomes a spot formed on the
information recording surface RL1 through the protective
layer PL1 of the high density optical disk HD by the
objective optical system OBJ.

Then, the objective optical system OBJ conducts the

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

the periphery of it. The reflected light flux modulated by



10981 & ()-17\ 1098l & ()-1]\ 1098l & ()-)?" YHU UMURUWIA Ual~_ @ _@!]\
10961& ()-17\ 10981 & ()-1]\ 10981 & ()-1]\ 1098 & ()-1]\ 10 & ()-)?"
YalbUf LkUpUuUzU~_@ @]\ 10981 & ()-1]1\ 10981 & ()-1]\ 1098l & ()-1]\
10981 & ()-1]\ 1091 & ()-)?" YzZU{UUUWWUU~ @ @']\ 109! & ()-1]\
10981 & ()-1]\ 109! & () -

1\ 10981 & ()-q% 1091 & ()-)?" YUUUUUUUeF] @
| dz10%$| & () - dz10%l & () - dz10%8! & () - dzA%usl & ()-1\ 10981 & ()-) 2"
YUUUUUUUeA] @ #3 Hxdz10%8l & () - dz109%8! & ()-dz1098l & () - dz10%l & () - #3
HXUUUWV Wi Jj _@

| #3dz10981 & () - dz109%8! & ()-dz109%8! & ()-dz109%8! & ()-dz109%8! & ()-dz109%8! & () -
VWMWEV) VeFj @

! #d2 1096l &, () 72 Hé@hén(ia @!Zéﬂ‘y%@ Ghrdzd @Kl ezt &u@fa%% RL1,

mévzg%lvw?vsvm_ [#37 10981 & () - dz 1008 & () - dz 1096

0o & () é‘%é%s%%%%&aﬁ%o%g ?5#&3’#%3&%%%%%&%%?K“
DdKFlO%SI&&L@dKFlO -dKE10061 & () - AKFLO9BLE ()-#31 . o
DVWAMWWWWESTRIIRET 058P & raRF 6981 OOt #$EcO ean co

DAKF1098! & () - dKFlOO/dSI & %) dKF10%81 & () - dKF109%8! & () - VWMVWWWeF+@KF109%! & (
dKF1096| &SeroaRFievs| EULY - dKR1ORERE: ( FrEKRE0REIAR L YL ORS & IBStdReRivs! &
() - WVWGWAN 22@0 $ * 10% & ()-( c( 10% & ()- < \&10% & ()- 9$10%

& () - dKF109@b&ne)y- B8 , DA b A@Ee n$ o rVAEDYh BEN;) -2nd: 1owi 9ed on
VH109Y&' () - HV 10%9% ()- \t10%9% ()-V"10 10 WAV [ : A@O k 10%4$& ()-C
rviov%hok' theRlﬁ@h@%%%&e@ﬁlﬁgr%ﬁ@%h%& ©f- Rhev 10%ht%d% ety PD1. Then,
hrv10% h% & () - RW X?XCXZXeXpX| [ : AGLO k 10%h%& ()-C k 10%%&' ()-C k

109%h% () g g % @o
oo ()25, ESIB0RTRE, OB SO O 1 S doece 190%%@&@9(@5“

TR R R R S T
10% % () - eA%%g%§
When the recording/reproducing of the information is
conducted on DVD, as the path of ray is shown by a dotted
line in Fig. 10, initially, the red semiconductor laser LD2
is light-emitted. The divergent light flux projected from
the red semiconductor laser LD2, is reflected by the seéond
beam combiner BC2, after it is converted intco a parallel
light flux in the first lens CUL1, it passes the third beam
combiner BC3, and becomes a spot formed on the information
recording surface RLZ through the protective layer PLZ2 of DVD
by the objective optical system CBJ.
Then, the obiective optical system CBJ conducts the
focusing or tracking by the 2-axis actuator AC arranged in
the periphery of it. The reflected light flux modulated by

an information pit on the information recording surface RLZ,
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combiner BC3, first lens CUL1l, and is branched by the second
beam combiner BC2, and is converged on the light receiving
surface of the light detector PD2. Then, by using the output
signal of the light detector PD2, 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 is shown
by a two-dotted chain line in Fig. 10, initially, the CD use
module MD3 is actuated and the infrared semiconductor LD3 is
light-emitted. The divergent light flux projected from the
infrared semiconductor laser LD3 is reflected by the third
beam combiner BC3, and becomes a spot formed on the
information recording surface RL3 through the protective
layer PL3 of CD by the objective optical system OBJ.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC arranged in
the periphery of it. The reflected light flux modulated by
an information pit on the information recording surface RLZ,
passes again the objective optical system OBJ, and is

branched by the third beam combiner BC3, and converged on the

light receiving surface of the light detector PD3. Then, by



109M9%& ()-. YYY Y'Y$YaAC/ 109%1% 109%19& ()-. 1099%& ()-. 10919 ()-.Aoyl}s
10909 ()-. $Y(Y) Y*Y, Y/ YIY2YgG+ 10909& ()-. 109%9& ()-. 109%9%& ()-.

10909& ()-. 10919& ()-. 109M9& ()-. 10919 ()-.2YAYBY7YSY: Y} aAgG+ 109h19&
109M%& ()-. 1099 ()-.Aoyl}s  109M9%& ()-. 10%R%& ()-.: Y=Y>Y?Y@CYDYFYKQ
109M9%& ()-. 109M9%& ()-. 1099& ()-. 109M9& ()-. 1099& ()-. 109M9%& ()-.
10909& () -. FYGYHYI YLYMYPYf J*/ 10909& ()28 10969& ()-.( 1099 ()-.

10909& ()-.( 1099 ()-.(Aoyl}s PYQYSYTYUYVYWYJ./ 1099& ()-.Aoyl}s
109%M%& ()-. 109M9%& ()-. 109H19& ()-. 1099 ()-.WXYYYZY[ Y\ Y] YAYt X< 10%
10909 ()-. 109M9& ()-. 109M9%& ()-. 1099%& ()-. 1099& ()-. 1099%& ()-.
109619 ()-. Y YaYbYcYf YhYeE% 10969& ()-. 1099%& ()-. 1099%& ()-.

10%h%&7()ﬁsfﬁy|%ﬁe &uégg@qgi&ﬂéihgkYLK@YQXBKgYagkgétor PD3, the

information recorded in CD can be read.

In the optical pick~up device PU8 in the present
embodiment, because the second lens CUL2 including the
plastic lens in the coupling optical system CUL is arranged
in the exclusive use optical path of the first light flux,
the existence of the coupling optical system CUL doés not
affect the temperature characteristic at the time of the
recording/reproducing on DVD using the second light flux.
Accordingly, by considering only case where the temperature
characteristic at the time of the recording/reproducing on
the high density optical disk using the first light flux is
corrected, the refractive power of the plastic lens in the
second lens CUL2 can be determined. Further, because the
first lens CULl serves both as the collimator optical system
of the second light flux, the number of parts can be reduced.
Further, when the second lens CUL2 is moved by the one axis
actuator UAC, not only at the time cof the
recording/reproducing on the high density optical disk, but
alsc at the time of the recording/reproducing on DVD, the
spherical aberration can be corrected.

{(The ninth embodiment)
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will be described, however, the same structure as in the
first embodiment is denoted by the same sign, and the
description is neglected.

As showh in Fig. 11, the optical pick-up device PU® is
structured by: the high density optical disk use module MD1
into which the blue vioclet semiconductor laser LDI pfojecting
the first light flux and the light detector PD1l are
integrated; DVD use module MDZ inte which the red
semiconductor laser LD2 projecting the second light flux and
the light detector PD2 are integrated; CD use module MD3 into
which the infrared semiconductor laser LD3 projecting the
third light flux and the light detector PD3 are integrated;
coupling optical system CUL as the aberration correction
optical system; one axis actuator UAC; objective optical
system OBJ; two-axis actuator AC; first beam combiner BCl;
second beam combiner BC2; and collimator optical system COL.

The coupling optical system CUL 1s arranged in the
exclusive use optical path of the first light flux.

In the optical pick-up device PUY, when the
recording/reproducing of the information is conducted on the
high density optical disk HD, as the path of ray is shown by

a solid line in Fig. 11, initially, the blue viclet
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semiconductor laser LDl is light-emitted. The divergent
light flux projected from the blue violet semiconductor laser
1LD1, passes the first lens CULl (glass lens whose paraxial
refractive power is negative), second lens CULZ (plastic lens
whose paraxial refractive power is positive), first beam
combiner BCl, second beam combiner BCZ, and becomes a spot
formed on the information recording surface RL1 through the
protective layer PL1 of the high density optical disk HD by
the objective optical system OBJ.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC arranged in
the periphery of it. The reflected light £lux modulated by
an information pit on the information recording surface RLI1,
passes again the objective optical system OBJ, second beam
combiner BC2, first beam combiner BC1, second lens CULZ,
first lens CULl, in order, and converged on the light
receiving surface of the light detector PDl1l. Then, by using
the output signal of the light detector PD1, the information
recorded in the high density optical disk HD can be read.

When the recording/reproducing of the information is
conducted on DVD, as the path of ray is shown by a dotted

line in Fig. 11, initially, the red semiconductor laser LD2

is light-emitted. The divergent light flux projected from
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into a parallel light flux by passing the collimator optical
system COL, reflected by the first beam combiner BCl, passes
the second beam combiner BC2, and becomes a 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 AC arranged in
the periphery of it. The reflected light flux modulated by
an information pit on the information recording surface RLZ,
passes again the objective optical system OBJ, second beam
combiner BC2, and is branched by the first beam combiner BCI,
passes the collimator optical system COL, and is converged on
the light receiving surface of the light detector PD2. Then,
by using the output signal of the light detector PDZ, 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 is shown
_by a two-dotted chain line in Fig. 11, initially, the CD use
module MD3 is actuated and the infrared semiconductor LD3 is
light-emitted. The divergent light flux projected from the
infrared semiconductor laser LD3 is reflected by the second

beam combiner BC2, and becomes a spot formed on the
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layer PL3 of CD by the objective optical system OBJ.
Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC arranged in
the periphery of it. 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 third beam combiner BC3, and 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.
In the optical pick-up device PU? in the present
embodiment, because the plastic lens (the second lens CUL2)
in the coupling optical system CUL is arranged in the
exclusive use optical path of the first light flux, the
existence of the coupling optical system CUL does not affect
the temperature characteristic at the time of the
recérding/reproducing on DVD using the second light flux.
Accordingly, by considering only case where the temperature
characteristic at the time of the recording/reproducing on
the high density optical disk using the first light flux is

corrected, the refractive power of the plastic lens (the

second lens CUL2) can be determined.
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Next, the tenth embodiment of the present invention
will be described, however, the same structure as in the
first embodiment is denoted by the same sign, and the
description is neglected.

As shown in Fig. 12, the optical pick-up device PUl0 is
structured by: the blue violet semiconductor laser Dl
projecting the first light flux; red semiconductor laser LD2
projecting the second light flux; infrared semiconductor
laser LD3 projecting the third light flux; light detector
PD123 common to the first - third light fluxes; coupling
opticalAsystem CUL as the aberration correction optical
one axis actuator UAC;

system; objective optical system OBJ';

two-axis actuator AC; first beam combiner BCl; second beam
combiner BC2; and third beam combiner BC3.

In the optical pick-up system in the present
embodiment, the coupling optical system CUL is arranged in
the common optical path of the first light flux, second light
flux, and third light flux.

In the optical pick-up device PULlO, when the
recording/reproducing of the infofmation is conducted on the
high density optical disk HD, as the path of ray is shown by

a2 so0lid line in Fig. 12, initially, the blue vioclet
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light flux projected from the blue viclet semiconductor laser
LD1, passes the first beam combiner BCl, second beam combiner
BC2, third beam combiner BC3, first lens CULl (glass lens
whose paraxial refractive power is negative), second lens
CUL2 (plastic lens whose paraxial refractive power is
positive), in order, and becomes a spot formed on the
information recording surface RL1 through the protective
layer PL1 of the high density optical disk HD by the
objective optical system OBJ’.

Then, the objective optical system OBJ’ conducts the
focusing or tracking by the 2-axis actuator AC arranged in
the periphery of it. The reflected light flux modulated by
an information pit on the information recording surface RL1,
passes again the objective optical system OBJ', second lens
' CUL2, first lens CUL1l, and is branched by the third beam
combiner RBC3, passes the sensor lens SEN, and converged on
the light receiving surface of the light detector PD123.
Then, by using the output signal of the light detector PDI1Z3,
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, as the path of ray is shown
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laser LD2 is light-emitted. The divergent light flux

projected from the red semiconductor laser LDZ is reflected
by the first beam combiner BCl, passes the second beam
combiner BC2, third beam combiner BC3, first lens CULL,
second lens CUL2, in order, and becomes a spot formed on the
information recording surface RLZ2 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 AC arranged in
the periphery of it. The reflected light flux modulated by
an information pit on the information recording surface RLZ,
passes again the objective optical system 0BJ’, second lens
CUL2, first lens CUL1l, and is brancﬁed by the third beam
combiner BC3, passes the sensor lens SEN, and i1s converged on
the light receiving surface of the light detector PD123.
Then, by using the output signal of the light detector PD1Z3,
the.ihformation recorded in DVD can be read.

