1 .OPTI CAL PI CK-UP DEVI CE AND OPTI CAL | NFORMATI ON RECORDI NG REPRODUCI NG
APPARATUS - BACKGROUND OF THE | NVENTI ON The present invention relates to an
optical pick-up device and an optical information recording reproducing
apparatus. Recently, DVD (Digital Versatile Disk) which is rapidly
spreading as an optical recording nediumof the image information or the
i ke, can record the information of 4.71 GB per one surface when the red
sem conductor | aser of wavelength 650 nm and an objective optical system
of a nunerical aperture (NA) 0.65 are used. However, for the purpose that
the informati on of higher density is recorded/reproduced at a high
transfer rate, a requirenent of further high densification and a nuch

i ncrease of capacity beconmes strong. As universally well-known, for the
purpose 2 to attain the high densification and much increase of capacity
of optical disk, it is sufficient when a diameter of a spot

| i ght-converged in the objective optical systemis reduced, and for that,
a reduction of wavelength of the laser |ight source or a high increase of
nunerical aperture of the objective optical system is necessary.

OPTICAL PICK-UP DEVICE AND OPTICAL INFORMATION RECORDING

REPRODUCING APPARATUS

BACKGROUND OF THE INVENTION

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

Recently, DVD (Digital Versatile Disk) which is rapidly
spreading as an optical recording medium of the image
information or the like, can record the information cf 4.7 GB
per one surface when the red semiconductor laser of
wavelength 650 nm and an cbjective optical system of a
numerical aperture (NA) 0.65 are used. However, for the
purpose that the information of higher density is
recorded/reproduced at a high transfer rate, a regquirement of
further high densification and a much increase of capacity

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



Rel ating to the reduction of wavel ength of the laser 1|ight source, a blue
vi ol et. sem conductor |aser of wavelength 405 rim or a blue violet SHG

| aser is putting in practical use, and by a conbination of these bl ue
violet laser light sources and the objective optical system of NA 0.65,
for an optical disk of 12 cmdianeter, the information of about 15 GB can
be recorded per one surface (hereinafter, in the present specification, an
optical disk using the blue violet |aser light source is naned generally
as "high density optical disk"). Further, as for the nmuch increase of NA
of the objective optical system a standard of optical disk by which the
light flux fromthe blue violet laser light source is [|ight-converged by

t he objective optical syste ofigA 0.85 and, the.recordi %gr roduci ng of
the i nf oFRafitéR s th@oi”&?&’t g}dﬁn% Lo £ S Jt%cereo% i cal disk of this
3 standard, the information of about 23 GB per, one surface can be
recor dedchpecifty ot iopdlicdilsidigk, 12t mi igieerdifbe $HRRHE i Yh
density optical disk using the objective optical systemof NA O.85,
because thepetnd i gherercatved ghek itro thes kb edt ive aghiicesl WskeR sL9 ner eased,
the protective layer is designed thinner than in a case of DVD (thickness
of the disluced). hnanrovhidiat,hic kehsctaforD\Y ivavelength of the laser

light source or a high increase of numerical aperture of the

objective optical system, is necessary.

Relating to the reduction of wavelength of the laser

light source, a blue violet semiconductor laser of wavelength

405 nm, or a blue viclet SHG laser is putting in practical'

use, and by a combination of these blue violet laser light

sources and the objective optical system of NA 0.65, for an

optical disk of 12 c¢cm diameter, the information of about 15

GB can be recorded per one surface (hereinafter, in the

present specification, an optical disk using the blue violet

laser light source is named generally as “high density

optical disk”).

Further, as for the much increase of NA of the

objective optical system, a standard of optical disk by which

the light flux from the blue viclet laser light source is

light-converged by the objective optical system of NA 0.85

and the recording/reproducing of the information is

conducted, is proposed, and in the optical disk of this



0.6 m), and the coma anobunt to the skew is decreased. However, only by
saying that the informati on can be adequately recorded/reproduced for such
a high density optical disk, it can not be said that the value as a
product of the optical disk player is sufficient. In the present tine,
when it is based on the actuality that for exanple, DVD or CD (Conpact
Disc) in which various information is Jecorded, is put in the market, it
is not sufficient only in a case where the recording/reproducing of the
information can be conducted on the high density optical disk. For
exanple, a fact that the recording/reproducing of the information can be
conducted adequately in the sane manner also on the DvVD or CD which are

owned by he use | eads |ncr cE/ e

opti cal ?I? Igilerthreorl ﬁ’é ens%ty opt %(?li O(H From su &ﬁ e
background it is required for an _optical |ck deV|ce nounted in the
optical BeskeEOISiEsl o dner PPt i %ﬁo Idlcﬂ“éel{'etrhat while it

keeps a conpatibility also for any one of the hlgh density optlcal di sk,
DVD, and CD, i Hefgupanpedifoithenbdoby demisdiyt 9@t icadofdiskgMeemodiE ng of
the informati on can be adequately conducted. As a nethod by which, while
it has aobdrpativiel loptty calls e ysttem arfy Nond .@5,t hedaugie ddresiagmapti cal di sk,
DVD, and CD,

generated due to a skew of the optical disk is increased, the

protective layer is designed thinner than in a case of DVD

(thickness of the disk is 0.1 mm, while thickness of DVD is

0.6 mm), and the coma amount to the skew is decreased.

waever, only by saying that the information can be

adequately recorded/reproduced for such a high density

optical disk, it can not be said that the value as a product

of the optical disk player is sufficient. In the present

time, when it is based on the actuality that for example, DVD

or éD (Compact Disc) in which various informafion is

recorded, is put in the market, it is not sufficient only in

a case where the recording/reproducing of the information can

be conducted on the high density optical disk. For example,

a fact that the recording/reproducing of the information can

be conducted adequately in the same manner also on the DVD or

CD which are owned by the user, leads to an increase of the

value of gocds as the optical disk player for the high

density optical disk. From such a background, it is required

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



the recording/reproducing of the informati on can be adequately conduct ed,
a nethod by which optical parts for the high density optical disk, and
optical parts for DVD or CD, are selectively switched corresponding to the
recording density of the optical disk for which the information is
recorded/ reproduced, can be considered. However, because a plurality of
optical parts are necessary, it is di§advantageous for the size reduction,
and further, cost is increased. Accordingly, in order to intend that the
structure of the optical pick-up device is sinplified, and the cost is
reduced, also in the optical pick-up device having the conpatibility, it
is preferable that the optical parts for the high density optical disk and

the optical parts_f D or .ar e | yqs i h gach, of d the
number oPi‘aé’%tti E8F %g]ret é{?gpr ﬁlgggrli%r}(g Oh%e opt i)ﬁcl;%%?%h\é%ﬁ’up el\r}ai gleﬂnej"i‘ee
decreased to the utmpst, and it can be said. that ,iit .is, nost _preferable
that the2oBPBPRtGELFtYC a8y PEMANY @86 9 tQﬁnﬂﬁﬂP\ﬂ?qFﬁﬁﬁﬁPéﬁ*ﬁég)
Further, follow ng the recent price-reductjon of the_ optical disk player,

t he cost diéductVOn &Mnct RE. opti c%é%s g perfigrmenpecdy GRS, 1t conduct s
the effort to reduce the nunber of optical parts structuring the optical

pi ck-up recording/reproducing of the information can be adequately

conducted.

As a method by which, while it has a compatibility also
for any cne of the high density optical disk, DVD, and CD,
the recording/reproducing of the information can be
adequately conducted, a method by which optical parts for the
high density optical disk, and optical parts for DVD or CD,
are selectively switched corresponding to the reccording
density of the optical disk for which the information 1is
recorded/reproduced, can be considered. However, because a
plurality of optical parts are necessary, it is
disadvantageous for the size reduction, and further, cost is
increased.

Accordingly, in order to intend that the structure of
the optical pick-up device is simplified, and the cost is
reduced, also in the optical pick-up device having the
compatibility, it is preferable that the optical parts for
the high density optical disk and the optical parts for DVD
or CD are commonly used with each other, and the number of

optical parts structuring the optical pick-up device is



device to the utnost in each of manufacturers. In such a novenent, as the
opti mum | aser |ight source for the optical pick-up device having the

conpatibility for a plurality of Kkinds of optical disks in which the

wavel ength for the recording/reproducing is different fromeach other, a
| aser light source in which a light-emtting point which light- emts the
| aser light flux whose wavel ength is di¥ferent, is formed in one chip, is
devel opi ng. Hereupon, in the present specification, a laser |ight source

in which a plurality of light-emtting points whose oscillation
wavel engths are different fromeach other, are housed in one casing, iIs
referred to "packaged nmultiple light source unit". It includes the Iight

source unit in which lurality of light-_emtting,points, whose

osci | | at ggﬁrﬁg\?&der%& ﬁ:gpearuémm%%era&é % r6iR g]?ﬁ:hs% eﬁ?a%rjetfﬁ B2bn one
chip, and a |light source _unit in which a plurality of, Iight sources whose
osci | | at P&R 6 rakdreltdyidt Adieard IR e PTG c2bH-UP hk¥ U362 Hdused in one
casing. An objective optical system which can be used in conbination with
t he packsagaoomwiithl eaddhglmthesurce unit in  which, in such a manner, the
light-emtting points are provided closely, is disclosed in the foll ow ng
reference docBoenhetRatfedt oRdaymehie kecdnt tdrisesiyesitatieompif cdie

optical disk player, the cost reduction of the optical pick-
up device is advanced. It conducts the effort to reduce the
number of optical parts structuring the optical pick-up
device to the utmost in each of manufacturers. Iﬁ such a
movement, as the optimum laser light source for the optical
pick-up device having the compatibility for a plurality of
kinds of optical disks in which the wavelength for the
recording/reproducing is different from each other, a laser
light source in which a light-emitting peoint which light-
emits the laser light flux whose wavelength is different, is
formed in one chip, is developing. Hereupon, in the present
specification, a laser light source in which a plurality of
light-emitting points whose oscillation wavelengths are
different from each other, are housed in one casing, 1is
referred to “packaged multiple light source unit”. It
includes the light source unit in which a plurality of light-
emitting points whose oscillation wavelengths are different
from each other, are formed on one chip, and a light source

unit in which a plurality of light sources whose oscillation



system for the purpose that the laser light flux of wavel ength 660 nm and
the laser light flux of wavelength 785 nm projected fromclosely provided
light-emtting point, are converged onto the information recording surface
of DVD and CD respectively, the magnifications of the objective optical
system for respective wavel engt hs, areeget to al nost equal. (Patent

Docunment 1) Tokkai 2001-76367 However, problemthat, in the objective
optical systemhaving the conpatibility for three kinds of optical disks
of the high density optical disk, DVD and CD, when the nmagnifications of
the objective optical systemto respective wavelengths are set to al nobst
equal , because the degree of freedom of the optical design which can be

used {or bl o eV TR0l SR Al SIAURAG QNI £.ads HAKRIM i) dndr OCess

of the optica sign of the objective optical system good 7 optical
performances for respective wavel engths can not be obtained, is

act ual i zE@S18BMVARY OF THE | NVENTI ON The above problemis considered, and
an object of the resent inventiqgn is to pravide an %Ptica pi ck-up device
provi ded with %ﬁeogbﬁé&lﬁ’@eo@ﬁt’-i‘:@él seP&EIMhAth Fath & tihility for a
plurality of kinds of optical disks such as the high density optical disk,
DVD and €bmbinamiionh wittds the packaged multiple light source unit in

which, in such a manner, the light-emitting points are
provided closely, is disclosed in the following reference
document (Patent Document 1)}. 1In this objective optical
system, for the purpose that the laser light flux of
wavelength 660 nm and the laser light flux of wavelength 785
nm, projected from closely provided light-emitting point, are
converged onto the information recording surface of DVD and
CD respectively, the magnificétions of the objective optical
system for respective wavelengths, are set to almost equal.

(Patent Document 1) Tokkai 2001-76367

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

of the optical design of the objective optical system, good



wavel ength of laser light source is different. An optical pick-up device
whi ch i s advant ageous for the cost reduction, and size reduction by using
the laser light source by which a plurality of |aser |ight fluxes whose
wavel ength is different fromeach other, can be light-emtted, w thout
sacrificing the degree of freedom of the optical design of the objective
optical system Further, another objecf7of the present invention is to
provi de an optical information recording reproducing apparatus in which
this optical pick-up device is mounted. In order to solve the above
problem the optical pick- up device of the present invention is provided
with a packaged multiple light source unit in which, in at least 2 |ight
sour ces gl Hedle Jrillc 0 S ddif U b dd g hs S Gfoe Nspect | ve
|l i ght-em tting polnts aré housed in casing and a Tmgnification adjusting
optical upit structured,K by: an actuator; and a novable |lens group driven
in the BEF?GQPdaxP§ G iF2# %Yy the actuator. The novable lens group
changes the nagnification of the objective optical unit, corresponding to
t he wavel ength of light flux projected fromthe packaged multiple Iight
source unit, when it is driven in the optical axis direction by the
actuator. Thereby, even WhS8WMARBY QFcTHEYSNUBNEION systemin which the

The above problem is considered, and an object of the
present invention is to provide an optical pick-up device
provided with the objective optical system having the
compatibility for a plurality of kinds of optical disks such
as the high density optical disk, DVD and CD, in which the
wavelength of laser light source is different. An optical
pick-up device which is advantageous for the cost reduction,
and size reduction by using the laser light source by which a
plurality of laser light fluxes whose wavelength is different
from each other, can be light-emitted, without sacrificing
the degree of freedom of the optical design of the objective
optical system.

Further, another object of the present invention is to
provide an optical information recordiﬁg.reproducing
apparatus in which this optical pick-up device is mounted.

In order to solve the above problem, the optical pick-~
up device of the present invention is provided with a
packaged multiple light source unit in which, in at least 2

light sources of the first light source to the third light



magni fications to respective wavel engths are different from each other, is
nmount ed, the packaged nmultiple light source unit can be used. It realizes
cost reduction and size reduction, by the reduction of the nunber of
optical parts of the optical pick-up device. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a main portion plane_view show ng a structure of an
optical pick-up device. Figs. 2 is a viQM/shomAng a structure of an
‘objective lens. Figs. 3 is a view showing a structure of an aberration
correction elenent. 9 Fig. 4 is a main portion plane view showi ng a
structure of an optical pick-up device. Fig. 5is a main portion plane
view show ng a structure of an optical pick-up device. Fig. 6 is a main
portion plane view showing a structure of an optical pick-up device. Fig.

7 is a graphrHowikgrkdiehal iong el t tisdhipdinteoané obusbd ohj ective
lens with a wave-front aberration. Fig. 8 is a graph showi ng a

oot ons e Al bR ool actiy oere i king devactiess
by: an actuator; and a movable lens group driven in the
optical axis direction by the actuator. The movable lens
group changes the magnification of the objective optical
unit, corresponding to the wavelength of light flux
projected from the packaged multiple light source unit, when
it ig driven in the optical axis direction by the actuator.
Thereby, even when the objective optical system in which the
magnifications to respective Wavelengths are different from
each other, is mounted, the packaged multiple light source
unit can be used. It realizes cost reduction and size
reduction, by the reduction of the number of optical parts

of the optical pick-up device.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a main portion plane view showing a structure
of an optical pick-up device.
Figs. 2 is a view showing a structure of an objective

lens.

Figs. 3 is a view showing a structure of an aberration

correction element.



Preferred enbodi nents of the present invention will be described below. A
structure witten initeml1l is structured in such a manner that, an

optical pick-up device includes: a first [light source for emtting a first
light flux with a wavelength Xl; a second light source for emtting a
second light flux wth a wavelength %2 which is |onger than the

wavel ength Xl ; a third light source fo® emitting a third light flux with
wavel ength X3 which is |longer than the wavelength %; a packaged nultiple
|l ight source unit for 10 packaging emtting points of at |east two of the
first - third Iight sources in one housing; an objective optical system
for converging light fluxes emtted by at |east three kinds of |ight

sources respectively having different vel engths Xl , . X2 and_13 onto
i nf or mati on regbgdiﬁgl§uﬁf%6é§ paF%apn|§§§petN3§g Eﬁﬁ&&ngraosFFBE%”ﬁﬁsks

respectively having different information recording densities; and a
magni fi cafi 8n apféselngiehuPaldeydice-havi ng an actuator and a novable |ens
group and being arranged in an optical path between the packaged nultiple -
| i ght source uRiy.abdishe mebpepbirtécoppileak ¥yewehowiageian StFUCHMNED| e
|l ens group is driven by the actuator along the optical axis so as to
change afmadnopteahnopiefk-ipe deljieet.i ve optical system according to
Fig. 6 is a main portion plane view showing a structure
of an optical pick-up device.
Fig. 7 is a graph showing a relationship of a shift
amount of the cobjective lens with a wave-front aberration.

Fig. 8 is a graph showing a relationship of a shift

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

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Preferred embodiments of the present invention will be
described below.

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

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

wavelength A2; a packaged multiple light source unit for



a wavel ength of a light flux emtted by the packaged multiple |ight source
unit. According to the structure witten in item1l, when at |east one |ens
group in the conposition | ens groups of the nagnification adjusting
optical unit arranged in the optical path between the packaged multiple

|l ight source unit and the objective optical system is driven in the
optical axis direction by the actuatokQ the divergent angle of the |ight

fl uxes whose wavel engths are different fromeach other, emtted fromthe
packaged nultiple |ight source unit can be 11 converted into an angle
corresponding to the magnification of the objective optical systemto
respective wavel engths. This is the sane neaning as in a case where,
corresponding to the wavel ength of ht flux projected fr.omthe packaged
nul ti pl eparkgaingoamnébtinpt Pogﬁéswénﬁ i d&EiSn tye ﬂ#etg'(ﬁ é{Sﬁs\Fe Topti cal
systemis changed by the novable |ens group. Thereby, even when the

obj ect i vehaptli tabhsysbemces iwhook bn@sna@nuﬁmcaﬁn@minﬂ?rqgﬁkﬁﬁ ve

wavel engths are different fromeach other, is nounted, the packaged

mul ti pl esykiteht f&@ubﬁﬁvélﬂlgh.nqall1lghtu$&dlxelst erdaltiezedicadt Ireeduictiboree and
size reduction by the reduction of the nunber of optical parts. In the

present gpaakfheatight 8BuPRLisCalesteth iWe1Rd HaRAng different

wavelengths A1, A2 and A3 onto information recording surfaces
of at least three kinds of optical disks respectively having
different information recording densities; and a
magnification adjusting optical unit having an actuator and a
movable lens group and being arranged in an optical path
between the packaged multiple light source unit and the
objective optical system, wherein the movable lens group is
driven by the actuator aiong the optical axis so as to change
a magnification of the objective optical system according to
a'wavelength of a light flux emitted by the packaged multiple
light source unit.

