; e3eKH\ p~6T1 OPTI CAL PI CKUP DEVI CE, OPTI CAL | NFORVATI ON RECORDI NG AND
REPRODUCI NG APPARATUS, EXPANDER LENS, COUPLI NG LENS AND CHROWVATI C
ABERRATI ON CORRECTI NG OPTI CAL ELEMENT TECHNI CAL FI ELD The present invention
relates to an optical pickup device, an optical information recording and
reproduci ng apparatus, an expander lens, a coupling lens and a chromatic
aberration correcting optical elenent. TECHNI CAL BACKGROUND I n recent
years, it is possible for DVD (digital versatile disc) spreading pronptly
as an optical recording nediumfor inage information to record information
of 4.7 GB per one surface by using a red sem conductor |aser with

wavel ength of 650 nm and an objective lens with nunerical aperture (NA) of
0.6. However, there is a strong' demand for 2 higher density and greater
capacity, for conducting recording/reproducing of higher density
information at higher transfer rate. To attain higher density and greater
capacity of the optical disc, it is possible to reduce a dianeter of a spot
obt ai ned through |ight-converging by an objective lens, as is known wi dely,
and for that purpose, it is necessary to make a wavel ength of a |ight
source to be shorter, and to make a nunerical aperture of an objective |ens
to be higher. Wth respect to a shorter wavel ength of a |aser |ight source,
t here have been put to practical use a violet sem conductor |laser with
wavel engt h 405 nm and a viol et SHG

OPTICAL PICKUP DEVICE, OPTICAL INFORMATION RECORDING AND
REPRODUCING APPARATUS, EXPANDER LENS, COUPLING LENS AND

CHROMATIC ABERRATION CORRECTING OPTICAL ELEMENT

TECHNICAL FIELD
The present invention relates to an optical pickup
device,_an optical information recording and reproducing
apparatus, an expander lens, a coupling lens and a chromatic

aberration correcting optical element.

TECHNICAL BACKGROUND
In recent years, it is possible for DVD (digital
versatile disc) spreading promptly as an optical recording
medium for image information to record information of 4.7 GB
ber one surface by using a red semiconductor laser with
wavelength of 650 nm and an objective lens with numerical

aperture (NA) of 0.6. However, there is a strong demand for




| aser, and a conbination of the violet laser |ight source and an objective
lens with NA 0.6 nmakes it possible to record information of about 15 GB per
one surface (hereinafter, an optical disc enploying a violet |aser |ight
source is called a "high density optical disc" as a general term in the
present specification). Wth respect to higher NA of an objective |ens,

t here has been proposed a standard of an optical disc for conducting
recordi ng/ reproduci ng of information by converging a light flux emtted
froma violet laser with an objective lens with NA of 0.85, and an optica
disc of this standard 3 nmakes it possible to record information of about

23 GB périghre skirfdes, ahil q@reopid cRlpadiss , Wiese dinrfieiahg S 12 cm For the
proper recording/ reproducing of information for a high density optical

di sc, i treichAGRT SR R IR UK HARKRAT A0y Ol AdiHk1ERNYET Gl funct i on

caused by instantaneous wavél ength ‘changes of "a |l aser |ight sourcCe that is

cal | ed Rdaianpiag. byar ayLdi 9,3, IEANaC; FOr LEA! ol onpLiudinal; ehromat i

aberration. The reason r oregorng rs t 2%t 8custer r of gener at ed
to be | arge, by even l.i ght .change of .wavel ength, because wavel engt h

di sper si® n%gﬁy P@%%Cﬁgt grlisgjl' i e Rﬂsﬁll\&qeart@agf fed EXeFEMSty O&r 8at. As
an optical itemfor correctinaé:ongitudinaL chromatic_aberration which is
sui t abl PPEr OGS NEEd HETOHAN WS CoaYeTiiew HYd 2@owkIegitaye tedse i s

available a diffracting lens wherein a diffractive structure is formed on
t he surf&ceésoknawnefridetlynganenfor that purpose, it is necessary to

make a wavelength of a light source to be shorter, and to
make a numerical aperture of an objective lens to be higher.

With respect to a shorter wavelength of a laser light
source, there have been put to practical use a violet
semiconductor laser with wavelength 405 nm and a violet SHG
laser, and a combination of the violet laser light source and
an objective lens with NA 0.6 makes it possible to record
information of about 15 GB per one surface (hereinafter, an
optical disc employing a violet laser light source is called
a "high density optical disc” as a general term, in the
present specification).

With respect to higher NA of an objective lens, there
has been proposed a standard of an optical disc for
conducting recording/reproducing of information by converging
a light flux emitted from a violet laser with an objective

lens with NA of 0.85, and an optical disc of this standard



Only ability to conduct proper recording/reproducing of information for
hi gh density optical disc is not a sufficient value of an optical disc

pl ayer product. \Wen considering the present actual where DVD and CD

t conpact disc) on which various pieces,of information are recorded are
sold, only ability to conduct recordi ng/reproducing of information for high
density optical disc is not sufficient, and anot her 4 ability to conduct
proper recording/reproducing of information equally for DVD and CD owned by
a user, for exanple, enhances a conmercial value of an optical disc player
for a high density optical disc. Fromthe background of this kind, it is

desi red mafkats dnt QuissGall itek ue o Cigh fausad dih N dcals G ol ayer for
hi gh density optical disc has power to conduct proper recording/reproducing

of i nf ot i ralid e fgl RAIdHNGd Nt Er id. f . f. high density
optical disc, DvVD and CD. Asdﬂa met cﬁ%%élaﬁ%ﬁg 4Ll

For any of b Gh-SRe ) BB ST 0 S BEETANCCRE Prlor8 PE EoReTGEred &

for any of high déensi i cal
met hod to,s 't@% %%g cal pagb; or high density optical disc and opti cal
parts f&r 'Y Ys QP& A el F%mé%&%@%ﬁ%%&&$Q@W%ﬁﬁ%yofthe
optical disc for recording/reproducing of information. However, this nethod
i s di sadfaRtra§eatd oo fddvweditziangvesieod noh & uasstl orheresied dvi ncr eased.
Therefore, for sinplifying the structure of the optical pickup device and
t her eby 1t angdnerng whyedesgh tchasiges of a laser light source that

is called mode hopping, by providing a means to correct

longitudinal chromatic aberration. The reason for the

foregoing is that a focus error is generated to be large by

even a slight change of wavelength, because wavelength

dispersion of lens material in the violet area becomes

extremely great. As an optical item for correcting

longitudinal chromatic aberration which is suitable for cost

reduction, weight reduction and downsizing, there is

available a diffracting lens wherein a diffractive structure

is formed on the surface of a refracting lens.

Only ability to conduct proper recording/reproducing of
information for high density optical disc is not a sufficient
value of an optical disc player product. When considering
the present actual where DVD and CD (compact disc) on which
various pieces of information are recorded are sold, only

ability to conduct recording/reproducing of information for

high density optical disc is not sufficient, and another




preferable to standardi ze optical parts for high density optical disc and
optical parts for DVD and CD to reduce the nunber of parts constituting the
opti cal pickup device as far 5 as possible, even in the optical pickup
devi ce having interchangeability. Therefore, when arranging a diffracting

| ens for correcting |ongitudinal chroﬁatic aberration in the violet area in
the optical pickup device having interchangeability, arranging the
diffracting lens in the optical path where a light flux emtted froma
violet laser light source for high density optical disc and a Iight flux
emtted froma |laser light source for DVD and CD pass, rather than

arr angi aigilhey diéf coadinng b§6§e£nré66r@9ﬁ$¢ﬁé padhicigrera |ight flux
emtted froma violet |laser light source fo %igh density optical disc only

passes, 1iBbBfat (on Sbausi Wy erol b6 ORG! €Al oPALKUBy dEVLEE [ Ol ST DI e,

thus, it is possible'to attaln downsi zi ng reduction;” because the
nunber S educed. TOKKAI . 2001-60336, for.exanple,
disclos%%aﬁﬁi%ka%%$%9§$ét%egg%??£%}gﬁ}%%g%ed% i T8 9@&%%a£d%l%%nduct
recording/re rgduc%gg.of 'nfornation_groperl% for higﬁ density optical disc
by corr® ?¥%§ PF ot E BT BEY oPPFHCFhed 5 01 eff Tafe & NSy LACHEFGURE t he
diffracting lens in the optical path where a light flux emtted froma

vi ol et Paserisighidsoli cks féeshreh Heasiay optical Ridhummeaics ght flux

emtted froma |aser light source for DVD and CD pass.
housed in an optical disc player for high density optical

disc has power to conduct proper recording/reproducing of
information while maintaining interchangeability for any of
high density optical disc, DVD and CD.

As a method to conduct proper recording/reproducing of
information while maintaining interchangeability for any of
high density optical disc, DVD and CD, there is considered a
method to switch optical parts for high density optical disc
and optical parts for DVD and CD selectively, depending on
recording density of the optical disc for
recording/reproducing of information. However, this method
is disadvantageous for downsizing, and the cost thereof is
increased.

Therefore, for simplifying the structure of the optical
pickup device and thereby for reducing the cost, it is
preferable to standardize optical parts for high density
optical disc and optical parts for DVD and CD to reduce the

number of parts constituting the optical pickup device as far



6 However, in the drawi ngs and description in the aforesaid Patent
Application, there is no disclosure about how to correct spheri cal
aberration in the case of conducting recordi ng/reproduci ng of information
for high density optical disc. Spherigal aberration generated in the
optical pickup device grows greater in proportion to the fourth power of NA
of an objective lens and to a reciprocal nunber of a wavel ength. Therefore,
for proper recording/reproducing of information for a high density optical
disc, it is necessary to conduct correction of spherical aberration caused
by errors of protective |ayer thickness of high density optical disc, focus
j unp bedsveers s HeDe di @gesut fiacks opt dchWoplayep déstcandabingrrors of a
wavel ength of a violet laser |light source, by providing a neans for
correctimngspherdeahiapepration, in addition to the correction of the
aforesai d | ongitudinal chromatic aberration. Nanely, in the optical pickup

devi ce descrifed i i 8191 eEnLioned Payept, Aplleation. cdfere is

soneti mes an occasi on where recofggggfrepro_u0|ng ( ormati on cannot be
Gensi 1y~ UptT Co T LSO b (o oSS AARR ANL OB Gt BF YHRLTnvent  on'is
to provide an optical pickup device, an optical information recording and
repr od TRy Hppatat Rt 1eh! expaiderdeehss kavbugl ineeTerrngerpility,

arranging the diffracting lens in the optical path where a

light flux emitted from a violet laser light source for high

density optical disc and a light flux emitted from a laser

light source for DVD and CD pass, rather than arranging the

diffracting lens in the optical path where a light flux

emitted from a violet laser light source for high density

optical disc only passes, makes the structure of the optical

pickup device to be simple, thus, it is possible to attain

downsizing and cost reduction, because the number of parts

can be reduced.