Further, when the recording/reproducing of the
information is conducted on CD, as the path of ray is shown
by a two-dotted chain line in Fig. 12, initially, the
infrared semiconductor LD3 is light-emitted. The di?ergent

light flux projected from the infrared semiconductor laser
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first lens CULl, second lens CUL2, in order, and becomes a
spot formed on the information recording surface RL3 through
the protective layer PL3 of CD by the objective optical
system OBJ’.

Then, the objective optical system OBJ’ conducts the
focusing or tracking by the 2-axis actuator AC arranged in
the periphery of it. The reflected light flux modulated by
an information pit on the information recording surface RL3,
passes again the cbjective optical system OBJ’, second lens
CUL2, first lens CULl1l, and is branched by the third beam
combiner BC3, passes the sensor lens SEN, and converged on
the light receiving surface of the light detector PD123.
Then, by using the output signal of the light detector PD123,
the information recorded in CD can be read.

In the optical pick-up device PUl0 in the present
embodiment, because the plastic lens (the second lens CULZ)
in the coupling optical system CUL is arranged in the common
optical path of the first light flux, second light flux and
third light flux, when the objective optical system OBJ’ has
the temperature.characteristic in which the spherical

aberration changes in the over correction direction following

the temperature rise at the time of the recording/reproducing
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wavelength A2 = 655 nm, thickness t2 of the protective layer
PL2 = 0;6 mm, numerical aperture NAZ = 0.65, and the optical
specification of CD is, the wavelength A3 = 785 nm, thickness
t3 of the protective layer PL3 = 1.2 mm, and numerical
aperture NA3 = 0.45. However, the combination of the

wavelength, thickness of the protective layer, and numerical

aperture, 1s not limited to this.
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tor laser LDZ projecting second
light flux, and infrared semiconducter laser LD3 projecting
the third light flux, are integrated; light detector PD123
common to the first — third light flux; beam expander optical
system EXP as the aberration correction optical system; one
axis actuator UAC; objective optical system OBJ”; two-axis
actuator AC; beam combiner BC; and collimator optical system
COL.

In the optical pick-up system in the present
embodiment, the beam expander optical system EXP is arranged
in the common optical path of the first light flux, second
light flux and third light flux.

In the optical pick-up device PUll, when the
recording/reproducing of the information is conducted on the
high density optical disk HD, after the position in the
optical axis of the beam expander optical system EXPl is
adjusted so that the first light flux is projected from the
beam expander optical system EXP under the condition cf the
parallel light flux, by the one axis actuator UAC, the blue

violet semiconductor laser LD1 is light-emitted. The
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passes again the objective optical system OBJ”, second lens
EXP2, first lens EXP1l, and after it is converted into the

converging light flux, by transmitting the collimator optical
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light flux. After that, it becomes a spot formed on the

information recording surface RL3 through the protective

layer PL3 of CD by the objective optical system OBJ”.
Then, the objective optical system OBJ” conducts the

focusing or tracking by the 2-axis actuator AC arranged in
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aberration correction element L1 and the light converging
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light-converged on the information recording surface of the
optical disk, and whose both surfaces are aspheric surfaces.
Both cof the aberration correction element L1 and the light
converging element L2 are plastic lenses, and integrated

through a mirror frame LB. Hereupon, as described above, in

the peripheral portion of respective optical function
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The step type diffractive structure HOE is a structure
for correcting the spherical aberration due to the difference
of thickness of protective layers between the high density
optical disk HD and DVD, and because its function or
structure is the same as the step type diffractive structure
HOE of above-described objective optical system OBJ, herein,

the detailed description is omitted.
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semiconductor laser is expressed in micron unit, (herein, Al

= 0.405 pm), and nl is a refractive index to the wavelength

Al of the aberration correction element L1, (herein, nl =

1.5601).
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Further, because the step type diffractive structure
HOE’ is formed in only an area within the numerical aperture
NA3 of CD, it is structured in such a manner that the light
flux passes an area outside of NA3 becomes a flare component
on the information recording surface RL3 of CD, and the
aperture limit to CD is automatically conducted.

In the beam expander optical system EXP, the first lens
EXP1 whose paraxial refractive power is negative, is a glass
lens, and the second lens EXP2 whose paraxial refractive
power is positive, is a plastic lens. The spherical
aberration of the objective optical system OBJ” has the
temperature dependency which, at the time of the
recording/reproducing on the high density optical disk HD,
changes in the over correction direction when the temperature
rises by 30 °C, however, to the change amount of the
spherical aberration following the temperature change, the
refractive power cf the éecond lens EXP2 is optimized, and in
the same manner as in the first embodiment, the spherical
aberration following the temperature change as the entire
system of the optical system structured by the beam expander
optical system EXP and the objective optical system OBJ” is

corrected.
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OBJ” has the temperature characteristic in which the
spherical aberration changes in the over correction direction
following the temperature rise at the time of the
recording/reproducing of DVD or CD, by the action of the
second lens EXP2, the temperature characteristic at the time
of the recording/reproducing on DVD or CD, can also be
corrected. Further, because the first lens EXP]l can be moved
by the one axis actuator UAC, the spherical aberration can be
corrected at the time of the recording/reproducing not only
on the high density optical disk, but alsoc on DVD and CD.
Further, because the second lens EXP2 of the beam
expander optical system EXP can be shifted in the optical
axis direction by the one axis actuator UAC, as described
above, the focal distance of the beam expander cptical system
EXP can be adjusted so that light fluxes of respective

wavelengths are projected from the beam expander optical

system EXP under the condition of the parallel light flux.
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manner that the laser light source unit LD123 and the light
detector PD123 are separately arranged, however, it is not
limited to this, a laser light source module into which the
laser light source unit 1LD123 and the light detector PD123
are integrated, may be used. |

It is preferable because the reliability of the
recording/reproducing of the optical pick-up device PUll can
be increased, that it is structured.in such a manner that the
diffractive structure is formed on the optical surface of the
cellimator optical system COL or beam expander optical system
EXP, and the chromatic aberration in the blue violet
wavelength area of the objective optical system OBJ” is
corrected. When it is structured sc that the chromatic
aberration is corrected by the diffractive structure in this
manner, the optical pick-up system in which the chromatic
aberration is corrected by a simple structure, can be
cbtained.

Alternatively, instead of the above-described
diffractive structure, a doublet lens in which a positive

lens which has the positive refractive power and Abbe's

number in d-ray is vdl, and a negative'lens which has the
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negative refractive power and Abbe’s number in d-ray is vd2

(vd2 < vdl), are cemented, may also be arranged as an element
structuring at least one part of the collimator optical
system COL.or beam expander optical systeh EXP. When the
shape of the diffractive structure is deviated from the
design value by the production error, because the diffraction
efficiency is lowered, the transmission of the optical pick-
up system is lowered. However, when it is structured so that
the chromatic aberration is corrected by such a refraction
type doublet lens, although it is an optical system in which
the chromatic aberration is corrected, the optical pick-up
system in which the transmission is high, can be obtained.

Further, in the present embodiment, it is structured
such that the collimator optical system COL and the beam
expander optical system EXP are separately arranged, however,
it is not limited to this, and it may also be structured in
such a manner that the collimator optical system COL is
omitted, and the divergent light flux projected from the
laser light source unit LD123 is directly incident on the
peam expander optical system EXP. Thereby, the reduction of
the number of parts of the optical pick-up device PUIlL

becomes further possible.
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Hereupon, the sensor lens SEN provided in the above
optical pick-up devices PUl - 3, 5 - 8, 10, 11, is a lens by
which the astigmatism is given to the light flux reflected
from the optical disk, which is toward the light detector.
Further, each of the above optical pick-up devices PUl
- 10 is provided with dichroic filter DFL by which the
aperture limit when the recording/reproducing is conducted on
CD, is conducted, and this dichroic filter DFL is driven by
the two-axis actuator AC in the direction perpendicular to
the optical axis, being integrated with the objeétive optical
system through the holding member HM.
Hereupon, although the illustration is neglected, when
the optical pick-up device shown in the above 1lst - 1lth
embodiment, rotation drive device which rotatably holds the
optical disk, and the control device for controlling the
drive of each of these kinds of devices, are mounted, an
optical information recording and/or reproducing apparatus by
which at least one of the recording of the information on the
optical disk and the reproducing of the information recorded
in the optical disk can be conducted, can be obtained.

Next, an optical system preferable as the optical pick-

up system mounted on the above-described optical pick-up
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devices PUl - 11, will be described by listing specific
numeral values.

The aspheric surface of the o?tical surface such as the
optical surface on which the superposition type diffractive
structure (step type diffractive structure) in each example
and the diffractive structure are formed, or the optical
surface on which the diffractive structure are formed, 1is,
when the deformation amount from the plane tangent to the
apex of its surface is X (mm), height of the direction
perpendicular to the optical axis is h(mm), and radius of
curvature is r(mm), expressed by the mathematical.expression

in which the coefficients in Table 2 - Table 9, which will be

shown later, are substituted into the following expression
(8). Where, k 1s a conical coefficient, and Az: is an

aspheric surface coefficient.

hily
= +y AR (8)
1+ 1=+ x)(B/r) 22: :

In Table 2 -Table 12, NA is numerical aperture, A(nm)
is a design wavelength, f{mm) is a focal distance, m is a
magnification of the objective lens entire system, t(mm)is a

protective substrate thickness, r{mm} is a radius of



109 ()-D. dHA 109 ()-D. AA 109 ()-D. A 109 ()-D. A 109 ()-D. A 109% ()-D. A
109&*()-D. A 109& ()-D.}aEY%A 109%& ()-D. A 109%& ()-D. A 10% ()- D. AoA# A

109%& ()-D. A 109 ()-D.cCA 109 ()A 10% ()-D. A 10%&' ()-D. A 10%& ()-D. A
109& ()-D. A 109 ()-D. A 109%& ()-D.fF&A 109%& ()-D. A 109%& ()-D. A 10%& ()-D. A
109 ()-D. A 109 () - D. DAOA# AYA 109& (11735) AoA# )A-10%&' ()-D. A 10%&' ()-D. A
109& ()-D. A 109%& ()-D.| POA 10A 10%&' ()*H°A 109& ()-D.A 109%& ()-D.A
109& ()-D.A 109 ()-D. A 10% ()-D. A 10% ()-D. eE%A 10% ()-D. A 10% ()-D. A
109& ()-D. A 109%& ()-D. %0A# (A 109 ()-D.|LA 109 ()-D. A 109 ()-D. A

109 ()-D. A 109 ()-D. A 109 ()-D. A 109 ()-D. A 109 ()-D.fF&A 10% ()-D. A
10%' ()-D. A 10%&' ()-D. A 10%& ()-D. A

curvature, NA is a refractive index at 25 °C to the design

wavelength, and vd is Abbe’s number in d-ray.

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

following expression (9) when A is a wavelength of an

incident light flux, Az is a designed wavelength, the height
in the direction perpendicular to the optical axis is h (mm),
By; is an optical path difference function coefficient, and n

is a diffraction order number.