According to the structure written in item 1, when at
least one lens group in the composition lens groups of the
magnification adjusting optical unit arranged in the optical
path between the packaged multiple light source unit and the
objective optical system, is driven in the optical axis
direction by the actuator, the divergent angle of the light
fluxes whose wavelengths are different from each other,

emitted from the packaged multiple light source unit can be



bl ue violet sem conductor |aser or blue violet SHG | aser as the |ight
source for the recording/reproducing of the information, is generally
naned as "high density optical disk"”. It includes an optical disk of a
standard in which the recording/reproducing of the information is
conducted by the objective optical systemof NA 0.85 and the thickness of
a protective layer is about 0.1 nm andlan optical disk of a standard in
whi ch the recording/reproducing of the information is conducted by the

obj ective optical systemof NA 0.65 and the thickness of a protective

| ayer is about 0.6 12 nmm Further, it also includes an optical disk having
such a protective | ayer on its information recording surface, an opti cal

di sk havin th qtective | ayer of thlckn SS bout sev raI to seyeral
Lens nm GRATREGeRt JmEG: (6h St iy oSt X e dR et Hasich i ch
t hi ckness of these protective Iayers or the protective filns is

Furt her, the cbieqrisse dptdpadi fSysdism ko tweﬁcahvﬁ%rrm@leﬁﬁt%r &‘tslks

i ncl udes a phot o- magneti c di sk using the blue violet - sem conductor |aser
or bl ue \isoltdie SkEH@e awemiag tawe in ghtcassowhesrd orcerreseeit g epr@duci ng
of the information. Further, in the present specification, optical disks of
DVD seri gavelehgah RYDIRGWt BNRVipden,eddda AL, t H/ R4 ged\ia R, i pAD- RW

DVD+R, DVD+RW are generally naned as "DVD',
light source unit, the magnification of the objective optical
system is changed by the movable lens group.

Thereby, even when the objective optical system in
which the magnifications to respective wavelengths are
different from each other, is mounted, the packaged multiple
light source unit can be used. It realizes cost reduction
and size reduction by the reduction of the number of optical
parts.

In the present specification, an optical disk using the
blue violet semiconductor laser or blue violet SHG laser as
the light source for the recording/reproducing of the
information, is generally named as “high density optical
disk”. It includes an optical disk of a standard in which
the recording/reproducing of the information is conducted by
the objective optical system of NA 0.85 and the thickness cf
a protective layer is about 0.1 mm, and an optical disk of a
standard in which the recording/reproducing of the

information is conducted by the objective optical system of

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



and optical disks of CD series such as CO-ROM CD- Audio, CD Video, CD-R
CD-RW are generally nanmed as "CD'. A structure witten initem2is
structured in such a manner that, in the optical pick-up device witten in
iteml, the novable lens group is structured by at least 2 | ens groups,
and in these lens groups, at least one lens group is driven in an optical
axis direction by the actuator. A strutZure witten in item3 is structured
in such a manner that, in the optical pick-up device witten in item2, 13
t he novabl e | ens group includes at |east one negative |lens group and at

| east one positive lens group. In the case where an object point position
of the objective optical systemto respective wavel engths is changeably
adjusted in the o when_ the nt .anount..of the

tical axis directi.on, .h v
novabl e FBns G?Bﬁger %BoahﬁPgé?cg“dﬁPoBPeRPFH&?laggF%g%gylPﬁeSBﬁpi8a|
pi ck-up device is increased, is caused. Accordingly, as in the structure
witten PHOLEEMLYS WaRTt 98 ddisabing ArErd iGo e SHA NP S AR COr dfbre | ens
groups, it reduces the novenent anpunt of the novable Iens group. It
real i zesophecsilzdisé&dbetviiog dfhet hperotepttiicsd laivske W ddvidaieFurather, for
t hat purpose, as the structure witten in item3, it is nore preferable
t hat theapeugbkevkeds @woWeveral tens nm on the information recording
surface, or an optical disk in which thickness of these
protective layers or the protective films is 0. Further, in
the present specification, the high density optical disk
includes a photo-magnetic disk using the blue violet
semiconductor laser or blue violet SHG laser as the light
source for the recording/reproducing of the informatiocn.
Further, in the present specification, optical disks of
DVD series such as DVD-ROM, DVD-Video, DVD-Audio, DVD-RAM,
DVD-R, DVD-RW, DVD+R, DVD+RW, are generally named as “DVD”,
and optical disks of CD series such as CD-ROM, CD-Audioc, CD-
Video, CD-R, CD-RW, are generally named as “CD”.
A structure written in item 2 is structured in such a
. manner that, in the optical pick-up device written in item 1,
the movable lens group is structured by at least 2 lens
groups, and in these lens groups, at least cne lens group is
driven in an optical axis direction by the actuator.

A structure written in item 3 is structured in such a

manner that, in the optical pick-up device written in item 2,



i ncl udes at | east one negative |lens group and at | east one positive |ens
group. A structure witten initem4 is structured such that, 1in the
optical pick-up device witten in any one of iteml1l to item3, the
packaged nultiple |ight source unit provides emtting points of the second
|l ight source and the third I|ight source. According to the structure
witten initem4, a laser |light souréé (for exanple, GH30707A2D nade by
Sharp Co.) in 14 which light emtting points projecting, for exanple, the
i ght flux whose wavelength is in the vicinity of 655 nmand the |ight

fl ux whose wavelength is in the vicinity of 785 nm are formed on one
chip, can be used. A structure witten initem5 is structured in such a

manner that, in e qptical pick-up device itten in any one f item1 to
item 4, the B"[S’tviai“gie 08U I TR G@Cﬁé‘td%r?j?%%a(ﬁt FTepr Ve n](f)%IF?rati on on
optical disks using light fluxes wth different wavel engths emtted by the
packaged g@@up Fingl ati diera sdo e RAR it ISt |9LOWiher ei n t he optical di sks
have protective layers with different thicknesses for protecting the
i nformati on redar dhegcasef abese tane oimjeaitl @dievts pyrsdupiars ofdriiheen by t he
actuator along the optical axis so as to correct a spherical aberration
caused bypdeldtiGkNegtical system to respective wavelengths is

changeably adjusted in the optical axis direction, when the

movement amount of the movable lens group is too large, a

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

increased, is caused. Accordingly, as in the structure

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

or more lens groups, it reduces the movement amount of the

movable lens groﬁp. It realizes the size reduction of the

optical pick-up device.

Further, for that purpose, as the structure written in

item 3, it is more preferable that the movable lens group

includes at least one negative lens group and at least one

positive lens group.

A structure written in item 4 is structured such that,

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

item 3, the packaged multiple light source unit provides

emitting points of the second light source and the third

light source.

According to the structure written in item 4, a laser

light source (for example, GH30707AZD made by Sharp Co.) in



di fference between the protective |layers. A structure witteninitem®6 is
structured in such a manner that, in the optical pick-up device witten in
any one of item1 to item5, the optical pickup device records and/or
reproduces information on optical disks using light fluxes wth different
wavel engths emtted by the packaged nultiple |ight source unit separately,
an optical disk having a maxi numinfotfmtion recording density anong the
optical disks conprises a nultilayer structure in which optically 15
transparent |ayers and information recording surfaces are | am nated
alternately, the novable |lens group is driven by an actuator along the
optical axis so as to correct a spherical aberration which is occurred

when a focus. of .t obj.ective l.ens jums fromi-th info ti ecor di ng
surface ¥YBFh Elggﬁfﬁpﬁgﬁ'Bﬂ PQ&EF&ib&OQﬁﬁﬁiﬂg’\ﬁ%ﬁ1%§ égg';gh%wnation
recording_surfaces, a second information recording surface %ProquFﬂ-th

i nf or mat Ldghteérdi nosar vavelenster ignddd the Ve il 9T 1t re
conprises in this order fromthe packaged nultiple |ight source unit side.
A structthe wWiphtefilum whese7wayedengthuried iim thecvicindgheat 1 nmn t he
optical pick-up device witten in any one of iteml1l to item6, the

obj ecti vareptoeakdsyat emchadipl, daeadte amedal astic | ens and the novabl e

| ens group is driven

A structure written in item 5 is structured in such a
manner that, in Ehe optical pick-up device written in any one
of item 1 to item 4, the optical pickup device records and/or
reproduces information on optical disks using light fluxes
with different wavelengths emitted by the packaged multiple
light source unit separately, wherein the optical disks have
protective layers with different thicknesses for protecting
the information recording surfaces, the movable lens group is
driven by the actuator along the optical axis so as to
correct a spherical aberration caused by a thickness
difference between the protective layers.

A structure written in item 6 is structured in such a
manner that, in the optical pick-up device written in any one
of item 1 to item 5, the optical pickup device records and/or
reproduces information on optical disks using light fluxes
with different wavelengths emitted by the packaged multiple
light source unit separately, an optical disk having a

maximum information recording density among the optical disks

comprises a multilayer structure in which optically



by the actuator along the optical axis so as to correct a spherical
aberration which cones froma refractive index variation or a refractive
index distribution resulting from an environnental tenperature change of a
plastic lens in the objective optical system A structure witten in item
8 is structured in such a manner that, in the optical pick-up device
witten in any one of item1 to item15 the novable lens group is driven
by the actuator along the optical axis so as to correct a spherical 16
aberration in the objective optical systemwhich cones froma wavel ength
di fference between light fluxes having different wavel engths respectively
emtted by the packaged nultiple Iight source unit. A structure witten in
item9 is structured in such a manner that, in the optical pick-up device
witten tFaRdpPageat dRvakmand cinEAEt 1oher spREbi g | BHET/FRUPEEE driven
by the actuator along the optical axis so as to correct a spherical
aberr at i damimiatied elgs radra ly ¢ Hrierardcalaberrens orofp t he dobyerthyean
optical systemin case that a light flux have the smallest wavel ength

anong | i ghitufaltwee 2 wirddh whd f@rteindal waves engtds e ¢dededy 4 hepipackegkd
multiple light source unit separately and the smallest wavel ength of the
light fl e GRANGRS WHI A AN QfrAdH MMRen a focus of the objective
lens jumps from i-th information recording surface to j-th
information récording surface, when a first information
recording surfaces, a second information recording surface
through n-th information récording surface are arranged in
the multilayer structure comprises in this order from the
packaged multiple light source unit side.

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

A structure written in item 8 is stéuctured in such a
manner that, in the optical pick-up device written in any one

of item 1 to item 7, the movable lens group is driven by the

actuator along the optical axis so as to correct a spherical



The novable lens group is structured so that it can be driven in the
optical axis direction by the actuator and it provides a function by which
. the object point position is changeably adjusted in the optical axis
direction corresponding to the magnification of the objective optical
system as in the invention witten in item5 and a function by which the
spherical aberration due to the differéamce of the thickness of protective
| ayers, or as in the invention witten in item®6, the spherical aberration
generated at the 17 tine of focus-junp between layers of nulti-Ilayer disk,
is corrected. Hereupon, the spherical aberration generated due to the
focus-junp between the information recording surfaces of multi-Ilayer disk,
is generated by way of parameters of the djstance between the information
recor di ngbaEddest imddee diiRchirRrorl caberytiFam dfhigl eppestfyemopti cal
system and wavelength at the time of the recording/reproduci ng. These

par anet ewsvarlerddthe rati ek dncen bt tarslen dl bfhopflweds chaking Adchfdregty, the
spherical aberration generated at the tinme of the focus-junp, because its
anount | wadellemyued desgdeivdng i vpdd asy thekpadbegedvieienipdgount of
the novable lens group required at the tinme, is uniquely determ ned by the

kind of apiyntalsitle andiithe specification of the novable

'A structure written in item 9 is structured in such a
manner that, in the optical pick-up device written in any one
of item 1 to item 8, the movable lens group is driven by the
actuator along the optical axis so as to correct a spherical
aberration which comes from a chromatic aberration of the
objective optical system in case that a light flux have the
smallest waveleﬁgth among light fluxes with different
wavelengths emitted by the packaged mulfiple light source
unit separately and the smallest wavelength of the light flux
changes in a range of 10 nm.

The movable lens group is structured so that it can be
driven in the optical axis direction by the actuator and it
provides a function by which the 6bject point position is
changeably adjusted in the optical axis direction
corresponding to the magnification of the objective optical
system, as in the invention written in item 5 and a function
by which the spherical aberration due to the difference of-
the thickness of protective layers, or as in the invention

written in item 6, the spherical aberration generated at the



| ens group. That is, at the time of the focus-junp between the information
recordi ng surfaces of the multi-layer disk, it is desirable that the kind
. of optical disk and a direction of the focus-junp (for exanple, fromthe
first information recording surface to the second information recording
surface, or fromthe second information recording surface to the first
information recording surface) are deté&dted, and the novable lens group is
noved by a predeterm ned anount in the direction determ ned by that

result. 18 Further, it may have a function witten in item 7 such that the
spherical aberration due to the refractive index change and/or refractive
i ndex distribution follow ng the environnental tenperature change of the
plastic lens in the objective optical systemis corrected,, or a, function

witten GiRE Qi@ W PS e Ah NGRS bttt oA ¥hd bt led 15 the

obj ective optical systemdue to the wavel ength difference of the |ight

fl uxes wooseegdesl.engths are different fromeach other, projected fromthe
packaged nultiple light source wunit, is corrected, or a function witten
in item9 suchHekatuponhe thehepheali calle rakatnran igen eyeateadh ttite due te the
chromatic aberration of the objective optical systemwhen the wavelength

of the I irghtyd b Bdigdrhe ol sinemt andidy-d Ghpnaest awddiof t he range

of 10 nm for "exanple, due to the
multi-layer disk, is generated by way of parameters of the
distance between the information recording surfaces, image
side numerical aperture of the objective optical system, and
wavelength at the time of the recording/reproducing. These
parameters are determined by a standard of optical disk.
Accordingly, the spherical aberration generated at the time
of the focus-jump, because its amount is determined by the
kind of optical disk, the movement amount of the movable lens
group required at the time, is uniquely determined by the
kind of optical disk and the specification of the movable
lens group. That is, at the time of the focus-jump between
the information recording surfaces of the muiti—layer disk,
it is desirable that the kind of optical disk and a direction
of the focus-jump (for example, from the first information
recording surface to the second information recording
surface, or from the second information recording surface to
the first information recording surface) are detected, and

the movable lens group is moved by a predetermined amount in

- the direction determined by that result.



production error of the light-emtting point, is corrected. Hereupon, the
spherical aberration generated due to the wavel ength dispersion by the
production error of the light- emtting point is solved when the position
of the novable Ilens group is adjusted, in the production process of the
optical pick-up device. Therefore it is not necessary that it is corrected
at the tinme of the recording/reproducihg on the optical disk. 19 A
structure witten in item110 is structured in such a manner that, in the
optical pick-up device witten in any one of iteml1l to item9, the novable
| ens group is further driven to be shifted in the direction perpendicul ar
to the optical axis, and/or driven to be tilted to the optical axis, by
the actuator. A structure witten in item,11 is structured in,fuch a

manner that, iRurkBespt LéaMayi BRYEpadEVRCE RN MEdAteR iiferhteM,” W thovabl e
lens group is driven to be shifted in a perpendicular direction to the
optical &kiag a&he/ spheaibel sbereatdga e thee tdist itefiraplisveyindRX act uat or
so as to reduce a conatic aberration caused by tracking the objective
optical shshem afcyerdired rhaatlive dhdect uhiestariitvteron rfdllewildg the conm
generated by the tracking drive of the objective optical

environmental temperature change of the plastic lens in the

objective optical system is corrected, or a function written

in item 8 such that the spherical aberration generated in the

cbjective optical system due to the wavelength difference of

the light fluxes whose wavelengths are different from each

other, projected from the packaged multiple light source

unit, is corrected, or a function written in item 9 such that

the spherical aberration generated due to the chromatic

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

the coptical disk.



system can be cancell ed out by the coma generated by the shift-drive
and/or tilt-drive of the novable |lens group. A structure witten in item12
is structured in such a nanner that, in the optical pick-up device witten
initem10 or 11, the novable lens group is driven to shift and/or tilt
by the actuator so as to reduce a comatic aberration resulting froma tilt
of the optical disk. 20 According to 18e structure witten in item12, the
coma generated by the tilt of the optical disk can be cancelled out by the
coma generated by the shift-drive and/or tilt- drive of the novable |ens
group. A structure witten initem13 is structured in such a nmanner that,
in the optical pick-up device witten in any one of item10 to 12, the
novabl e I ens group is driven,to be, shifted _in the direction perpendi cul ar
Aotk sl 2

to the optical?aRFEUChHIPONEHFFFBN IR0 I6E™ L0 4§ S&TUREVEST A
following the rotation of the optical disk by the actuator. A structure
Wi tten mANpesnitRatisist thet gp&dcifd HiSk-ApP twiatt teve igptamialons ck- up
device witten in any one of item1 to 13 is nounted. According to the
structurefwitemed ikp item B4, theensoamileefllfett grougnyi sorfardthean edmilvaro 13
i s obtained. The present invention provides an optical pick-up
to be shifted in the direction perpendicular to the optical
axis, and/or driven to be tilted to the optical axis, by the
actuator.
A structure written in item 11 is structured in such a
manner that, in the optical pick-up device written in item
10, the movable lens group is driven to be shifted in a
perpendicular direction to the optical axis and/or to be
tilted against the optical axis by the actuator so as to
reduce a comatic aberration caused by tracking the objective
optical system.
According to the structure written in item 11, the coma
generated by the tracking drive of the objective optical
system can be cancelled out by the coma generated by the
shift-drive and/cor tilt-drive of the movable lens group.
A structure written in item 12 is structured in such a
manner that, in the optical pick-up device written in item 10
cr 11, the movable lens group is driven to shift and/or tilt

by the actuator so as to reduce a comatic aberration

resulting from a tilt of the optical disk.



devi ce which includes an objective optical systemhaving the conpatibility
for a plurality of kinds of optical disks such as the high density opti cal
di sk, DVD, and CD, in which the wavelengths of laser |ight source are
different and an optical information recording reproducing apparatus in
which this optical pick-up device is nounted. The optical pick-up device
has an advantage for the cost reductiod0and size 21 reduction by using the
| aser |ight sources which can emit a plurality of laser |ight fluxes whose
wavel engths are different fromeach other, w thout sacrificing the degree
of freedom of the optical design of the objective optical system
Referring to the draw ngs, the best nobde for carrying out the present
invention will_be detail ed bel ow. Hereupon, ., when magnificatiqns for the
ot 2

first light fIBXCOEEEBAATPI §he SEFUCTUERe YERSET igh 2 B%ective
optical system OBJ in optical pick-up devices PUL - PU4 which will be
descri bedeheratiedaby ithspadtityolfy thedenficalp difk Gan fe casps st pi ck- up
devices PUL and PUW4, nl =n2 = 0, nB < 0, and in the optical pick-up
devi ces BUR BpdtREEconla geberaBed ¥ ¢hed.shiife-drinst asvbomki Menkd-Fig. 1 is
a view schematically show ng a structure of
drive of the movable lens group.
A structure written in item 13 is structured in such a
manner that, in the optical pick-up device written in any one
of item 10 to 12, the movable lens group is driven to be
shifted in the direction perpendicular to the optical axis
and/or driven to be tilted to the optical axis following the
rotation of the optical disk by the actuator.
A structure written in item 14 is structured in such a
manner that the optical pick-up device written in any one of
item 1 to 13 is mounted.
According to the structure written in item 14, the same
effect as any one of item 1 to 13 is obtained.
The present invention provides an optical pick-up
device which includes an objective optical system having the
compatibility for a plurality of kinds of optical disks such
as the high density optical disk, DVD, and CB, in which the
wavelengths of laser light source are different and an
optical information recording reproducing apparatus in which

this optical pick-up device is mounted. The optical pick-up

device has an advantage for the cost reduction and size



the first optical pick-up device PUL in which the recording/reproducing of
the information can be adequately conducted also 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
hi gh density optical disk HD is, wavelength XI = 408 nm thickness tl of
the protective |ayer PL1 = 0.0875 nm 22 nunerical aperture NAL = 0. 85,
the optical specification of DVDis, wavel ength X2 = 658 nm thickness t2
of the protective layer PL2 = 0.6 mm nunerical aperture NA2 = 0.67, and
the optical specification of CDis, wavelength 23 = 785 nm thickness t3
of the protective layer PL3 = 1.2 mm nunerical aperture NA3 = 0.51.