TOKKATI No. 2001-60336, for example, discloses an

example of the optical pickup device which can conduct

recording/reproducing of information properly for high

density optical disc by correcting chromatic aberration in

the violet area by arranging the diffracting lens in the

optical path where a light flux emitted from a violet laser

light source for high density optical disc and a light flux

emitted from a laser light source for DVD and CD pass.



a chromatic aberration correcting optical elenent which can conduct
recordi ng/ reproduci ng of information properly while maintaining

i nterchangeability for a plurality of optical discs such as a high density
optical disc, DVD and CD each requiripg a different wavel ength of |aser

| ight source, and are suitable for downsizing, weight reduction and cost
reduction. The object stated above can be attained by the follow ng
structures. The invention is represented by an optical pickup device having
therein a first light source that emts a first light flux having first
wavel ength ~, 1 that is not nore than 450 nm a second |ight source that

emts a seconthwdwdit, f1x Navd by S8 ehyaysd SPgidt ofir2id ate 1S | onger than

a length which is 1.3 tinmes the first wavelength ~, 1 and an object |ens

unit tNefofonyesges Lie Abbetcllaly Thux emLted dromdhedissl,diont

source on an 1 nformation Tecording surface o i rst optical disc, and
conver the second light flu 8 emtted.framthe second |jght. source on
an | nf GOt 1O T e Hi PR T Ak AT T AL Qo d- BPL T G ScOMMA i
recordiqg de sity which is different fromthat of the_first optical_ disc.
Furt hert ‘f%éhf&i TP eking debi tefprmation t Fer dptglk afenmity imre¥ or the |
first light flux and the second light flux, a chromatic aberration
cor r ectdheC optSed@ir igladmedite nitedtl dra gy emeadisffadadti ridpes wrftdce Iwpdicéom a
diffractive structure conposed of plural ring-shaped zones divided by
m cr os oV csteEpsys sgfeded, innpadpdeasin one tpd | talrsurgace: duriider, a

of an objective lens and to a reciprocal number of a

wavelength. Therefore, for proper recording/reproducing of

information for a high density optical disc, it is necessary

to conduct correction of spherical aberration caused by

errors of protective layer thickness of high density optical

disc, focus jump between recording surfaces of a two-layer

disc and by errors of a wavelength of a violet laser light

source, by providing a means for correcting spherical

aberration, in addition to the correction of the aforesaid

longitudinal chromatic aberration. Namely, in the optical

pickup device described in the aforementioned Patent

Application, there is sometimes an occasion where

recording/reproducing of information cannot be conducted

properly for at least a high density optical disc among the

high density optical disc, DVD and CD.




depth of the step in the optical axis direction is designed so that
diffraction order n2 of the diffracted light having the maxi numdiffraction
ef ficiency anong diffracted |ight generated when the second |ight flux
enters may be |l ower than that nl of the diffracted |ight having the maxi num
diffraction efficiency anong di ffractéd | i ght generated when the first

light flux enters the diffractive structure. As stated above, since the
spherical aberration correcting optical unit is arranged in the comon
optical path where both of the first light flux with the first wavel ength
~1 that is 450 nmor |ess and the second light flux with the second

wavel ength ~2 pass through, the afgsemeg¥i oned spherical aberration
correction can be 9 conducted not only for recording/reproduci ng of

information f ' [ opt.jcal. disc I f recqr.di ng/ r epr oduci ng
A(H Orﬂrj%r}}td ttﬁl THVEent 1o 1S tyo rrSoQ\fl<§)er cﬁrll’lgo% elés}ilglt

e

of information for an é%flca isc having |l o recor n y such as
DVD and CD. Due to this, recordjng/reproduci ng chatracteristics for optical
di scs Wt quégv%%ﬁxn?ﬁwﬁP?ﬁﬁéﬂt%héﬁﬁﬁ??&ﬁQ) %EO%@&EQ ?%ﬁiability as an
optical pickup device is inproved. Further, with respect to the diffracting
sur f ac " FRAFGRBH 01 tAPTM Biat | 1 P Ee BNl &Y r R TP BT cEnelAent, a
depth of the step of the ring-shaped zone thereof in the optical axis
di r ect irchronisigrastesmat e coxréd oy | ot bealere bdmeme whidh acared | i ght
having the maxi numdi ffraction efficiency anong diffracted |ight generated
when t heorshoond-dd@hdidd txeed @iSimyo beih fyetia t han phedeoly tdtei 1k f fract ed

maintaining interchangeability for a plurality of optical

discs such as a high density optical disc, DVD and CD each

requiring a different wavelength of laser light source, and

are suitable for downsizing, weight reduction and cost

reduction.

The object stated above can be attained by the
following structures.

The invention is represented by an optical pickup
device having therein a first light source that emits a first
light flux having first wavelength Al that is not more than
450 nm; a second light source that emits a second light flux

having second wavelength A2 that is longer than a length

which is 1.3 times the first wavelength Al and an object lens
unit that converges the first light flux emitted from the
first light source on an information recording surface of the

first optical disc, and converges the second light flux



| i ght having the maxi numdiffraction efficiency anong diffracted |ight

generated when the first light flux enters. Due to this, even when a

wavel ength ratio of light sources is greater than 1.3, sufficient

diffraction efficiency can be obtained in a wavel ength area for each |ight

source, and therefore, the chromatic aberration correcting optical elenent

of this kind can be arranged in the optical path where both of the first
light flux and the second light flux with the second wavel ength ~2 pass

t hrough, which nakes it 10 possible to obtain an optical pickup device
suitabl e for downsizing, weight reduction and cost reduction. BRI EF

DESCRI PERON: 6B FHEmDRAW NeSokiig 11§h't3 sduRl@nowl gW faEoRfbEREW POrtions
showi ng the structure of an optical pickup device. Fig. 2 is a plan view

for pri E‘@E%r@%%p@ﬂ%ﬁé@%"“o'ﬁgt F sgth ﬁt B ‘El% ag; apt h%%lgg' EEgBrﬁﬁﬁbce

Fig. 31s perSpective view of an o |ve ens uni s a plan

vi ew for. r orti.agn omﬁn he S ture optic ckup

devi ce. dElalga %?9 Bpﬂﬁn%@igﬁFFE 6FPW&&%’§0?F|5%§ g ﬁgna Eﬁgg;tructure of
an opti pi ckup device. Fig. 6 is a plan_view for primary portijons

showi nggtlﬁg stiWetpe ‘Fh%nolé‘b%?%hl PhFERRpdeeiFe haf gln 7058 et b cal

path di agram for conducting recording/reproduci ng of information for high
densi t yPaphi eamgnsEorFre §irstadiopti éabxpand thagsaarhdr 1éghducting

flux, a chromatic aberration correcting optical element that
has a diffracting surface whereon a diffractive structure
composed of plural ring-shaped zones divided by microscopic
steps 1is formed, on at least one optical surface. Further, a
depth of the step in the optical axis direction 1s designed
so that diffraction order n2 of the diffracted light having
the maximum diffraction efficiency among diffracted light
generated when the second light flux enters may be lower than
that nl of the diffracted light having the maximum
diffraction efficiency among diffracted light generated when
the first light flux enters the diffractive structure.

As stated above, since the spherical aberration
correcting optical unit is arranged in the common optical

path where both of the first light flux with the first
wavelength A1 that is 450 nm or less and the second light

flux with the second wavelength A2 pass through, the

aforementioned spherical aberration correction can be




recordi ng/ reproducing of information for DVD. Fig. 9 is an optical path
di agram for conducting recordi ng/ reproduci ng of information for CD. 11
Fig. 10 is a graph showi ng chromatic aberration correcting effects of an
objective lens in a violet area. Fig. 11 is a graph show ng results of
correction of spherical aberration cadsed in an obj ective |l ens by

t enperature changes. correcting effects of an objective lens in a violet
area. Fig. 12 is an optical path diagramfor conducting
recordi ng/ reproduci ng of information for the first high density optical
disc. Fig. 13 is an optical path diagramfor conducting

recordiBgﬁﬂﬁeféguﬁbegoﬁﬁyi?Bg;?%E§98i£§K$%§?oaﬁEgﬁgtBkgbnggPﬁQEYOHptiCal

disc. Fig. 14 is an optitca I agr con I ng

recordi reprodyci ng, of inptor .on for _DVD. _Fig. 15 is an optical path
diagran?g%rﬁg ﬁdé%??%&yr88@?8?ﬂ3??55r%3u35%8 6PTinformation for CD. Fig. 16
is a graph show g chromatic aherration correcting effects of the first

obj ect i Y8PE éngz SPYPOPELndr 84, 1RF§TMEF1PR 508r aRhCRhbGRhglERFomat i ¢

aberratjon correcting effects of the second objective lens in a violet
area. nhaving lower recording density such as DVD and CD. Due to

this, recording/reproducing characteristics for optical discs
with lower recording density are improved, thus, reliability
as an optical pickup device is improved.

Further, with respect to the diffracting surface formed
on the chromatic aberration correcting optical element, a
depth of the step of the ring-shaped zone thereof in the
optical axis direction is designed so that a diffraction
order of the diffracted light having the maximum diffraction
efficiency among diffracted light generated when the second
light flux enters may be lower than that of the diffracted
light having the maximum diffraction efficiency among
diffracted light generated when the first light flux enters.
Due to this, even when a wavelength ratio of light sources is
greater than 1.3, sufficient diffraction efficiency can be
obtained in a wavelength area for each light source, and
therefore, the chromatic aberration correcting optical
element of this kind can be arranged in the optical path

where both of the first light flux and the secénd light flux

with the second wavelength A2 pass through, which makes it



12 Fig. 18 is a graph showi ng results of correction of spherical aberration
caused by changes in protective |ayer thickness of the first high density
optical disc. Fig. 19 is an optical path diagram for conducting
recordi ng/ reproduci ng of information ffr a high density optical disc and
DVD. Fig. 20 is a graph show ng chromatic aberration correcting effects of
the first objective lens in a violet area. Fig. 21 is a graph show ng
tenperature characteristics. Fig. 22 is an optical path diagramfor
conducting recordi ng/reproducing of information for a high density optical
disc and DVD. Fig. 23 is a graph showi ng chromatic aberration correcting

effeCtSp@ésibBe0@®e§btaEn|ﬁﬁsobﬂléaylEh@kuﬁr@év15égsu36ab§eaf@fan view for
primary portions showing the structure of an optical pickup device. Fig. 25

is a plannysemior y t ure of an optica
pi ckup device. FIg ﬁ%%EFE 5%8%%F?§§|§H§r?8%t ngﬁgﬁggﬁconductlng
recordlng/reprodUC|ng of information for a high density optical disc and
DVD. 13 Fig. 27 is an optical path diagran1for conducti ng

recordi ng/ reproducing_of _infornatio gﬁ 28 is a graph show ng
chromatic aberration %%?F@c??ﬁﬁRE??EQFSOEfTFﬁeD WENEPve lens in a violet
ar ea.

Fig. 1 is a plan view for primary portions showing the
structure of an optical pickup device.

Fig. 2 is a plan view for primary portions showing the
structure of an optical pickup device.

Fig. 3 is a perspective view of an objective lens unit.

Fig. 4 is a plan view for primary portions showing the
structure of an optical pickup device.

Fig. 5 is a plan view for primary portions showing the
structure of an optical pickup device.

Fig. 6 is a plan view for primary portions showing the
structure of an optical pickup device.

Fig. 7 is an optical path diagram for conducting
recording/reproducing of information for high density optical
disc.

Fig. 8 is an optical path diagram for conducting
recording/reproducing of information for DVD.

Fig. 9 is an optical path diagram for conducting

recording/reproducing of information for CD.



Fig. 29 is a diagramof an enlarged sectional viewin the optical axis
direction of an exanple of a diffractive structure. Fig. 30 is a diagram
showi ng results of calculation wherein the axis of abscissas represents
step amount dB in the optical axis direction, and the axis of ordinates
represents changes in diffraction eff%%iency of a diffractive structure.
DETAI LED DESCRI PTION OF THE | NVENTION I n the optical pickup device of the
invention, it is preferable for the aforesaid spherical aberration
correcting optical unit that an angle of inclination of a marginal ray of
light of a light flux entering the objective lens unit is changed by

changi ng and @agj Usi d Ngs 8 diy84,8RCENHRI MG €PN PEMA €S a198€erd €115n gr oOup anong
| ens groups constituting the spherical aberration correcting optical unit

and _thecei?i_»gems_ tf?%cggi Efz%\gt ?gjgﬁf??(@e lehf g@‘éggyiglépeaf Lucture

ment i oned above, ~i 0ssSi ange an an rnclinatiron (an angle
formed by a rgin ray_of light. and an optical axis? of a marginal ray of
light of a I?%H?'f xl%n?e?¥%%ﬁt O%ﬁ?%c¥?$%i?%ﬁ%gdﬁ?ﬁr?SF%QEUI'ng and
adjustingha di stance between at | east one | ens group anmong | ens groups

constit BPPRELERE 3PREFREAPRaBRYFELI &R 2Br PREBFREVEpPEERAIPUNit and the
objective lens unit stated above. This neans that spherical aberration
changestefparapereophangeaf oconreohingcefenyssoffanechicanivptieas di sc
can be corrected, with a spherical aberration correcting

in a violet area.

Fig. 12 is an optical path diagram for conducting
recording/reproducing of information for the first high
density optical disc.

Fig. 13 is an optical path diagram for conducting
recording/reproducing of information for the second high
density optical disc.

Fig. 14 is an optical path diagram for conducting
recording/reproducing of information for DVD.

Fig. 15 is an optical path diagram for conducting
recording/reproducing of information for CD.

Fig. 16 is a graph showing chromatic aberration
correcting effects of the first objective lens in a violet
area.