¢h=A/Azxn xZszhzf (9)
=0
Further, values of the above expressions (1), (3), (5},

(6) in each of examples are shown in Table 1.
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10%A0A# A 109 ()-D. A 10% ()-D. A 10% ()-D. A 10%& ()-D. ef ghi j not T4A 1A
109 ()-D. A 109 ()-D. A 109 ()-D. % 109 ()-D. A 109 ()-D. A 109%& ()-D. A
109 ()-D. ouyz{}}aAt T4A 1A A 109% ()-D. A 10%& ()-D. AoA# A 10% ()-D. A
109& ()-D.}_?4A 1AA 10% ()-D. A 10% ()-D. A

Table 1
Example 1 | Example 2 | Example 3 | Example 4
(1) 0.002 0.002 0.002 0.002
{(3) 0.06 0.06 0.06 0.06
© o (5) 1.09 1.05 1.09 1.09
(6) 2.39x107° 2.39x107% | 2.00x107% | 2.55x107°
? Example 5 | Example 6 | Example 7 | Example 8
(1) 0.002 0.002 | 0.002 0.003
(3) 0.06 0.06 ! 0.06 0.06
(5) 1.09 1.09 1 1.09 -1.09
(6) 2.39x107% | 2.39x10°° | 2.31x107° | 2.23x107°

Example 9 | Example 10 | Example 11
(1) -0.001 0.001 0.023
(3) - - 0.07
(5) - - 1.06
(6) - - 4.05x107°
(Example 1)

Example 1 is an optimum optical system as the optical
pick-up system mounted on the first optical pick-up device

PUl, and its specific numerical data is shown in Table 2.
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109 ()-D. A 109 ()-D. A 10% ()-D. A 109 ()-D. DAOA# !$' *-57_24A 1AA
109%&*()-D. A.109& ()-D. A 10% ()-D. A 10%: ()-D. A 10% ()-D. A

109%&' () - D. 789<@bB?4A 1AA 109%&' ()-D. A 10% ()-D. A 10% ()-D. A -
10W ) - D. DAOA# FI'LNY[] _?4A 1AA 10%& ()-D.A 10%& ()-D. A 10% ()-D.A
109 ()-D. A 109 ()-D. A 109 ()-D.]” chkbB?4A 1AA 109 ()-D. A 109 ()-D. A
109&' ()-D. A 109%& ()-D. DAOA# kquxz_?4A 1AR 109& ()-D. A 10% ()-D. A

109& ()-D. A 109 ()-D. A 10% ()-D. A 10% ()-D.j N24A A 10% ()-D. A
10%& ()-D. A 10% ()-D. A 10%&' ()-D. A 10%& ()-D. DAOA# J. 4A 10%& () - D. AoA# A
109 ()-D. A 109 ()-D. A 109 ()-D. A 109 ()-D.t X8A 1A 10% ()-D. A
109%& ()-D. A 109%& ()-D. A 10% ()-D.A 10%: ()-D. A 10% ()-D. A

Table 2-2

(Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavelength, optical path
difference function coefficient of the 8th surface and the
9th surface)

The 8th surface The 9th surface
AREA] AREAZ AREA3 AREA4
(0<h<1.535) (1.535%h) {0<h<1.53) {1.53<h)
R 00 231.761 «117.433 -167.005
® 0.0000E+00| 0.0000E+0C| 0.0000E+00 9.6672E+01
Al 0.0000E4+00 | -1.2634E-04 | -2.303%E-03 | 1.0847E-03
Ao 0.0000E+00 | -1.4443E-03| 3.1515E-03  ~2.2698E-04
A8 0.0000E400| 6.3328E-04]-2.1791E-04 4.0064E-04
Al0 0.0000E+00 | -68934E-05 | -5.9061E-05 | ~1.3815E-05
nl/n2/n3 0/+1/0 - +2/+1/+1 +2/+1/+1
AB 658 nm - 380 nm 408 nm
B2 4.7000E-03| 0.0000E+00 | -5.3000E-03 | -5.2595E-03
B4 ~5.5308E-04| 0.000Q0E+00| 5.6232E-04|-3.8500E-04
Bé& ~2.5919E-04 | 0.0000E+00 |-7.7644E-04 | -2.8980E~04
B8 -2.0155E-05| 0.0000E+00| 5.1093E-05 5.6214E-05
B10O 2.0712E-07 | 0.0000E+00| 1.4877E-05;-1.4307E-05

(Aspheric surface coefficient of the

10th surface and the

1ith surface)

The 10th The 11lth
surface surface
x | —-6.6105E-01 | -1.5745E+02
A4 1.1439E-02 1.0519E-01
A6 2.5153E-03 | -1.1661E-01
A8 8.3248E-06 1.0617E-01
Al0 ' 2.9389E~04 | -7.0962E~02
Al2  6.6343E-05 2.7343E-02
Ald | -4.2105E-05 | -4.3966E-03
Al6 | -3.6643E-06 0.0000E+00
Al8 | 7.9754E-06 0.0000E+00
A20 | -1.2239E-06 0.0000E+00Q

In the present example,

the beam expander optical

system EXP. which is composed of two lenses of a glass lens

whose paraxial refractive power is negative,

and a plastic



109 ()-D.j N28A 109 ()-D. A 109% ()-D. A 109 ()-D. A 109 ()-D. AoA# A
109&“()- D. t 28A0A# A 10%&' ()-D. A 10%& ()-D. A 109%& ()-D. A 10% ()-D. A

109%&' ()-D. dD8AOA# A 10% ()-D. A 10%&' ()-D. A 10%&' ()-D. A 10%& ()-D. A

109& ()-D. A 109 ()-D. bF*8A 109 ()-D. A 109%& ()-D. AoA# A 109 ()-D. A

109 ()-D. A 109 ()-D. hL, A 109 ()-D. A_10% ()-D. A 109 ()-D. A 109% ()-D. A
109% ()-D. A 10% ()-D. A 10% ()-D.el -, A270%& ()-D.)A 10% ()-D. A

109&' ()-D. AoA# DA 10%&' ()-D. A 10%&' ()-D.tX, A 10%&' ()-D.)A 10%A 10% ()-D. A
109 ()-D. A 109 ()-D. A 109 ()-D. A 109 ()-D. A 109 ()-D.j N2, A 109 ()-D. A
109 ()-D. A 109 ()-D. A 109 ()-D. A 109 ()-D. AoA# J., A 109 ()-D. AoA# A
109& ()-D. A 109%& ()-D. A 10% ()-D. A

lens whose paraxial refractive power is positive, is arranged
in the common optical path of the wavelength Al and the
wavelength A2, further, the beam combiner fof leading an

optical path of the light flux having the.wavelength A3 into
a cémmon optical path of the light flux having the wavelength
Al and the light flux having the waveiength A2, 1s arranged
in the optical path between the beam éxpander optical system
EXP and the objective optical system OBJ.

The spherical aberration of the objective optical
system OBJ in the pfesent example has the temperatufe
dependency in which, when the temperature rises by 30 °C, it
changes in the over correction direction, and the change
amount of the wave froﬁt aberration due to this, is 0.057
ARMS. When the objective optical system OBJ having such a
temperature'cha;acteristic is combined with the beam expander
optical system EXP, the change amount of the wave front

aberration when the temperature rises by 30 °C, can be

suppressed to 0.C010 ARMS.

Hereupon, when the change amount of the wave-front
aberration when the temperature chénges is calculated, only
the refractive index change following the temperature change

of the plastic lens included in the optical system is
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operation is conducted on the wavelength Al and wavelength
A2, both of light fluxes of the wavelength Al and wavelength

A2 are projected from the beam expander optiCal system as the
parallel light flux,.

Hereupon, in the present example, when it is structured
so that the parallel light flux of wavelength 32 is incident
on the objective optical system OBJ without through the beam
expander optical system EXP, the optimum optical system as
the optical pick~up system mounted on the fourth optical
pick-up device PU4 can be obtained.

(Example 2)
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(Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavelength, optical path
difference function coefficient of the 10th surface and the
11th surface)

The 10th surface The 11lth surface
AREAL AREAZ AREA3 AREA4
(0gh<1.535) {1.535<h) (0£h<1.53) (1.53<h)
r 0 231,761 -117.433 -167.005
K 0.0000E+00 | 0.0000E+00| 0.0000E+0Q0 9.6672E+01
A4 0.0000E+00 { -1.2634E-04 | -2.3039E-03 1.0847E~03
Ab. 0.0000E+00 | -1.4443E-03| 3.1515E-03, -2.2698E-04
A8 0.0000E+00 6.3328E-04 | -2.1791E-04 4.0064E-04
alo 0.0000E+0Q0Q | -68934E-05 |-5.9061E-05| -1.3815E-05
nl/n2/n3 0/+1/0 - +2/+1/+1 +2/+1/+1
AB 658 nm - 390 nm 408 nm
B2 4.7000E-03| 0.0000E+00  -5.3000E-03 | -5.2595E~03
B4 -5.5308E-04 0.0000E+Q00 | 5.6232E-04 | -3.8500E-04
Bb -2.5919E-04 0.0000E+Q0 | -7.7644E-04 | -2.8980E-04
B8 -2.0155E-05! 0.0000E+00| 5.1093E-05 5.6214E-05
B10O 2.0712E-07 | 0.0000E+00| 1.4877E-05! -1.4307E-05

(Aspheric surface coefficient of the 12th surface and the

13th surface)

The 12th The 13th

surface surface
X -6.0105E-01 ~1.5745E+02
Ad 1.1439E-02 1.0518E-01 .
Ag 2,5153E-03 -1.1661E-0C1
AB 8.324BE-06 1.0617E-01
Al0 2.9388E-04 -7.0962E-02
| A12 6.6343E-05 2.7343E-02
i Ald4 | -4.2105E-05 -4,3966E-03
Rl | -3.6643E-06 0.0000E+0Q0
AlB 7.9754E-06 0.0000E+00
A20 | -1.2239E-06 0.0000E+00

In the present example,

the beam expander optical

system EXP is composed of two lenses of a glass lens whose

paraxial refractive power is negative, and a plastic lens
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optical path between the glass lens and the plastic lens, the

beam combiner for leading an optical path of the light flux
having the wavelength A2 into the optical path of the light

flux having the wavelength Al, is arranged. In this optical
system, the plastic lens in the beam expander optical system
EXP has a function of the collimator optical system by which
the divergent light flux of wavelength A2 projected from the
second light source LD2 is converted into the parallel light
flux and introduced into the objective optical system OBJ.
Further, in the optical path between the beam expander
optical system EXP and the objective optical system OBJ, the
beam combiner for leading an optical path of the light flux
having the wavelength A3 into a common optical path of the

light flux having the wavelength Al and the light flux having

thé wavelength A2 is arranged.

The objective optical system OBJ in the present example
is the same as the objective optical system OBJ in the above-
described example 1, aﬁd when the temperature rises by 30 °C,
it has the temperature dependency in which the spherical
aberration changes in the over correctioﬁ direction, énd due

to this, the wave front aberration changes in 0.057 ARMS.




+10%!
+10%!
+10%!
+10%!
+10%!
+10%!
+10%!
+10%!
+10%!
+10%!
+10%!
+10%! >
+10%! >

>& ()-.. +10%!>& ()-.. +10%!>& ()-.. +10%!>& ()-.. i]FO( cd

>& () +10%! >& ()-.. +10%!>& ()-.. +10%!>& ()-.. +10%!>& ()-

>& ()-.. +10%!>& ()-.. dH,/ +10%! >& ()-. . +10%! >& ()-

>& ()-..) +10%!>& ()-.. +10%!>& () - G{ i ] FO( !"#$%&t , /G{ i ] FO(

>& ()-.. +10%!>& ()-.. +10%! >& % +10%! >& () -

>& ()-..& (*-134hH, +10%! >& () - +100/o>l >& ()-.. +10%! >& O-..

>& ()-.. +10%!>& ()-.. +10%! >& () . +10%! >& ()-..47:<=>WhH, +10%
>& ()-... G i]FO( +10%! >& O-.. +10%! >& O-..

>& ' ()-..>?BEI LMIH, +10% +10% +10%! >& ()-.. +10%!>& ()-..

>& ()-.. +10%!>& ()-.. +10%!>& ()-.. +10%!>& ()-.. MORTUVYWH, +10%

>&;Wﬂen Eilélgﬂﬁeé%Qﬁ%'aﬁ ﬁkal sy%@é%'éﬁJ(ls comblned with the
\] " pT4 +1 L. H10%! & () -, +H10%! >& () -

é%am exp&gd%£>§pglcal system EXP, the change amount c¢f the

wave front aberration when the temperature rises by 30 °C,

can be suppressed to 0.011 ARMS.

Hereupon, when the change amount of the wave-front
aberration when the temperature changes 1is calculated, only
the refractive index change following the temperature change
of the plastic lens included in the optical system is
considered, and the refractive index change rate_of the
plastic lens of the beam expander optical system EXP and the
first plastic lens Ll of the objective optical system OBJ is
made -1.1 x 107*/°C, and the refractive index change rate of
the second plastic lens Lé of the objective optical system
OBJ is made -0.9 x 107%/°C.