However, a conhi nation of th vel e Iéh t hi ckness .of the protective
| ayer, af@NGrEAcRY QﬁﬁQQLﬁH?i ?ﬁﬁrﬁﬁ QEEPQQF?%i%bl%meC%gt?%%ﬁ Pi ck-up
device PUL is structured by: a nodule MDL for a high density optical disk
HD whi chPluradgitat ©f thesed Jd ahitol husasrivimrsri U dFe I eREFNE TS hi ch  enits
the laser light flux (the first light flux) of wavelength 408 nm when the
r ecor di ngliféeredicifimprofeadie otihefor nettitout ssaoniibe rg ophe dedrem @ensity
optical disk, and a light detector PDl; a |aser nodule LML for DVD/ CD
(packaged r@ddondlog lirghtoniade dedign it ngbjdret fve séptical

system.

Referring to the drawings, the best mode for carrying

out the present invention will be detailed below. Hereupon,

when magnifications for the first light flux,‘second light

flux, the third light flux of the cobjective optical system

OBJ in optical pick-up devices PUl - PU4 which will be

described below, are respectively made ml, m2, m3, in the

optical pick-up devices PUl and PU4, ml = m2 = 0, m3 < 0, and

in the optical pick-up devices PU2 and PU3, ml = 0, m3 < m2 <

0.

(The first embodiment)

Fig. 1 is a view schematically showing a structure of

the first optical pick—up device PUl in which the

recording/reproducing of the information can be adequately

conducted also 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, wavelength Al = 408 nm,

thickness tl1 of the protective layer PL1 = (0.0875 mm,



light-emtting point EP1 which emts the laser light flux (the second
light flux) of wavel ength 658 nm when the recording/reproducing of th
. information is conducted on DVD, the second light-emtting point EP2

emts the laser light flux (the second light flux) of wavel ength 785n

when
first

flux fromthe information recording surface RL2 of DVD, second |ight
receiving section DS2 which |light-receives the reflected light flux f
the information recording surface RL3 of CD, and a prismPS; a

magni fication adjusting optical unit conposed of a novable | ens group
conposed of 2 lenses of a plastic |ens (the first |ens MRL) whose par
refract i vesgiéali @ansegatis dAlam & o radtitc O (TR Y¥hL
whose paraxial refractive power is positive, and the first lens drive
act uat or pACl;is,objsaciliergyaptixal 6H8strern @BE dorgeesad aff @rtheaberrati on
correction elenent L1, and |ight-converging elenent L2 both surfaces

whi ch ar ¢ a3phelive 3WfAcas,» navy Ng nay f uUifld Onedy apdiGhed hend aseg, 47, ght

flux transmtted this aberration correction elenent L1 is |ight-conve

the information recording surf RL2, RL3:. 2-axis Act
lquia  BRASEE GREHEAL S ATy e ot 1 CrEr BT e TS

nm, thickness t3 of the protective layer PL3 = 1.2 mm,
numerical aperture NA3 = 0.51. However, a combination of the
wavelength, thickness of the protective layer, and numerical
aperture is not limited to this.

The optical“pick~up device PUl is structured by: a
module MD1 for a high density optical disk HD which
integra;es the blue violetugemicpnductor laser LDl which
emits the laser light flux (the first light flux) of
wavelength 408 nm when the recording/reproducing of the
information is conducted on the high density optical disk,
and a light detector PD1; a laser module 1M1 for DVD/CD
(packaged multiple light source unit) including the first
light-emitting point EPl which emits the laser light flux
(the second light flux) of wavelength 658 nm when the
recording/reproducing of the information is conducted on DVD,
the second light-emitting point EP2 which emits the laser
light flux (the second light flux) of wavelength 785 nm when

the recording/reproducing of the information is conducted on

e

whi ch

m

t he recording/reproducing of the information is conducted on 23 CD,

| i ght receiving section DS1 whi cB2light-receives the reflected |ight

rom

axi al

)

-use

of

rged
AC2;



| ens COL; and stop STO Hereupon, the liquid crystal elenment LCis an
el ement by which the spherical aberration generated at the tinme of focus

. junp between the information recording surfaces of the high density

optical disk HD, the spherical aberration generated in the objective
optical system OBJ due to the 24 refractive index change/refractive index
distribution followi ng the environnenal tenperature change, and the
spherical aberration generated in the objective optical system OBJ due to
t he wavel ength di spersion by the production error of the blue violet

sem conductor | aser LDl are corrected. In the optical pick-up device PUL,
when the. recording/reproducing of the information is conducted on the

hi gh density gptical disk HD, as its path of ray . ho b a solid line
e A e i EA R R e s Chle T M LS O e
light-emtted. After the divergent light flux projected fromthe blue

viol et &Bfi cofdested ldget By frosnhida dhforms tien RaeardEing j ght  f1 ux
when it transmits the collimtor lens CO., it passes in order the
pol ari zi sgrifeam RLLi tifeDVBSG, deicguidd ldrgyst aleadionieng sdadiemdPeodniesh a spot
formed on the information recording surface RL1 by the objective optical
syst em OBd ghtthired@h vielie the reflected light flux from the information
recording surface RL3 of CD, and a prism PS; a magnification
adjusting optical unit composed of a meovable lens group
composed of 2 lenses of a plastic lens (the first lens MR1)
whose paraxial refractive power is negative, and a plastic
lens (the second lens MR2) whose paraxial refractive power is
positive, and the first lens drive-use actuator ACl;
objective optical system OBJ composed of an aberration
correction element L1, and light-converging element LZ both
surfaces of which are aspheric surfaces, having a function by
which the laser light flux transmitted this aberration
correction element L1 is light-converged on the information
recording surfaces RL1, RL2, RL3; 2—axis'actuator AC2; liquid
crystal element LC; polarizing beam splitter BS; collimator
lens COL; and stop STO.
Hereupon, the liquid crystal element LC is an element
by which the spherical aberration generated at the time of
focus jump between the information recording surfaces of the

high density optical disk HD, the spherical aberration

generated in the objective optical system OBJ due to the




protective |ayer PL1 of the high density optical disk HD. Hereupon, the
detail ed description of the objective optical systemw || be nade |ater.
Then, the objective optical system OBJ conducts the focusing or tracking
by the 2-axis actuator AC arranged in its periphery. The reflected |ight
flux nodul ated by an 25 information pit on the information recording
surface RL1, passes again the objecti2é optical system OBJ, |iquid crystal
el enent LC, polarizing beamsplitter BS, collimator lens CO.,, and is
converged on the light-receiving surface of the light detector PDl. Then,
by using the output signal of the light detector PDl, the information
recorded in the high density optical disk HD can be read. Further, when

t he recordi ng/reproducing of the information is conducted on DVD,

initiall Fefrpetivesindexs changmraf metivg iadehdisar ipeiiRen the first
lens MRL and the second lens MR is a predeterm ned distance, by the first
| ens dri fellswiagt tatoeniGlorfiesrtalas anipe nedtirofchange s avbvirhdy a dott ed
line in Fig. 1, the first light-emtting point EP1 is light-emtted. The
di ver gentsphiegfitcafll whepirejtdeire ddfieraddie ifi ridie |dkgfdet iora tdptigcgbi nt EPI
after it is reflected by the prismPS, when it passes the first Iens M1
and the sgeoReh oIS MB2:itd The wavelength dispersion by the production
error of the blue viclet semiconductor laser LDl are
corrected.
In the optical pick-up device PUl, when the
recording/reproducing of the information is conducted on the
high density optical disk HD, as its path of ray is shown by
a solid line in Fig. 1, initially, the blue violet
semiconductor laser 1Dl is light-emitted. After the
divergent light flux projected from the blue vioclet
semiconductor laser LDl is converted into the parallel light
flux when it transmits the collimator lens COL, it passes in
order the polarizing beam splitter BS, liquid crystal element
LC, and becomes a spot formed on the information recording
surface RL1 by the objective optical system OBJ, through the
protective layer PL1 of the high density optical disk HD.
Hereupon, the detailed description of the objective
ocptical system will be made later.
Then, the objective optical system OBJ conducts the

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

its periphery. The reflected light flux modulated by an



converted into the parallel light flux, reflected by the polarizing beam
splitter BS, passes the liquid crystal elenent LC, and by the objective
optical system OBJ, becones a spot fornmed on the information recording
surface RL2 through the protective |ayer PL2 of DVD. 26 Then, the

obj ective optical system OBJ conducts the focusing or tracking by the
2-axis actuator AC2 arranged in its p@Piphery. The reflected |ight flux
nodul ated by an information pit on the information recording surface RL2
passes again the objective optical system OBJ, polarizing beamsplitter
BS, and liquid crystal element LC, and is branched by the polarizing beam
splitter BS, passes the second’ Iens MR2, first lens MRL, and after it is

refl ected éc_tvvo tlnes the ris i.t, is converged on the |jght-
recei vi ng™ 53&9% %ﬁ ﬁWQﬁﬁﬁQﬂ ?ﬁéﬁﬁ ACHEN. s by usi ng
t he out put signal of the flrst Ilght- recei ving sectlon DS1, the
i nf or mat P& SEEcS9@dd itheD@yIest ke qRisEaFrsHeam Gbn thauid crystal
recordi ng/reproducing of the information is conducted on CD, initially, by
the firselleasot d€,veolse izdngtteamnAGRlititer iB3t dehkinatomviethsCQhat an
interval between the first lens MRL and the second lens MR2 is a
pr edet er anded sdicoharegeds pecithecdlight aeddiatirid swrface of the light
detector PD1. Then, by using the output signal of the light
detector PD1, the information recorded in the high density
optical disk HD can be read.
Further, when the recording/reproducing of the
information is conducted on DVD, initially, the first lens is
moved so that an interval between the first lens MR1 and the
second lens MR2 is a predetermined distance, by the first
lens drive-use actuator ACIl.
Then, as the path of ray is shown by a dotted line in
Fig. 1, the first light-emitting point EP1 is light-emitted.
The divergent light flux projected from the first light-
emitting point EP1, after it is reflected by the prism PS,
when it passes the first lens MRl and the second lens MR2, is
converted into the parallel light flux, reflected by the
polarizing beam splitter BS, passes the liquid crystal
element LC, and by the objective optical system 0OBJ, becomes

a spot formed on the information recording surface RL2

through the protective layer PL2 of DVD.



shorter than at the time of the recording/reproducing on DVD. Then, as the

path of ray is showmn by a two-dotted chain line in Fig. 1, the second
light-emtting point EP2 is light- emitted. The divergent |ight flux
projected fromthe second light-emtting point EP2, after it is reflected

by the prism27 PS, when it passes thg first lens MRL and the second | ens
MR2, is converted into the divergent ht flux corresponding to the

magni fication nB to the wavel ength %3 of the objective optical system OBJ,
reflected by the polarizing beamsplitter BS, passes the |liquid crystal

el ement LC, and by the objective optical system OBJ, becones a spot forned
on the information recording surface RL3 t hrough the protective ~layer PL3

of CD. Then, l}ﬁ?gbl e ¥ ?)J%Q:tt' %Sitc%ri' t%?d“d#bt &4 “9 or

tracki ng by th axi's ‘ac ator arrange its peri ery

reflecte ht qux noduyl.at e |nfornat|o the |n rnatron
recor di n& at‘fg%lé\% }ha thé%s] &55478 Cgfptft‘ggr

pol ari zin beantsplltter BS, and liquid crystal elenment LC and |s
branched1%§ e Lpdlexiy zrﬁBebéQ§#§6FP éﬁgBS fé§§s@§dﬁﬁéte§eéﬂndntens MVR2,
first lens MR1, and after it is reflected two tinmes in the prismPS, it is
convergednd@nmatﬂmgmﬁi:mecdhﬂrﬂpﬁnnM&ﬂiDnﬁradﬂrdinﬂnﬂnIfqﬁﬂ-Rh&eiving
section DS2.

passes again the objective optical system OBJ, polarizing

beam splitter BS, and liquid crystal element LC, and is

branched by the polarizing beam splitter BS, passes the

second lens MR2, first lens MR1l, and after it is reflected

two times in the prism PS, it is converged on the light-

receiving surface of the first light-receiving section DS1.

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

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

Then, as the path of ray is shown by a two-dotted chain
line in Fig._l, the second light-emitting point EP2 is light-

emitted. The divergent light flux projected from the second

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



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

. the objective optical system OBJ w Il be described. Hereupon, the
objective optical system28 OBJ is the same structure in also the second -
the fourth enbodiment which will be described |ater. The objective optical
system OBJ is, as shown in Fig. 2, coRposed of the aberration correction
el enent LI and a |ight-converging elenent L2 having a function by which
the laser light flux transmtted this aberration correction elenment LI is
| i ght-converged on the information recording surface of the optical disk,
both surfaces of which are aspheric surfaces. Both of the aberration

correcti el enent, LI and the |.ight-conver.gi.ng e nt L2 are,plastic
Coneee | B MR Hast i e i SR I G D s e THRRET | e
sections FL1, FL2 which are integrally nolded with the optical function

section, MRre fidr FPVSF S Infix g SERAIIEHachH Ttherl v %?%nmgm

portions of one portion of such flange sections FL1, F12. The opti cal
functi on taurthac enaSinidii dated dri gt tsourtee wasteleergfti Hed aberilad | anjeotiexti on
element LI is, as shown in Fig. 3, divided into the first area AREA 1
correspoR@iti¢atio system OBJ, reflected by the polarizing beam splitter

BS, passes the liquid crystal element LC, and by the

objective optical system OBJ, becomes a spot formed on the

information recording surface RL3 through the protective

layer PL3 of CD.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC2 arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL3
passes again the objective optical system OBJ, polarizing
beam splitter BS, and liguid crystal element LC, and is
branched by the polarizing beam splitter B3, passes the
second lens MRZ2, first lens MR1, and after it is reflected
two times in the prism PS, it is converged on the light-
receiving surface of the second light-receiving section DSZ.

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

Next, the structure of the cbjective optical system OBJ

will be described. Hereupon, the objective optical system
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an area up to the nunerical aperture 0.67 of DVD, and the second area AREA
2 corresponding to an area fromthe nunerical aperture 0.67 of DVD to the
nunerical aperture 0.85 of the high density optical disk HD. The first
area AREA 1 forns a step type diffractive structure HOE in which a 29
plurality of ring-shaped zones in which28tep structures are forned, are
arranged around the optical axis thereon. In the step type diffractive
structure HCE formed in the first area AREA 1, the depth dO per one step
of the step structure formed in each ring-shaped zone is set to a val ue

cal cul at e%% 40 ¢he? é‘an@léﬁ"i‘uct&}e(ﬂ a®Bd the pupbga N ehe ¢bvikrghons of

each ring-shaped zone |s set to 5. Wiere, Xi i1s the wavelength of |aser

light flux proj.ected f the I e ductor laser, and is
CRIDIGRLEd from the bl i qbekebasenLeondu: _

expressed G M croh UHECH (PRt e n, is an refractive

I ndex to the vel engt h Xl of the berration orrectlon el ement L1
(herein, nl = & ¢é%3eQW&ﬁFt?EF}%%€ SYPHAP ?nglﬁf #av EPEWE: AT 18

i ncident on thls step type diffractive structure HOE, the optical path
di f f er ence ofcampesed (ph)the ertrat teanbeewEeat anorAERgntsh pandBécause,
to the laser light flux of wavelength X, the phase difference is not
practi cal IMghitvergntdmwginghel éhemt L2 having a function by which the

laser light flux transmitted this aberration correction
element LI is light-converged on the information recording
surface of the optical disk, both surfaces of which are
aspheric surfaces. Both of the aberration correction
element LI and the light-converging element L2 are plastic
lenses. In the periphery of respective optical function
sections, flange sections FLl; FL2 which are integrally
molded with the optical function section, are formed to be
integrated with each other by engaging mutual portions of
one portion of such flange sections FL1, F12.

The optical function surface SI on the light source
side of the aberration correction element LI is, as shown in
Fig. 3, divided into the first area AREA 1 corresponding to
an area up to the numerical aperture 0.67 of DVD, and the
second area AREA 2 corresponding to an area from the
numerical aperture 0.67 of DVD to the numerical aperture
0.85 of the high density optical disk HD. The first area
AREA 1 forms a step type diffractive structure HOE in which

a



transmts as it is without being diffracted. Hereupon, in the follow ng
description, the light flux which transmts as it is wthout the phase

di fference being practically given by the step type diffractive structure,
is referred to O-order diffraction light. 30 On the one hand, when the

| aser light flux of wavelength X 2 (herein, X2 = 0.658 pm projected from
the red semconductor laser is incided® on this step type diffractive
structure HOE, the optical path difference of dO x (n2 - 1) - X2 = 0.13 m

i s generated between adjoining steps. Because, in one of ring-shaped zone
divided into 5, the optical path difference of 0.13 x 5 = 0.65 pm that

is, the optical path difference for one wavel ength of the wavelength X2 is
generated, the wave-fragnts transmtted the adjqini,ng ring- shaped zones are
Super | mpBLBAA IS GUAG SHARSFRAQNAS yh BETIRR SHHTR GtF THF OHE weed engt h.
That is, the light flux of wavelength X2 becones a diffraction |ight

di f f r act é8rmedy h@ reoperanded @mcéz;rtc? sgheyortHicaltap g e BRI+ act i ve
structure HOE. Hereupon, n2 is a refractive index to the wavel ength X2 of
the aberrati onIoothecsicep éypeedt fifZadtdvel st mezturel HEsHormkge in ,
diffraction efficiency of the one-order diffraction |ight of |aser |ight
flux of the wavekeaglelh ARZzatl, thes ddpth dG pgbk s s ief alsaifdtiap ent

| i ght anount for
structure formed in each ring-shaped zone is set to a value

calculated by d0 = 2 x Al/(nl - 1) (pm), and the number N of

divisions of each ring-shaped zone is set to 5. Where, Al is
the wavelength of laser light flux projected from the blue
violet semiconductor laser, and is expressed in micron unit
(herein, A1 = 0.408 pum), nl is an refractive index to the
wavelength Al of the aberration correction element Ll
{(herein, nl = 1.5242).