Fig. 17 is a graph showing chromatic aberration
correcting effects of the second objective lens in a violet

area.



optical unit, by changing magnification of the objective lens unit,
correspondi ng to adjustnent of magnification of the objective lens unit and
correspondi ng to an anount of changes of spherical aberration of a spot on
an information recording surface of a high density optical disc. Due to
this, it is possible for the spot fork®d on an information recordi ng
surface of an optical disc to maintain the state where spherical aberration
is constantly corrected, which nakes it possible to obtain excellent
recordi ng/ reproduci ng characteristics for a high density optical disc.
Incidentally, in the present specification, the high density optical disc

(s a general reymiorigphigahoflisasueryl oukng:a yiobsirlaseinl sght source

as a light source for 15" recordi ng/ reproduci ng of ormation, as stated
above, i g % Lermfor._qptic discs.in _DVD seties,such as DVD
ROM  DVEF VR HSe L DREE Al F%TSHD% BRI E}s\,ﬁhﬁpg%%[fwrg RV DD R and
CDis a_general termfor optic Lﬁg& cs i,n CD series _such as CD ROM
CI>Audiﬁﬁl€§9%?8e8? EE@Rfégatcgﬁ a?Bs&ﬁVcﬁ?tﬁS vEtSCthe invention is not
limted. The chromatic aberration correcting optical elenment used in the
i nvention hasti®dn BY 1ea3h oReledptikarhsdisdrant he¥ eedndaCHing racting
surface on which a diffractive structure conposed of plural ring-shaped
zones drecdediby/neproduopng sfepsfosmboinedfoOnenyigh deesityfractive
structure, a function to correct at |east |ongitudinal chromatic aberration
i s provodeticanndidet endopabion of |ight convergi ng power caused by an
i nst ant aneous wavel engt h change
Fig. 20 is a graph showing chromatic aberration
correcting effects of the first objective lens in a violet
area.
Fig. 21 is a graph showing temperature characteristics.
Fig. 22 is an optical path diagram for conducting
recording/reproducing of information for a high density
optical disc and DVD.
Fig. 23 is a graph showing chromatic aberration
correcting effects of the objective lens in a violet area.
Fig. 24 is a plan view for primary portions showing the
structure of an optical pickup device.
Fig. 25 is a plan view for primary portions showing the
structure of an optical pickup device.
Fig. 26 is an optical path diagram for conducting

recording/reproducing of information for a high density

optical disc and DVD.



that is called node hopping can be prevented. The spherical aberration
correcting optical unit used in the invention has a function to correct at
| east one type of spherical aberration. Further, a driving device such as
an actuator that drives optical nenbe ? also is assuned to be included in
t he spherical aberration correcting o% ical unit. In the optical pickup
device of the invention, though it is preferable that the chromatic
aberration correcting optical elenent is arranged between the first and
second 16 light fluxes and the objective lens unit, the objective |ens
unit may al so have the chromatic aberration correcting optical elenment. In

the optical pregup2deviscanobpthealnyabhi @Raghhf sbrUEhbHEB-WhRGEI N the
spherical aberration correcting opti cal unlg has the chromati € aberration

correct&ggoggghggkeggggggﬁﬁglE% Eifggﬁagﬁphh%ogr%berable structures. In the

optical pic evi Irnvéentiron, Tt 1S preférable that the optica
pi ckup devi ce furtg r.has a coupljing.lens that converts an angl e of
ﬁt ﬁt EJBO%EL

di ver gence of Fadt i ght 1P axIEAP Bfh SPrPBaEECt ARSFFRELONi ght source and
leads it to the objective lens unit, and the spherical aberration
correct FRYTERELBEl ChARPELSs O&n LBRpARAEFLIERSs LERat insaaviahgedaraat he opti cal
path between the coupling | ens and the objective Iens unit, and is conposed
of a positiveFlgns2groapaadiaaramgafi ¥» erhsrgedupectnonée opewcah pi ckup
device of the invention, the structure wherein the spherical aberration
correctthg optiicall axis direction of an example of a diffractive
structure.

Fig. 30 is a diagram showing results of calculation
wherein the axis of abscissas represents step amount dB in
the optical axis direction, and the axis of ordinates

represents changes in diffraction efficiency of a diffractive

structure.

DETAILED DESCRIPTION OF THE INVENTION

In the optical pickup device of the invention, it is
preferable for the aforesaid spherical aberration correcting
optical unit that an angle of inclination of a marginal ray
of light of a light flux entering the objective lens unit is
changed by changing and adjusting a distance between at least
one lens group among lens groups constituting the spherical
aberration correcting optical unit and the objective lens

unit stated above.



unit is a coupling lens that converts an angle of divergence of each |ight
flux emtted fromeach of two types of |ight sources and leads it to the
objective lens unit is also a preferable structure. 17 By incorporating a
spherical aberration correcting optiﬁiﬁ unit and a chromatic aberration
correcting optical unit to be the saneoptical unit as stated above, it is
possible to reduce the nunber of optical parts, and to further attain
downsi zi ng, wei ght reduction and cost reduction. As an exanpl e of

i ncorporating a spherical aberration correcting optical unit and a
chromatic aberration correcting optical unit to be the same optical unit,

there is an exzpangetol ens serpesadeOhehheopesdi hb¥oel ens G50PBsanNE18Egat i Ve
| ens group wherein at | east one |l end group anong constituent |ens groups is

nmade tOtBecHQﬁ@Q!EniggéﬁgogEthﬁﬁlF%?kﬁo%!Q%ﬁt%ﬁ%ﬂea@@rkgﬁyg ry €ither

optical surfacé is ma be a racting surface on which a depth of the

ring sh : al_step Ls si_gned_as_st.at ed _ahaove. I ncidental ly, _the
expandeﬁgﬁgﬁgggeﬁ Voﬁgd ﬁg% Phct GHesP ngﬁaamlﬁinpfiﬁgmgﬁgﬁgﬁhfgﬁyenitting
after m igtz'ng 2 dianeter of a entering light flux in_addition go an
enlargiﬁg §§bEnP of SAPELi AGUH CECCERRGr Gy CRIGFAAEEeLSBFf HReht &Yi ng
l'ight flux. As another exanple of incorporating a spherical aberration
corr ect FRghgprPcandupdiuatdng ehdéshenceabetmaenontcdepstt PRg dpiical unit
to be the same optical unit, there is

group among lens groups constituting the spherical aberration

correcting optical unit and the objective lens unit stated
above. This means that spherical aberration changes of a
spot on an information recording surface of an optical disc
can be corrected, with a spherical aberration correcting
optical unit, by changing magnification of the objective lens
unit, corresponding to adjustment of magnification of the
objective lens unit and corresponding to an amount of changes
of spherical aberration of a spot on an information recording
surface of a high density optical disc. Due to this, it is
possible for the spot formed on an information recording
surface of an optical disc to maintain the state where
spherical aberration is constantly corrected, which makes it
possible to obtain excellent recording/reproducing
characteristics for a high density optical disc.
Incidentally, in the present specification, the high
density optical disc is a general term for optical discs

employing a violet laser light source as a light source for




18 a coupling lens wherein at | east one | end group anong constituent |ens
groups is nade to be novable in the optical axis direction, and further,
either optical surface is made to be a diffracting surface on which a depth
of the ring shaped tonal step is designed as stated above. Wen the
function as the spherical aberration Brrecting optical unit and as the
chromatic aberration correcting optical elenment is given to the coupling

| ens that converts a divergent light flux emtted fromthe | aser |ight
source and leads it to the objective lens unit, the nunber of optical parts
can be reduced greatly, which is extrenely effective for downsizing, weight

reduct i 0BcRdisent RMCIN JMaISHAllitn LB COURLUNGLLRES BRI ianed

here is assuned to include a collimator lens t at converts a divergent
i ght qu te 0 r sour.c nt ar.al t flux
sugstantléﬁﬁ?.rta nt @-gé |c§1sc(?L ék%‘sggvﬁge%gp 1T 1e ngFkoﬁs PQB

refera t he spherical aberratlon correcting optical unit has a
B Fuet a0 K 18e2h Bnsduaia) PRn Ry SR R BuBoRES T By BrE: apea

| am nated alternately, and refractive index distribution of the Iiquid
cryst al DifBi-8Wul anfafér 4 scan JsBegRangedmbfornppédspagdpsescinbElB vol t age on
t he el ectrodes. 19 In the aforesaid structure, a liquid crystal elenent
is series such as CD-ROM, CD-Audio, CD-Video, CD-R and CD-RW, to

which, however, the invention is not limited.

The chromatic aberration correcting optical element
used in the invention has, on at least one optical surface
thereof, a diffracting surface on which a diffractive
structure composed of plural ring-shaped zones divided by
microscopic steps is formed. Owing to the diffractive
structure, a function to correct at least longitudinal
chromatic aberration is provided, and deterioration of light-
converging power caused by an instantaneous wavelength change
that is called mode hopping can be prevented.

The spherical aberration correcting optical unit used
in the invention has a function to correct at least one type
of spherical aberration. Further, a driving device such as
an actuator that drives optical members also is assumed to be
included in the spherical aberration correcting optical unit.

In the optical pickup device of the invention, though
it is preferable that the chromatic aberration correcting

optical element is arranged between the first and second



utilized as a spherical aberration correcting optical unit. Wen voltage is
i npressed on el ectrodes arranged to interpose the liquid crystal nol ecul e

| ayer, refractive index distribution is generated in the liquid crystal

nol ecul e | ayer. As stated above, on the wavefront which has been
transmtted through the liquid crysta}6nDIecuIe | ayer in which refractive

i ndex distribution is forned, there is added spherical aberration. In this
case, the refractive index distribution in the liquid crystal nolecule

| ayer is regulated so that spherical aberration having a sign that is
opposite to the sign of the spherical aberration of the spot on an

| nf or MY s gheT 060K dLNGBULRACEEIbk g ghsIRAS Y tdbSepiBY  beeadded to the

transmtted wavefront. OmMmng to this, the spot fornmed on the Information

whr oi nUSbher Ll ABerPUEI G5 S EONELAN: FYSEOR SatebC AR bR Hakes 1t

possible to ogtahn excel l ent recording/reproducing characteristics for high
densi t y°BptFeal SdFEEEL -Wien the liquid crystal elenent is used as a
spherical aberration correcting optical unit as stated above, nechani cal
novabl e part sihetbeechhheebsBacyubwAeehcesof pleatvaatbiedusthor
downsi zi ng, wei ght reduction and cost reduction. The spherical aberration
correct fbnustaredwhboeennapeakpbebécedndberedtnot onkyetoing optical
recording/ reproduci ng of information for high density optical discs but
al so fountechadi opér ehrofiteingabbrirat ebaatbeRretolingpbpeatadi sTemvhth

also is one of the preferable structures.

In the optical pickup device of the invention, it is
preferable that the optical pickup device further has a
coupling lens that converts an angle of divergence of a light
flux emitted from at least the first light source and leads
it to the objective lens unit, and the spherical aberration
correcting optical unit is an expander lens that is arranged
in the optical path between the coupling lens and the
objective lens unit, and is composed of a positive lens group
and a negative lens group.

In the optical pickup device of the invention, the
structure wherein the spherical aberration correcting optical
unit is a coupling lens that converts an angle of divergence
of each light flux emitted from each of two types of light

sources and leads it to the objective lens unit is also a

preferable structure.



| ow recording density such as DVD and CD. In the optical pickup device, it
is preferable that the objective lens unit and the spherical aberration
correcting optical unit conduct tracking solidly each other. In the

af orenenti oned structure, when utilizing a liquid crystal elenent as a
spherical aberration correcting optidﬁ? unit, a wavefront of the light flux
entering an objective lens unit through the spherical aberration correcting
optical unit has spherical aberration. In such a case, if an optical axis
of the objective lens unit is deviated fromthat of the spherical
aberration correcting optical unit, there is generated coma, and excellent

tracki ng Char%tfﬁ&i GaBl fqngt SOl Bed. abLri sy therasora preferable to

construct so at t ect ens unit nmay conduct t oget her
wth th E i aberratl n rectin tical unit so 21 In the
optical §£ %%Fc%ngf tﬁg Pﬂ@éﬁFi8hegF?Q%8on8FE?SB%%9tﬂ%gl?ﬂ% spheri cal
aberratlon correctln% optical unit corrects spherical aberration caused on
the obj®etFveCIBRsthRI $2BG arhavelcHBih aPf PEREAGcABEYRechtthe fir st

wavel ength ~1 and the second wavel ength ~2. The aforenmenti oned structure
makes iPOPHERIB| €Ot BePreei Heecanuvbercaf pptkapldeertce, capdbte of conducting
recordi ng/ reproduci ng of information properly while maintaining

i nt er chngelabr| atyafordpinsakihypesedfhopredatt fibscanduchsas a hi gh density
optical disc, DVD and CD, if there is provided an arrangenent that the
spheri caéduction.

As an example of incorporating a spherical aberration
correcting optical unit and a chromatic aberration correcting
optical unit to be the same optical unit, there is an
expander lens composed of the positive lens group and
negative lens group wherein at least one lend group among
constituent lens groups is made to be movable in the optical
axis direction, and further, either optical surface is made
to be a diffracting surface on which a depth of the ring-
shaped zonal step is designed as stated above.

Incidentally, the expander lens mentioned here includes
also a minimizing system for emitting after minimizing a
diameter of a entering light flux in addition to an enlarging
system for emitting after enlarging a diameter of a entering
light flux.