(Example 3)

Example 3 is the optimum optical system as the optical

pick-up system mounted on the third optical pick-up device

PU3, and its specific numeric value data is shown in Table 4.
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diffraction order, production wavelength,

ius

- Ol >R _
é% cur$§ d?é?&aggheric surface coefficient,

optical path

difference function coefficient of the 12th surface and the
13th surface)

The 12th surface The 13th surface
ARFA1 AREAZ AREAZ AREL4
(0<h<1.535) {1.535<h) {0<h<1.53) (1.53<h)
r @ 231.761 -117.433 -167.005
K 0.0000E+00 | 0.0000E+00 | 0.0000E+00 9.6672E+01
A4 0.0000E+00 | ~1.2634E~04 , -2.3039E-03 1.0847E-03
AG ‘0.0000E+00 | -1.4443E-03| 3.1515E-03| -2.2698E~-04
A8 0.0000E+00 | 6.3328E-04|-2.1791E-04 4,.0064E~04
Al0 ‘0.0000E+00 | -68934E-05 | ~5.9061E-05| -1.3815E-05
nl/n2/n3 0/+1/0 - +2/+1/+1 +2/+1/+1
A3 658 nm - 390 nm 408 nm .
B2 4.7000E-03 ] 0.0000E+00)-5.3000E-03 | -5.2595E-03
B4 -5.53088-04 0.0000E+00| 5.6232E-04| -3.8500E-04
B6 -2.5919E-04 i 0.0000E+00 |-7.7644E~04 | -2.8980E-04
B8 -2.0155E~-05| 0.0000E+00 | 5.1093E-05 5.6214E-05 |
BlO 2.0712E-07 | 0.0000E+00, 1.4877E-05 —1.4307E-05}

(Aspheric surface

coefficient of the 14th surface and the
15th surface)

The 14th ! The 15th

surface- surface
K -6.6105E-01| -1.5745E+02
Ad 1,143%E-02 1.051%E-01
A6 2.5153E-03 | -1.1661E-01
L8 8.3248E-06 1.0617E-01
210 2.9389E-04 | -7.0962E-02
Al2 6.6343E-05 2.7343E-02
Ald -4,2105E-05| -4.3%66E-03
Al6 -3.6643E-0¢ 0.0000E+00
Al8 7.9754E-06 0.0000E+00
A20 -1.2239E~06 0.0000E+00

In the present example, the beam expander optical
system EXP is composed of two lenses of a plastic lens whose

paraxial refractive power is positive, and a glass lens whose
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combiner for leading an optical path of the light flux having

the wavelength A2 into the optical path of the light flux
having the wavelength Al, is arranged. In this optical

system, the divergent light flux of wavelength AZ projected
from the second light source LD2 is converted into the
converging light flux by the coupling optical system,
furthermore, by passing the glass lens in the beam expander
optical system EXP, it becomes the parallel light. Further,
in the optical path between the beam expander optical system
EXP and the objective optical system OBJ, the beam combiner
for leading an optical path of the light flux having the
wavelength A3 into a common optical path of the light flux

having the wavelength Al and the light flux having the

wavelength A2, is arranged.

The objective optical system OBJ in the present example
is the same as the objective opticai system OBJ in the above-
described example 1, and when the ﬁemperature rises by 30 °C,
it has the temperature dependency in which the spherical
aberration changes in the over correction direction, and due

to this, the wave front aberration changes in 0.057 ARMS.
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beam expander optical system EXP, the change amount of the
wave front aberration when the temperature rises by 30 °C,

can be suppressed tQ 0.011 ARMS.

Hereupon, in the case where the change amocunt cof the
wave-front aberration when the temperature changes, is
calculated, only the refractive index change following the
temperature change of the plastic lens included in the
optical system is considered, and the refractive index change
rate of the plastic lens in the beam expander optical system
EXP and the first plastic lens L1 of the objective optical
system OBJ is made -1.1 x 107%/°C, and the refractive index
change rate of the second plastic lens L2 of the objective
optical system OBJ is made -0.9 x 1074/°C.

(Example 4)

Example 4 is the optimum optical system as the thical

pick-up system mounted on the fourth optical pick-up device

PU4, and its specific numeric value data is shown in Table 5.
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0 _ &(%%rax1al radius of curvature, aspheric surface coefficient,

diffraction order, production wavelength, optical path
difference function coefficient of the 12th surface and the
13th surface)

The 12th surface The 13th surface
AREA] AREAZ AREA3 AREAA4
(0<h<1.535) (1.535<h) (0<h<1.53) {1.53<h)
r .o 231.761 -117.433 -167.005
K 0.0C00E+00 0.0000E+00| 0.0000E+00| 9.6672E+01
Ad 0.0000E+00 | -1.2634E-04|-2.303%9E-03 1.0847E-03
Bé 0.0000E+00 | -1.4443E-03| 3.1515E-03| -2.2698E-04
L8 0,0000E+00 6.3328E-04 | ~2.1791E-04 4.0064E-04
Al0 0.0000E+00 |-68934E-05 |-5.9061E-05| -1.3815E-05
nl/n2/n3 0/+1/0 - +2/+1/+1 +2/+1/+1
AR 658 nm - 390 nm 408 nm
- B2 4,7000E-03 0.0000E+00 [ -5.3000E-03 | -5.2595E-03
B4 -5.5308E-04 0.0000E+00| 5.6232E-04 | -3.8500E-04
B6 -2,5919E-04 0.0000E+00{-7.7644E-04 | -2.8980E-04
BB -2.0155E~-05 0.0000E+00| 5.1093E-05 5.6214E-05
B10 2.0712E-07 0.0000E+00 | 1.4877E-05| -1.4307E-05

(Aspheric surface coefficient of the 1l4th surface

and the

15th surface)

The 1l4th The 15th
surface surface
x | -6.6105E-01 | -1.5745E+02
B4 | 1.1439E-02 1.0519E-01
¢ A6 2.5153E-03 ! -1.1661E-01
A8 B.3248E-06 | 1.0617E-01
Al0 | 2.9389E-04 | -7.0962E-02
BRl2 | 6.6343E-05 2.7343E-02
Al4 | -4.2105E-05 | -4.3966E-03
Al6 | -3.6643E-06 0.0000E+00
A18  7.9754E-06 0.0000E+00
A20 | =1.2239E-06 0.0000E+00

In

the present

examﬁle, the collimator optical system

COL is composed of a plastic lens whose paraxial refractive

power is positive, and arranged in the exclusive use optical
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system EXP is composed of the glass lens whose paraxial
refractive power is negative, and the plastic lens whose
paraxial refractive power is positive, and arranged in the
exclusive use optical path of wavelength Al. Furfher, in the
optical path of the beam expander optical system EXP and the
objective optical system 0BJ, the beam combiner for leading
an optical path of the light flux having the wavelength A2
into the optical path of the light flux having the.wavelength
Al, and the beam combiner for leading an optical path of the
light flux having the wavelength A3 intd a éommon optical

path of the light flux having the wavelength Al and the light

flux having the wavelength A2, are arranged.

The objective optical system OBJ in the present
example, has the temperature dependency in which, when the
temperature rises by 30 °C, the spherical aberration changes
in the over correction direction, and due to this, the wave
front aberration changes in 0.057 ARMS. When this objective

optical system OBJ is combined with the beam expander optical

system EXP, the change amount of the wave front aberration

when the temperature rises by 30 °C, can be suppressed to
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system COL composed of the plastic lens is combined with the
beam expander optical system EXP, because the refractive
power of the plastic lens necessary for correcting the
temperature chafacteristic of the objective optical system
OBJ can be distributed to the collimator optical system COL,
the degree of freedom of the lens design (selection of the
angle magnification) of the expander optical system EXP is
increased.

Hereupon, in the case where the change amount of the
wave~-front aberration when the temperature changes is
calculated, only the refractive index change fbllowing the
temperature change of the plastic lens included in the
optical system is considered, and the refractive index change
rate of the plastic lens of the collimator optical system

COL, plastic lens of the beam expander optical system EXP and

the‘first plastic lens L1 of the objective optical system OBJ
is made -1.1 x 107%/°C, and the refractive index change rate
of the second plastic lens L2 of the objective optical system
OBJ is made -0.9 x 107%/°C.

{Example -5)
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pick-up system mounted on the sixth optical pick-up device

PU6, and its specific numeric wvalue data is shown in Table 6.
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(Optical specification o

HD: NAl
(Paraxial data)

DVD: NAZ = 0.67,
CD:NA3 = 0.51,
Sur-

face
No.
OBRJ
STO
10
11
12
13

D' 109%0y0% () - D' 109%0g0% ()- flm
D' 1090908 () - UYORES

D' 1090908’ () - UIRES
D' 10%0908’ () - UIRES
D' 10%0y08’ () - " UIRE
D' 1090908 () - " - 9DP
D' 1990908’ () - T_j vU
D" igbo/@go&' () - U9RES
D' 10%0yQ8! () - UIRES
D" tE)O/@go&' () - UORES
D' 19%0g08: ()- %) 5
D'lq?_é)‘yﬂgO&' ()-), 8CN

“
)" 109609 Q&: () - D' 10%0

%OgOs ()-)?1"zZ: RE

_%%3&' ()-)?1"zZ: RE

% ) 21" <=FN~

' ()-N
)-N

0
Eace®
-2.525p8°01 —~

*&

8.400/Ex06 -

6th sur
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vl P 10% & 0/ *2Y \ 109
Y1006 & () Fo‘g’j% l%égt“msio‘B a’g %E '*d"& %&%ﬁﬁg{%ﬁ}}ﬁt
0l M 10% &3HEr39 R }1"1%3 'I‘l%/‘%f‘ %y% LobU4*&Y
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>& ()- ds 10% >& ()- AREAIDY & (RREA2109% >& ABEAR#10% AREA4 '
>& () -09A | [ ?bU4* &Y 0<h<QBIR& | () V. s35KB9Ye! P& 0kh<1s 530%! >&1( F3<R)
109%!>&1() - 8 10% >& ()s s 109 33&7(eN- pT84*3®11li9%>!><—QBT/BOS
10%! >& [ =1 T 106! & 091> OVt =8 A T TG 7
10%! >& 8-/" &8T 1 Obb EF0b T ﬁd%o‘o)o%{ @)O : ggi %6 Ewg}jwr
10%1 > () - IE 10%! & é Cf(*ig/g/ ]>§§ 2z g0 > l>&' 017
0 1198 . . .
1091 >&1() - 1,1 10% '>& OOE+0 046! ~2.1791E-04 4.0064E 04

A10 0.0000E-!—OO | —68934E 05 | ~5.9061E-05 | -1.3815E-05

nl/n2/n3 0/+1/0 - +2/+1/+1 +2/+1/+1

AR 658 nm - 390 nm 408 nm

B2 4.7000E-03 | 0.0000E+00 | -5.3000E-03 | -5.2595E-03

B4 -5.5308E-04 | 0.0000E+00| 5.6232E-04 | -3.8500E-04

B6 ~2.5919E-04 | 0.0000E+00 | ~7.7644E-04 | ~2.8980E-04

B8 ~2.0155E-05 | 0.0000E+00| 5.1093E-05| 5.6214E-05

B10 2.0712E-07 | 0.0000E+00| 1.4877E-05 | -1.4307E-05

(Aspheric surface

13th surface)

coefficient of the

12th surface and the

The 12th The 13th
surface surface
k | —06.6105E-01} -1.5745E+02
R4 1.143%E-02 1.0518E-01
Ab 2.5153E-03 | -1.1661E~01
A8 8.3248E-06 1.0617E-01
Al0 2.9389E-04 | -7,.0962E-02
Al2 6.6343E~05 2.7343E-02
Ald4 | -4,.2105E-05| -4.3966E-03
Al6 | -3.6643E-06 0.0000E+0C
A18 7.9754E-06 0.000CE+00
A20 | -1.2239E-06 0.0000E+00
In the present example, the coupling optical system CUL
which is composed of 2 lenses of a glass lens whose paraxial

refractive power is negative,

and a plastic lens whose
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paraxial refractive power is positive, is arranged in the

common optical path of wavelength Al and wavelength AZ2.

Turther, a beam combiner for leading an optical path of the

iight flux having the wavelength A3 into a common optical
path of the light flux having the wavelength Al and the light

flux having the wavelength A2, is arranged in the optical
path between the coupling optical system CUL and the

- objective optical system OBJ. Further, a beam combiner for
leading the light flux of wavelength Al reflected by an
information recording surface of an optical disk and the
light flux of wavelength A2 refleéted by an information
recording surface of an optical disk, intoc the light
detector, is arranged in the optical path between a package
light séurce unit in which the light emitting point for

projecting the light flux of wavelength Al and the light

emitting point for projecting the light flux of wavelength A2

are housed in a casing, and the coupling optical system CUL.
Further, when Abbe’s number of the glass lens and the

plastic lens is set so as to satisfy the éxpression (2),

because the achromatic operation is conducted on the

wavelength Al and the wavelength A2, both of the fluxes of
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10%>!>&:(QﬁéTQ§6Q?gﬁé%ﬁ)X{\ggéAtégpﬁﬁgélength L2, are projected from

the coupling optical system CUL as the parallel light flux.
Hereupon, in the case where the spherical aberration of
the objective optical system OBJ in the present example, has
the temperature dependency in which, when the temperature
rises by 30 °C, it changes in the over correction direction,
and the change amount of the wave;froht aberration due to
this is 0.057 ARMS. When the objective optical system OBJ
ﬁaving such a temperature characteristic is combined with the
coupling optical system CUL, the change amount of the wave-

front aberration when the temperature rises by 30 °C, can be

suppressed to 0.010 ARMS.