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

diffraction light.




the recording/reproducing of the information on DVD. In the objective
optical system OBJ, the spherical aberration due to the difference of the
t hi ckness of protective |ayer between 31 the ‘high density optical disk HD
and DVD is corrected by the action of the step type diffractive structure
HCE. Further, when the laser light flux of wavelength X3 (herein, 23 =
0.785 pm projected fromthe red sem é0nductor laser is incident on this
step type diffractive structure, the wavelength satisfies 23 = 2 x U The
optical path difference of 1 x 2.3 (pm is generated between adjoining
steps. Also to the laser light flux of wavelength X3, in the same nmanner
as in the laser light flux of wavel ength X1, because the phase difference

is not practically given, it is_not iffractegﬁ?nd transmts as it is
(0-order diffr28t itéﬁ PRghENdy n Whgd e dESEE thaltrl"QS/sctrlem OBJ, by
di fference between the magnifications to the wavelength X1 and the

wavel engwhva3 enigtd d@hdhiec@lingbéur &t i0arb58d e )t @ricie aticfd diremcehaf ned ckness
of the protective layers of the high density optical disk HD and CD is
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A2 = 0.13 um is generated between adjoining steps. Because,

in one of ring-shaped zone divided intoc 5, the optical path

difference of 0.13 x 5 = 0.65 pm, that is, the optical path

difference for one wavelength of the wavelength A2 is
generated, the wave-fronts transmitted the édjoining ring-
shaped zcnes are superimposed on each other, respectively
being shifted by one wavelength. That is, the light flux of
wavelength A2 becomes a diffraction light diffracted in the
one-order direction by this step type diffractive structure
HOE. Hereupon, n2 is a refractive index to the wavelength A2
of the aberration correction element L2 (herein, nz =
1.5064). The diffraction efficiency of the one-order
diffraction light of laser light flux of the wavelength A2 at
this time, is 87.5 %, and is a sufficient light amount for
the recording/reproducing of the information on DVD. In the
objective optical system OBJ, the spherical aberration due to

the difference of the thickness of protective layer between



the nunerical aperture 0.67 of DVD, and the fourth area AREA 4
corresponding to an area fromthe nunerical aperture 0.67 32 of DVDto the
nunerical aperture 0.85 of the high density optical disk HD, and bl aze
type diffractive structures DOE1l, DOE2 are respectively fornmed in the
third area AREA 3 and the fourth area AREA 4. Bl aze type diffractive
structures DOEl1l, DOCE2 are structures tgjcorrect the chromatic aberration
of the objective optical systemOBJ in the blue violet area. Further, the
optical pick-up device in each enbodinent is provided with a dichroic
filter DFL for limting the nunerical aperture when the

recor di nlygonone! dhd ooy coaduct £a00x B 2R BILS 14 SRt ldd Ly B 18

driven in ection ndicular to the optical axis throu
hol di ng menher HMintegrally with the_objective _optical tem OBJ by the
2 axi o aCHIAL I A2, CIE Seshr 1 BRE ABOGBaCERECoBEFLEFIBEEONy dovice PUL of
t he present enbodiment, the first Iens MRL in the conposition |ens group
of the nagnifi cELFEReEd] Wehd Bhtlasdr uniabht flrergel Yavehengphi tal path
bet ween the packaged multiple [|ight source unit and the objective optical
syst em OBJ(hgmeimy i vén = M 185 opt)i qafoedsedi fremitine redcauses that the
di vergent angles of the light fluxes whose wavel engths are different from
each ot hergemiajebiethf roaaéhei pagkagednt on this step type
diffractive structure, the wavelength satisfies A3 Z 2 xX Al.
The optical path difference of 1 x A3 (pym) is generated
between adjoining steps. Also to the laser light flux of
wavelength A3, in the same manner as in the laser light flux
of wavelength Al, because the phase difference is not
practically given, it is not diffracted and transmits as it
is (0-order diffraction light}). In the objective optical
system OBJ, by difference between the magnifications to the
wavelength A1 and the wavelength A3, the spherical aberration
due to the difference of thickness of the protective layers
of the high density optical disk HD and CD is corrected.
Furthermore, the optical function surface S2 on the
optical disk side of the aberration correcticn element LI
is, as shown in Fig. 3, divided into the third area AREA 3
including the optical axis corresponding to an area within

the numerical aperture 0.67 of DVD, and the fourth area AREA

4 corresponding to an area from the numerical aperture 0.67



mul tiple light source unit are converted into angles corresponding to the
magni fi cations of the objective optical 33 system OBJ to respective

wavel engt hs. Thereby, the magnifications of the objective optical system
OBJ can be changed corresponding to wavel engths of light fluxes projected
formthe packaged nmultiple light source unit. It is nounted even when the
obj ective optical system OBJ in which32he magnifications to respective
wavel engths are different fromeach other. Because the packaged multiple
i ght source unit can be used, it is realized the cost reduction and size
reduction by the reduction of the nunber of optical parts of the optical

pi ck-up device PUlL. Further, the novable |lens group is conposed of |ens
groups nore than two, and it decreased the novenent anount of the novable
| ens gro@f. DVRertef dhe, muerdicad mefudiumsh b8 i Wis ikigh pleneily devi ce
PUL can be realized. (The second enbodi ment) Next, the second enbodi nent of
t he presept:iicavemrtiisdn HDyi ldncbé ldersc rtiviped  d itiveacdri ve et marmpists Bk e as

t he above- described first enbodinment is denoted by the same sign, and its

descri pt poroWalde Be spaddiedl yAT i@ i e tHhrd hereaptAREd Piaia uhalevi ce
PU2 is structured by: a nodule MD1 for a high density optical disk

fourth area AREA 4. Blaze type diffractive structures DOE1,
DOEZ2 are structures to correct the chromatic aberration of
the objective optical system OBJ in the blue violet area.

Further, the optical pick-up device in each embodiment
is provided with a dichreic filter DFL for limiting the
numerical aperture when the recording/reproducing is
conducted on CD,.and this dichroic filter DFL is driven in
the direction perpendicular to the optical axis through a
holding member HM integrally with the objective optical
system OBJ by the Z-axis actuator AC2. |

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

corresponding te the magnifications of the objective optical



HD- use which integrates the blue violet sem conductor |laser LDl which
emts the laser light flux (the first light flux) 34 of wavel ength 408 nm
when the recording/reproducing of the information is conducted on the high
density optical disk, and a light detector PDl; a |laser nodule LML for
DVD) CD (packaged nultiple light source unit) conposed of the first
light-emtting point EP1 which emts tigs laser light flux (the second
light flux) of wavel ength 658 nm when the recording/reproducing of the
information is conducted on DVD, the second light-emtting point EP2 which
emts the laser light flux (the third light flux) of wavel ength 785 nm
when the recording/reproducing of the information is conducted on CD,
first light receiving section DS1 which light-receives the reflected |ight
flux fromXHen B ne? | BRSPeebt e ngavelergebs RLThwreD, Beeond i ght
receiving section DS2 which |l|ight-receives the reflected light flux from

t he i nf ormreegriiohi catsbonsli of) tlue f elope R Bvef obicahdsps pems@BPScan be
magni fi cation adjusting optical unit MR conposed of a novable | ens group
conposed afargyd®nsesredpongligtts bensléhdehsi 68t 1igns MRixeswhose par axi al
refractive power is negative, and a plastic Ilens (the second | ens MR2)

whose par;ﬁ?tiljécﬁ@i r?&x}zﬂ&@%k&éed%i%%fe P0ght NeohrE8tuh 8RS dfd ve-use
actuat or "ACI; objective optical System conposed of an aberration

is mounted even when the objective optical system OBJ in

which the magnifications to respective wavelengths are

different from each other. Because the packaged multiple

light source unit can be used, it is realized the cost

reduction and size reduétion by the reduction of the number

of optical parts of the optical pick-up device PUl,

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

(The second embodiment)

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

As shown in Fig. 4, the optical pick-~up device PU2 is
structured by: a module MD1 for a high density optical disk

HD-use which integrates the blue violet semiconductor laser

D1 which‘emits the laser light flux (the first light flux)



correction elenent L1, and |ight-converging elenent L2 both surfaces of
whi ch are aspheric surfaces, having a function by 35 which the |laser |ight
flux transmtted this aberration correction elenent Li is |ight-converged
on the information recording surface RL1, RL2, RL3; 2-axis actuator ACZ2;
pol ari zing beamsplitter BS; collimtor |ens COL; beam expander opti cal
system BE; and stop STO The beam expalder optical system BE is conposed of
the first lens BEi whose paraxial refractive power is negative, and the
second | ens BE2 whose paraxial refractive power is positive, and the first
| ens BE2. can be noved in the optical axis direction by the one axis
actuator AC3. Hereupon, the beam expander optical systemBE is an el enent
by mhichchge spherical aberration generated af the tine of focgus, junp
bet ween tHe WatiohsRET b Y& IR dTRRP Sthe al&%%or%*n%%ew%u%%i?g BBEi cal
di sk HD, the spherical aberration generated in the objective optical

syst em OB ffu@atelqthel s regndiugtied gmddxe cdhilyeders byt peicaliestisk,
distribution followi ng the environnmental tenperature change, and the

spheri calareber rlatghon drertate®Pbly tael adgeatodel @Mt afor SPEDAADOB) due to

t he wavel ength di spersion by the production error of the blue violet

sem condugarkd st mliRL g€ 1Y esdhetbe unit) composed of the first
light-emitting peoint EP1 which emits the laser light flux
(the second light flux) of wavelength 658 nm when the
recording/reproducing of the information is conducted on DVD,
the second 1light-emitting peoint EP2 which emits the laser
light flux (the third light flux) of wavelength 785 nm when
the recording/reproducing of the information is conducted on
CD, first light receiving section DS1 which light-receives
the reflected light flux from the information recording
surface RL2 of DVD, second light receiving section DS2 which
light-receives the reflected light flux from the information
recording surface RL3 of CD, and a prism PS; a magnification
adjusting optical unit MR composed of a movable lens group
composed of 2 lenses of a plastic lens (the first lens MR1)
whose paraxial refractive power is negative, and a plastic
lens (the second lens MRZ2} whose paraxial refractive power is
positive, and the first lens drive-use actuator AC1;
objective optical system OBJ composed of an aberration

correction element L1, and light-converging element L2 both

surfaces of which are aspheric surfaces, having a function by



In the optical pick-up device PU2, when the recording/reproducing of the
information is conducted on the 36 high density optical disk HD, as its

. path of ray is showmm by a solid line in Fig. 4, initially, the blue violet
sem conductor laser LDl is light-emtted. After the divergent |light flux
projected fromthe blue violet sem conductor |aser LDl is.converted into
the parallel light flux when it transdbts the collimtor lens CO., its

di aneter is expanded when it passes the beam expander optical sytem BE,
it passes the polarizing beamsplitter BS, and becones a spot formed on
the information recording surface RL1 by the objective optical system OBJ,
t hrough the protective |layer PL1 of the high density optical disk HD.

Then, the_qbjective optical ,system OBJ conducts the focusing or tracking
by the 2PEHE SOEIEE AR Bt SN THRN T SR | PR yESRERT 1 ect ed |1 ght
flux nodul ated by an_information pit on the information recording surface
RL1 pasSesregailon d eaisindc tlily & sogtiidl —egearg eBion parar 1§ erma b
splitter BS, beam expander optical sytemBE, and collimtor |lens CO., and
i s convenmrgedranngheurfglte RIdei HIYy RLif dbeaxis tdetbatgbt Me2ect or PDL.
Then, by using the output signal of the Iight detector PD, the
i nf or mat il aréedhdeddan ddd dtigh BENdd) it el Lshskodid apeame read.

expander optical system BE; and stop STO.

The beam expander optical system BE is composed of the

first lens BEl1l whose paraxial refractive power is negative,

and the second lens BE2 whose paraxial refractive power is

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

axis direction by the one axis actuator AC3.

Hereupon, the beam expander optical system BE is an

element by which the spherical aberration generated at the

time of focus jump between the information recording surfaces

of the high density optical disk HD, the spherical aberration

generated in the objective optical system OBJ due to the

refractive index change/refractive index distribution

following the environmental temperature change, and the

spherical aberration generated in the objective optical

system OBJ due to the wavelength dispersion by the production

error of the blue violet semiconductor laser LDl are

corrected.

In the optical pick-up device PUZ, when the

recording/reproducing of the information is conducted on the



Furt her, when the recording/reproducing of the information is conducted on
DVD, initially, the first lens is 37 noved so that an interval between the
- first lens MRL and the second lens MR2 is a predeterm ned distance, by the
first lens drive-use actuator ACl. Then, as the path of ray is shown by a
dotted line in Fig. 4, the first light-emtting point EPl is
light-emitted. The divergent light fl 8% projected fromthe first |ight-
emtting point EP1, after it is reflected by the prismPS, when it passes
the first lens MRL and the second lens MR2, is converted into a divergent
light flux corresponding to the magnification n2 to the wavel ength X2 of
the objective optical system OBJ, reflected by the polarizing beam
splitter

,Bﬁ, and , th _ob'egb&ye tical, syste ggﬂ, becpnes_a_ spot
formed oftiBRe dERE tqu‘:n1 Egﬁguﬁsac’et%ﬁ?t{phr gt ¥ he® %P%‘fré Yve
| ayer PL2 of DVD. Then, the objective optical system OBJ conducts the
f ocusi ng20ECtigchilRg By tFHE 2-%axiiniddiaidior A B¥tangkleth its periphery.
The reflected Iight flux nodulated by an information pit on the
i nf or mat isemicetonditngy dwsfear d.IRL 2 s Paispds-aayidited he Adljeacttinge opti cal
system OBJ, polarizing beamsplitter BS, and is branched by the polarizing
beam spUiteegeRS lHagres be mecettddfrdiRzhd iblie |eiwlaRl, and
semiconductor laser LDl is converted into the parallel light
flux when it transmits the collimator lens COL, its diameter
is expanded when it passes the beam expander optical sytem
BE, it passes the polarizing beam splitter BS, and becocmes a
spot formed on the information recording surface RL1 by the
objective optical system OBJ, through the protective layer
PL1 of the high density optical disk HD.

Then, the objective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC2 arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL1
passes again the objective optical system OBJ, peolarizing
beam splitter BS, beam expander optical sytem BE, and
collimator lens COL, and is converged on the light-receiving
surface of the light detector PDl1. Then, by using the output
signal of the light detector PD1l, the information recorded in
the high density optical disk HD can be read.

Further, when the recording/reproducing of the

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



after it is reflected two tinmes in the prismPS, it is converged on the

| i ght-receiving surface of the first light 38 receiving section DS1. Then,
by using the output signal of the first light-receiving section DS1, the
information recorded in DVD can be read. Further, when the
recordi ng/ reproducing of the information is conducted on CD, initially, by
the first lens drive-use actuator AC137the first lens is noved so that an
interval between the first lens MRL and the second lens MR2 is a
predet erm ned di stance, specifically, so that it is shorter than at the
time of the recording/reproducing of the information on DVD. Then, as the
path of ray is showmn by a two-dotted chain line in Fig. 4, the second

light-emtting poipnt EP2 is light- emtted.  The .divergent JJ-ght
projecte@OVﬁanﬁPhégéécéﬁdlnﬁ@&%Phe%égﬁgﬁﬁ ﬁ&%i% , %%Q%ﬂdﬁ%'%%gﬂi ect ed
by the prism PS, when it passes the first |Iens MRL and the second |ens
MR2, is eemeedt danentB2t ke @ wergeremigrd digt e Porfdicnd 4 t he
magni fi cation nB to the wavel ength 23 of the objective optical system OBJ,
refl ect ellehy thevpehse achgateamf§dl.itter BS, and by the objective optical
system OBJ, becones a spot formed on the information recording surface RL3
through the preégct kyethayeatBL3fofragDis shown by a dotted line in

Fig. 4, the first light-emitting point EPl is light-emitted.
The divergent light flux projected from the first light-
emitting point EP1, after it is reflected by the prism PS,
when it passes the first lens MRl and the second lens MR2, is
converted into a divergent light flux corresponding to the
magnification m2 to the wavelength A2 of the objective
optical system OBJ, reflected by the polarizing beam splitter
BS, and by the objective optical system OBJ, becomes a spot
formed on the information recording surface RL2 through the
protective layer PLZ of DVD.

Then, the cbjective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC2 arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL2
passes again the objective optical system OBJ, polarizing
beam splitter BS, and is branched by the polarizing beam
splitter BS, passeé the second lens MR2, first lens MR1, and
after it is reflected two times in the prism PS, it is

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



Then, the objective optical system OBJ conducts the focusing or tracking
by the 2-axis actuator AC2 arranged in 39 its periphery. The reflected
light flux nodulated by an information pit on the information recording
surface RL3 passes again the objective optical system OBJ, polarizing
beamsplitter BS, and is branched by the polarizing beam splitter BS,
passes the second lens MR2, first lens3BRl, and after it is reflected two
times in the prismPS, it is converged on the light-receiving surface of
t he second light- receiving section DS2. Then, by using the output signal
of the second light-receiving section DS2, the information recorded in CD
can be read. (The third enbodi nent) Next, the third enbodi nent of the
present invention wll be described, homever the sane structure as t he

above- deSGEWERY isesttiGTbdH renth ?%rd%%o?%ﬂn%ythﬁeogﬁﬂﬁts?@ﬂnaéna its
description will be omtted. As shown in Fig. 5, the optical pick-up device
PU3 is dtheudtivrsdd lbygh tar dessairvimml i ectlivin fIifl a gy hindesignatyiopt i cal
di sk/ DVD (packaged multiple light source unit) conposed of the first
| i ght - emrdddoygiepbiint 6@l osn dde erddds. the first |ight flux when the
recordi ng/ reproducing of the information is conducted on the high density
optical di sk HPurah@:t,N@hen the recording/reproducing of the
information is conducted on CD, initially, by the first lens
drive—use actuator AC1,'the first lens is moved so that an
interval between the first lens MR1 and the second lens MR2
is a predetermined distance, specifically, so that it is -
shorter than at the time of the recording/reproducing of the
information on DVD.

Then, as the path of ray is shown by a two-dotted chain
line in Fig. 4, the second light-emitting point EP2 is light-
emitted. The divergent light flux projected from the second
light-emitting peint EP2, after it is reflected by the prism

PS8, when it passes the first lens MR1 and the second lens
MR2, is converted into the divergent light flux corresponding
to the magnification m3 to the wavelength A3 of the cobjective
optical system OBJ, reflected by the polarizing beam splitter
BS, and by the objective optical system OBJ, becomes a spot
formed on the information recording surface RL3 through the
protective layer PL3 of CD.