As another example of incorporating a spherical

aberration correcting optical unit and a chromatic aberration

correcting optical unit to be the same optical unit, there is



aberration correcting optical elenent corrects spherical aberration caused
by a wavel ength difference between the first wavel ength ~1 and the second
wavel ength ~2 under an influence of wavel ength dispersion of the objective
l ens unit in the optical pickup device of the invention. In the optical

pi ckup device of the invention, it i &8l so preferable that the spherical
aberration correcting optical unit corrects spherical aberration caused by
variation of the first wavel ength ~1, when the first wavelength ~1 is
varied within a range of 10 nm ' 22 The aforenentioned structure makes
it possible to provide an optical pickup device capable of conducting

reCOFdl@%é@ﬁi?ﬁycwﬂs%hé?é%@%'P@a@{o&%'i’enaf gL &b CahSnr OVi ded an

arrangenent that the spherical aberration correctlng opti cal el ement
corrects,spher $£ caus y influ e of vele h&
di spersion of ?% ggect ve enggdﬁg?g %ﬁe etW@Y%? f e %#? IS
varied b ors in nanuf c#ure of the first ht source and changes in
ambi ent? %% THETY B THE %?Eﬁ%ﬁtl%h%@eEt?%E% ® FErEAFRcts Ve ®Rpecial |y
when a nunerlcal Eerture of the objective lens in the case of conducting
r ecor di Fg)/ PR odbET FRCbENg n$e¥ hate orn folrieh e gleridhs? £ ye il seing | ar ge,
because spheri cal aberratlon is easily generated by wavel engt h changes of
the firstare@hzosalirseep | hs tdwes dpéd ads pskugpd devove. ofWhiene thevent i on, it
is preferable that recording density of the first optical disc is greater
t han t hatnof i dinea s eclondsoipdt Lod 1 dhiserrdthiod i ¢Strecting optical unit

and as the chromatic aberration correcting optical element is

given to the coupling lens that converts a divergent light

flux emitted from the laser light source and leads it to the

objective lens unit, the number of optical parts can be

reduced greatly, which is extremely effective for downsizing,

weight reduction and cost reduction.

Incidentally, the coupling lens mentioned here is

assumed to include a collimator lens that converts a

divergent light flux emitted from a laser light source into a

parallel light flux substantially.

In the optical pickup device of the invention, it is

preferable that the spherical aberration correcting optical

unit has a structure wherein electrodes and liquid crystal

molecule layers are laminated alternately, and refractive

index distribution of the liquid crystal molecule layers can

be changed by impressing prescribed voltage on the

electrodes.



optical disc has, on its information recording surface, a first protective
| ayer, and the spherical aberration correcting optical unit corrects
spherical aberration generated by thickness errors of the first protective
| ayer. In the aforementioned structur 9 if there is provided an arrangenent
that a spherical aberration correcting opti cal 23 elenent corrects
spherical aberration generated by an influence of thickness errors of the
first optical disc having the highest recording density, an optical pickup
devi ce capabl e of conducting recordi ng/ reproducing of information properly
for a high density optical disc can be provided. In particular, if a

nunerical aperhutBeOhfrbhesabiestirvectlieBs HNLtqhinat Beysase efegmenducki ng
recordi ng/ reproduci ng of information for a high den5|ty disc is |arge,

spheri cgl ;abee aagoatﬁghgéing Q%Q?E?Eggne%%Qf@%%1n§d5g£95 én?E.the

protective [ayer of irst optica I'sc IS chan I|g roma

d hi ck f. I d f th I
ni 1. THBFSH GPRCSPRors 1BPSeROE BF1 Py CERArCR g BPaoPH: £of Anhaeeote °°

productlgh of optical discs is adversely affected, because |t i S necessary
to cont F6F é&au.lgt erys&adi BRdSFYlenileNREss T6ETACHAYRedRARE | ayer of the
optical disc. If there is enployed an arrangenent that the spheri cal

aber r at BdatEdbreépnngsopeneabtedi tncsheedtisujéneruston vplsghéei cal
aberration caused by errors in protective |layer thickness, as stated above,
it is posseble 29 stpredealsoye el onrahe WQveﬁsenpr@mucmiMWsdme@mticaI di scs,
because tol erance for errors in a protective
transmitted through the liquid crystal molecule layer in
which refractive index distribution is formed, there is added
spherical aberration. In this case, the refractive index
distribution in the ligquid crystal molecule layer is
regulated so that spherical aberration having a sign that is
opposite to the sign of the spherical aberration of the spot
on an information recording surface of the high density disc
may be added to the transmitted wavefront. Owing to this,
the spot formed on the information recording surface of the
high density optical disc can maintain the state wherein
spherical aberration is constantly corrected, which makes it
possible to obtain excellent recording/reproducing
characteristics for high density optical discs.

When the liquid crystal element is used as a spherical

aberration correcting optical unit as stated above,

mechanical movable parts become unnecessary, which is



| ayer thickness can be eased. 24 In the optical pickup device of the
invention, it is preferable that recording density of the first optical

disc is greater than that of the second optical disc, the first optical

disc has a multi-layer structure wherein optically transparent |ayers and
information recording surfaces are | afP nat ed alternately in succession from
the light source side, and the spherical aberration correcting optical unit
corrects spherical aberration generated in the case of focus junp of the
objective lens unit fromthe ith information recording surface to the jth

i nformation recording surface, when the first information recording

sur f aceagvhacsgesnd ifl&sz'a@qufiiEn%‘EOmii@%&S%fef & ion anll opformation
recordi ng surface are arranged inthis order ron1tﬁe informati on recording
surface,ghgsestto the light source in the multi |ayer structure. However,
i is an optional integer satisfying 1 Si S n, and j is an optional integer
t hat satisfieg % S # - << E agd is different fromi. The aforenentioned
structure i s ancopPiChlCRlcROBTHRLIER €apaBFEIoR EbAbAdt phgve may
recording/re roducing of information properly for a high density optical
di sc whf¢hOi eoFOEdP95§dh§@ﬁnQnéVuﬁQW retorfanpgdnepeeodnding béyers. If a
numerical aperture of the objective lens unit in the case of 25
information for high density optical discs but also for
recording/reproducing of information for optical discs with
low recording density such as DVD and CD.

In the optical pickup device, it is preferable that the
objective lens unit and the spherical aberration correcting
optical unit conduct tracking solidly each other.

In the aforementioned structure, when utilizing a
liquid crystal element as a spherical aberration correcting
optical unit, a wavefront of the light flux entering an
objective lens unit through the spherical aberration
correcting optical unit has spherical aberration. In such a
case, if an optical axis of the objective lens unit is
deviated from that of the spherical aberration correcting
optical unit, there is generated coma, and excellent tracking
characteristics are not obtained. It is therefore preferable
to construct so that the objective lens unit may conduct

tracking together with the spherical aberration correcting

optical unit solidly.




conducting recording/reproducing of information for a high density disc is
| ar ge, spherical aberration is easily generated even when a thickness of
the protective layer of the first optical disc is changed slightly froma
standard thickness of a protective Iagfr in design of the objective |ens
unit. Therefore, if the objective |lenStunit conducts focus junp froma
certain information recording surface to another information recording
surface, spherical aberration is changed greatly. If there is provided an
arrangenent to correct changes in spherical aberration caused in the focus
junmp as stated above with the spherical aberration correcting optical unit,

It 1s possiblent @h{éoagu%an%%@u 96@%@&@%@ R0 ni,/BLOR ARL i OR pLOper |y for
a high density optical disc ype havi ng pIuraI |nfornat|on recordi ng

surface% ggﬁéﬁgeoQEa%al %g%%IQQ%hP %&Igﬁg o’ IQ&%%@l rolphlgrﬁferable

that recor nsity o rst op s great an that of

t he second . optical disc the first opti.cal disc has n i nf.or mat i on
recorleg'guE?EE§Ct§ FEPEE é@?ﬁ&%tlé?eFaHﬁﬁéeoPthﬁ §§ep§lyf t he

second optlcal di sc has, on |ts i nformation recording surface, a second
pr ot ect L¢&S| APt RioSe VeNiedigngsd (4 ffprencecbesyeeanghend ispher i cal

aberration correcting optical unit corrects spherical aberration generated
by a thiwekeédsngtif Adr ende the26echendeanvehentichsi2pr ot ective [ayer and the
second protective layer. In the aforenentioned structure, if there is

provi ded an athangeRpahohabnaasBRELLEakANSKER! L0NpBALESELT 0g OPt ] Cal

el ement corrects spherical aberration generated ness difference

of protgggb&%e'a%erﬁgq%%wegqc&h h gnsle 't%agv.c%aeggééﬁéus 4 PVD or CD, it

is possible to provide an optic I pIC up ggnductlng

recordln%/re r.od C|n%_ i.nf or n. roperl Mhl|?
cording/repro uc1ng o} atlon roperly while

maintaining interchangeability for plural types of optical
discs such as a high density optical disc, DVD and CD, if
there is provided an arrangement that the spherical
aberration correcting optical element corrects spherical
aberration caused by a wavelength difference between the
first wavelength Al and the second wavelength A2 under an
influence of wavelength dispersion of the objective lens unit
in the optical pickup device of the invention.

In the optical pickup device of the invention, it is
also preferable that the spherical aberration correcting
optical unit corrects spherical aberration caused by

variation of the first wavelength Al, when the first

wavelength Al is varied within a range of +10 nm.



mai ntai ning i nterchangeability for plural types of optical discs such as a
hi gh density optical disc, DVD and CD. In the optical pickup device of the
invention, it is preferable that the objective lens unit has at |east one
plastic lens, and the spherical aberration correcting optical unit corrects
spherical aberration caused by change$8“in refractive index foll ow ng upon
anbi ent tenperature changes of a plastic lens included in the objective

l ens unit, and/or by refractive index distribution follow ng upon
tenperature distribution in the plastic |lens. Wen a plastic lens is
included in the objective lens unit, refractive index of the plastic |ens

is varied by ghangesrehesi®bgBl E%EB@E@EBr%aRQE EEepBBEhﬁﬁé phckup device
and by heat generation of an actuator, and thereby, spheri cal 27

aberratb?thﬁeCQﬁngEQ1c£Hehﬁon3§bdekl%en g&gbﬁ%'o%p%r thtgk_the obj ective

l ens unit in the course of "C tlng rec ng/repro u0|ng i nformation
for a hlgg ti.cal. dis rea% a chan e of s hghlcal.aberration

gr ows gfeapgﬁgngﬁﬁspggdpgﬁggrg uF@f afge 0r PERE 66Vec&| F&fis*Gnit to be

used becones extrenely narrow, which causes a problemin practical use.
Fur t her PTRKeAed ﬁHnéFFé‘&Heﬁlﬁé‘Itt GFétth{ehéPGSFééﬁllvéb%%t&F?Flt is great,
spherical aberration changes in the case of occurrence, in the plastic

| ens, ofOFELF&énDvertager eilemenbuciosretsis| @mhﬁglapénabematapure
distrlbutlon in the optical axis direction and upon tenperature

di stri botuerdt bat ans indflaknoerablfy wayeiehpicth d@beperchenopti cak axi s, al so
cause a problem Since the optica

objective lens unit, when the first wavelength Al is varied
by errors in manufacture of the first light source and by
changes in ambient temperatures. The aforementioned
structure is effective especially when a numerical aperture
of the objective lens in the case of conducting
recording/reproducing of information for a high density disc
is large, because spherical aberration is easily generated by
wavelength changes of the first light source.

In the optical pickup device of the invention, it is
preferable that recording density of the first optical disc
is greater than that of the second optical disc, the first
optical disc has, on its information recording surface, a
first protective layer, and the spherical aberration
correcting optical unit corrects spherical aberration
generated by thickness errors of the first protective layer.