Hereupon, in the case where the change amount cof the
wave-front aberration when the temperature changes is
calculated, only the refractive index change following the
temperature change of the plastic lens included in the
optical system is considered, and the refracfive index change
rate of the plastic lens of the coupling optical system CUL,
and the first plastic lens L1 of the objective optical system
OBJ is made -1.1 x 107%/°C, and the refractive index change

rate of the second plastic lens L2 of the objective optical

system OBJ is made -0.9 x 1074/°C.



T 109%!>& ()-/M; QO | VT 10%!>& ()-/T 10%!>& ()-/(T
10%!>& ()-/ _“acdfghl PAT T 10%! >& ()-/(T 10%!>& ()-/T 10%!>& ()-/T

10%! >& ()-/T 10%!>& ()-/T 10%!>& ()-/T 10%! >& ()-/hj kopgWl PAT T

10%! >& ()-/M; &0 | V(T 10%!>& ()-/T 10%! >& ()-/(T

10%! >& () -/qgrsuvxyzl PAT T 10%! >& () - ﬂ%% 10%! >& ()-/T 10%!>& ()-/T
10%!>& ()-/T 1 0%>l >& ()-/T 10%! >& () 10%! >& ()-/z{|Z>I PAT T 1T

109! >& ()-/MK; Q0 | VT 10%!>& ()-/T 10%! >& ()-/T 10%! >& ()-/hLOT

10%! >& ()-/T 10%!>& ()-/0T 10%!>& ()-/T 10%!>& ()-/T 10%!>& ()-/T
10%! >& ()-/T 10%! >& ()-/0ohLOT 10%!>& ()-/T 10%!>& ()-/0T T

10%! >& ()-/T 10%!>& ()-/T 10%!>& ()-/T 10%!>& ()-/T 10%!>& ()-/z">hLOT
109 10W@{f§érﬁ@IéT6)10%>! >& ()-/0T 10%!>& ()-/0T 10%! >& ()-/0M; QO

Example 6 is the optimum optical system as the optical
pick-up system mounted on the 7th optical pick-up device PU7,

and its specific numeric value data is shown in Table 7.
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Table 7-2

(Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavelength, optical path
difference function coefficient of the 10th surface and the
11th surface)

The 10th surface The 1lth surface
AREAI AREAZ AREA3 AREA4
(0£h=<1.535) (1.535<h) {(0<h<£1.53) (1.53<h)
r @0 231.7e61 -117.433 -167.005
K 0.0000E+00 0.00C0E+00 | 0.0000E+00 9.6672E+01
A4 0.0000E+00 | ~1.2634E-04 | ~2.3039E-03 1.0847E-03
A6 0.0000E+00 | ~1.4443E-03| 3.1515E-03| -2.2698E-04
AB 0.0000E+00 6.3328E-04 | -2.,1791E-04 4 . 0064E~04
Al1D 0.0000E+00 | -68934E-05 |-5.9061E-05| -1.3815E~05
nl/n2/n3 0/+1/0 - +2/+1/+1 +2/+1/+1
AB 658 nm - 390 nm 408 nm
B2 4.7000E-03 0.0000E+00 | -5.3000E-03 | -5.2595E-03
B4 -5.5308E-04 0.0000E+00 | 5.6232E-04! -3.8500E-04
B6 -2.5919%E-04 0.0000E+00 | -7.7644E-04 | -2.,89B0E-04
BB -2.0155E~-05 0.0000E+00| 5.1093E-05 5.6214E-05
B10 2.0712E-07 0.0000E+00! 1.4877E-051{ -1,4307E~05
(Aspheric surface coefficient of the 12th surface and the
13th surface)
The 12th The 13th
surface surface
K -6.6105E-01 ~1.5745E+02
Al 1.1439E-02 L0519E-01
AG 2.5153E-03 -1.1661E-01
AB 8.3248E-06 .0617E~-01
AlD 2.9389E-04 -7.0962E-02
Al2 6.6343E-05 . 1343E-02
Al4 -4,.2105E-05 ~4.3%66E-03
Ale | -3.6643E-06 .0000E+00
Al8 7.9754E-06 .0000E+0Q0
B20 | -1.2239E-06 .0000E+00
In the present example, the coupling optical system CUL

is composed of 2 lenses of a glass lens whose paraxial

refractive power is negative, and a plastic lens whose
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paraxial refractive power is positive, and a beam combiner

for leading an optical path of the light flux having the
wavelength A2 into the optical path of the light flux having
the wavelength Al, and a beam combiner for leading the light

flux of wavelength Al reflected by an information recording
surface of an optical disk and the light flux of wavelength
A2 reflected by an ihformation recording surface of an
optical disk, into the light detector, are arranged in the
optical path of the plastic lens and glass lens. Further,
between the coupling optical system CUL and the objective
optical system OBJ, a beam combiner for leading an optical
path of the light flux having the wavelength A3 into a common

optical path of the light flux having the wavelength Al and

the light flux having the wavelength A2, is arranged.

The spherical aberration of the objective optical
system OBJ in the present example, has the temperature
dependency in which, when.the temperature rises by 30 °C, the
spherical aberration changes in the over correction
direction, and a change amount of the wave-front aberration
due to this, is 0.057 ARMS. When the objective optical
system OBJ having such a temperature characteristic is

combined with the coupling lens optical system CUL, the
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temperature .rises by 30 °C, can be suppressed to 0.011 ARMS.

Hereupon, in the case where the change amount of the
wave-front aberration when the temperature changes is
calculated, only the refractive index change following the
temperature change of the plastic lens included in the
optical system is considered, and the refractive index change
rate of the plastic lens of the coupling optical system CUL,
and the first plastic lens L1 of the objective optical system
OBJ is made -1.1 x 107%/°C, and the refractive index change
rate of the second plastic lens L2 of the objective optical
system OBJ is made -0.9 x 107%/°C.
‘(Example 7)

Example 7 is the optimum optical system as the optical
pick-up system mounted on the 8th optical pick-up device PUS,

and its specific numeric value data is shown in Table 8.



10%! >& ()-/T 10%!>& ()-/uY=kK/ T T 109 10%!>& ()-/1T

109! >& ()-/Mk; Q0 |

10%! >& () -/ T 10%! >& ()-/T 10%! >& () -/ uYIgK+T

10%! >& ()-/T 10%! >& () -
10%! >& () -/ 1T 10%! >&' ()

FoE -
[ ~L >
HHMHWJWJ
TN AR
i A
e B AAD A
AMHOANS—. O —
227834358
SS-4£73878
C~0 -
L%MMLJOJ

~ T o~~~
|&>1V(O\W(
J>MTI&!&
—~— O |>\/W>
5835828
¥ D |H®MW1¢W
>1TMWNTN
%W&FFTJT
m_/\//l_/)/
wOm Sl
Al S
. IR E
%4 %m%
—~ o
— — 1_N1
— o3 [T
SATTEY
SN O N
.. O - —_
o — o3
" " e
%TI %.L
o - o C
— — 0
—_ <

M; Q0 |

/T
/T
/T
/ h
/T
/T
/T
|z
/1
/T

o o o o o3 o o o oF o
ANNNNANNNANNN
SEL2LLELEEL
OO0OO0O0OO0O0O000O0
AA A A A A A

00+H0000°0 | 00+d0000°0 C0-A1962 7 9Y

70-14G2/9°2— | €0-H0p68 €-| _ 20-HAGve8 ¥ A

00+AGGE9 T-| 00+d9/0/ 1—| 10-H9E€GH9 £- 3

20BIINS Ul | o0BJInsS 4314 S0BJINS pag

(eneJINS Y3lg pue d0eIiIins 4ig °‘'pPIE =2Ud JO JUSTOTFIL0D 2D0BIINS DTISYASY)

% 6T

FoheT 9a1309303d | 4.0 | 9ze7¢ T | Gr6/6°T | OTTZ9"T | 002°T | 009°0 | 880°0 o A
0SE°0 | LLPO | 6L970 0vS " ¥- 91

usishs Teorado | €796 | pZL€G"T | Z90S'T | G966G°T | 0I§°¢ | 016" | 016°¢ SPy T g1
SATFVSRAO 05070 | 0S0°0 | 05070 | (3Ta=3 TamoT) | ¥1
G'9G | 16¥0G°T | €¥90S°T | v2¥2S T | 006°0 | 006°0 | 00670 | (eTqe3 I8MoT) | €1

do3s 05070 | 05070 | 05070 o 01S
ISUTUOD Wesq 000"¢ | 000°2¢ | 000°¢C o 1T
2°%9 | 80TTS T | LZPTS T | 2862571 | 000°G 1 000°S | 000°S % 01
IT=EIE -~ |000°Z | 000°¢Z [v6 L~ 6
Teotado BurTdnoo | z°49 - LZ¥1S°T | 28628°1 - 000°T | 000°T o 8
IBUTUOD WED - - 000°T | 000°2 oo L
. T 2w - LZ¥1S'T | 7862571 - 000°% | 000°F % 9
oshs . . - - 000°T 99¢ z- 5
596 - - A - - 0050 [67°G v
TeoTado burrdnes | 3.34 - - Z8625°T1 | - = 10001 9z - 2

— — . — - - oo

ISUTQUOD UWESd | z-%9 - - 8625° 1 - | 000°% o I
SOINos_AGBT] . 8L0 FT |0GL 0L | €41°8 = (40
50

o0U pA EYN ZYN TN | (wuep | (unr) gp | (uun) Tp (wr) T 2083
-I

o (e3ep Teixereq)

wwr z°f = €3 ‘000° m\ﬁ- = W ‘WU GgL = m« ‘1 187°2 = €3 Hm 0 = E£¥N:dD

um 9t = z3 = NE 'wu 8G9 = ﬁe 60£°C = Nm mm = CUN 10dAd

un §.80°0 = ‘lu gy = u 00g*e = T¥N :QH

Empm%m Hmoﬂ

T-8 STIYEL

1do sAT3O8l Qo syl IO GOHuMOHMHom S Hmoauao




1T 10%! >& ()-/T 10%! >& ()-/1T 10%! >& () -/ M; QO |

| VT 10%! >& ()-/gG+T

109! >& ()-/1T 10%!>& ()-/T 10%!>& ()-/T 10%! >& ()-/T 10%! >& ()-/T

109!
10%!
10%!
10967
109!
10%!
10%!
109!
109!

>& ()-1T 10%!>& ()-/uY=gG+T 10%!>T 10%!>& ()-/T 10%!>& ()-/T
>& ()-11M; @ | VT 10%!>& ()-/1L, T 10%!>& ()-/T 10%!>& ()-/T
>& ()-/T 10%!>& ()-/T 10%! >& ()-LT 10%!>& ()-/T 10%!>& ()-/uY=IL, T
1091 >& ()-/T 10%1>& ()-/ M Q0 | 1PY(T 10%!>& ()-/ (T 10%!>& ()-/pTAT
>& ()-1T 10%!>& ()-/ (T 10%! >& ()-/T 10%!>& ()-/T 10%!>& ()-/T
>& ()-/T 10%! >& () -/ QBpTAT 10%1>& ()-/)M; Q0 | | VT 10%!>& ()-/T
>& ()-1T 10%1>& ()-/ $(+_?4T 1T 10%!>& ()-/T 10%!>& ()-/T

>& ()-1T 10%1>& ()-/T 10%!>& ()-/ T 10%! >& ()-/+, 0456: 24Mk; QD |

>& ()-1T Table 8-2

| VT

(Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavelength, optical path
difference function coefficient of the 13th surface and the
14th surface)

The 13th surface The 14th surface
ARERA] AREAZ2 " AREA3 AREA4
(0<h<£1.535) (1.535<h) (0<h<1.53) (1.53<h)
R o0 231.761 -117.433 -167.005
X 0.0000E+00 0.0000E+00Q 0.0000E+00 9,6672E+01
A4 0.0000E+00 |-1.2634E-04|-2.303%E-03 1.0847E-03
A6 0.0000E+00 [ -1.4443E-03| 3.1515E-03| -2.269BE-04
A8 0.0000E+00 6.3328E-04 | -2.1791E-04 4,0064E~04
B2l10 0.0000E+00 | ~68934E-05 |-5.9061E-05| -1,3815E-05
‘ni/n2/n3 0/+1/0 - +2/+1/+1 +2/+1/+1
‘ AB 658 nm - 390 nm 408 nm
B2 4.7000E~03 0.0000E+0C { ~5.3000E-03 | ~5.2585E-03
B4 ~-5.5308E-04 0.0000E+0C 5.6232E-04 | -3.8500E-04
B6 -2.5919E-04 0.0000E+00 | -7.7644E-04 | -2.8980E-04
B8 -2.0155E-05 0.0000E+00 5.1023E-05 5.6214E-05
R1C 2.0712E-07 0.0000E+00 1.4877E-05 | -1.4307E-05

(Aspheric surface coefficient of the 15th surface and the

16th surface)

The 14th surface | The 15th surface

i -6.6105E-01 -1.5745E+02
A4 1.1439E-02 1.0518E-01
A6 2.5153E-03 -1.1661E-01
A8 8.3248E~06 1.0617E-01
Al0D 2,9389E-04 -7.0962E-02
Al2 6.6343E-05 2.7343E-02
Ald -4,2105E-05 -4,3966E-03
Al6 ~-3.6643E-06 0.0000E+0Q0
AlB 7.9754FE-06 0.0000E+00D
A20 -1.2239E-06 0.0000E+00

In the present example,

a coupling optical system CUL

is structured by a cemented lens which a glass lens whose

paraxial refractive power is negative, and a plastic lens
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each other, and a glass lens whose paraxial refractive power

is positive, and a beam combiner for leading an optical path

of the light flux having the wavelength A2 into the optical

path of the light flux having the wavelength il, is arranged
in the optical path between the cemented lens and the glass
lens. Further, a beam combiner for leading the light fiux of
wavelength Al reflected on the optical disk into the light
detector, is arranged in the optical path of the light flux
having the wavelength Al between the light source which
projects the light flux having the wavelength Al and the
coupling optical system CUL, and a beam combiner for leading
an optical path of the light flux having the wavelength A3
into a common optical path of the light flux having the
wavelength Al and the light flux having the wavelength A2, is
arranged between the coupling optical system CUL and the
objective optical system ORJ.