Then, the objective optical system OBJ conducts the

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



second light-emtting point EP2 which emts the second light flux when the
recordi ng/reproducing of the information is 40 conducted on DVD, the first
| i ght-receiving section DS1 which |I|ight-receives the reflected |ight flux
fromthe information recording surface RL1 of the high density optical
disk HD, the second light-receiving section DS2 which |ight-receives the
reflected light flux fromthe informatB8n recording surface RL2 of DVD,
and a prismPS; a nodule MD3 for CD which integrates the infrared

sem conductor | aser LD3 which emts the third light flux when the
recordi ng/ reproducing of the information is conducted on CD, and a |ight
detector PD3; a nmagnification adjusting optical unit MR conposed of a

novabl e .l ens gr.0 conpgsed_of..2 | enses of lastic .l ens %}he first lens
VRL) mOsléFspé’F%apgﬁ%rryef aBE 68%8&%?& 1ﬁg‘5a%'r13%‘, ool 14 S X% B | ens (the
second | ens MR2) whose paraxial refractive power is positive, and the
first |eddi@rmpdigde PAtt oit Gheadpionmid i) QT | Barfasr s 0By
conposed of the aberration correction elenment L1 and the |ight-converging
el enent PRsssst rgsuimf ddes of] adtiicte ard imphaysteurdRte o kand Higna
function by which the laser light flux transmtted this aberration
correcti bratd apditttlelk BS,| gl -icomearggted byt Nehe ipdlambt iron besmor di ng
surfaces RL1, RL2, RL3; a 2-axis actuator AC2; a polarizing beamsplitter
BS, a colddi®it@r BS, passes the second lens MR2, first lens MR1, and

after it is reflected two times in the prism PS, it is

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

receiving section DS2. Then, by using the output signal of

the second light-receiving section DS2, the information

recorded in CD can be read.

(The third embodiment)

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

As shown in Fig. 5, the optical pick-up device PU3 is
structured by: a laser module LMl for a high density optical
disk/DVD (packaged multiple light source unit) composed of
the first light-emitting point EP1l which emits the first
light flux when the recording/reproducing of the information
is conducted con the high density optical disk HD, and the

second light-emitting point EP2 which emits the second light

flux when the recording/reproducing of the information is



l ens COL; and stop STO 41 In the optical pick-up device PUl, when the
recordi ng/ reproduci ng of the information is conducted on the high density
. optical disk HD, initially, by the first lens drive-use actuator ACl, the
first lens is noved so that an. interval between the first lens MRl and
the second lens MR2 is a predeterm ned distance. Then, as the path of ray
is shown by a solid linein Fig. 5 iditially, the first light-enitting
point EP1 is light-emitted. The divergent light flux projected fromthe
first light-emtting point EP1 is reflected by the prismPS, and when it
passes the collimator lens, after it is converted into the parallel |ight
flux, its diameter is enlarged by the first lens and the second |ens, it

passes t ri |ng eam. s terhES and becopes a spot forped on th
o ot 1SS (AT i TE. FAAST b A SRS Pr DR G cePabs PRy B TPYALER 1 he
hi gh density optlcal dISk F{)qgﬁéhe obj ective optical system OBJ. Then,
the obj edidpE vmaiatesyem tght heluz ofremngher infarkahioby t he
2-axis actuator AC2 arranged in its periphery. The reflected |ight flux
nodul at edeppraiing rorfreate AL Didf orhe heighnfdemet t pnopecoadi djskuibace RL1
passes again the objective optical system OBJ, polarizing

the second light-receiving section DS2 which light-receives

the reflected light flux from the information recording

surface RLZ2 of DVD, and a prism PS; a module MD3 for CD which

integrates the infrared semiconductor laser LD3 which emits

the third light flux when the recording/reproducing of the

information is conducted on CD, and a light detector PD3; a

magnification adjusting optical unit MR composed of a movable

lens group composed of 2 lenses of a plastic lens (the first

lens MR1) whose paraxial refractive power is negative, and a

~plastic lens (the second lens MR2) whose paraxial refractive

power is positive, and the first lens drive-use actuator ACl;

the objective optical system OBJ composed of the aberration

correction element L1 and the light-converging element L2

both surfaces of which are aspheric surfaces, having a

function by which the laser light flux transmitted this

aberration correction element L1 is light-converged on the

information recording surfaces RL1, RL2, RL3; a 2-axis

actuator ACZ2; a polarizing beam splitter BS; a collimator

lens COL; and stop STO.




beam splitter BS, second lens, first lens, collimator lens 42 CO., and
after it is reflected two tines in the prismPS, it is converged on the

| ight-receiving surface of the first |light-receiving section DS1. Then, by
using the output signal of the first |light-receiving section DS1, the
information recorded in the high density optical disk HD can be read.
Further, when the recording/reproduci n§lof the information is conducted on
DVD, initially, by the first lens drive-use actuator ACl, the first lens
is nmoved so that an interval between the first lens MRL and the second
lens MR2 is a predeterm ned distance, specifically, so that it is shorter
than at the tine of the recording/reproducing of the infornmation on the

hi gh density optical disk HD.  _Then, as, the of .ray .i.s shown by a dotted
' be o oE g, B e SRRSAAT pon e AT D M 18 gn e 1t ad.  The
di vergent light fl ux nggfqted fromthe second light- emtting point EP2 is
ref | ect edeSP A rePRoPGCing ahdhs tinfpgealsiame £ FPrdeEPd | @hstiooL,

after it is converted into the parallel light flux, it is converted into
t he di vehdaint delnisghty foldd cedr rdsgoritd nginis idlel yradeoy fileat fonsthplenst he
wavel ength X2 of the objective optical system OBJ by the first lens MRL
and seconld ikerssMRActida teas 369 ,t ithep o fsZzihs is moved so that an |
interval between the first lens MRI and the second lens MR2
is a predetermined distance.

Then, as the path of ray is shown by a solid line in
Fig. 5, initially, the first light-emitting point EP1 is
light-emitted. The divergent light flux projected from the
first light-emitting point EP1l is reflected by the prism PS,
and when it passes the collimator lens, after it is converted
into the parallel light flux, its diameter is enlarged by the
first lens and the second lens, it passes the polarizing beam
splitter BS, and becomes a spot formed on the information
recording surface RL1 through the protective layer 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 AC2 arranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL1

passes again the objective optical system OBJ, polarizing

beam splitter BS, second lens, first lens, collimator lens



beam splitter BS, and becones a spot forned on the 43 information
recordi ng surface RL2 through the protective |ayer PL2 of DVD by the

. objective optical system OBJ. Then, the objective optical system OBJ
conducts the focusing or tracking by the 2-axis actuator AC2 arranged in
its periphery. The reflected light flux nodulated by an information pit on
the information recording surface RL2 4Fasses again the objective optical
system OBJ, polarizing beamsplitter BS, second lens MR2, first |lens M1,
collimator lens CO., and after it is reflected two tines in the prism PS,
it is converged on the light-receiving surface of the second

| i ght-receiving section DS2. Then, by using the output signal of the
second light-receiving sectjon DS2, the information recorded in DVD can be
read. Fu r ,arﬁe#‘%% Teck? d’Fﬁ"gf%‘b?%d'&‘&? ngiBESt e TDAfBFHER; bR/ 8T

conducted on CD, as the path of ray is shown by a two-dotted chain line in
Fig. 5, i¥fltgenvszgedheon ntherkbohsenteohdingosurfisee ob3the fight-enitted.
The divergent [light flux projected fromthe infrared sem conductor | aser

LD3 is réfigdt-atkdsiting pdarian ngSbeamsyl,i tHyenuB%g arhik daegones a spot

formed on the information recording surface RL3 through the protective

| ayer PLZigfnddD 4y tHe ohpeetl Ment opdésatisySsest{Bd. ps1, the
information recorded in the high density optical disk HD can
be read.

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

Then, as the path of ray is shown by a dotted line in
Fig. 5, the second light-emitting point EP2 is light-emitted.
The divergent light flux projected from the second light-
emitting point EP2 is reflected by the prism PS, and when it
passes the collimator lens COL, after it is converted into

the parallel light flux, it is converted into the divergent

light flux corresponding to the magnification m2 to the
wavelength A2 of the objective optical system OBJ by the

first lens MRl and second lens MR2, it passes the polarizing

beam splitter BS, and becomes a spot formed on the



44 . Then, the objective optical system OBJ conducts the focusing or
tracking by the 2-axis actuator AC2 arranged in its periphery. The
.reflected Iight flux nodulated by an information pit on the information
recording surface RL3 passes again the objective optical system OBJ, and
is branched by the polarizing beamsplitter BS, it is converged on the
light-receiving surface of the |ight ddt3ector PD3. Then, by using the
out put signal of the light detector PD3, the information recorded in CD
can be read. (The fourth enbodi ment) Next, the fourth enbodi nent of the
present invention w /Il be described, however, the sane structure as the
above- described first enbodinent is denoted by the sanme sign, and its
description will be omtted. As shown in Fig. 6, the optical glck up device

PU is Sifiprmatdemhyrecprrding st ee Lm?-f%mr@u%hgwﬁlem@t?c p¥ecal
di sk/ DVD/ CD (packaged multiple Iight source unit) conposed of the first

| i ght - emltayvery Rl mif BRID by cthembsechevé i ostical ghystémxOBAen t he
recordi ng/ reproducing of the information is conducted on the high density
optical di sk HPhem)d thie olsiReAfidrd it tedll tdy BT dhdwdtshciesi ts the
second light flux when the recording/reproducing of the information is
conduct ety diha dduirthd 19Ptee 314 00s POLAEaEFB AP Chrranged in
its periphery. The reflected light flux modulated by an
information pit on the information recording surface RL2
passes again the objective optical system OBJ, polarizing
beam splitter BS, second lens MR2, first lens MR1l, collimator
lens COL, and after it is reflected two times in the prism
PS, it is converged on the light-receiving surface of the
second light-receiving section DS2. Then, by using the
output signal of the second light-receiving section DS2, the
information recorded in DVD can be read.
Further, when the récording/reproducing of the
information is conducted on CD, as.the path of ray is shown
by a two-dotted chain line in Fig. 5,‘initially, the infrared
semiconductor laser LD3 is light-emitted. The divergent
light flux projected from the infrared semiconductor laser
LD3 is reflected by the polarizing beam splitter BS, and
becomes a spot formed on the information recording surface

RL3 through the protective layer PL3 of CD by the objective

optical system OBJ.



45 emts the third light flux when the recordi ng/reproducing of the
information is conducted on CD, the first light-receiving section DS1

- which light-receives the reflected light flux fromthe information
recording surface RL1 of the high density optical disk HD, the second

i ght-receiving section DS2 which |ight-receives the reflected Iight flux
fromthe information recording surfacd4RL2 of DVD, the third |ight-
receiving section DS3 which light-receives the reflected light flux from
the information recording surface RL3 of CD, and a prismPS; a
magni fi cation adjusting optical unit MR conposed of an objective optical
system OBJ conposed of a novable | ens group conposed of 2 | enses of a

pl astic |ens he first éens I\/F%) ase .par axi al Re):m{]ract'v ris
neqati ve, and A"STastTe CEISORS SRan ) et Toh e itk
refractive power is positive, and the first lens drive-use actuator ACI,;
an obj ecfoFdsdpg O tHRHERIOBY ottt Dfaealilsg Aftd r Rt Bn
element L1 and a light converging element L2 both surfaces of which are
aspheri c itsupkadehetyavi Bhearedheciten Byomti Rurhmolbadeteld vt afl uxes
transmtted this aberration correction elenent L1 are light- converged on
t he i nf odmdfoiraia triecorpdith@rs wheadest dinda t iRr?, reddrY iy Daxfsca®lEit or AC2; a
pol ari zing beamsplitter BS; a collimtor Iens CO; and a stop STO

passes again the objective optical system OBJ, and is

branched by the polarizing beam splitter BS, it is converged

on the light-receiving surface of the light detector PD3.

Then, by using the output signal of the light detector PD3,

the information recorded in CD can be read.

(The fourth embodiment)

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

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

flux when the recording/reproducing of the information is

conducted on DVD, the third light-emitting point EP3 which



46- In the optical pick-up device PUL, when the recording/reproducing of
the information is conducted on the high density optical disk HD,
initially, the first lens MRL is noved so that an interval between the
first lens MRL and the second lens MR is a predeterni ned di stance by the
first lens drive-use actuator AClL. Then, as its path of ray is shown by a
solid linein Fig. 6, initially, the fPrst light-enmitting point EPl is
light-emtted. The divergent light flux projected fromthe first
light-emtting point EP1 is reflected by the prismPS and when it passes
the collimator lens COL, after it is converted into the parallel [|ight
flux, its diameter is enlarged by the first lens MRL and the second | ens

MR2, d R , f, t | nf ti di RL1
thr ough EE G QTR g Ay LI B I oh Berer ey Ot £ A8 E by
the objective optical system OBJ. Then, the objectjve optical sysfem OBJ
conduct s tige mﬁgﬂ:’ﬁﬂ'@tﬁ@rbrl% YT AhED- She %H%%tﬁ‘rglb\@r%%/?laﬁjg%% in

its periphery. The reflected light flux nodulated by an information pit on
t he | nf oseattion mEdondiinh surdhiceraRiel vemsse zelecterd bighitflexopti cal
system OBJ, second lens MR2, first lens MRL, collimator |lens CO., and
after it firom nefd ecifedriandri messdrdime s faneRL1 tof stivorivigiyed on the
density optical disk HD, the second light-receiving section
DS2 which light-receives the reflected light flux from the
information recording surface RL2 of DVD, the third light-
receiving section DS3 which light-receives the reflected
light flux from the information recording surface RL3 of CD,
and a prism PS; a magnification adjusting optical unit MR
composed of an objective optical system OBJ composed of a
movable lens group composed of 2 lenses of a plastic lens
(the first lens MR1) whose paraxial refractive power is
negative, and a plastic lens (the second lens MR2) whose
paraxial refractive power is positive, and the first lens
drive-use actuator ACl; an objective optical system OBJ
composed of an aberration correction element L1 and a light
converging element L2 both surfaces of which are aspheric
surfaces, having a function by which the laser light fluxes
transmitted this aberration correction element L1 are light-
converged on the information recording surfaces RL1, RLZ,

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

collimator lens CQOL; and a stop STO.



47 light-receiving surface of the first |ight-receiving section DSI.

Then, by using the output signal of the first light- receiving section DS1,
the information recorded in the high density optical disk HD can be read.
Further, when the recording/reproducing of the information is conducted on
DVD, initially, the first lens is noved so that an interval between the
first lens and the second lens is a p#édeternined distance, specificallly,
so that it is longer than at the tine of the recording/reproducing on the
hi gh density optical disk HD. Then, as the path of ray is shown by a
two-dotted chain line'in Fig. 6, the second light-emtting point EP2 is
light- emtted. The divergent |ight flux projected fromthe second |Iight

emtting point %E%e?s ref.l ected q%.the LiSWl&ﬁb Qﬂgn iit transmts the
ol | mator | end RS SRdEah B AR GAFe (Bl PRI | el 11 ght 1 ux,
its dianeter is enlarged by the first lens MRL and the second | ens M2,
and it bEESPESIRFFRPTIBIGE G tHhe | MR At b ree or R decked reR et 2
through the protective layer PL2 of DVD by the objective optical system
OBJ. Themigbheleotsigot iont iogstl ol sk yiR e mroBl bkwiuctize t fiersf oberss MR br
tracking by the 2-axis actuator AC2 arranged in its periphery. The
refl ect eds mghted |a4x tttulzat echt®rwdl between the first lens MR1 and
the second lens MR2 is a predetermined distance by the first
lens drive-use actuator ACIl.
Then, as its path of ray is shown by a solid line in
Fig. 6, initially, the first light-emitting point EP1 is
light-emitted. The divergent light flux projected from the
first light-emitting point EPl is reflected by the prism PS
and when it passes the collimator lens COL, after it is
converted into the parallel light flux, its diameter is
enlarged by the first lens MRl and the second lens MRZ, 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 ACZ2 arranged in
its periphery. The reflected light flux modulated by an
informaticon pit on the information recording surface RL1
passes again the objective optical system OBJ, second lens

MR2, first lens MR1, collimator lens COL, and after it is

reflected two times in the prism PS8, it is converged on the



48 information pit on the information recording surface RL2 passes again
the objective optical system OBJ, second lens WMR2, first lens MRL,
collimator lens COL, and after it is reflected two tines in the prismPS,
it is converged on the Ilight-receiving surface of the second

|l ight-receiving section DS2. Then, by using the output signal of the
second |ight- receiving section DS2, t#é information recorded in DVD can be
read. Further, when the recording/reproducing of the information is
conducted on CD, initially, by the first lens drive-use actuator ACl, the
first lens MRL is noved so that an interval between the first lens MRl and
the second lens MR2 is a predeterm ned di stance, specifically, so that it

is shorter than at the tinme of the recar.ding/reproducing on the high
densi ty OpEPEarSardRis SHIgACST (edif Tf TPt & oWt ) SPFATBA | i ne
in Fig. 6, the third Iight-enittigg point EP3 is light-emtted. The

di ver genSiLi-ghThenuxbpr sféBgetiher outPhE shOREL P§hitheefiltsitnd 1gbitimt EP3 i s
reflected by the prismPS and when it passes the collimtor |ens CQO,

after it riesedonver tsedtilmno Dtthe ther dinifelrnatghin frapqrded iin ddmwvériad into
the divergent light flux corresponding to the magnification n8 to the
wavel engdanad3 t§f opfte calj eniskv eimRianc de F¥sicam OBJ by the

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

Then, as the path of ray is shown by a two-dotted chain
line in Fig. 6, the second light-emitting point EP2 is light-
emitted. The divergent light flux projected from the second
light emitting point EP2 is reflected by the prism PS, when
it transmits the collimator lens COL, after it is converted
into the parallel light flux, its diameter is enlarged by the
first lens MR1 and the second lens MR2, and it 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 AC2 arranged in

its periphery. The reflected light flux modulated by an



49 first lens MRL and the second | ens MR2, and becons a spot fornmed on
the information recording surface RL3 through the protective |ayer 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 its periphery. The reflected light flux nodul ated by an infornmation

pit on the information recording surfad RL3 passes again the objective
optical system OBJ, second lens M2, first lens MRL, collimtor |ens CO,,
and after it is reflected two times'in the prismPS, it is converged on
the light-receiving surface of the third light-receiving section DS3.
Then, by using the output signal of the third Iight- receiving section DS3,

t he i nfor, i_on_r.ecorded in can. be read. Hereupon, al houg[?L he draw ng
o on t ¢ S ARG Lo Fp i A i CE PR L F SHATETD THe 155 52 Tour th
enbodi nent, rotation drive device by which the optical disk 1is rotatably
hel d, an®28S€snedaiinddVicc CHIGCESf R IR tFesten | QBT ofSe¢RRD J§BRIs of
devices are nounted, an optical information recording reproducing
appar at uRgy fhirett dtensedRl, crve lomatieer rleyos Qg oind haf Pt i calls
information on the 50
reflected two times in the prism PS, it is converged on the
light-receiving surface of the second light-receiving section
DS2. Then, by using the output signal of the second light-
receiving section DS2, the information recorded in DVD can be
read.