In the aforementioned structure, if there is provided

an arrangement that a spherical aberration correcting optical




pi ckup device stated above is of the structure to correct changes of

anbi ent tenperature for the spherical aberration correcting optical unit
and changes of spherical aberration of the objective Iens unit follow ng
upon tenperature distribution, even when changes of anbient tenperature and
heat generation of an actuator take p?éce when conducti ng ‘
recordi ng/ reproduci ng of information for a high density optical disc,
spherical aberration of the spot forned on the information recording
surface through light-converging is in the state where it is constantly
corrected properly. 28 In the optical pickup device of the invention, it

corr ect | Pt | of the invention,
han Chat alokhe Sadard optral o co i T Sl o Shas” Gnhie,

i nf ormat.i on recordi surface, a first praqtect.ive |ayer, .t first

magni f i cla{jtfil&lnencﬁef foefrr] gdfjrc&?ﬂ%sf?e it (?fﬁg[ﬂﬁ iftc]ﬁﬁetor?,ﬁ/td‘rﬁ?lt ﬁsgpheri cal
aberration correcting optical unit changes a positiaon of the object point
of the JB'edtd V9 dNOhffitt ZRIGHITY 381 t6i f a8t AR et W&k Hhe first
magni fi cati on and the second magnification, when the first nagnification

r epr eserftey i qrapnah eatd o reaidudiel nehj reaa ndl ngtrennaduding i€ case of
conducting recordi ng/ reproducing of information for the first optical disc,
and t he isetomch tniegnidhagaty lon freepreeseingls dermmignyi fapgdtdadn ddfsd lvaroljeect i ve
lens unit in the case of conducting recording/reproduci ng of information
for the mesoRbdpt T6abagditseulbelt her a wieerdeaNgapdrentecal WAkt which is

objective lens unit in the case of conducting

recording/reproducing of information for a high density disc

is large, spherical aberration is easily genérated even when

a thickness of the protective layer of the first optical disc

is changed slightly from a standard thickness of a protective

layer in design of the objective lens unit. Therefore, there

is a possibility that a yield rate in mass production of

optical discs is adversely affected, because it is necessary

to control accurately a standard thickness of a protective

layer of the optical disc. If there is employved an

arrangement that the spherical aberration correcting optical

unit corrects generation of spherical aberration caused by

errors in protective layer thickness, as stated above, it is

possible to improve a yield rate in mass production of

optical discs, because tolerance for errors in a protective

layer thickness can be eased.



constructed so that an angle of inclination of a marginal ray of light of a
light flux entering an objective lens unit may be changed by changi ng and
adjusting a distance between a constituent |ens and the objective | ens unit
as the spherical aberration correctiqg optical unit, it is possible to
change a position of an object point * the objective lens unit. If 29
this function is utilized, it is possible to change a position of an object
poi nt of the objective lens unit, corresponding to each magnification in
the optical pickup device wherein nmagnification of the objective |lens unit
is different fromothers in the case of conducting recordi ng/reproduci ng of

| nformation fen enbi ghedensi bycRabl aalidsse B ndefBiofs staied above.

In the optical pickup device o e I nvention, I's preferable that the
second length =, 2. is in_a.range from 600 _nm to_700 nm. d n nl
Fepr eselLe PhaSEr FPak: ForosPaes SRrenevarrr it CariroRERaRTng P he naxi mum
diffraction efficiepncy apong diffracted |.ight ,generated en_the first
li ght flrEx98REERE Fﬂéﬁcﬁggﬁapgctgﬁeﬁﬁgppén%PGF%é&tgﬁﬁcopggéaﬁlﬁﬁFt, and n2
represents the diffraction order of the diffracted |ight hayinﬁ t he maxi mum
di f f r acPPBACalf fépenbgsapoiigliifLeseredtrughtirgebesaeets aRbacaRéYsecond
light flux enters, a conbination of the diffraction order nl and the
di f f ractirenspadentn2aisrei ehdr iofierohtinh, re2prdiag, styfat8s are, (4, 2) ,
(5, 3), (6, 4 , (7, 49 , (8, 5 , (10, 6) . If a depth of a step of a
ri ng-shapadnaeaa afitkhaaecbnomahi euabessabhofiresr tBet iAghepsbaakteel ement is
desi gned

side, and the spherical aberration correcting optical unit

corrects spherical aberration generated in the case of focus

B information

jump of the objective lens unit from the it
recording surface to the j* information recording surface,
when the first information recording surface, the second
information recording surface, .. n'™® information recording
surface are arranged in this order from the information
recording surface closest to the light source in the multi-
layer structure.

However, i is an optional integer satisfying 1 £ i < n,
and j is an optional integer that satisfies 1 £ 1 £ n and is
different from 1i.

The aforementioned structure is an optical pickup
device capable of conducting recording/reproducing of
information properly for a high density optical disc which is

of a type having plural information recording layers. If a

numerical aperture of the objective lens unit in the case of




so that a conbination of diffraction order nl of the diffracted |ight
havi ng the maxi num diffraction efficiency 30 anong diffracted |ight
generated when the first light flux enters and diffraction order n2 of the
diffracted |ight having the maxi numdiffraction efficiency anong diffracted
| i ght generated when the second |ight 2P ux enters may be either one of (nl,
n2) - (2, 1), (3, 2), (4, 2), (5, 3), (6, 4, (7, 4, (8, 5, (10, 6), for
the first wavelength ~, 1 of not nore than 450 nm and the second wavel ength
~ 2 within a range from600 nmto 700 nm sufficient diffraction efficiency
is obtained in each wavel ength area, and thereby, the chromatic aberration

correct idh@Rtt o3 L EIEMnSARe &Eéﬂﬁ@%‘ﬁf : gﬁ%%ﬁ%%ﬁa&ﬂpa& h {4y ough

which the first light flux and the second avi ng the second
wavel engﬁé}lg-,t[?y 58S v@if& kes i i%lge to obtain an optical pickup
devi ce sui tan ep(?for downsi 'z n'g,‘é%ljé%% ‘?gfe Ut ot Fhdt TSES reduct i on.
Further, even .in.the case of c rrectiqg chrqomatic aberration in the
wavel endl e D YHE W'?%tamﬁw@@% QL 1the MIRRERG b ehauaT &t
correctiqgn in the wavel ength area of the second wavel ength 7~2 does not
become &XtesSiNAL QR kdn hrakiesc i s poandad 2bightow deramn a@tandans ckup
devi ce having excellent recording characteristics for both of a high
density Wptdlsmsalict amrdd@rtivallaptr cal gesion suchtles cijalyjiest i ve | ens
and a

lens unit. Therefore, if the objective lens unit conducts

focus jump from a certain information recording surface to

another information recording surface, spherical aberration

is changed greatly. If there is provided an arrangement to

correct changes in spherical aberration caused in the focus

jump as stated above with the spherical aberration correcting

optical unit, it is possible to conduct recording/reproducing

of information properly for a high density optical disc of a

type having plural information recording surfaces.

In the optical pickup device of the invention, it is

preferable that recording density of the first optical disc

is greater than that of the second optical disc, the first

optical disc has, on its information recording surface, a

first protective layer whose thickness is t1, the second

optical disc has, on its information recording surface, a

second protective layer whose thickness is t2 (tl < t2), and

the spherical aberration correcting optical unit corrects

spherical aberration generated by a thickness difference



collimator | ens each enpl oying an aspheric surface are generally

manuf actured through injection nolding. For transferring a mnute structure
such as a diffractive structure accurately onto an optical surface of the
optical parts in injection nolding, it is preferable that a plastic lens is
used as the optical parts. A plastic Péns which can be used in the violet
area i s one whose refractive index in the violet area is wthin a range of
1.5 - 1.6, in many cases. Wen formng the diffractive structure stated
above on the optical surface of the plastic lens, with the conbination of
diffraction orders nl and n2, the specific nethod is one wherein depth dO

of the %tee:g,é'e@lttpl@ aptigal, S di g e t'QP I tot tical_.axi s anong
those in the diffractive é%ructureeig¥%s |%§E§ﬁi€%5£%%£ﬁ% fﬁég#ﬂf%%mﬁng
expressﬁ%g%r(l) - (8 .1.2~n<d0<1.7~n (1) 1. 9 [am<d0O <2 . 6 ~.Lm
2) 2. ELm<d0O<3. 2~~m(3) 3. 3~4d4m<d0 <4 . 2 dun ( 4)
4.4n<d0<5.0[an1(5% 32 4. 7~Lnxd0<5.7 jam (6) 5.6 %ganQ<6.5jtn1(7) 6 . 9
j..~m< do < 87 the afoxepeptyorgd sipuessirens iE1rheres)sr pppuddad a depth
range for steps corresponding to (nl, n2) - (2, 1), (3, 2), (4, 2), (5, 3),
(6, 4), 37arzpngegeny) thatoa @pherical aberration correcting optical
element corrects spherical aberration generated by a
thickness difference of protective layers between high
density optical discs and DVD or CD, it is possible to
provide an optical pickup device capable of conducting
recording/reproducing of information properly while
maintaining interchangeability for plural types of optical
discs such as a high density optical disc, DVD and CD.
In the optical pickup device of the invention, it is
preferable that the objective lens unit has at least one
plastic lens, and the spherical aberration correcting optical
unit corrects spherical aberration caused by changes in
refractive index following upon ambient temperature changes
of a plastic lens included in the objective lens unit, and/or
by refractive index distribution following upon temperature
distribution in the plastic lens.
When a plastic lens is included in the objective lens
unit, refractive index of the plastic lens is varied by

changes of ambient temperature for the optical pickup device

and by heat generation of an actuator, and thereby, spherical



In the optical pickup device of the invention, it is nore preferable that
refractive index N of constitution I ens having the diffracting surface of
the chromatic aberration correcting optical elenment for the first |ight
flux having the first wavel ength 7~1 %gtisfies the relationship of 1.5 < N
< 1.6, the first wavelength ~, 1 and t second wavel ength ~, 2 satisfy the
relationship of 1.8 > ~2/~, 1 > 1.3, and a conbination of step anount d of
the step closest to the optical axis anong the aforesaid steps, the
diffraction order nl1 and the diffraction order n2 satisfies at |east one of
the follow ng conditions (a) - (f). (a) (nl1, n2) - (4, 2) and 2.6um< d <

3.2m (b)akﬁéﬂ:r,atfﬁdn 14 %héigé’d‘d 3[‘}1%'%@%1% <1Af %U'Fﬁﬁne‘?cl}:a(l Bibergar)a of( 6, 4
) and 4 . 4~m < . O-~un ( d /~~m< d

<5 'n2) | 6’%1&%"‘1\) dl%‘}%d}gl%i; (tl'? cosul)sea ncﬁpctl <6 . 5-un (1)

(ni, Unt AR exp anat | on vmqq' be glven as

fol | ows, t.h,.an of the.co |nat|on o) t he case of using an
opti cal é*%%x% ﬁiﬁﬁﬂﬁu? 5£Péu§|nié£ S high density
DVD, for exanp%e mhen a conblnatlon of |OMFdIffraCtI0n ordered diffracted

rays of IHghie s HiFasi s TR na e e Tahesi Grldabenie v gxaw
order, or a conbination of the second order and the third order is used as
diff ractgétﬁaq%}ht Had nad thenpend tnme didfgedidonhef folgieencywe dspect i vel y, a
wi dt h of ring-shaped zone in the direction perpendicular to an optical

unit to be used becomes extremely narrow, which causes a

problem in practical use. Further, when a numerical aperture

of the objective lens unit is great, spherical aberration

changes in the case of occurrence, in the plastic lens, of

refractive index distribution following upon temperature

distribution in the optical axis direction and upon

temperature distribution that is rotationally-symmetric about

the optical axis, also cause a problem. Since the optical

pickup device stated above is of the structure to correct

changes of ambient temperature for the spherical aberration

correcting optical unit and changes of spherical aberration

of the objective lens unit following upon temperature

distribution, even when changes of ambient temperature and

heat generation of an actuator take place when conducting

recording/reproducing of information for a high density

optical disc, spherical aberration of the spot formed on the

information recording surface through light-converging is in

the state where it is constantly corrected properly.




axis of the diffractive structure becones too snmall, and further, the
nunber of ring-shaped zones within the effective dianeter becones too

| arge, which causes problens that transferability in the course of nolding
an optical element is worsened, an anﬁ nt of light transmtted is |owered,
processing of a die takes nore tinme and cost is increased. Cccurrence of

t hese problens can be controlled by the aforenentioned structure. Under the
diffractive structure wherein a sectional formin the optical axis
direction optimzed with certain diffraction order mand optim zed

wavel ength ~, B is serrated, 34 diffraction efficiency 'gym(~,) under the

condi tion of ¢gr t;ﬁbnogt&i:a@%heﬁugr a@heeoaft Eﬁedhfﬂzéﬁﬁibﬂe strusture and
of certain wavelength ~, is expresse by the foll owi ng expression |nclud|ng

2,11 LU Sr3p0axhaRLan: LGRIaly sy 8o cne SURILLGHL - Bege-Z ~G2772

-12e2 ereln oc Is glven by ng expressi on = ~.B
~n~ -1~l. ~, ~n~ -1~ #@ i on above, nesen%ﬁ a_ref actlve

i ndex of-%a % PFF&CF %?Eé§&e%%@néﬁ?oﬁﬁdgptﬂﬁgﬁeﬁﬁﬁFfi €of L8Vel engt h

~,, and n~, B represents a refractive index of a diffractive optical elenent
under tREtd6AdI BiER Bﬁswa@§léﬁ&tanOBmatPﬁnFF@CO§§1RH|§Hrﬁ§C§'s€henat|c

enl arged diagram of the diffractive structure, the follow ng rel ati onship
hol ds f dirst protective layer, the first magnlfication differs from

the second magnification, and the spherical aberration
correcting optical unit changes a position of the object
point of the objective lens unit according to a difference
between the first magnification and the second magnification,
when the first magnification represents a magnification of
the objective lens unit in the case of conducting
recording/reproducing of information for the first optical
disc, and the second magnification represents a magnification
of the dbjective lens unit in the case of conducting
recording/reproducing of information for the second optical
disc.