The spherical aberration of the objective optical

system OBJ in the present example, has the temperature
dependency in which, when the temperature rises by 30 °C, the

spherical aberration changes in the over correction

direction, and a change amount of the wave-front aberration
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system OBJ having such a temperature characteristic is
combined with the coupling lens optical system CUL, the

change amount of the wave-front aberration when the

temperature riseé by 30 °C, can be suppressed to 0.011 ARMS.

Hereupon, in the case where the change amount of the
wave-front aberration when the temperature changes is
calculated, only the refractive index change fecllowing the
temperature change of the plastic lens included in the
optical system is considered, and the.refractive index change
rate of the plastic lens of the coupling optical system CUL,
and the first plastic lens L1 of the objective optical system
OBJ is made -1.1 x 107*/°C, and the refractive index change
rate of the second plastic lens L2 of the objective optical
system OBJ is made -0.9 x 107¢/°cC.
(Example 8)

Example 8 is the optimum optical system as the optical
pick-up system mounted on the 9th optical pick-up device PU3,

and its specific numeric value data is shown in Table 9.
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(Paraxial radius of curvature, aspheric surface coefficient,
diffraction order, production wavelength, optical path
difference function coefficient of the 12th surface and the
13th surface)

The 12th surface The 13th surface
AREAL AREAZ AREA3 ARER4
(0<h<1.535) (1.535<h) {(0<h<1.53) (1.53=<h)
23 o0 -3431.888 -18.673 -167.005
x® 0.0000E+00 0.0000E+00 0.0000E+00 4,2160E+01
Ad 0.0000E+00 |-1.4023E-03| 2.4400E-05| -1.5823E-03
Lo 0.0000E+00 |-1.5832E-03 1.3535E-05 3.4952E-04
A8 0.0000E+00 | 6.0208E-04 | -5.8340E-07 1.5269E-04
Al0 0.0000E+00 | -7.2771E-01|~-1.0092E-06| —-3.3372E-05
nl/n2/n3 0/+1/0 -
1B 658 nm -
B2 4.7000E-03 0.0000E+00 | 0.0000E+00 0.0000E+0OC
B4 -8.2490E-04 0.0000Q0E+0Q0 | 0.0000E+0O 0.00Q0E+00
B6 -2.8735E-05 0.0000E+00 | 0.0000E+00 0.0000E+00
B3 -4.,1288E-05 0.0000E+00 | 0.0000E+00 0.0000E+00
B10 -3.3076E-06 i 0.0000E+00 0.0000E+00 0.0000E+00

(Aspheric surface coefficient of the 1l4th surface and the
15th surface)

The 14th surface The 15th surface

x -6.6211E-01 -1.5745%E+02
A4 1.14398-02 1.0518E-01
A6 2.5153E-03 -1.1661E-01
A8 8.3248E-06 1.0617E-01
Al 2.9389E-04 -7.0962E-02
Al2 6.6343E-05 2.7343E-02
Ald -4,2105E-05 -4 ,3966E-03
Als -3.6643E-06 0.0000E+00
Al8 7.9754E-06 0.000CE+00
A20 -1.2239E~06 0.0000E+00

In the present example, a coupling optical system CUL
structured by a glass lens whose paraxial refractive power is

negative, and a plastic lens whose paraxial refractive power
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ol >& (1) -
10%! >& &% %Iﬁitive, is arranged in the exclusive use optical path of

the wavelength Al, and the beam combiner for leading the
optical path of the light flux haVing the wavelength A2 into

the optical path of the light flux having the wavelength Al,
and the beam combiner for composing the optical path of the

light flux héving the wavelength A3 into the optical path of

the light flux having the wavelength Al, are arranged between
the coupling lens optical system CUL and the objective
optical system CBJ.

The spherical aberration of the objective optical
systeh OBJ in the present example, has the temperature
dependency in which, when the temperature rises by 30 °C, the
spherical aberration changes in the over correction
direction, and a change amount of the wave-front aberration
due to this, is 0.085 ARMS. When the objective optical
system OBJ having such a temperature characteristic is
combined with the coupling lens optical system CUL, the
change amount of the wave-front aberration when the
temperature rises by 30 °C, can be suppressed to 0.007 ARMS.

Hereupon, in the case whgre the change amount of the
wave-front aberration when the temperature changes 1s

calculated, only the refractive index change following the
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temperature change of the plastic lens lncluded in the

optical system is considered, and the refractive index change

rate of the plastic lens of the coupling optical system CUL,

and the first plastic lens L1 of the objective optical system
OBJ is made -1.1 x 107*/°C, and the refractive index change
rate of the second plastic lens L2 of the objective optical
system OBJ is made -0.9 x 107*/°C.

Hereupon, in the above-described examples 1 - 7, when
one lens in the aberration correction optical system is moved
in the optical axis direction, the spherical aberration due
to the thickness error (production error} of the protective
layer PL1 of the high density optical disk HD, and tﬁe
spherical aberration due to the wavelength change of the
wavelength Al can be corrected.

{Example 9)

Example 9 is the optimum optical system as the optical

pick-up system mounted on the 5th optical pick-up device PUS,

and its specific numeric value data is shown in Table 10.
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temperature change of the plastic lens included in the
optical system is considered, and the refractive index change

rate of the plastic lens of the beam expander optical system
EXP is made -1.1 x 107%/°C, and the refractive index change
rate of the objective optical system OBJ’ is made -0.9 x 107
i/eC.

(Example 10)
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£JIx+j kpt uvwhLO<4x 10% & ()-~.x 10% & ()-~.);cIx+x 10% & ()-~.x 10% & ()-~. X
10% & () -~ wWp~kO<4x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10%
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& ()-~.x 10% & ()-~.x 10% & ()-~. x7iB%&1()2~. X 10% & ()-~.x 10% & ()-~.X
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(Diffraction order, production wavelength, optical path
difference function coefficient of the 8th surface)

8th surface
nl/nz2/n3 3/2/2
LB 422 nm
B2 -3.4312E-03
B4 -1.%486E-04
B6 -1.2076E~04
B8 2.7998E-05
B10O | —3.3455E-06

(Aspheric surface coefficient of the Bth surface and the 9th

surface)
The 8th surface | The 9th surface

K -4,47158-01 -4.1355E+02
A4 -7.2396E-04 -9.4311E-03
L6 ~1.3187E-03 1.1572E-02
A8 - 5.4370E-04 -5.3553E-03
A10 -1.0983E~04 1.2651E-03
Al12 8.5286E-06 -1.5851E-04

A coupling optical system CUL composed of two lenses of
a glass lens whose paraxial refractive power is negative, and

a plastic lens whose paraxial refractive power is positive,
is arranged in the common optical path of the wavelength AL,
wavelength A2 and wavelength A3, further, in the optical path
between a package unit in which a light emitting point
projecting the light flux of the wavelength A1, a light
emitting point projecting the light flux of waveiength A2 and
a light emitting point projecting the flux of wavelength A3,

are housed in a casing, and the coupling optical system CUL,
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&I()'~';Q§ﬁ§ﬁoééméé%ﬂﬁiﬁéﬁ é&P@&ﬁinngXtH99§§gﬁ% F1uP2346806HY X
wavelength Al, wavelength A2 and waveleﬁgth A3, reflected on
the information fecording surface, to the light detector, is
arranged.

Further, when Abbe’s number of the glass lens and
plastic lens in the coupling optical system is set to satisfy
the expressioﬁ (2), because the achromatic operation is

conducted on the wavelength Al and wavelength AZ, both of the

light fluxes of wavelength Al and wavelength A2 are projected
as the parallel light flux from the coupling optical system
CuL.

The spherical aberration of the objective optical
system OBJ’ in the present example, has the temperature
dependency in which, when the temperature rises by 30 °C, the
spherical aberration changes in the over correction
direction, and a change amount of the wave-front aberration
due to this, is 0.027 ARMS. When the objective optical
system OBJ’ having such a temperature characteristic is
combined with the coupling optical system CUL, the change

amount of the wave-front aberration when the temperature

rises by 30 °C, can be suppressed to 0.006 ARMS.
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wave-front aberration when the temperature'changes is
calculated, only the refractive index change following the
temperature change of the plastic lens included in the
optical system is considered, and the refractive index change

rate of the plastic lens of the coupling optical system CUL

is made -1.1 x 107%/°C, and the refractive index change rate

of the objective optical system OBJ’ is made -0.9 x 107%/°C.
(Example 11)

Example 11 is the optimum optical system as the optical
pick-up system mounted on the 1lth optical pick-up device
‘'PUL11, and its specific numeric value data is shown in Table

12.
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& ()-~.;cIx+x 10% & ()-~. X 10% & ()-~.x 10% & ()-~.gGtx x 10% 10% & ()-~.x
10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.1LO+x 10%
& ()-~x 10% & ()-~.x 10% & ()-~.x
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10% & ()-~.x 10% & ()-~.;cIx+hLO+x 10% & ()-~.x 10% & ()-~.;cIx+x 10%
& ()-~.x 10% & ()-~.x 10% & ()-~.tX+x 10% & ()-~.x 10x 10% & ()-~.x 10%
& ()-~x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.1P4+x 10%
’&'()-~.x 10% & ()-~. & 10% & ()-~. & 10% & ()-~. & 10% & ()-~.; cIx+ P4+x
10% & ()-~.;cIx+x 10% & ()-~.x 10% & (£-~.x 10% & ()-~.x 10% & ()-~. IL,x
10% & ()-~.X 10% & ()-~.X 10% & ()-~. xt8D% & ()-~. X 10% & ()-~. X 10%

& ()-~.x 10% & ()-~.pT8,x x 10% & ()-~. X 10% & ()-~. X 10% & ()-~.x 10%

& ()-~.x 10% & ()-~.;cIx+ "$9% hLO,x 10% & ()-~. & 10% & ()-~. & cIx+x 10%
& ()-~.x 10% & ()-~.x 10% & ()-~.")*+, -.0S, x 10% & ()-~. &Xx 10% & ()-~.X
10% & ()-~.x 10% & ()-~.x 10% & ()-~.~x 10% & ()-~.x 10%

& ()-~../01379IL,,x 10% & ()-~.x 19% & () »zox 10% & ()-~.x 10% & ()-~.x 10%
& ()-~.; cIx+9<=>ADEgH+, ; cIx+x 10% & (;)-~. X

(Aspheric surface coefficient, diffraction order, production
wavelength, optical path difference function coefficient of
the Bth surface and the 9%th surface)

The 8th surface The 9th surface
ARFA] AREAZ ARFEAL3 ARFA4
{0zh<1.190) (1.190<h) {0=h<0.940) {0.940h)
© 0.0000E+00 0.0000E+00 0.528824E-01 | -0.130502E+01
A4 0.00J0E+00 0.0000E+00 | -0.410090E-02 0.617147E-04
Ab 0.0000E+00 0.0000E+00 0.100353E~-01 0.175499E-04
A8 0.0000E+00 0.0000E+00 | -0.669400E-02 | -0.652673E-05
A10 0.0000E+0D0 0.0000E+00 0.310085E-02 0.181652E-05
nl/nz2/n3 0/+1/0 -~ 6/0/+1 0/0/+1
AB 655 nm - 785 nm 785 nm
B2 0.800000E-02 | 0.0000E+00 0.528924E-01 0.0000E+00
B4 0.186116E-02 | 0.0000E+00 | -0.410090E-02 0.0000E+00
B6 -0.,230843E-04 | 0.0000E+Q0 0.100353E~-01 0.0000E+00
B8 -0.267698E-~03 | 0.0000E+00 | -0.66%400E-02 0.0000E+0D
B10 -0.224201E-04 | 0.0000E+Q0Q 0.310085E-02 (0.0000E+00