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

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

the parallel light flux, it is converted into the divergent

light flux corresponding to the magnification m3 to the

wavelength A3 of the objective optical system OBJ by the



optical disk and the reproducing of the information recorded in the
optical disk, can be conducted, can be obtained. Next, a preferable optical
- system as the optical pick- up optical systemnmounted in the*
above-descri bed optical pick-up devices PUL - PUWM will be described
listing the specific nuneral values. The aspheric surface of the optical
surfaces on which the superposition t@¥fe diffractive structure and
diffractive structure in each exanple are formed, is, when the defornmation
anount fromthe plane tangential to an apex of its surface is X (m,

hei ght in the direction perpendicular to the optical axis is h (nm,

radi us of curvature is r expressed by a nunerical expression in

whi ch the,coefficie n T ble 1 are substituted

't ot he EHEST Aty MRk AT e %%9%datﬁr%*&ﬁﬁbn?%%ab%%%rr.%.%ﬂ?’é A
an aspherrc surface coeffrcrent (Eg-1) X=r +YA h2" 1+ 1-(1+x)(h/r)2

. 2 2 Inframed PN Thelinfprmatian afm%%ls%@‘t?%r@%(m{‘h‘ﬁ?h &ha design
wavel ength, f(nm) is a focal distance, mis a magnification of all system
of the olﬁjrﬁ{eiq}:ei\deed@,yqz( eHh3 it 5D by the objective optical system

OBJ.

Then, the odbjective optical system OBJ conducts the
focusing or tracking by the 2-axis actuator AC arranged in
its periphery. The reflected light fiux modulated by an
information pit on the information recording surface RL3
passes again the objective optical system OBJ, second lens
MR2, first lens MR1l, collimator lens COL, and after it ie
reflected two times in the prism PS, it is converged on the
light-receiving surface of the third light-receiving section
DS3. Then, by using the output signal of the third light-
receiving section DS3, the information recorded in CD can be
read.

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

one of the recording of the optical information on the



a protective substrate thickness, r(nm is a radius of curvature, NA is a
refractive index at 25 Cto the design wavel ength, and vd shows Abbe's
nunber in d-line. Further, in the aspheric surface, when a deformation
amount fromthe plane tangent to the apex of the surface is X (m), height
in the direction perpendicular to the optical axis is h (nm, and radius
of curvature isr (nmm, it is expresse80by the following Eg-i. Were, x is
a conical coefficient, and A21 is an aspheric surface coefficient.

Further, the superposition type diffractive structure and diffractive
structure in each exanple are expressed by an optical path difference
added to a transm ssion wave front by these structures. Such an optical

path difference is expressed by an tical path djfference function 4b (mm
Bef i ned BP AL GRShwARE BhS TARAPIUCINT PhaRR cHERFAC LR TRIERRA | | ght
flux, XB is a production wavelength, height in the direction perpendicular
to the ophi &&e gptdcad Wigsky) camBie ieendiairdcaapdra htdmrehce function
coefficient, and n is a diffraction-order. (Eg-2) 4b = xnxYBZ h2? j-0 52
(Exanple 1) ~ Next, a preferable optical systém as the optical pick-

up optical system meounted in thefabove—described optical

pick-up devices PUl - PU4 will be described listing the

specific numeral values.

The aspheric surface of the optical surfaces on which

the superposition type diffractive structure and diffractive

structure in each example are formed, is, when the

deformation amount from the plane tangential to an apex of

its surface is X (mm), height in the direction perpendicular

to the optical axis is h (mm), radius of curvature is r (mm),

expressed by a numerical expression in which the coefficients

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

is an aspheric surface coefficient.

(Eq-1)

h% }lZi

X= +3 4
I+ 1-Q+x)h/r)? 7
In Table 1 - Table 4, NA is a numerical aperture, A

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

a magnification of all system of the objective lens, t(mm) is



Exanple 1 is an optinumoptical systemas the optical pick-up optical
systemnounted in the first optical pick-up device PUL, and its specific
. nunerical data is shown in Table 1. 53 Table 1 PUl Optical specification
of the objective optical systemHD : NA1=0.85, fl=2.200 nm %1=408 nm
m =0, tl=0.0875 nm DVD: NA2=0.67, f2=2.309 nm %=658 nm nR=0, t2=0.6 nm
CD : NA3=0.51, f3=2.281 mm A,,3=785 n&l nB=-1/8.000, t3=1.2 mm Paraxi al
data Surf-dl d2 d3 r ace () () () () N4 NR2 NX3 vd note No. OBJ - 00
3.829 6.492 *1 1 -0.175 - 1.354 1.354 1.52424 1.50642 1.50324 56.5 2 00 -
2.913 0.250 *2 3 00 - 1.515 1.515 1.52424 1.50642 1.50324 56.5 4 -2.600 -
15. 000 15.000 STO 0.050 0.050 0.050 stop 6 *5 0.900 0.900 0.900 1.52424
1.50642 1.50324 56.5 7 *5 0.050 0.050 0.050 *3 E 8 1.445 2.510 2.510 2.510
1. 55965 B RAREEOL15e7 Sy eate Whipknep 7 uw7gl 9 ggadius of

curvature, NA is a refractive index at 25 °C to the design
wavelength, and vd shows Abbe’s number in d-line. Further,
in the aspheric surface, when a deformation amount from the
plane taﬁgent to the apex of the surface is X (mm), height in
the direction perpendicular to the optical axis is h (mm),
and radius of curvature is r (mm), it is expressed by the
following Eg-1. Where, k¥ is a conical coefficient, and Az is
an aspheric surface coefficient.

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

defined by the following Eg-2 when A is a wavelength of an

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

(Eg-2)

¢b AB X R X ; B, 1



10-00 0.0875 0.600 1.200 1.62110 1.57975 1.57326 30.0 *4 11 00 (Note) *1:
| i ght source *2: magnification adjusting optical unit *3: objective

. optical system*4: protective |layer *5: |ower Table Aspheric surface
coefficient of the 1st surface The 1st surface K -4.46585E+00 A4
-7.69189E+00 Aspheric surface coefficient of the 4th surface The 1st
surface K -8.82400E-03 A4 4.88708E-0352A6 7.66583E-04 54 Table 1
(Continued) Data of the 6th surface and the 7th surface The 6th surface The
7th surface AREA1 AREA2 AREA3 AREA4 (0:5h51.535) (1.5355h) (0<_h51.53)
(1.535h) Paraxial radius of curvature

(Example 1)

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

1.



r-00 1 231.761 -117.433 -167.005 Aspheric surface coefficient KO 0 O
9.6672E+01 A4 0 -1.2634E-04 -2.3039E-03 1.0847E-.03 A6 0O -1.4443E-03

- 3.1515E-03 -2.2698E-04 A8 0 6.3328E-04 -2.1791E-04 4.0064E-04 Al10 O
-6.8934E-05 -5.9061E-05 -1.3815E-05 Diffraction order nl/n2/n3 0/+1/0 -
+2/+1/ +1 +2/+1/+1 Production wavel ength XB 658 nm- 390 rim 408 nm
Optical path difference function coeffP8ient B2 4.7000E-03 0 -5.3000E- 03
-5.2595E-03 B4 -5.5308E-04 0 5.6232E-04 -3.8500E-04 B6 -2.5919E-04 O
-7.7644E-04 -2.8980E-04 B8 -2.0155E-05 0 5.1093E-05 5.6214E-05 B10
2.0712E-07 0 1.4877E-05 -1.4307E-05 Aspheric surface coefficient of the
8th and the 9th surface surface The 8th surface The 9th surface x
-6.6105E-01 -1.5745E+02 A4 1.1439Eag%ﬂ}.q519E-01 A6 2.5153E-03
-1.1661E-01 A8 8.3248E-06 1.0617E-0F°+°

PU1
Optical specification of the objective optical system

HD : NA1=0.85, £1=2.200 mm, Al=408 nm, ml=0, t1=0.0875 mm
DVD: NA2=0.67, £2=2.309 mm, A2=658 nm, m2=0, t2=0.6 mm
CD : NA3=0.51, £3=2.281 mm, A3=785 nm, m3=-1/8.000, t3=1.2 mm

Paraxial datsa

surf-
r dl dz d3
;g? {mm) () (mmew) (rrmn) NAL NA2 NA3 vd |note
OBJ - © 3.829 | 6.492 1
1 |-0.175 - 1.354 | 1.354
2 " - 5 913 | 0.250 | 1-52424|1.506421.50324 | 56.5 .
3 0 - 1.515 | 1.515
4 |-2.600 _ 1% 0001 15. 000 | 1+52424 | 1.50642 1.50324 56.5
STO 0.050 | 0.050 | 0.050 stop |
6 *5 0.900 | 0.900 | 0.900
7 *5 0.050 | 0.050 | 0.050 | 1-52424|1.50642]1.50324 56.5 ,
g8 | 1.445] 2.510 | 2.510 | 2.510
9 |-4.540| 0.679 | 0.478 | 0.324 1.5596571.54062 1.53724|56.3
ig z 0.0875| 0.600 | 1.200 |1.62110}1.57975|1.57326(30.0| =*4
(Note)

*1: light source

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

*4: protective layer

*5: lower Table

Aspheric surface coefficient of the lst surface

The 1st surface
K -4.46585E+00
A4 -7.69189E+00

Aspheric surface coefficient of the 4th surface
The lst surface
K -8.82400E-03
24 4.88708E-03
A6 7.66583E-04




AL0 2.9389E-04 -7.0962E-02 Al2 6.6343E-05 2. 7343E-02 Al4 - 4. 2105E- 05
-4. 3966E-03 Al6 -3.6643E-06 Al18 7.9754E-06 A20 -1.2239E-06 In the present

exanpl e,

pl astic |ens
the opti cal

a magni fication adjusting
the plastic | ens whose 55 paraxi al

whose paraxi a
path between a packaged nul34 ple |ight source

refractive

opti cal

ower

the light-emtting point projecting the |aser

and the light-emtting point
I n a casing,
at the tinme of the

73 are housed
present exanpl e,
pl astic | ens whose

projecting the |aser
and the objective optical
recor di ng/ reproduci ng on DVD,

refractive

refractive power

IS positi

ve,

and

unit conposed of 2 |enses of
I S negative,

t he

I's arranged in

unit in wh

ich

light flux of wavel ength X2

In the

light flux of wavel ength
system
t he

is moved by the actuator

: e
bet ween t%%gﬁggélfggﬁgﬂghéﬁbse refractive power

so that an interval S
negative, and the plastic | ens whose refractive power is positive, by
which th Y f i Ehe | Grh SR Tkacega@t thal 7H isurgacen osed _is 2 913 mm
Ther eby, [the diver|gent [hghtth s$urigicenavel engt h Xeep/shesnsfia€eom t he
packaged|nul tipl e |l i ghRREAL AREA2 AREA3 AREA4
(0<hx1.535) (1.535<h) (0<h<1.53) (1.53<h)
Paraxial radius of curvature
r o 231.761 | -117.433 | -167.005
Aspheric surface coefficient
K 0 0 0 9.6672E+01
A4 0 ~1.2634E-04| -2.3039E-03 1.0847E-03
Ab 0 -1.4443E-03} 3.1515E-03| -2.2698E-04
A8 0 6.332BE-04] -2.17921E-04| 4.0064E-04
Al0 0 -6.8934E-05 -5.9061E-05| -1.3815E-05
Diffraction order
nl/n2/n3 0/+1/0 - | +2/+1/41 | +2/+1/+1
Production wavelength
AB 658 nm - | 390 nm | 408 nm
Optical path difference function coefficient
B2 4.7000E-03 : 0 -5.3000E-03| -5.2595E-03
B4 ~-5.5308E~04 0 5.6232E-04| -3.8500E-04
B6 -2.5919E-04 0 -7.7644E-04]| -2.8980E-04
B8 -2.0155E-05 0 5.1083E-05]  5.6214E-05
B10 2.0712E-07 0 1.4877E-05/ -1.4307E-05

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

The 8th surface The 9th surface

X -6.6105E-01 -1.5745E+02
A4 1.1439E-02 1.0519E-01
Ab 2.5153E-03 -1.1661E-01
A8 8.3248E-06 1.0617E-01
AlO 2.9389E-04 =7.0962E-02
Alz2 6.6343E~05 2.7343E~02
Al4 -4_.2105E-05 -4 ,3966E-03
Ale -3.6643E-06
AlsS 7.9754E~-06
A20 -1.2239E-06

In the present example,

a magnification adjusting

optical unit composed of 2 lenses of the plastic lens whose



source unit
obj ective opt

s converted into the parallel light flux, and incident on the
i cal system Further, at the tinme of the recording/reproducing

.on CD, the plastic |lens whose refractive power is negative is noved by

t he actuat or

so that an interval between the plastic |ens whose refractive

power is negative, and the plastic | ens whose refractive power is

positive, by
conposed, is

which the 56 nmagnificati & adjusting optical unit is ‘
0.250 mm Thereby, the divergent |ight flux of wavel ength 23

projected fromthe packaged nmultiple light source unit is converted into

t he divergent
-1/8.000) to
i nci dent on t

light flux corresponding to the magnification nB (=
the wavel ength 23 of the objective optical system and

he obj ective, tical t Ex le 2) EX le 2
opt i mum GRS B TSI TRPOFT oY PEPEKETR oBEd cohe chor BhRobRDEA i n

the second optical pick-up device PU2, and its specific nunerical data is

shown in

Wik % Paraxial mafiract iy ooye s chs Bpettiveat ionasrangedobfecti ve

optical system

the

unit

optical path between a packaged multiple light source

in which the light-emitting point projecting the laser

light flux of wavelength A2 and the light-emitting point

projecting the laser light flux of wavelength A3 are housed

in a

reco

refr

casing, and the objective optical system.
In the present example, at the time of the
rding/reproducing on DVD, the plastic lens whose

active power is negative is moved by the actuator so that

an interval between the plastic lens whose refractive power

is negative, and the plastic lens whose refractive power is

positive, by which the magnification adjusting optical unit

is composed, is 2.913 mm. Thereby, the divergent light flux

of wavelength A2 projected from the packaged multiple light

source unit is converted into the parallel light flux, and

incident on the objective optical system.

Further, at the time of the recording/reproducing on

CD, the plastic lens whose refractive power is negative is

moved by the actuator so that an interval between the plastic
lens whose refractive power is negative, and the plastic lens

whose refractive power is positive, by which the



HD.: NA1=0.85, fl=2.200 mm X1=408 run, nl =0, tl=0.0875 nm DVD: NA2=0. 67,
f2=2.283 mm X2=658 rim nmR=-1/21.413, t2=0.6 mm CD : NA3=0.51, f3=2.281
. mm  ?2=785 nm nB=-1/8.000, t3=1.2 mm Paraxial data Sur- face (mm dl d2
d3 ) (nm) (m) (mm) NX1 N~,2 NX3 vd note No. OBJ - 00 4.000 5.977 *1 1
-0.152 - 1.070 1.070 1.52424 1.50642 1.50324 .56.5 *2 2 00 - 2.727 0.750 3
00 - 1.149 1.149 1.52424 1.50642 1.5035656.5 4 -2.616 - 15.000 15.000 STO
0.050 0.050 0.050 -stop 6 *5 0.900 0.900 0.900 1.52424 1.50642 1.50324
56.5 *3 7 *5 0.050 0.050 0.050 8 1.445 2.510 2.510 2.510 1.55965 1.54062
1.53724 56.3 9 -4.540 0.679 0.537 0.323 10 Co 0.0875 0.600 1.200 1.62110
1.57975 1.57326 30.0 *4 11 w (Note) *1: light source *2: magnification
adjusting optjical unit *3: objective optical system

magnification adjusting optical unit is composed, is 0.250

mm. Thereby, the divergent light flux of wavelength A3

projected from the packaged multiple light source unit is
converted into the divergent light flux corresponding to the
magnification m3 (= -1/8.000) to the wavelength A3 of the
objective optical system, and incident on the objective
optical system.
(Example 2)

Example 2 is an optimum optical system as the optical
pick-up optical system mounted in the second optical pick-up
device PU2, and its specific numerical data is shown in Table

2.