FPurther, when using an optical unit which is
constructed so that an angle of inclination of a marginal ray
of light of a light flux entering an objective lens unit may
be changed by changing and adjusting a distance between a
constituent lens and the objective lens unit as the spherical
aberration correcting optical unit, it is possible to change

a position of an object point of the objective lens unit. If



refractive index n~,B of the diffractive optical elenent under the

condition of diffraction order m optim zed wavel ength ~, B and wavel ength
~B, when an anount of step in the optical axis direction is represented by
dB. 35 (Nuneral 3) dB = m,B | (n~ -§~ Fig. 30 is a diagram show ng the

resul ts of calculation wherein the axi’s of abscissas represents anount of

step dBin the optical axis direction and the axis of ordinates represents
changes in diffraction efficiency of the diffractive structure, and B4 in
the diagramrepresents diffraction efficiency of the 4th order diffracted
light of a blue light flux having wavel ength 405 nm and R2 represents

di f fractitors efin@i ey Ofut {161 284, orders didds acted 4 icﬂ{%mﬁ] A red light
y 0

flux having wavel ength 655 nm Diffraction efficienc e diffractive

optical &lenmen, ise %e%%tagéiw fnﬂué to ;PS?'#a 407 at. @35 .nm It is

possible to obtain t 1on etficienc i s as hlrbjht’as 70%in

each wav ea in the vicinity. of blue 405 nm used for, high density
DVD and C?Anrq{%ébvn%:lil}ﬁ t§P oe?a%'ggn‘?ﬁﬂ{ée%ﬁtfjoqn oVb, ty St dhi nount of
step dB o be within a range from2.65mto 2.8m Further, when diffraction
order nPORG MG EY MaghE IaG IR (He FhsiRIAL MY d@TISOMIETT 6 ency i s
made to be 4 or nore, anong diffracted rays of |ight generated when a |ight
f1 ux hawirid ar smdy dirnytathfrlire 405 qrmentferaondiaigrshaped tonal width P
in the direction
recording/reproducing of information for a high density

optical disc, DVD and CD, as stated above.

In the optical pickup device of the invention, it is
preferable that the second wavelength A2 is in a range from
600 nm to 700 nm, and when nl represents the diffraction
order of the diffracted light having the maximum diffraction
efficiency among diffracted light generated when the first
light flux enters the chromatic aberration correcting optical
unit, and n2 represents the diffraction order of the
diffracted light having the maximum diffraction efficiency
among diffracted light generated when the second light flux
enters, a combination of the diffraction order nl and the

diffraction order n2 is either one of (nl, n2) = (2, 1), (3,

If a depth of a step of a ring-shaped zone of the
chromatic aberration correcting optical element is designed
so that a combination of diffraction order nl of the

diffracted light having the maximum diffraction efficiency



36 perpendicular to the optical axis grows greater. Therefore,
transferability of the diffractive structure in the course of nolding is
enhanced, high light transm ssion factor is obtained, and the nunber of

ri ng-shaped zones in the effective dﬁﬁyeter can be small, which reduces
time required for processing a die, resulting in reduction of cost for
manuf acturing diffractive optical elenments. Wien formng a diffractive
structure on a refracting interface having refracting power, the |onger a
di stance between the optical axis and a step is, the greater a difference
bet ween an amount of the step and an anmount of a step obtained from

"Nuner ahmdngi @i fERat AP e§BAt gsRechtbgalhen. thber ef oF e1i g appwat of step
of a diffractive structure nentioned here neans anount of step d of the

step whighots £haSeStrLoct InOBLEGR! aXbE. (D BiiecPLesenty pheci T cat ion,

"the diffractive structure is optimzed w ractron order m and

optim z el th. =B' or. to optimze_the diffractive.structure with

arr 1 ache bR P it o St Pl e FErdthe e FESRG EREREREISRT
deternigigﬁ an amount of step for the _step of a diffractive structure so
that thet@Ff9ERET ISR YiRERehlly DECPRE UI¥RF afted ¢RHES Wih B8 ffraction
order mmy be 100 37 theoretically when a light flux with wavel ength ~, B

ent er s, ©hH@eY hengli ¢fr deti on2brdef2mih. t hds 2hse(4s 2hl | €9 ah) opténi zed
diffraction order.

4), (7, 4), (8, 5), (10, 6), for the first wavelength Al of
not more than 450 nm and the second wavelength A2 within a
range from 600 nm to 700 nm, sufficient diffraction
efficiency is obtained in each wavelength area, and thereby,
the chromatic aberration correcting optical element can be
arranged in the optical path through which the first light
flux and the second light flux having the second wavelength
A2 pass, which makes it possible to obtain an optical pickup
device suitable for downsizing, weight reduction and cost
reduction. Further, even in the case of correcting chromatic
aberration in the wavelength area of the first wavelength Al,
chromatic aberration correction in the wavelength area of the
second wavelength A2 does not become excessive, which makes
it possible to provide an optical pickup device having
excellent recording characteristics for both of a high

density optical disc and DVD.



Optim zed order mof the diffractive structure of the diffractive optical
el emrent manufactured actually and optim zed wavel ength ~, B are obtai ned by
the foll owi ng expression under the assunption that d represents an anount
of step of the step which is closest to the optical axis and Ni represents
refractive index of a diffractive opt?’llcal element for ith light flux (i =
or 2) with itn wavelength; ~,B (um - d (~.nm x (NN - 1) / mwherein, mis
obt ai ned through cal cul ati on of the follow ng expressi on when an integer
obtained by rounding Y is represented by INT (Y). m=INT (Y) Y=d (~a.m
X (N - 1) / ~ 1 (dun) As explained in Fig. 30 by giving an exanple, even

when the chr aipdicaBRFES | Qe U d a6l | 19 aptiwal1 &lempM g used in the
i nvention corrects chromati c aberration of the objective lens in the

e U A USRI Wi i

of the diffractive stru Step d of the
step cl gsest the optical axis so .that, expression (a) may be satisfied
f or mv%?ré%?#]fllmaarhlbg%\%Qﬁ% gt Lokt e Jv%?e‘ﬁ%f%”&%ffgl%gnce i s great,
chromatic aberration of an objective lens in the wavelength area in the

vi ci ni tY-PS heel Rh @ hinute $lorucEiFectiedh exees iVl KACERE f ur t her, hi gh

diffraction efficiency is obtained in each wavel ength area of the first
| i ght f$usuGivre vaeelere ly ~dnamdan hepsecahdshr fate fouxcivt tdptical

parts in injection molding, it is preferable that a plastic
lens is used as the optical parts. A plastic lens which can
be used in the violet area is one whose refractive index in
the violet area is within a range of 1.5 - 1.6, in many
cases.

When forming the diffractive structure stated above on
the optical surface of the plastic lens, with the combination
of diffraction orders nl and n2, the specific method is one
wherein depth d0 of the step in the optical axis direction
closest to the optical axis among those in the diffractive

structure satisfies either one of the following expressions

1.2 ym < 40 < 1.7
1.9 um < d0 < 2.6
2.6 um < d0 < 3.2

3.3 pm < d0 < 4.2

§E 5§ B B §

4.4 ym < 40 < 5.0



wavel ength ~2. Further, when diffraction order nl of diffracted |ight
havi ng the maxi num diffraction efficiency is nade to be 4, anong diffracted
rays of light generated when a first light flux enters, ring-shaped tonal
width Pin the direction perpendicular to the optical axis grows greater.
Therefore, transferability of the diPPractive structure in the course of

nol ding is enhanced, high light transm ssion factor is obtained, and the
nunber of ring-shaped zones in the effective dianeter can be small, which
reduces tinme required for processing a die, resulting in reduction of cost
for manufacturing diffractive optical elenents. Incidentally, for making a
m croscopi ¢ structure such _a diffractive structure on a lens surface

t hrough a no%dﬁngnhéiﬁﬁh<éﬁbﬁb g a netal die, it is preferable to 39
make the chromatic aberration correcting optical elenment to be a plastic
| ens which i .éx¢@l kedtD i<n ét.5amsf erabi1)ity in the course of nolding.
Refractive index of the plastic lens is within a range of 1.5 - 1.6 in

general . Thergefong, .t hg refyactive | X N of the constituent |ens having
the diffracting urface of thei%hronggﬁc aberration correcting optical

el ement for e first light flux wwth the first wavel ength ~, 1 was

speci fi ed asHEFhfg@rﬁﬁ TS as#ﬁg Fﬁ%ﬂéﬁﬁﬁﬁﬁfﬁékﬁﬁngépﬂﬁnfBS}recting
optical elenent that satisfies the aforesaid conbination (a), if the

af or emEHARFh SPTH TR RER 2 r ek ure )i = o i zed(3ni t2 t Wt /diF)fir di on
order nl and optim zed wavel ength ~, B, and the follow ng expression is
sati sfi¥®d, (tecdrdi n an/.or(8, 5), (10, 6).

In the optical pickup device of the invention, it is
more preferable that refractive index N of constitution lens
having the diffracting surface of the chromatic aberration

correcting optical element for the first light flux having
the first wavelength Al satisfies the relationship of 1.5 < N
< 1.6, the first wavelength Al and the second wavelength A2

satisfy the relationship of 1.8 > A2/Al > 1.3, and a
combination of step amount d of the step closest to the
optical axis among the aforesaid steps, the diffraction order
nl and the diffraction order n2 satisfies at least one of the
following conditions (a) - (f).

(a) (nl, n2) = (4, 2) and 2.6um < d < 3.2um

(b) (n1, n2) = (5, 3) and 3.3um < d < 4.2um

(c) (nl, n2) = (6, 4) and 4.4pum < d < 5.0um

(d) (nl, n2)

1l
J

4) and 4.7um < d < 5.7um



reproduci ng of information can be conducted for high density DvD . 370 (nm
< ~ B < 410 (nm Wen using the chromatic aberration correcting opti cal
el enent that satisfies the aforesaid conbination (a), if the aforenentioned

diffractive structure is optimzed with the diffraction order
optim zed wavel ength ~, B, and the foPﬁomﬁng expression is sat

n2 and
i sfied,

recordi ng and/ or 40 reproduci ng of information can be conducted for
conventional DVD. 710 (nm < ~, B < 790 (nm In the case of a chromatic
aberration correcting optical element enploying a diffraction order that
satisfies the aforesaid conbination (b), as explained in Fig. 30 by giving

an exanpl e, eve) whgh the)chregatke gﬂargg%hﬂn<c8rgegtg?ﬁ optical el enent
e

used in the invention corrects chromatic aberration of

obj ective | ens

in the maveleqqérfﬁﬁfa hgétbeéxgghngxggf82?éﬁL§2 ;g gi %ﬁitgfdiffractive

actions of the rattive st

step d of

the step closest to_the qgptical _axis so that expression, g) may be

satisfied for afePdRGar 1M Widd Ry ¥RGt RS- IPLiRYSe W

| @igt h difference

is great, chromatic aberration of an objective lens in the wavel ength area

in the AXdMley ff by dlargation iaf n@) .corrected excessively

, and

further, high diffraction efficiency is obtained in each wavel ength area of
the first |ighAn fthex caisth ofavesliegyien opt iaad thecsetchdaki ght flux with

wavel ength ~, 2. Further, when

example, when a combination of low-diffraction-ordered

diameter becomes too large, which causes problems that

is worsened, an amount of light transmitted is lowered,

Occurrence of these problems can be controlled by the

aforementioned structure.

conventional DVD and an optical disc of high density DVD, for

diffracted rays of light such as a combination of the first
order and the second order, or a combination of the second
order and the third order is used as diffracted light having
the maximum diffraction efficiency respectively, a width of
ring-shaped zone in the direction perpendicular to an optical
axis of the diffractive structure becomes too small, and

further, the number of ring-shaped zones within the effective

transferability in the course of molding an optical element

processing of a die takes more time and cost is increased.