{Aspheric surface coefficient of the 1st surface,

4th

surface, 10th surface and the 1lth surface)

1st surface 4th surface 10th surface 11th surface
K -3.677247 -0.383635 -0.663257 -185,58931
24 -0.875823E-02 0.242809E-03 0.232973E-C1 0.191559E+00
A6 | 0.000000E+00 0.000000E+CG0 0.785151E-02 | -0.315123E+00
A8 0.000000E+00 0.000000E+00 0.179949E-03 0.451528E+00
210 0.000000E+00 0.000000E+00 0.222687E-02| -0.491603E+00
Al2 | 0.000000E+00 0.000000E+00 0.858993E~03 0.307272E+00
214 0.000000E+00 0.000000E+00 | -0.844095E-03 | -0.793252E-01
nAlé 0.000000E+00 0.0C0000E+00 | ~0.761684E-04 0.000000E+00
Al8 0.000000E+00 0. 000000E+00 0.364860E-03 0.000000E+00
220 0.000000E+00 0.000000E+00 | —-0.879315E-04 0.000000E+00

A beam expander optical system EXP composed of two
lenses of a glass lens whose paraxial refractive power is
and a plastic lens whose paraxial refractive power

negative,

is positive, 1is arranged in the common optical path of the



10% & ()-~. X 10% & ()-~..x 10% & ()-~. x 10% & ()-~. EFGWQRU PO; x 10%

& ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~
10%&'()-~ UXYZ[ _ ckK+0x 10%&'()-~ X 10%&'()-~ X 10%&'()-~. x 10%
&f()-~. cIx+(x 10% & ()-~. cdf krmoH, Ox 10% & ()-~.);cIx+x 10% & ()-~.x 10%
& ()-~.x 10% & ()-~.x 10% & ()-~. opuyz|hHOx 10% & ()-~.)x 10% & ()-~.x 10%
& ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.gG 0x 10%
&'()-~.x 10%&'()-~.x 10% & ()-~. X 10%&'()-~..;ch+x 10%&'()-~. H, Ox 10%
& ()-~.;cIx+)x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~. hHOx 10%
& ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~. X 10% & ()-~.x 10%&'()-~.x
10% & () - ~. kK+0x 10@6&T() ~ X 10% & ()-~.x 10% & ()-~. ~X 10@6&T() ; CIX+X

1008 ()15 0K S8 () b S A0% 8 O o A0 8 ) 2 X JQRE X

corresponding to the wavelength of the incident light flux,
when the position in the coptical axis direction of the glass
lens (the first lens EXPl) in the beam expander optical
system EXP is adjusted by the one éxis actuator UAC, the
first light flux to the third light flux are projected from
the beam expander optical system EXP under the condition Qf
the parallel light flux.

The spherical aberration of the objective optical
system OBJ” in the present example, has the temperature
dependency in which, when the temperature rises by 30 °C at
.the time of the recording/reproducing of the information on
the high density optical disk HD, the spherical aberration
changes in the over correction direction, and a change amount
of the wave-front aberration due to this, is 0.068 ARMS.

When the objective optical system OBJ” having such a
temperature characteristic is combined with the beam expander
optical system EXP, the change amount of the wave-front

aberration when the temperature rises by 30 °C, can be

~suppressed to 0.029 ARMS.
Hereupon, in the case where the change amount of the

wave-front aberration when the temperature changes is




10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.gG 0x 10% & ()-~.x 10%

& ()-~.X 10% & ()-~ X 10% & ()-~..;cIx+x 10% & ()-~. H, 0x 10% & ()-~.; cIX+) X
10% & ()-~.x 10% & ()-~. x 10% & ()-~. x 10% & ()-~. hHOXx 10% & ()-~. x 10%

& ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.

| & kK+0x 10% & ()-~.x 10% & ()-~.x 10% & ()-~. ~x 10% & ()-~..;cIx+x 10%

& ()-~.*+-2456H, 0x 10% & ()-~.);cIx+x 10 & ()-~.x 10% & ()-~. x 10%

& ()-~.x 10% & ()-~. 67, 2@FhHOX 10% & ()-~.)Xx 10% & ()-~.x 10% & ()-~.x 10%
& ()i~ x 10% & ()-~.x 10% & ()-~.x 10% & ()-~. FH JLQUgG 0x 10% & ()-~.x 10%
& ()-~x 10% & ()-~.x 10% & ()-~..;cIx+x 10% & ()-~. UVX\ _"eH, Ox 10%

& ()-~.;cIx+)x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10%

& ()-~. efnt Q{D 10% & ()=~ %.& () -~ 0% & ()-= % & ()=~ X 10%
& ()~ x TO% BT, Xk /o’%i“‘( )%(?&i‘%gjoég 1’0@?‘?’&‘1({?3%% 159/?%‘&‘?3%&. 60

& ()_~'~§emperature change of the plastic lens included in the

cptical system is considered, and the refractive index change

rate of the plastic lens (the second lens EXP2) in the beam

expander optical system EXP, and the refractive index change

rate of the objective optical system OBJ” are made -0.9 x 107
t/ec.

In the optical system of Example 1, when the interval
between the glass lens and plastic lens of the beam EXP is
changed, a result in which the spherical aberration is
corrected to the thickness change (thickness error) of the
protective layer PL1 of the high density optical disk HD, is
-shown in Fig. 13.

Further, 'in the optical system of Example 1, when the
interval between the glass lens and plastic lens of the
coupling optical system CUL is changed, a result in which the
sphérical aberration is corrected to the change of wavelength
21, is shown in Fig. 14.

From these results, it is found that the optical system
of Examples 1 - 8, is superior also for the

recording/reproducing of 2-layer disk, further, it has a



10% & ()-~..;¢cIx+x 10% & ()-~.T80x x 10% & ()-~.;cIx+x 10% & ()-~.x 10%
& ()-~.x 10% & ()-~.x 10% & ()-~.pP4x 10% & ()-~.x 10% & ()-~.x 10%
E()-~x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~. hH, 4x 10%
& ()-~. & 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.;cIx+l P44x x
10% & ()-~.x 10% & ()-~.;cIx+x 10% & ()~ X 10% & ()-~.x 10% & ()-~. gKdx x
10% & (x 10% & ()-~.(x 10% & ()-~.X 1(51‘%2&'()-~.x 10% & ()-~.x 10% & ()-~.x
10% & ()-~.dD(4x 10% & ()-~. X 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10%
& ()-~.;cIx+l P44x 10x 10% & ()-~. X 10% & ()-~.;cIx+x 10% & ()-~.x 10%
& ()-~.x 10% & ()-~.pT4x 10x 10% & ()-~. X 10% & ()-~.x 10% & ()-~.x 10%
& ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~. 1L, 4x 10% & ()-~.x 10%
N ()_~'Xs%%%ﬁ%i%%t~éﬁlowance for the oscillation wavelength of the
blue violet semiconductor laser light source LDI.
In embodiments and Examples described above, the
optical pick-up system and optical pick-up device in which
the recording/reproducing can be conducted on three kinds of
optical disks of the high density optical disk HD, DVD and
CD, are described as examples, however, it can be easily
understood that the present invention can be applied to the
optical pick-up system and optical pick-up device by which
the recording/reproducing can be conducted on two kinds of
optical disks of the high density optical disk HD and DVD, or
twe kinds of optical disks of the high density optical disk
HD and CD.
For example, they can be structured, while the optiéal
system factor necessary for the recording/reproducing of
those two kinds of optical disks i1s remained, by deleting the
other optical factors, thereby, the optical pick-up system
and optical pick-up device in which the size reducticn,
weight reduction, cost reduction, and structure
simplification, are further made, can be realized.
It is to be noted that various changes and

modifications will be apparent to those skilled in the art.

Therefore, unless such changes and modifications depart from



10% & ()-~.x 10% & ()-~.;cIx+cG 4x 10% & ()-~.x 10% & ()-~.; cIx+x 10%

& ()-~.x 10% & ()-~.x 10% & ()-~.tX4x 10% & ()-~.x 10% x 10% & ()-~.x 10%
E()-~x 10% & ()-~.x 10% & ()-~x 10% & ()-~.x 10% & ()-~. pT84x 10% 10%
& ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.x 10% & ()-~.;cIx+ pWddx

10%&' ()-x 10% & ()-~.;¢cIx+x 10% & ()-~x%x 10% & ()-~.x 10% & ()-~. 3N~}\; 4x
109%&' ()- 10%&k ()-109%& ()- 2109 ()- Tob%: ()-( HLO%&' ()-7;<|[<21010%& () -
109%& ()- 10%&& ()- 109%& ()- 109%&' ()-(

109%&' () - <=>BMpT<10010%u& ()-010%u& ()- F *10%& ()- |#10%& () -

10%& ()-1010kS7<10010%u& () -(010%& ()-010%& ()-010%& ()-010%& ()-sW<l1
0010%u& ()-010%& ()-010%& ()-010%u& ()-010%& ()-$% 56xX@10010%u&' ()-010

W& () - 0%9%%%3&5%)%{%% gﬁ%@_eﬂy 1%"‘&&%:‘.?&(,) 'tf‘?@@ should be construed

+10% & ()
3P 10% & () -010%I& ()~ eE. <+10% & (+10% & ()- +10% & ()-+10% & ()-' &M
(+10% & @S PROR% J(T)J-JHE-’}E%%%’&/%%QJ( “+109% & ()-' &M

+10% & ()-+10% & ()-+109% & ()-' &M ' (. eGr<+10% & ()-' &M

+10% & ()-+10% & ()-+10% & ()-' &M +10% & () -. 9GH eD+<+10% & () & 10% & () -
Y $}10% & ()-+1096 & ()-' &M - +1096 & () -+10% & ()-O0n| [: +<+10% | 4 10% & () -

L 2110% & ()- 0 10% & ()- -1109% & ()- P+10% & ()- )!10% & ()-]vU4+

\C109%' & ()- 109%' & ()- W09’ & ()-V10"10"10" C9 10% & ()- 6'10% & ()- GL
I[:vW+ \109%' & ()- ccl09®' & ()- #1"10%' & ()- P'1096' & ()- 109" & ()-
109%' & ()-1 0 -|[:vUs+ 9109%' & ()- # 109 & ()- ! 109%' & ()-

) 109 & ()- 10%' & ()- |1"109%' & ()-vUd+ , 109" & ()-

WL09%6' & ()-V105' 105' 105' 7MLOY%' & ()- p5@L0%' & ()- 3!109%' & ()- V



| obUW4+ WLO%' & ()-V105' 105" 105" 109%' & ()- '109%' & ()- | 109%' & ()-

\ 1098 & () - |[:bU4+ fLlOU & ()-$ hv1iOWE&E ()-  !109%' & ()-k
J10%' & ()-k 109%&R& ()-s 109%%' & ()- 7Q [: bW+ f10%'&'()-$ Yf10%&&' ()-9$
f109%€&& ()-3% f10%&& ()-$ f1l0%6&& ()-$ tf1l0%&& ()-3$| Db+

10%' & ()-010%' & ()-0 f10%' & () - $f11074i|3 & ()-% f10%' & ()-%$ f10%' & ()-$
oSbU4+

10940%' & ()-010%' & ()-010%' & ()-010%' & ()-010%' & ()-010%"' & ()-O0hLObUW4
10%' & ()-010%' & ()-010%' & ()-010%' & ()-010%" & ()-0; c<T!9\

hLObU4109%' & ()-0109%" & ()-0;c<T!9\10%' & ()-010%' & ()-010%' & ()-0

" #3998t XbU4109%%' & ()-01010%' & ()-010%' & ()-010%' & ()-010%' & ()-010%' &
()-0109%"1& 40 -1Q& A1t lqngg-i HAU410%" & ()-0109%" & ()-0109%" & ()-0109%"' & ()-010%
5'"& ()-0;c<TI9\148:; <=cG+tbWM10%" & ()-0010%"' & ()-0;

c<T!9\ 10%' & ()-0100/6 & ()-010%' & ()-0=@\BDCkKbU410%"' & ()-0010%" & ()-01
09%' & () - 010%3 & ()-010%' & ()-010%' & ()-010%' & ()-0GH JLQRI LObW410%" & (