*4: protective layer *5: |ower Table Aspheric surface coefficient of the
1st surface The 1st surface K -5.99736E+00 A4 -1.15213E+00 Aspheric
surface coefficient of the 4th surface The 4th surface K -1.114456E-01 A4
4.52058E-03 A6 2.77091E-03 58 Table 2 (Continued) Data of the 6th surface
and the 7th surface The 6th surface The 7th surface AREA1 AREA2 AREA3
AREA4 (0<_h51.535) (1.5355h) (05h:51.585) (1.5355h) Paraxial radius of
curvature r 00 208.039 -117.541 -298.235 Aspheric surface coefficient KO
0 0 9.6672E+01 A4 O -1.2634E-04 8.4974E-04 9. 7807E-04 A6 0 -1.4443E-03

1. 9705E-03 -3.0784E-04 A8 0 6.3328E-04 -5.3893E-04 3.5607E-04

Table 2

PU2
Optical specification of the objective optical system

HD : NA1=0.85, f1=2.200 mm, Al=408 nm, ml=0, t1=0.0875 mm
DVD: NA2=0.67, £2=2.283 mm, A2=658 nm, m2=-1/21.413, t2=0.6 mm
CD : NA3=(0.51, £3=2.281 mm, A3=785 nm, m3=-1/8.000, t3=1.2 mm

Paraxial data

Sur-
r dl dz d3
el am | m) | ) | m | | M2 N3 vd note
OBJ - ) 4,000 | 5.977 : : *1
1 |-0.152 - 1.070 } 1.070 |1.52424|1.50642}1.50324 |56.5| *2
2 © - 2.727 | 0.750
3 e - 1.149 | 1.149 [1.52424|1.506421.50324]56.5
4 |-2.616 - 15.000| 15.000 '
STO ‘ 0.050 | 0.050 | 0.050 stop
6 *5 0.900 | 0.900 | 0.200 [1.52424|1.50642(1.50324|56.5| *3
7 *5 0.050 | 0.050 | 0.050
8 1.445 ] 2.510 | 2.510 | 2.510 [ 1.5596511.54062 | 1.53724(56.3
9 |-4.540| 0.679 | 0.537 | 0.323
10 ) 0.0875| 0.600 | 1.200 |1.621101.57975{1.57326|30.0| *4
11 © '
(Note)
*1: light source
*21 magnification adjusting optical unit
*3: objective optical system
*4: protective layer
*5: lower Table

Aspheric surface coefficient of the 1st surface

The 1lst surface
X -5.99736E+00
Ad -1.15213E+0Q0

Aspheric surface coefficient of the 4th surface
The 4th surface
K -1.114456E-01
A4 4.52058E-03

A6 2.77091E-03




Al10 O -6.8934E-05 3.8508E-05 -1.7735E-05 Diffraction order nl/n2/n3 0/+1/0
- +2/+1/+1 1 Production wavel ength XB 658 rim- 390 nm 408 nm Opti cal
path difference function coefficient B2 0 0 -5. 3000E-03 -5.5393E-03 B4
-7.6384E-04 0 -2.1003E-04 -3.6735E-04 B6 8.0040E-05 0 -4.9344E-04
-2.5117E-04 B8 -3.1371E-05 O 1.3567E-04 6.1137E-05 310 -5.3665E-06 O

-1. 0O001E- 05 -1.2440E-05 Aspheric surfa&8 coefficient of the 8th surface and
the 9th surface The 8th surface The 9th surface K -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 Al10 2.9389E-04 -7.0962E-02 Al12 6.6343E-05 2.7343E-02 Al4
-4.2105E-05 -4.3966E-03 Al16 -3.6643E-06 Al1l8 7.9754E-06 A20 -1.2239E-06

Table 2 {(Continued)

Data of the 6th surface and the 7th surface

The 6th surface The 7th surface
AREAl AREAZ AREA3 AREA4

{0<h<1.535) (1.535<h) | (0sh<1.535) (1.535<h)
Paraxial radius of curvature :

T w0 | 208.039 | -117.541 | -298.235

Aspheric surface coefficient :
K 0 o 0 9.6672E+01
a4 0 -1.2634E-04| 8.4974E-04 9.78B07E-04
A6 0 -1.4443E-03| 1.9705E-03| -3.07B4E~-04
A8 0 6.3328E-04| -5.3893E-04 3.5607E~04
A10 0 -6.8934E-05| 3.850BE-05| -1.7735E-05
Diffraction order
nl/n2/n3 0/+41/0 | - | +2/+1/+1 | +2/+1/+1
Production wavelength

AB 658 nm | - | 390 nm | 408 nm

Optical path difference function coefficient
B2 0 0 -5.3000E-03| -5.5393E-03
B4 ~7.6384E-04 0 -2.1003E-04] -3.6735E-04
B6 8.0040E-05 0 -4.9344E-04| -2.5117E-04
B8 -3.1371E-05 0 1.3567E-04 6.1137E-05
B10 -5.3665E-06 0 -1.0001E-05 -1.2440E-05

Aspheric surface coefficient of the Bth surface

surface
The Bth surface The S%th surface

© -6.6105E~-01 ~1.5745E+02
A4 1.1439E-02 1.0519E-01
A6 2.5153E-03 -1.1661E~-01
AB 8.3248E~06 1.0617E~01
Al0 2.9389E~04 -7.0962E~02
Al2 6.6343E-05 2.7343E-02
Al4 -4.2105B-05 -4.,3966E-03
Al6 -3.6643E-06
AlS8 7.9754E-06
A20 -1.2239E-06

and the 9th




59. In the present exanple, a magnification adjusting optical unit conposed
of 2 lenses of the plastic | ens whose paraxial refractive power is
negative, and the plastic | ens whose paraxial refractive power is
positive, is arranged in the optical path between a packaged nultiple
light source wunit in which the light-emtting point projecting the |aser
light flux of wavelength X2 and the |ig®-emtting point projecting the

| aser light flux of wavelength A .3 are housed in a casing, and the
objective optical system In the present exanple, at the
recordi ng/ reproducing on DVD, the plastic |lens whose refractive power is
negative, is noved by the actuator so that an interval between the plastic
| ens whose refractive power is negative, and the plastic |ens whose
refractive powdd iBepFHasant SHAMH ok dRRINHEL RPN i *ATUBRIRE] ust i ng
optical unit, is 2.727 mm Thereby, the divergent light flux of wavel ength
A. 2 proj egiteidcdlr aomithecomzedad e ndil tepses | ¢fhtheoplast uni tens wbosert ed
into the divergent light flux corresponding to the magnification n2

(=-1/21. $aFastinl he: feaet Brgtgower of s tifegHbles] | aed ophié plasByst Behsand it
is incident on the objective optical system Further, at the

recor di nG/HRRr QUGN 10N 5 diBre RDARLF Cid EHSSWODPSE, TEErAFLANGQOYRT 1S
negative, is noved by 60
the optical path between a packaged multiple light source

unit in which the light-emitting point projecting the laser
light flux of wavelength A2 and the light-emitting point

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

In the present example, at the recording/reproducing on
DVD, the plastic lens whose refractive power is negative, is
moved by the actuator so that an interval between the plastic
lens whose refractive power is negative, and the plastic lens
whose refractive power is positive, which compose the
magnification adjusting optical unit, is 2.727 mm. Thereby,
the divergent light flux of wavelength A2 projected from the
packaged multiple light source unit is converted into the
divergent light flux corresponding to the magnification m2
(=-1/21.413) to the wavelength A2 of the objective optical
system, and it is incident on the objective optical system.

Further, at the recording/reproducing on CD, the

plastic lens whose refractive power is negative, is moved by



the actuator so that an interval between the plastic |lens whose refractive
power is negative, and the plastic |lens whose refractive power is
positive, which conpose the nagnification adjusting optical unit, is 0.750
mm Thereby, the divergent light flux of wavelength X3 projected fromthe
packaged nmultiple |ight source unit is converted into the divergent |ight
flux corresponding to the magnificati o®CnB (=-1/8.000) to the wavel ength
X3 of the objective optical system and it is incident on the objective
optical system (Exanple 3) Exanple 3 is an optinum optical systemas the
optical pick-up optical systemnounted in the third optical pick-up

device PU3, and its specific nunerical data is shown in Table 3. 61 Table

3 PU3 i cal specification of the objective optical system . NA1=0. 85,
1 =2 20004 SPEIETAC A A1 SONFAR RIS RO BLESTHENTSRS
%2=658 rim nR=-1/21.413, t2=0.6 nm CD : NA3=0.51, f3=2.281 mm X3=785
ran, nmB=¥hogeoorinagtiive pavearigingdalaiee Suand fiee PhaftdF Honds

whose refractive power is positive, which compcse the

magnification adjusting optical unit, is 0.750 mm. Thereby,

the divergent light flux of wavelength A3 projected from the

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

Example 3 is an optimum optical system as the optical
pick-up optical system mounted in the third optical pick-up
device PU3, and its specific numerical data is shown in Table.

3.



) (mm (ran) (m) NX1 NR2 NR3 vd note No. OBJ - 00 00 19.387 *1 1 -0.878
0.800 0.800 - 1.52424 1.50642 1.50324 56.5 *2 2 00 2.000 1.530 3 00 1.000
- 1.000 - 1.52424 1.50642 1.50324 56.5 4 -2.545 10.000 10.000 SWO0. 050

0. 050 0.050 stop 6 *5 0.900 0.900 0.900 1.52424 1.50642 1.50324 56.5 *3 7
*5 0.050 0.050 0.050 8 1.445 2.510 2.510 2.510 1.55965 1.54062 1.53724 56.3
9 -4.540 0.679 0.536 0.330 10 00 0.087%10.600 1.200 1.62110 1.57975 1.57326
30.0 *4 11 00 (Note) *1: light source *2: magnification adjusting optical
unit *3: objective optical system *4:. protective layer *5: |ower Table
Aspheric surface coefficient of the 1st surface The 1st surface K
-1.01950E+00 A4 -2.87937E-02

Table 3

PU3

Optical specification of the objective optical system

HD : NA1=0.85, £1=2.200 mm, A1=408 nm, ml=0, t1=0.0875 mm
DVD: NA2=0.67, £2=2.283 mm, A2=658 nm, m2=-1/21.413, t2=0.6 mm
CD : NA3=0.51, £3=2.281 mm, A3=785 nm, m3=-1/8.000, t3=1.2 mm

Paraxial data

Sur-
r di d2 d3
o ) | ) | m | o@m | M| M2 WS wdnote
OBJ - w0 oo 19.387 *1
1 {-0.878| 0.800 | 0.800 - 1.52424 1 1.50642 | 1.50324 | 56.5| *2
2 0 2.000 | 1.530 -
3 ) 1.000 | 1.000 - 1.52424|1.50642| 1.50324 | 56.5
4 | -2.545] 10.000 | 10.000 -
STO 0.050 | 0.050 | 0.050 stop
6 *5 0.900 | 0.900 | 0.900 i1.52424| 1.50642 | 1.50324 | 56.5| *3
7 *5 0.050 | 0.050 | 0.050
8 1.445 ¢ 2,510 | 2.510 | 2.510 | 1.55965| 1.54062 | 1.53724 | 56.3
9 | -4.540| 0.679 | 0.536 | 0.330
10 e 0.0875} 0.600 | 1.200 | 1.62110|1.57975| 1.57326 | 30.0| *4
11 o0
(Note)
*1: light source
*2: magnification adjusting optical unit
*3: cbjective optical system
*4: protective layer
*5: lower Table

Aspheric surface coefficient of the 1lst surface

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

Aspheric surface coefficient of the 4th surface
The 4th surface
KX -1.28717E+Q0

Ad 4.85669E-03




The 4th surface K
-1.28717E+00 A4 4.85669E-03 62 Table 3 (Continued) Data of the 6th

Aspheric surface coefficient of the 4th surface

surface and the 7th surface The 6th surface The 7th surface AREA1 AREA2
AREA3 AREA4 (05h<_1.535) (1.5355h) (0:951.535) (1.5355h) Paraxial radius
of curvature r 208.039 -117.541 -298.235 Aspheric surface coefficient x O
0 0 9.6672E+01 A4 O -1.2634E-04 8.49742-04 9. 7807E-04 A6 0 -1.4443E-03

1. 9705E-03 -3.0784E-04 AS 0 6.3328E-04 -5.3893E-04 3.5607E-04 A10 O
-6.8934E-05 3.8508E-05 -1. 7735E-05 Diffraction order nl/n2/n3 0/+1/0 -

+2/ +1/ +1 +2/+1/+1 Production wavel ength XB 658 nm- 390 nm 408 nm Opti cal

path difference function coefficient

Table 3 {Continued)

Data of the 6th surface and the 7th surface

B2 0 O -5.3000E-03 -5.5393E-03

The 6th surface The 7th surface
AREAl AREA2 AREA3 AREA4
(0<h<1.535) (1.535<h) (0<h<1.535) {1.535<h)
Paraxial radius of curvature
r o | 208.039 | -117.541 | -298.235
Aspheric surface coefficient
K 0 0 0 9.6672E+01
A4 0 -1.2634E-04 8.4974E-04 9.7807E-04
A6 0 -1.4443E-03 | 1.9705E-03 | -3.0784E-04
AB 0 6.3328E-04 | -5.3893E-04| 3.5607E-04
Al0 0 -6.8934E-05 | 3.8508E-05| -1.7735E~-05
Diffraction order
nl/n2/n3 0/+1/0 | - [ +2/+1/+1 | +2/+1/+1
Production wavelength

AB 658 nm | - | 390 nm | 408 nm

Optical path difference function coefficient
B2 0 0 -5.3000E-03(-5.5393E-03
B4 -7.6384E-04 0 -2,1003E-04|-3.6735E-04
B6 8.0040E-05 0 -4,9344E-04|-2.5117E-04
B8 -3.1371E-05 0 1.3567E-C4| 6.1137E~05
B10O -5.3665E-06 0 -1.0001E-05/-1.2440E-05

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

surface
The 8th surface The 9th surface

K -6.6105E-01 -1.5745E+02
A4 1.1439E-02 1.0519E-C1
A6 2.5153E-03 -1.1661E-C1
A8 8.3248E-06 1.0617E-01
Al10 2.9389E-04 -7.0962E-02
Al2 6.6343E~05 2.7343E-02
Ald -4.2105E-05 -4.3966E-03
Alé6 -3.6643E-06
AlS 7.9754E-06
A20 -1.2239E-06




B4 -7.6384E-04 0 -2.1003E-04 -3.6735E-04 B6 8.0040E-05 0 -4.9344E-04
-2.5117E-04 B8 -3.1371E-05 0 1.3567E-04 6.1137E-05 B10 -5.3665E-06 0O

. -1.0001E- 05 -1.2440E-05 Aspheric surface coefficient of the 8th surface and
the 9th surface The 8th surface The 9th surface K -6.6105E-01 -1.5745E+02
A4 1.1439E-02 1.0519E-01 A6 2.5153E-03 -1.1661E-01 AS 8. 3248E-06
1.0617E-01 Al10 2.9389E-04 -7.0962E-0263A12 6.6343E-05 2. 7343E-02 Al4
-4.2105E-05 -4. 3966E-03 Al16 -3.6643E-06 A18 7.9754E-06 A20 -1.2239E-06 63
In the present exanple, a nmagnification adjusting optical unit conposed of
2 lenses of the plastic | ens whose paraxial refractive power is negative,
and the plastic |l ens whose paraxial refractive power is positive, S

arranged in the optical path between the collﬁnator | en g whi ch the
laser light fld® RASRETT ROk KR AT 97 I usting

optical unit composed of 2 lenses of the plastic lens whose
paraxial refractive power is negative, and the plastic lens
whose paraxial refractive power is positive, is arranged in
the optical path between the collimator lens by which the
laser light flux projected from a packaged multiple light
source unit in which the light—emitting point projecting the

laser light flux of wavelength Al and the light-emitting

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

In the present example, at the recording/reproducing on
HD, the plastic lens whose refractive power is negative, is
moved by the actuator so that an interval between the plastic
lens whose refractive power is negafive, and the plastic lens
whose refractive power is positive, which compose the
magnification adjusting optical unit, is 2.000 mm. Thereby,
in the parallei light flux of wavelength Al projected from
the packaged multiple light source unit, and converted into
the parallel light flux by the collimator lens, its light

flux diameter is enlarged by the magnification adjusting



source unit in which the light-emtting point projecting the |aser |ight
flux of wavelength Xl and the light-emtting point projecting the |aser
~light flux of wavelength X.2 are housed in a casing, is converted into an
al nost parallel light flux, and the objective optical system In the
present exanple, at the recording/reproducing on HD, the plastic |ens
whose refractive power is negative, isé4noved by the actuator so that an
interval between the plastic |ens whose refractive power is negative, and
the plastic I ens whose refractive power is positive, which conpose the

magni fication adjusting optical unit, is 2.000 nm Thereby, in the

paral | el Iight flux of wavelength X1 projected from the packaged nmultiple
| ight source unit, and converted jnto the parallel ht flux, by_the

col | i mat &PY3 Yridq i LF i H?%h%ﬁ%ﬁ 20 E%?a?%é@cgﬁv?hﬁpﬁh@ﬂiflcatlon

adj usting 64 optlcal unit, and it is incident on the objective optical
system F¥IUR®%. at the recording/reproducing on DVD, the plastic |lens
whose refractive power is negative, is noved by the actuator so that an
i nterval betwedhrthe ! ast ithd erscomhiose/ regfredic ey powebvd s ttegati ve, and
the plastic lens whose refractive power is positive, which conpose the
magni fi cglayt iaf ugid Nhodd | €@t radt ive | Sole 30s MegdPEFEPYis moved by

the actuator so that an interval between the plastic lens

whose refractive power is negative, and the plastic lens

whose refractive power is positive, which compose the

magnification adjusting optical unit, is 1.530 mm. Thereby,
the parallel light flux of wavelength A2 projected from the
packaged multiple light socurce unit, and converted into the
parallel light flux by the collimator lens, is converted into
the divergent light flux corresponding to the magnification
m2 (=-1/21.413) to the wavelength A2 of the objective optical
system by the magnification adjusting optical unit, and it is
incident on the objective optical system.
(Example 4)

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

4.



the parallel light flux of wavelength % projected fromthe packaged
multiple |ight source unit, and converted into the parallel light flux by
the collimator lens, is converted into the divergent |ight flux
corresponding to the magnification nR (=-1/21.413) to the wavel ength ?2 of
the objective optical systemby the nmagnification adjusting optical unit,
and it is incident on the objective optical system (Exanple 4) Exanple 4
is an optimum optical systemas the optical pick-up optical system nounted
in the fourth optical pick-up device PU4, and its specific numerical data
is shown in Table 4. 65 Table 4 PU4 Optical specification of the

obj ective optical system HD : NA1=0.85, fl=2.200 mm 9%1=408 nm mnl =0,
t1=0.0875 nm DVD: NA2=0.67, f2z2.§§§gqﬂ% %2=658 nm n2=0, t2=0.6 mm CD
NA3=0.51, f3=2.281 nm 9%8=785 nm n8=241% %00, t3=1.2 nm Paraxial data
Sur - fac%U& rdil d2 d3 ) (rrm) (rrm (nmm N, LI NX2 Na, 3 vd note No.