Under the diffractive structure wherein a sectional

form in the optical axis direction optimized with certain

diffraction order m and optimized wavelength AB is serrated,



diffraction order nl of diffracted Iight having the maxi rumdiffraction
efficiency is nmade to be 5, anong diffracted rays of |ight generated when a
first light flux enters, ring 41 shaped tonal width P in the direction
perpendi cular to the optical axis grows greater. Therefore, transferability
of the diffractive structure in the cddrse of nolding is enhanced, high

| ight transm ssion factor is obtained, and the nunber of ring-shaped zones
in the effective dianeter can be small, which reduces tinme required for
processing a die, resulting in reduction of cost for nmanufacturing
diffractive optical elements. V~hen using the chromatic aberration

correcti ical_el nt that satjsfies the aforesaid conbination (b), if
the af or@%%ﬁf%éo%leocp ﬁfﬁ%ﬁ?% Ty{lr[}b){ df%g?lé i ?ﬁri%otwrf % Hehid it acti on
order nl_and optim zed wavel ength ~, B, and the follow ng expression is

sati sfi et T ererivmendy or oeprleludi higraftine osmmudore samdetonduct ed f or
hi gh density DVD. 380 (nnm) < ~,B < 430 (nm V~hen using the chromatic

aberr at | @artcoi edvelepth oal i €| empsdddtpsatisi s dhgAfanssaid on
conbination (b), if the aforenmentioned diffractive structure is optim zed

Wi th tmqﬂgjg&fggiéﬁhfg§¥gt%ééfégﬁﬁggiggzed wavel ength ~, B, and the

follow ng expression Is sa recordi ng and/ or 42

(Numeral 1)

1,,(A) = (Sinz(aam - n)/ 7(cam — n))*
wherein o is given by the following expression.
(Numeral 2)

a=A,(n, =1)/ Aln, -1)

In the expression above, nj) represents a refractive
index of a diffractive optical element under the condition of
wavelength A, and mp represents a refractive index of a
diffractive optical element under the condition of wavelength

AB.

In Fig. 29 which is a schematic enlarged diagram of the

diffractive structure, the following relationship holds for
refractive index mp of the diffractive optical element under
the condition of diffraction order m, optimized wavelength AB

and wavelength AB, when an amount of step in the optical axis

direction is represented by dB.




reproduci ng of information can be conducted for conventional DVD. 610 (nm
< ~B <690 (nmM In the case of a chromatic aberration correcting opti cal
el enent enploying a diffraction order that satisfies the aforesaid

conbi nation (c), as explained in Fig. 30 by giving an exanple, even when
the chromatic aberration correcting optical elenent used in the invention
corrects chromatic aberration of the objective lens in the wavel ength area
inthe vicinity of wavelength ~,1 with diffractive actions of the
diffractive structure, by determ ning anount of step d of the step cl osest
to the optical axis so that expression (c) may be satisfied for wavel ength
~, 1 and mavele ose wavel ength difference is great, chromatic
aberration of gﬁm§§agctlve |l ens in the wavel ength area in the vicinity of
wavel ength ~, 2 is not corre ted excessively, and further, high diffraction
efficiency i s obtai &= M. ﬁbvelength area of the first light flux with
wavel ength ~, 1 and the second light flux with wavel ength ~, 2. Further, when

diffraction ordey. mb afs & fdiagtad él’icﬂfltnd"%\ﬂengre@%ﬂt@@f%@l@bflfartﬁ%h' on
efficiency is nade to be 6, anong diffracted rays of |ight generated when a

first |ight: Sueienters, 4 nghoc 43 shansd 2o %}?e WA don e dif a6t or

perpendi cul ar to e optical axi s groms grea erablllty

i ght o P4 B P o e Ul el S PH RmSERIsR g shaped sones

in the effective dianeter can be
represents changes in diffraction efficiency of the
diffractive structure, and B4 in the diagram represents
diffraction efficiency of the 4™ order diffracted light of a
blue light flux having wavelength 405 nm, and R2 represents
diffraction efficiency of the 2™ order diffracted light of a
red light flux having wavelength 655 nm. Diffraction
efficiency of the diffractive optical element is 1.5601 at
405 nm, and it is 1.5407 at 655 nm. It is possible to obtain
the diffraction efficiency that is as high as 70% in each
wavelength area in the vicinity of blue 405 nm used for high
density DVD and in the vicinity of 655 nm used for DVD, by
establishing amount of step dB to be within a range from
2.65um to 2.8um. Further, when diffraction order nl of
diffracted light having the maximum diffraction efficiency is
made to be 4 or more, among diffracted rays of light

generated when a light flux having a wavelength of blue 405

nm enters, ring-shaped zonal width P in the direction




smal |, which reduces tine required for processing a die, resulting in
reduction of cost for manufacturing diffractive optical elenents. Wen
using the chromatic aberration correcting optical elenment that satisfies
the aforesaid conmbination (c), if the aforenentioned diffractive structure
is optimzed with the diffraction ord nl and optim zed wavel ength ~, B,
and the follow ng expression is satisfied, recording and/ or reproducing of
i nformati on can be conducted for high density DvD . 410 (nm < ~, B < 430
(nm) Wien using the chromatic aberration correcting optical elenment that
satisfies the aforesaid conbination (c), if the aforenmentioned diffractive
structure is ggtinized with the diffraction. order n2 and optim zed

wavel engERPENBLCULAY tRethE| PBILAGLeRPEeserONS| Sreatesf i ddeneddiai ng

and/ or 44 reproducing of information can be conducted for conventi onal
DVD. 600rgnaferabiBity efothanjiiffrapeivasstoficoucar omathe abersatddn
correcting optical elenent enploying a diffraction order that satisfies the
af or esandldondi hat enhafided, anigkpl aghedtran&mlss 86n byagtyt ngs an exanpl e,
even when the chromatic aberration correcting optical elenent used in the

i nventi ept&ohe@ct snehtpEBhigbapesrati fg-ghabhbe sbhEStiNechens in the
wavel ength area in the vicinity of wavelength 7~1 with diffractive actions

of the drtfragtiveishetEiUEsn BY GRLET M ) 16n DY es time required

for processing a die, resulting in reduction of cost for
manufacturing diffractive optical elements.

When forming a diffractive structure on a refracting
interface having refracting power, the longer a distance
between the optical axis and a step is, the greater a
difference between an amount of the step and an amount of a
step obtained from “Numeral 3” is. In the present
specification, therefore, an amount of step of a diffractive
structure mentioned here means amount of step d of the step
which is closest to the optical axis.

In the present specification, “the diffractive

structure is optimized with diffraction order m and optimized
wavelength AB” or “to optimize the diffractive structure with
diffraction order m and optimized wavelength AB” is

synonymous with determining an amount of step for the step of
a diffractive structure so that the diffraction efficiency of

the diffracted light with diffraction order m may be 100%



of step d of the step closest to the optical axis so that expression (d)
may be satisfied for wavel ength ?~1 and wavel ength ~, 2 whose wavel ength
difference is great, chromatic aberration of an objective lens in the
wavel ength area in the vicinity of wavelength ~, 2 is not corrected
excessively, and further, high diffragtzion efficiency is obtained in each
wavel ength area of the first light flux with wavelength ~, 1 and the second
light flux with wavel ength ~, 2. Further, when diffraction order nl of
diffracted |ight having the maxinumdiffraction efficiency is nmade to be 7,
anong diffracted rays of light generated when a first light flux enters,
ring 45 shaped zonal width P in the direction perpendicular to the
opt i cal R Griciael g edrast .2 Thicrhd of lux twidis fearegbianianh @B temeedish,fract i ve
structure in the course of nolding is enhanced, high [ight transm ssion
factor iesidbhtre red, fraat itdre onddrem afn rdiigs shaped  ags da drhe ef fecti ve
di aneter can be small, which reduces tine required for processing a die,
resul ti rgptimirRduetifarft i¢astofqdr manuf acturing diffractive optica
el ements. When using the chromatic aberration correcting optical elenent
that satisfie ; r i onfy i 1Y f i d
diffractive S?PEE?&?%%32§§§?}ﬁ%?ﬁhQa#%EﬂFﬁgé&tﬁkﬁaggfgﬁgéggg?En§3§nd
optim z th ~,.B,_.and the follow ng expression.is satisfied,
recor di %f\éﬁé}g& Q’%e%tpéz&fc?ilngeqoelmq% m\% UE&% ﬁé"té’ﬁ‘grd-é!c for high
density DVD. 385 (nm < 7~B < 420 (nm

optimized wavelength AB are obtained by the following

expression under the assumption that d represents
an amount of step of the step which is closest to the optical
axis and Ni represents refractive index of a diffractive
optical element for i*™ light flux (i = 1 or 2) with if®
wavelength;

AB (um) = d (um) x (Ni - 1) / m
wherein, m is obtained through calculation of the following
expression when an integer obtained by rounding Y is
represented by INT (Y).

m = INT (Y)

Y

d (um) x (N1 - 1) / Al (um)

As explained in Fig. 30 by giving an example, even when
the chromatic aberration correcting optical element used in
the invention corrects chromatic aberration of the objective
lens in the wavelength area in the vicinity of wavelength Al

with diffractive actions of the diffractive structure, by




When using the chromatic aberration correcting optical el enment that
satisfies the aforesaid conbination (d), if the aforenentioned diffractive
structure is optimzed with the diffraction order n2 and optim zed

wavel ength ~, B, and the follow ng expression is satisfied, recording

and/ or 46 reproducing of informati oB8can be conducted for conventi onal
DVD. 650 (nm < ~,B < 710 (nm In the case of a chromatic aberration
correcting optical element enploying a diffraction order that satisfies the
af oresai d conbination (e), as explained in Fig. 30 by giving an exanpl e,
even when the chromatic aberration correcting optical elenent used in the
inventiqn corrects chromatic aberration of the objective lens in the
vavel en§Er SAFEEY EHOWACCION SFS8F W@feltéfytSireP, £LRISERTAIPf LBEL i ve acti ons
of the diffractive structure, by determ ning anount of step d of the step
cl osest OP§1CRE Gpliscslo akiad sEpriessioxpriedsimey be) sabysiféedatiosfi ed for
wavel ength ~, 1 and wavel ength 7~2 whose wavel ength difference is great,

chromat wavahenahi an ehsawa@Rileelitve Abedsiokd WhoewaMgtRNgl hrareacen the
vicinity of wavelength ~, 2 is not corrected excessively, and further, high

di ffractiso i Ci IS 0 i . C I [ first
i ght 1w S e e bash ot dad 1ol ST amnAETLEREE 3% 2 FhSel ongtn
~, 2. Further, when diffraction order nl of diffracted,_|light having the
maxi mumYaVELPRELRoRTER 18 EREy Vil§ 1Rdd¥ 06 wavsleambhghdi E6rBeted rays of
| i ght generated when a first light flux enters, ring

corrected excessively, and further, high diffraction

efficiency is obtained in each wavelength area of the first
light flux with wavelength Al and the second light flux with

wavelength A2. Further, when diffraction order nl of
diffracted light having the maximum diffraction efficiency is
made to be 4, among diffracted rays of light generated when a
first light flux enters, ring-shaped zonal width P in the
direction perpendicular to the optical axis grows greater.
Therefore, transferability of the diffractive structure in
the course of molding is enhanced, high light transmission
factor is obtained, and the number of ring-shaped zones in
the effective diameter can be small, which reduces time
required for processing a die, resulting in reduction of cost
for manufacturing diffractive optical elements.

Incidentally, for making a microscopic structure such
as a diffractive structure on a lens surface through a

molding method employing a metal die, it is preferable to




47 shaped zonal width P in the direction perpendicular to the optical axis
grows greater. Therefore, transferability of the diffractive structure in
the course of nmolding is enhanced, high light transm ssion factor is
obt ai ned, and the nunber of ring-shaped zones in the effective dianmeter can
be small, which reduces tinme required3®or processing a die, resulting in
reduction of cost for manufacturing diffractive optical elenents. Wen
using the chromatic aberration correcting optical elenment that satisfies
the aforesaid conmbination (e), if the aforenentioned diffractive structure
is optimzed with the diffraction order nl and optim zed wavel ength ~, B,

and the_foall ow ng.expression i s satisfied, recording and/or reproducing of
255 CHE BEICBRGIG SPFER oG CAERECty TBVBP A6 ( RFnenh-ta < 430

i nf or maf'ion ¢a
(nm V%gp using the chromatic aberration correcting optical elenment that
sati sfi €8 en@1arsiesdicdscbichatisoR*Cellent fhe tzposéreabidher dnffractive
structure is optimzed with the diffraction order n2 and optim zed
wavel en§tle coBrseand meddfiobl.owRafjraspiessindexsofathsfphast T@chems ng
and/ or 48 reproducing of information can be conducted for conventional
DVD. 610s(mnihdin~aBrarnge50f(nank - 1.6 in general. Therefore, the

refractive index N of the constituent lens having the

diffracting surface of the chromatic aberration correcting

optical element for the first light flux with the first

wavelength Al was specified as stated above.

When using the chromatic aberration correcting optical

element that satisfies the aforesaid combination (a), if the

aforementioned diffractive structure is optimized with the
diffraction order nl and optimized wavelength AB, and the
following expression is satisfied, recording and/or

reproducing of information can be conducted for high density

DVD.