- 010%' 0%' & ().-.010 01095
)C<T' 9\ RT Z]cé C)&‘ J@%—%:(f@y -5 SErddiiKing:

c<T! 9\ 10%' & ()-010%' & () 010%' &( -0]~ “cfiolL, 109 & ()-0109%' & ()-010%
5 & ()-010%' & EITEGE QD rovs &Y RIROms @19 -0 oplgat v w1 8 00 %’ () - 01
09%' & ()-0109%' & ()-010%' & ()-010%" & ()-0;

C<T! 9\ wx 2{gd 34 R0, a 094! KL NGO 095 ' 1O Y )ma e than 450 nm;

c<T! 9\ 10%' & ()-0109%' & ()-010%' & ()-0I L, 1095’ & ()-010%' & ()-010%' & ()-0
10%' & ()-010% &eJorfil Q%mh (SouUXRAE o (Drddj dd; YA & dJortd QAR () - 01095

& ()-010%' & ()-010%' & ()-0; c<T! 9\| P4, 10%' & ()-010%" & ()-0;

C<T! 9\ 10% & (Na-PHY® &dve 1 &e{on i B 1098g& ¢3 - 0310%mét§) 6940Me; & () -0
1096’ & ()-0109%' & ()-010%' & ()-0109& & ()- Ol P4, 1096 & () - 010%" & () - 010%6'

_§<(T? 951822 o 8 %%8’0%%189 g’ﬁ%% p%g%oge%/ffoc% W%O% &3(30010%3 & (
2% SR i T b s s £

c<T! 9\ 109%' & () - 010%5 & ()-010%" & ()-0cC, 10%10% 6% 0%1&0 \%% 01096' & (
)- 01096 &HIQFATEPTR (GCDIBES SULafT  OF (Fet X TY - DR DYE2 ‘({6 sH109AESR () -010
%' & ()-010%' & ()-0; c<T! 9\ hLO, 10%' & ()-010%' & () - O;

c<T! 9\ 1092 &g ) 100 I(QC@EL@QIEQ &lens PG, 1998 ﬁ.@%C@P'Wr‘Q)&@%a&??“}OMO% &
" ()-0109%' & ()-0109%%' & ()-0109%%' & ()-0lL,, 1095 & ()-010%%' & ()-010%&' & ()-0
109" & ()D00E X )p By pecdt Y fﬁmlﬂ%'ﬂéc@c}mﬂ);llght source on an

c<T! 9\ 109" & ()-010%" & ()-010%" & ()-010%" & ()-OhH, 109" & () - O

109" & ()+0AS8Re & dn -ﬁ&&ﬁdﬁncﬁ ) s@AHES &£ ) a 04 OIBn &' (Pt 03OYBAREL ) héving

| $&kK+, 1096’ & ()- 01096 & () - 0109%6' & ()-0109%"' & ()-0;

C<T! 9\ 109" &« cpgﬁééor@fﬂ'g% f{)elich is dlfferent from the flrst
C<TI O\ 10%' & ()-010%" & ( 010‘%5 ()-010%' & ()-0013589<hH, 10%' & () -0;

10%' & () 01 g <’>@\BCDkO
3<%P§1§;%%%%£F?3[ k&%f%ﬁ%]{%@g‘ @%%égl e&olg%lgg'i’ @y&tél)l Rs

c<T! "% &

CST1 o\ 1008 S350 RoumES 1 éim%é%nm%@%mvwﬁwﬁ PBTEBCR TS - 010%
5' & ()-010%' & ()-010%' & ()-010%" & ()-010%' & ()-0109' & ()- OVWZ\] | L010
%' & (109BoWwex ) -DIDOEE 4 )n 008Gt & (ASHANDEOR: 2 ) cDA006" &f (- 890%1&31) 0 a
bdf hi L, 0109’ & ()-010%' & ()-010%' & ()-010%' & () -010%' & () - O:

c<T! 9\ hi |mw%%(ﬁe@%&é)c@ange of the objective optical

Cc<T! O\ 109" & () - 010%" & () 010%' & ()- 0rth{}c0010% 109" & ()-010%' & () -0

10%' & 1 0 10%"
109" & (2080 Bl -OH0YBL L)1 DIRVBE LA )DL O1OHBORGH) £ 04 088) £t 108

") o100 % %310 %?%@%a‘%(ﬁ% e ()90 %‘%%58%%@%9@98%}&%%%%’% T8 & ()

010%' & ( 0% 0; c<T! 9\ pT8N1096' ocy 0%

c<T! 9\ 10(% &flr(‘i’m of{ifbé e il ‘Eﬁ‘bgféa]g‘? e ‘b%/% &%)%%&6%%‘“’%5‘%10% & ()-
0109%' & ()-010% & ()-010% & () - 010% & ()-0l L, 0109%' & ()-010%' & ()- 0109
& () - 0L09EP RT3 L Q0% & 34 0; c<T! 9\ hLO010%' & ()- 01096 & () - O;

c<T! 9\ 109" & ()-010%' & ()-010%' & ()-0cC010%' 10%' & ()-010%' & ()-010%' &
"()-0109%' & ()-0109%' & ()-0109%' & ()-0l L, 0109%%' & ()-010%%' & ()-010%%' & ()-0
1096' & ()- 0109’ & ()-0; c<T! 9\ hLO010%%' & ()- 0109’ & () - O;

c<T! 9\ 10%' & ()-010%' & ()-010%' & ()-0cC010%' 10%' & ()-010%' & () - 010%' &
"()-010%' & ()-0109%' & ()-0109%' & ()-0l L, 0109%' & ()-010%' & ()-010%%' & ()-0
1096' & ()-0109%' & ()-0; c<T! 9\ hL, 0109%%' & () - 0109%&' & () - O;

c<T! 9\ 10%%' & ()-010%' & ()-010%' & () - 0$(*02_2010%0%' & ()-010%' & () - 010%
5' & ()-0109%' & ()-0109%' & ()-010%' & ()-02346;



h Lz$ 109K&& ()- *******yYOAI09&Lz$ 109K&& ()- Lz$ 109K&& ()- Lz$

109K&& ()- Lz$ 109K&& ()- )? h Lz$ 109K&& ()- ******+yYOAI09&Lz$

109%K&& ()- Lz$ 109%K&& ()- Lz$ 109%K&& ()- Lz$ 109%K&& ()- )?° h Lz$
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system, wherein the aberration correction optical system has

a plastic lens having a positive paraxial refractive power

and a glass lens.

ASA/AT > 0 (1)

2. The optical pick-up system of claim 1, further
comprising a coupling optical system, which is arranged in an
optical path between the first light source and the
aberration correction optical system,

wherein when the first light flux having a divergent
angle enters onto the coupling optical system, the coupling
optical system emits a light flux having a divergent angle
which is smaller than an incident light flux of the first
light flux, |

wherein the glass lens of the aberration correction
optical system has a negative paraxial refractive power, and

wherein the aberration correction optical system is a

beam expander optical system which changes a diameter of the

first light flux.
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approximately same, and Abbe’s number vgy of the glass lens

in the beam expander optical system, and Abbe’s number vg of
the plastic lens in the beam expander optical system, satisfy

the following expression (2).
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9.  The optical pick-up system of claim 1, wherein the

aberration correction optical system is a coupling optical
system, and

wherein when the first light flux having a divergent
angle enters onto the coupling optical system, the coupling
optical system emits a light flux having a_divergént angle
which is smaller than the incident light flux of the first

light flux.

10. The optical pick-up system of claim 9, wherein the
coupling optical system is arranged in a common optical path

of the first light flux and the second light flux.

11. The optical pick-up system of claim 9, further
comprising a beam combiner for leading an optical path of the
first light flux and an optical path of the second light flux
into a common optical path,

wherein the glass lens in the coupling optical system,
the beam combiner, the plastic lens in the coupling optical
system, and the objective optical system are arranged in that

order from the first light source side.
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12. The optical pick-up system of claim 9, further

comprising a beam combiner for leading an optical path of the
first light flux and an the second light flux into a common
path,

wherein the glass lens in the coupling optical system
has a positive paraxial refractive power, and

wherein the plastic lens in the coupling optical
system, the beam combiner, the glass lens in the coupling
optical system, and the objective optical system are arranged

in that order from the first light source side.

13. The optical pick-up system of claim 9, wherein the
coupling optical system is arranged in an exclusive optical

rath for the first light flux.

14. The optical pick-up system of claim 10, wherein a
magnification m; of the objective optical system for the
first light flux when the first light flux passes through the
objective optical system for recording or reproducing
information onto or from the first optical disk, and a

magnification m; of the objective optical system for the

second light flux when the second light flux passes through
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the objective optical system for recording or reproducing
information onto or from the second optical disk, are
approximately same,

wherein the glass lens in the coupling optical system
has a negative paraxial refractive power, and

wherein Abbe’s number vgy of the glass lens in the

coupling optical system, and Abbe’s number vg of the plastic
lens in the coupling optical system, satisfy the fellowing
expression (2).

Vdp > Vax {2)

15. The optical pick-up system of claim 9, wherein the
coupling optiéal system is a collimator optical system, and
wherein when the first light flux having a divergent
angle enters ontc the collimator optical system, the
collimator optical system emits a light flux parallel'to an

optical axis.

16. The optical pick-up system of claim 1, wherein the
objective optical system has a first plastic lens and a
second plastic lens which are arranged in that order from the

first light source side,
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of the first plastic lens for the wavelength of the first

light flux and a paraxial refractive power P; (mm™) of the

second plastic lens for the

wavelength of the first light

flux satisfy the following expression (3).

|P1/B2| £ 0.2

(3)

17. The optical pick-up system of claim 16, wherein when

the optical pick-up system records or reproduces information
onfo or from the first optical disk, an image side numerical
aperture NA; of the objective optical system, a thickneés dio
of the second plastic lens in an optical axis, and a paraxial
refractive power Pi; (nmf?) of the second plastic lens for the
wavelength of the first light flux satisfy thé following
expressions (4) and (5).

NA; > 0.8 (4)

0.9 < sz * PL2< 1.3 (5)
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18. The optical pick-up system of claim 17, wherein when
the optical pick-up system records or reproduces information
onto or from the first optical disk, the total sum X(Pi
h;?) of the product of an image side numerical aperture NA; of
the objective optical system, a paraxial refractive power Pm.
(mm*) of the second plastic lens for the wavelength of the
first light flux, a magnification my; of the second plastic
lens for the wavelength of the first light flux, the
wavelength A; (mm) of the first light flux, a ratio ASA/AT of
a change of a spherical aberration to a temperature change of
the objective optical system, and a total sum X (Pi - hi%) of
a product of a paraxial refractive power P; of the plastic
lens.of the aberration correction optical syétem for the
wavelength of the first light flux and a square of a height
h; where a marginal ray passes, satisfy the following
expression {6}.

0.5 x 107® < k/Z(P; *+ hi?)< 5.5 x 107° (6)

where k = (ASA/AT) + Ay - Pro/ (NA; + (1 - mp))?

19. The optical pick-up system of claim 18, wherein the

foilowing expression (6’) is satisfied.

1.1 X 107®% < kx/T(P: * h;®) < 3.3 x 107° (67)

/| 0123456789 :; <=>7? @ABCDETF
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20. The optical pick-up system of claim 17, further
comprising a third light source for prcjecting a third light

flux having a wavelength within a range of 750 nm to 800 nm.

21. The optical pick-up system of claim 20, wherein the
aberration correction optical system is arranged in a common
optical path of the first light flux, second light flux and

third light flux.

22. The optical pick-up system of claim 20, wherein the
first light source, the second light source and the third

light source are a packaged light source unit.

23. The optical pick;up system of claim 20, further
comprising a beam combiner arranged in an optical path
between the aberration correction optical system and the
objective optical system,

wherein the beam combiner leads an optical path of the
first light flux, an optical path of the second light flux
and an optical path éf the third light flux into a common

optical path.
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24, The optical pick-up system of claim 3, wherein the
first light source and the second light source are a packaged

light source unit.

25. The optical pick-up system of claim 10, wherein the
first light source and the second light source are a packaged

light source unit.

26, An optical pick-up device comprising:

the optical pick-up system of claim 1; and

a light detector for detecting a reflected light flux
cf the first light flux from an information recording surface

of the first optical disk.

27. The optical pick-up device of claim 26, wherein the
reflected light flux reflected on the infermation recording
surface of the first optical disk is incident on the light
detector after the reflected light fliux passes through the
objective optical system and all of plastic lenses in the

aberration correction optical system.

28. The optical pick-up device of claim 26, further

comprising an actuator for driving at least one lens in the




aberration correction optical system in an optical axis

direction,’

wherein a position of the object point of the objective
optical system for the first light flux is changeably
adjusted in the optical axis direction by driving the at
least one lens in the aberration correction optical system in

the optical axis direction with the actuator.

29. An optical information recording and/or reproducing
apparatus comprising the optical pick-up device of claim 26,

and a disk holder.