Optical specification of the objective optical system

HD : NAl=0.85, £1=2.200 rm, Al=408 nm, ml=0, t1=0.0875 mm
DVD: NA2=0.67, £2=2.309 mm, A2=658 nm, m2=0, t2=0.6 mm

CD : NA3=0.51, £3=2.281 mm, A3=785 nm, m3=-1/8.000, t3=1.2 mm

Paraxial data

Sur-

face| dl d2 B M2 | M3 | vd |note
No. (mm) (ram) {rom) {romm)

oBJ - ) 0 o0 *1

1 |-0.879/0.8000 0.800 | 0.800 | 1.52424 | 1.50642}1.50324|56.5
2 0 2.000 | 2.103 | 0.320
3 ) 1.000 | 1.000 | 1.000 | 1.52424 | 1.50642 | 1.50324 | 56.5
4 |-2.550|10.000| 10.000 | 10.000
STO 0.050 | 0.050 | 0.050 stop
© *5 0.900 | 0.900 | 0.900 | 1.52424 (1.50642 | 1.50324 | 56.5
7 *5 0.050 | 0.050 | 0.050

*2

*

8 1.445 | 2,510 | 2,510 | 2.510 | 1.55965 [ 1.54062 | 1.53724 | 56.3 3
9 |-4.5401 0.680 | 0.478 | 0.334
10 ) 0.0875| 0.600 | 1,200 | 1.62110|1.57975| 1.57326| 30.0 "
11 w0

(Note)

*1: light source

*2: magnification adjusting optical unit

*3: objective optical system

*4: protective layer

*5: lower Table

Aspheric surface coefficient of the 1lst surface

The 1lst surface
K -9.,96755E-01
Ad -8.73228E-02

Aspheric surface coefficient of the 4th surface
The 4th surface
x ~1.40789E+00
Ad -6.57897E-03




0&7 - 00 00 OO0 *1 1 -0.879 0.8000 0.800 0.800 1.52424 1.50642 1.50324 56.5
2 00 2.000 2.103 0.320 *2 3 00 1.000 1.000 1.000 1.52424 1.50642 1.50324
. 56.5 4 -2.550 10.000 10.000 10.000 STO 0.050 0.050 0.050 stop 6 *5 0.900
0.900 0.900 1.52424 1.50642 1.50324 56.5 7 *5 0.050 0.050 0.050 *3 8 1.445
2.510 2.510 2.510 1.55965 1.54062 1.53724 56.3 9 -4.540 0.680 0.478 0.334

10 00 0.0875 0.600 1.200 1.62110 1.579%% 1.57326 30.0 *4 11 00 (Note)

| i ght source *2: magnification adjusting optical
system *4:. protective |ayer

opti cal

coefficient of the 1st surface

-8. 73298E- 02 Aspheric surface coefficient of the 4th surface The 4th
surface Table 4 (Continued)
Data of the 6th surface and the 7th surface
The 6th surface The 7th surface
~ AREAl AREAZ2 AREA3 AREA4
(0h<1.535) (1.535<h) {0sh<1.53) (1.53<h)
Paraxial radius of curvature
r e | 231.761 | -117.433 | -167.005
Aspheric surface coefficient
K 0 0 0 9.6672E+01
A4 0 ~-1.2634E-04 [-2.303%9E-03| 1.0847E-03
A6 0 ~1.4443E-03 | 3.1515E-03 | -2.2698E-04
A8 0 6.3328E-04 |-2.1791E-04 4.0064E-04
Al0 0 -6.8934E-05 | -5.9061E-05| -1.3815E~-05
Diffraction order
nl/n2/n3 0/+1/0 [ - | +2/+1/41 | +2/+41/+1
: Production wavelength ‘
AB 658 nm | - | 390 nm | 408 nm
Optical path difference function coefficient
B2 4,7000E-03 0 -5.3000E-03| -5.2595E-03
B4 -5.5308E-04 0 5.6232E-04| -3.8500E-04
B6 ~-2.5918E-04 0 ~7.7644E-04} ~2.89B80E-04
B8 -2.0155E-05 0 5.1093E-05{ 5.6214E-05
B10O 2.0712E-07 0 1.4877E-05] -1.4307E-05
Aspheric surface coefficient of the 8th surface and the 9th
surface : _
The 8th surface | The 9th surface
® -6.6105E-01 -1.5745E+02
Ad 1.1439E-02 1.0519E-01
Ab 2.5153E-03 -1.1661E-01
A8 8.3248E-06 1.0617E-01
Al0 2.9389E-04 -7.0962E-02
212 6.6343E-05 2.7343E-02
Al4 -4.2105E-05 -4.3966E-03
Al6 -3.6643E-06
Al8 7.9754E-06
AZ20 ~1.223%E-06

*5:

unit *

3: objective

| ower Tabl e Aspheric surface

The 1st surface K -9.96755E-01 A4




K -1.40789E+00 A4 -6.57897E-03 66 Table 4 (Continued) Data of the 6th
surface and the 7th surface The 6th surface The 7th surface AREA1 AREA2
AREA3 AREA4 (05h!51.535) (1.5355h) (0:5h:51.53) (1.535h) Paraxial radius
of curvature r a 231.761 -117.433 -167.005 Aspheric surface coefficient x
0 00 9.6672E+01 A4 0 -1.2634E-04 -2.3039E-03 1.0847E-03 A6 O -1.4443E-03
3. 1515E-03 -2.2698E-04 A8 0 6.3328E-047-2.1791E-04 4. 0064E-04 A10 O
-6.8934E-05 -5.9061E-05 -1.3815E-05 Diffraction order nl1l/n2/n3 0/+1/0 -
+2/ +1/ +1 +2/+1/+1 Production wavel ength XB 658 nm- -0= 408 nm Opti cal
path difference function coefficient B2 4.7000E-03 0 -5.3000E-03
-5.2595E-03 B4 -5.5308E-04 0 5.6232E-04 -3.8500E-04 B6 -2.5919E-04 O

-7.7644E-04 -2. 8980E- 04
In the present example, a magnification adjusting

optical unit composed of 2 lenses of the plastic lens whose
paraxial refractive power is negative, and the plastic lens
whose paraxial refractive power is positive, .is arranged in
the optical path between the collimator lens by which thé
laser light flux projected from a packaged multiple light

source unit in which the light-emitting point projecting the

laser light flux cof wavelength Al, the light~emitting point

projecting the laser light flux of wavelength A2, and the
light-emitting point projecting the laser light flux of
wavelength A3, are housed in a casing, is converted into an
a2lmost parallel light flux, and the objective optical system.

In the present example, at the recording/reproducing on
HD, the plastic lens whose refractive power is negative, is
moved by the actuator so that an interval between the plastic
lens whose refractive power is negative, and the plastic lens
whose refractive power is positive, which compose the
magnification adjusting optical unit, is 2.000 mm. Thereby,
in the parallel light flux of wavelength Al projected from
the packaged multiple light source unit, and converted into
the parallel light flux by the cdllimator lens, its light

flux diameter is enlarged by the magnification adjusting



B8 -2. 0155E-05 0 5.1093E-05 5.6214E-05 B10 2.0712E-07 0 1.4877E-05
-1.4307E- 05 Aspheric surface coefficient of the 8th surface and the 9th
surface The 8th surface The 9th surface 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
Al10 2.9389E-04 -7.0962E-02 Al2 6.6343E-05 2. 7343E-02 Al4 -4.2105E-05
-4.3966E-03 Al6 -3.6643E-06 Al18 7.97548B-06 A20 -1.2239E-06 67 In the
present exanple, a magnification adjusting optical unit conposed of 2

| enses of the plastic | ens whose paraxial refractive power is negative,
and the plastic I ens whose paraxial refractive power is positive, is
arranged in the optical path between the collimtor |ens by which the

| aser light flux projected froma packaged multiple light source_unit in

whi ch t heRE L eiti mpdothtliprbpetdeny ehetheackierfiRe pPhkcal
wavel ength X, the light-emtting point
system.

Further, at the recording/reproducing on DVD, the
plastic lens whose refractive power is negative, is moved by
the actuator sc that an interval between the plastic lens
whose refractive power is negative, and the plastic lens

whose refractive power is positive, which compose the
magnification adjusting optical unit, is 2.103 mm. Thereby,
in the parallel light flux of wavelength A2 projected from
the packaged multiple light source unit, and converted into
the parallel light flux by the collimator lens, its light
flux diameter is enlarged by the magnification adjusting
optical unit, and it is incident on the objective optical
system.

Further, at the recording/reproducing on CD, the
plastic lens whose refractive power is negative, is moved by
the actuateor so that an interval between the plastic lens
whose refractive power is negative, and the plastic léns
whose refractive power is positive, which compose the
magnification adjusting optical unit, is 0.320 mm. Thereby,
the parallel light flux of wavelength A3 projected from the

packaged multiple light source unit, and converted into the



projecting the laser light flux of wavelength X2, and the Ilight-emtting
point projecting the laser light flux of wavelength X3, are housed in a

. casing, is converted into an alnost parallel light flux, and the objective
optical system In the present exanple, at the recording/reproduci ng on

HD, the plastic |l ens whose refractive power is negative, is noved by the
actuator so that an interval between th&plastic |ens whose refractive
power is negative, and the plastic | ens whose refractive power is
positive, which conpose the nagnification adjusting optical unit, is 2.000
mm Thereby, in the parallel light flux of wavelength X1 projected from
the packaged multiple Iight source unit, and converted into the parallel
light flux by the collimator lens, its Ilght flux diameter is enlarged by
the magniPakatleh highttFhyxeBy Bpei callimrtorahgnsy is Fﬁ@W@@ﬁﬁdoﬁng
objective optical system Further, at the recordi ng/reproduci ng on DVD,
the plasthe dbﬁ%r@h@EeliehtatihneCpumespbsdmagatbvmaghifdamedohym3tHe
actuator so that an interval between the plastic | ens whose refractive

pover is negatoye) eddthbewplasthgrhens owhese BﬁﬁééﬁibéeoBQW%%l's
positive, which conpose the magnification adjusting optlca unit, is 2.103

- Ther e e o Nen @ 8LAEEs LLODLA Lk, 81 s gveLendth 9@.proegt ¢ from

incident on the objective optical system.

Hereupon, in Example 1 - 4 described above, in the case
where the divergent light flux is incident on the cbjective
optical system, when the objective optical system is shifted
in the direction perpendicular to the optical axis by the
tracking drive, because the virtual objective point of the
objective optical system becomes the off-axis objective
point, and the coma is generated. When the generation amount
of this coma is large, there is a problem that, at the time
of the recording/reproducing on the optical disk, the good
tracking characteristic is not obtained.

In Example 1 -4 described above, when the plastic lens
whose refractive power of the magnification adjusting optical
unit is negative, is shifted in the direction perpendicular
to the optical axis, the coma generated by the tracking drive
of such an objective optiéal system can be corrected.

In Fig. 7, in the optical system of Example 1, a result
in which, at the time of the recording/reproducing on CD, the

cema generated when the objective optical system is shifted



t he packaged nultiple |ight source unit, and converted into the parallel
light flux by the collimator lens, its light flux dianeter is enlarged by
- the magnification adjusting optical unit, and it is incident on the
objective optical system Further, at the recording/reproducing on CD, the
pl astic | ens whose refractive power is negative, is noved by the actuator
so that an interval between the plastic/dens whose refractive power is
negative, and the plastic |l ens whose refractive power is positive, which
conpose the nmagnification adjusting optical unit, is 0.320 mm Thereby,

the parallel light flux of wavelength X3 projected fromthe packaged
mul tiple light source unit, and converted into the 69 parallel light flux
by the colli tor l ens, is converted into the divergent |ight flux

cor r esporidt & FIRRMF PR R EHREREICULRE BBOFhEoOPRECRAVBRERGER 23 of the
objective optical systemby the magnification adjusting optical unit, and

it is irmdnkesteth vhen obhecplaetbpt iens iyswhhchkbheupeﬁxabniEzappWerl - 4
descri bed above, in the case where the divergent light flux is incident on
t he obj ecifi vithe gt i sytstem adfestihg opfechlivanopt iseahegustien, i ssshifted
in the direction perpendicular to the optical axis by the tracking drive,
because tdiei ftidd Uph o eff ko€t PO Nbe PhehBEcular to the optical axis,

is shown.

From these results, in the optical system of Example 1

~ 4, 1t can be seen that, when the plastic lens in which the

refractive power of the magnification adjusting optical unit

is negative, 1is shifted in the direction perpendicular to the

optical axis in timed relationship with the tracking drive of

the objective optical system, 'a good tracking characteristic

is obtained.



obj ective optical system becones the off-axis objective point, and the
coma i s generated. Wien the generation anount of this coma is large, there
. is a problemthat, at the tine of the recording/reproducing on the optical
di sk, the good tracking characteristic is not obtained. In Exanple 1 -4
descri bed above, when the plastic | ens whose refractive power of the
magni fication adjusting optical unit i negative, is shifted in the
direction perpendicular to the optical axis, the coma generated by the
tracking drive of such an objective optical systemcan be corrected. In
Fig. 7, in the optical systemof Exanple 1, a result in which, at the tine
of the recording/reproducing on CD, the cona generated when the objective
optical systemis shifted 70 in the direction perpendicular to the optical
axis is ”‘é@rqécﬁie‘dlﬁfmﬁt%fé’ plastic lens in which the refractive power of
t he magnification adjusting optical unit is negative, is shifted in the
direction perpendicular to the optical axis, is shown. Fromthese results,
in the optical systemof Exanple 1 - 4, it can be seen that, when the
plastic llens i mnwhipttiddie pireumpdppeer pavercafpt heinmgni fi cati on adj usting
optical unit 1is negative, is shifted in the direction perpendicular to the
optical axis in tdived nelaid apsiide Wdh ddie 4Rk NG 4 VeI Pl flux

with a wavelength Al;

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

a packaged multiple light source unit for packaging
emitting points of at least two of the first - third light
sources in oné housing;

an objective optical system for converging light fluxes
emitted by at least three kinds of light sources respectively
having different wavelengths Al, A2 and A3 onto information
recording surfaces of at least three kinds of optical disks
respectively having different information recording
densities; and

a magnification adjusting optical unit having an
actuator and a movable lens group and being arranged in an
optical path between the packaged multiple light source unit

and the objective optical system,



the objective optical system a good tracking characteristic is obtained.
71 Wiat is clained is: 1. An optical pickup apparatus conprising: a first
| ight source for emtting a first light flux wth a wavelength Xi; a
second light source for emtting a second light flux wth a wavel ength A2
which is longer than the wavel ength Ul; a third light source for emtting
athird light flux with wavel ength ?3 W2 ch is | onger than the wavel ength
X2; a packaged nultiple |ight source unit for packaging emtting points
of at least two of the first - third Iight sources in one housing; an
obj ective optical systemfor converging light fluxes emtted by at |east
three kinds of |ight sources respectively having different wavel engths UL,
X2 and X3 onto information recarding surfaces, of at |east three kinds of
optical disks "EGSdt ifE VVRRIR) 1FHT P i hF ATEISDPY et di ng
densities; and a magnification adjusting optical unit having an actuator
and a noablwtiansapmuphmceieiorl axbnged &9 bh cloprgead path between the
packaged nultiple |ight source unit and the objective optical system
magnification of the objective optical system according to a

wavelength of a light flux emitted by the packaged multiple

light source unit.

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

actuator along the optical axis.

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

negative lens group and at least one positive lens group.

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

provides the second light source and the third light source.

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

with different wavelengths emitted by the packaged multiple



72. wherein the novable I ens group is driven by the actuator along the
optical axis so as to change a nmagnification of the objective optical
system according to a wavelength of a light flux emtted by the packaged
multiple [light source unit. 2. The optical pickup apparatus of claim1,
wherein the novable | ens group conprises at |least two |ens groups in which
at least one lens group is driven by tiws actuator along the optical axis.

3. The optical

pi ckup apparatus of claim2, wherein the novable | ens group

conprises at |east one negative |lens group and at | east one positive |ens
group. 4. The optical pickup apparatus of claim1l, wherein the packaged
multiple |ight source unit provides the second |ight source and the third

| i ght source.

5. The optical pickup apparatus of claim11, wherein the

optical pPilghlp sppmatunlt cepara or reproduces information on optica
di sks using light fluxes wth different wavel engths emtted by the
packaged mul ti plheréin [thghtorgniede dirsks Sepes aebtyectnines elaydhe whth cal

di sks have protective layers with different thicknesses for protecting the
i nformat iddi¥ ferent thicknesses for protecting the information

recording surfaces,

the movable lens group is driven by the actuator along

the optical axis so as to correct a spherical aberration

caused by a thickness difference between the protective

layers.

6.

The optical pickup apparatus of claim 1,

wherein the optical pickup apparatus records and/or

reproduces information on optical disks using light fluxes

with different wavelengths emitted by the packaged multiple

light

source unit separately,

an optical disk having a maximum information recording

density among the optical disks comprises a multilayer

structure in which optically transparent layers and

information recording surfaces are laminated alternately,

the movable lens group is driven by an actuator along

the optical axis so as to correct a spherical aberration

which

is occurred when a focus of the objective lens jumps

from i-th information recording surface to j-th information

recording surface, when a first information recording



recordi ng surfaces, the novable lens group is driven by the actuator al ong
the optical axis so as to correct a spherical aberration caused by a

t hi ckness di fference between the protective I|ayers. 6. The optical pickup
apparatus of claim1l1l, wherein the optical pickup apparatus records and/or
reproduces information on optical disks using light fluxes wth different
wavel engths emtted by the packaged nulPéiple 1ight source unit separately,
an optical disk having a nmaxi muminformation recording density anong the
optical disks conprises a nmultilayer structure in which optically
transparent layers and information recording surfaces are | am nated
alternately, the novable | ens group is driven by an actuator along the
optical axis so as to correct a spherical aberration _which is occurred

when a f 88G$a6ESrhe S5ceRS va fosH@ Gigh £eqqxFhng (L IHGT it F el el ng
surface to j-th information recording surface, when a first information

r ecor di ngnTérmadrifonc escoardiagomdinfisias mamd @ rangsdiy the fracktilayegh n-th
i nformation recording surface are arranged in the nultilayer structure
conpri sestirncthire @it ifse@minhe hiac kagid Mdn e ddagtdgesduncktimi¢ side.

light source unit side.

7. The optical pickup apparatus of claim 1,

wherein the objective optical system comprises at least
one plastic lens and

the movable lens group is driven by the actuator along
the optical axis so as to correct a spherical aberration
which comes from a refractive index variation or a refractive
index distribution resulting from an environmental
temperature change of a plastic lens in the.objective optical

system.

8. The optical pickup apparatus of claim 1,

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

light source unit.



7. The optical pickup apparatus of claim11, wherein the objective optical
system conprises at |least one plastic lens and the novable |l ens group is
driven by the actuator along the optical axis so as to correct a spherical
aberration which cones froma refractive index variation or a refractive
index distribution resulting froman environnmental tenperature change of a
plastic lens in the objective optical 7%ystem 8. The optical pickup
apparatus of claim1l, wherein the novable |lens group is driven by the
actuator along the optical axis so as to correct a spherical aberration in
the objective optical systemwhich cones froma wavel ength difference
between light fluxes having different wavel engths respectively emtted by
the packaged nmultiple 1Iight source unit. 75 9. The optical pickup
appar at ug-of claemeptigedr @iifkre apRAAta1g ais Gradp Ls driven by the
actuator along the optical axis so as to correct a spherical aberration
whi ch cones fr eimeaedr dinet movalbdrer dteren gfourhel s abjiecdn ey dpgteé cal systemin
case that a light flux have the smallest wavel ength among |ight fluxes
wi th di f erenttomvalangtte epdied Bxkideso as to correct a spherical

aberration which comes from a chromatic aberration of the

cbjective optical system

in case that a light flux have the smallest wavelength

among light fluxes with different wavelengths emitted by the

packaged multiple light source unit separately and the

smallest wavelength of the light flux changes in a range of

+10 nm.

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

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

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

aberration caused by tracking the objective optical system.



packaged nmultiple light source unit separately and the small est wavel ength
of the light flux changes in a range of 10 nm 10. The optical pickup
apparatus of claiml1l, wherein the novable lens group is further driven to
be shifted in a perpendicular direction to the optical axis and/or to be
tilted against the optical axis by the actuator. 11. The optical pickup
apparatus of claim1, wherein the nopvagle |lens group is driven to be
shifted in a perpendicular direction to the optical axis and/or to be
tilted against the optical axis by the actuator so as to reduce a comatic
aberration caused by tracking the objective optical system 76 12. The
optical pickup apparatus of claim 10, wherein the novable lens group is
driven to shift and/or tilt by the actuator so as to reduce a conatic
aberrati @@ .resOhei ogticeh pdckiupt apbarisd usptafcalladins k0,13 heprinpiheal

pi ckup apparatus of claim 10, wherein the novable lens group is driven to
be shift edvidlperieendicauhar iy drdvdre waptsiciaft exid/@and/iort tloy behéi | t ed

agai nst the optical axis by the actuator in order to track an optical disk

rotati onacthatbie satdCalo irdqidmtd HolRGY HBKr v dre FOSIUCE 1y  BRGRT at us
conprising the optical pickup apparatus of claiml.

a tilt of the optical disk.

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

rotation.

14. The optical information recording and reproducing

apparatus comprising the optical pickup apparatus of claim 1.