370 (nm) < AB < 410 (nm)

When using the chromatic aberration correcting optical
element that satisfies the aforesaid combination (a), if the
aforementioned diffractive structure is optimized with the
diffraction order n2 and optimized wavelength AB’, and the

following expression is satisfied, recording and/or




In the case of a chromatic aberration correcting optical elenment enploying
a diffraction order that satisfies the aforesaid conbination (f), as
explained in Fig. 30 by giving an exanple, even when the chromatic
aberration correcting optical elenent used in the invention corrects
chromatic aberration of the objectivedbens in the wavel ength area in the
vicinity of wavelength ~,1 with diffractive actions of the diffractive
structure, by determ ning anount of step d of the step closest to the
optical axis so that expression (f) nmay be satisfied for wavel ength ~1 and
wavel ength ~, 2 whose wavel ength difference is great, chromatic aberration
of an objective lens in the wavel ength area in the vicinity of wavel ength
7~2 is KEPTOGMFeted fedddedmpiipn 1 CRSUATEGh Tt £PR ?Pﬁﬁoﬁﬁiiciency
is obtained in each wavel ength area of the first light flux with wavel ength
~, 1 andDVi¥e second light flux with wavel ength ~ 2. Further, when
diffraction order nl of diffracted |ight having the maxi numdiffraction
efficiency i s7madentno heik0, <anmopg (dinfifracted rays of |ight generated when
a first light flux enters, ring 49 shaped tonal width P in the direction

perpendiculathothgecgggigglaaﬁh?RQBQWQ gggg%gﬁ%Pg?gégggégiﬂ%ransferabiIity

of the diffractive structurei e course I's enhanced, high
light transnmissigon factor i.s_aqbtained,. and the number of ring-shaped zones
e SERabrivE aMsTe: Srcigy I Snaie Ca Ty BHGEEs R he PEARERES 1 or
processing a die, resulting in reduction of cost for manufacturing
diffraCFP%eaéﬁ?ﬁ@éﬁdepéﬁgﬁp§plon (b), as explained in Fig. 30 by

giving an example, even when the chromatic aberration
correcting optical element used in the invention corrects
chromatic aberration of the objective lens in the wavelength
area in the vicinity of wavelength Al with diffractive
actions of the diffractive structure, by determining amount
of step d of the step closest to the optical axis so that
expression (b) may be satisfied for wavelength Al and
wavelength A2 whose wavelength difference is great, chromatic
aberration of an objective lens in the wavelength area in the
vicinity of anelength A2 is not corrected excessively, and
further, high diffraction efficiency is obtained in each
wavelength area of the first light flux with wavelength Al
and the second light flux with wavelength A2. Further, when
diffraction order nl of diffracted light having the maximum

diffraction efficiency is made to be 5, among diffracted rays

of light generated when a first light flux enters, ring-




When using the chromatic aberration correcting optical el enment that
satisfies the aforesaid conbination (f), if the aforenentioned diffractive
structure is optimzed with the diffraction order nl and optim zed
wavel ength ~, B, and the follow ng expression is satisfied, recording and/or
reproduci ng of information can be comtlucted for high density DVD. 390 (nm
< ~ B < 420 (nm Wen using the chromatic aberration correcting opti cal
el enent that satisfies the aforesaid conbination (f), if the aforenentioned
diffractive structure is optimzed with the diffraction order n2 and
optim zed wavel ength ~, B, and the follomﬁng expression is satisfied,
recording and/ or 50, re rOdUCI g i nformati on can, be_conduct ed for

f ﬁ) LB e< &

convent PBRRFADEBI 26081 Eh EECEARY PRIPREBAGEELREI LRI ERGp devi ce

of the invention, it is preferable that a third light source emtting a
third IPﬁﬁﬂcﬁﬂuixhﬁvgﬁgwﬁhgréaﬁﬁva<ﬂ%ﬁ¢ﬁﬁoﬁﬁvWﬁﬁﬂnﬁﬁﬁmﬁbIkwﬁynOﬁron1the
first wavelength ~, 1 and fromthe second wavel ength ~, 2 is provided, the
objectiVbeléh§fuattivenBErgeSurbeinhthd tbghsefbﬁXmemﬂingdiéron1the third
| i ght source on an information recording surface of the third optical disc

havi ng eshandedg Heghi tyghbatrhssfikbesantabtem 1Boset@inte dhasthand
second optical discs, the chromatic aberration correcting optical el enent

i's arraﬂﬁﬁﬂetnofh?lﬁﬁtbﬁébeEaEBnéBain'§h@0gﬁ?8cg90et5§aﬁé£§f cahhbed 1ight

fluxes, the second wavel ength ~.
small, which reduces time required for processing a die,
resulting in reduction of cost for manufacturing diffractive
optical elements.

When using the chromatic aberration correcting optical
element that satisfies the aforesaid combination (b), if the
aforementioned diffractive structure is optimized with the
diffraction order nl and optimized wavelength AB, and the
following expression is satisfied, recording and/or
reproducing of information can be conducted for high density
DVD.

380 (nm) < AB < 430 (nm)

When using the chromatic aberration correcting optical
element that satisfies the aforesaid combination (b), if the
aforementioned diffractive structure is optimized with the
diffraction order n2 and optimized wavelength AB‘, and the

following expression is satisfied, recording and/or




within a range of 600 nm- 700 nmand the third wavelength 7~-3 is within a
range of 730 nm- 830 nm and a conbination of the diffraction orders nl,
n2 and n3 is either one of (nl, n2, n3) - (2, 1, 1), (4, 2, 2), (6, 4, 3,),
(8, 5, 4), (10, 6, 5), when nl represents a diffraction order of the
diffracted |ight having the maxi num diffraction efficiency anong diffracted
rays of light generated when the first light flux enters the chromatic
aberration correcting optical 51 elenment, n2 represents a diffraction
order of the diffracted |light having the maxi mumdiffraction efficiency
anong diffracted rays of |ight generated when the second light flux enters,
and n3 represents a diffraction order of the diffracted |Iight having the
maxi munt agr PHUELPENCET ENEPERRY 1aRpABIPET FaBEBAT PEYEOBT CPRYRRE tenet at ed
when the third light flux enters. If a depth d of a step of the ring-shaped
zone of DVRe chromatic aberration correcting optical elenment is designed so
that a conbination of the diffraction orders nl, n2 and n3 nay be either

one of (nl, n21onBimy £2AB1,<1390(fmm?. 2), (6, 4, 3,), (8, 5 4), (10, 6,
5), it is possible to obtain sufficient diffraction efficiency in each

wavel engt h arga. {Jhe r %h %ﬁ i rration correcting optical
el enent can be arran%%%giﬁft eg%% |%Q?éﬁ%?%PE%E%éEﬁF%%ﬁ%ﬁF¥%% first light
fl ux ang %he ecgnd ILght | ux haviagaﬁhe second gavelength ~2 Pass, and an
opti cal “Prekdp deWi'EBt sEiPabY &% oft ERoHAOR AEfEht CRRHWRRAF R IRRI cost
reduction can be obtained, Further, even when |ongitudinal chromatic

the aforesaild combination (c), as explained in Fig. 30 by

giving an example, even when the chromatic aberration

correcting optical element used in the invention corrects

chromatic aberration of the objective lens in the wavelength

area in the vicinity of wavelength Al with diffractive

actions of the diffractive structure, by determining amount

of step d of the step closest to the optical axis so that

expression (c) may be satisfied for wavelength Al and

wavelength A2 whose wavelength difference is great, chromatic
aberration of an objective lens in the wavelength area in the
vicinity of wavelength A2 is not corrected excessively, and
further, high diffraction efficiency is obtained in each
wavelength area of the first light flux with wavelength Al
and the second light flux with wavelength A2. Further, when
diffraction order nl of diffracted light having the maximum
diffraction efficiency is made to be 6, among diffracted rays

of light generated when a first light flux enters, ring-




aberration is corrected in the wavel ength area of the first wavel ength ~1,
| ongi tudi nal chromatic aberration corrections in wavelength areas within a
range of 600 nm- 700 nm and 52 within a range of 730 nm- 830 nmare
prevented from becom ng excessive, which nmakes it possible to provide an
optical pickup device having excel |l en#3recordi ng characteristics for any of
a high density optical disc, DVD and CD. Further, when formng the
diffractive structure stated above on the optical surface of the plastic

l ens, with the conmbination of diffraction orders nl, n2 and n3, the
specific method is one wherein depth dO of the step in the optical axis

directi S0 t.h |caI Xi mong those in the dlffractlve
structu(rg!ehgJ |es iﬁﬂ rﬁ?(ﬁhqfé§? ﬁ%ﬂ ?Baﬁaiﬁﬁ%ﬁ¥ teoyhe (13). 1.
2 jan1< d %5 an1( 9 ) 2.6j~.md0<3.0(am (10) 4 . 4 Etsn <d 0 <5
o j. C)a aXJ@ IS gFpakey . Bhprekpre12tyapsfegabiiiny<of 0 < 8 .

j tnl( 13 ) The expreSS|ons (9) - (13) represent a depth range for steps
corresp&m ¥ Hfegsadniey sloyucs el imZhenZourse2 ofl molfingdis2, 2), (6, 4,
3), (8, 5 4), (10, 6, 5). It is preferable that the optical pickup device
of the iemhemidesn hagha loginl itngrisans SMirc I aeemeriss odftaaneke ahdadiwer gence
for each of the first light flux emtted fromthe

number of ring-shaped zones in the effective diameter can be

H

small, which reduces time required for processing a die,
resulting in reduction of cost for manufacturing diffractive
optical elements.

When using the chromatic aberration correcting optical
element that satisfies the aforesaid combination (c), if the
aforementioned diffractive structure is optimized with the
diffraction order nl and optimized wavelength AB, and the
following expression is satisfied, recording and/or
reproducing of information can be conducted for high density
DVD.

410 (nm) < AB < 430 (nm)

When using the chromatic aberration correcting optical
element that satisfies the aforesaid combination (c), if the
aforementioned diffractive structure is optimized with the

diffraction order n2 and optimized wavelength AB’, and the

following expression is satisfied, recording and/or




53 first light source and the second light flux emtted fromthe second

| i ght source, and guides it to the objective lens unit, and the coupling

| ens has the chromatic aberration correcting optical elenment. In the
optical pickup device of the invention, it is preferable that the coupling
| ens has at |east one plastic lens, and a diffracting surface of the
chromatic aberration correcting optical elenent further has a function for
controlling changes of an angle of divergence or an angl e of convergence
for tenperature changes of the first light flux emerging fromthe coupling
l ens. In the optical pickup device, a coupling lens that converts an angle
of diveégfnce of, a qgﬁer nt light flux emtted froma light squrce is

ar r anged T PHECEE: Hgﬁe%‘ﬂar'%ﬂém&%? b6 UGS D G SOTVERS 198¢iing NA of
0.05 0.2 is used as the coupling lens, and the coupling lens is used
general IRV R0 collinmate a divergent light flux enmitted froma |aser |ight
source into a parallel light flux. Wien a plastic lens is used as a

coupling I enssoohengupd ivBg kerssocgambe manufactured stably on a nass
production basis at |ow cost. However, a focal length of a plastic lens is

varied by temer atur e ghanges, ANAIehaLe, .2 1080L8e. ok dhyer gence of a
light flux enmerging fromthe couplinglens 1S varied y~t enperature
changes. resul t, .there has been, rohl.emth a _position qf an object
poi nt ofoq%ﬁec%olbje e |egw§qyg%&55@€f,f% TPh &5 thesr Satiiss e
deteriog&{ed. Since the deterioration of spherical_ aberration grows greater

in propd™§ GFAEEFHE CATRIRgIdmer ) N&SoreHe inass 1 Fé daf d0eknt i oned

pr obl em becones nore obvious on a high density optical disc enploying an
obj ect i P V1&9s o ExXeFINR 0.8% 0 Mharhd hef ohesaiad ist rmletunegiont i s possible
to make changes in a degree of divergence of a light flux emtted fromthe
coupl i ngdrers tindemdraa 1s Wistentt alded dvenhshemvamiiient coetrperat ures are
vari ed, by determ ning paraxial power of the diffracting surface so that

changes dhromaddq e@eafradiiver ¢ene oo @MRgilRG s iighthbl wyveausgdnby
changes in the refractive index of the coupling | ens follow ng upon

t enper a a S : campensat.ed iL.ffractin ower._changes caused
by mave%g%%t%?Eﬁgﬁbégﬁ%fggyVPgF&PV'éﬁpg— dgétgF%ﬁagé%fE8EE6%an upon

t enper at ur e changes. CML%% to this, even when usin% an objective | ens

havi ng RETGO8S, thahGe St IRadiive SIS USE t Y GStestipanPeaBoBalised by

t enperat ure changes do not exist, and spherical aberration is not

det eri o4t &4 eRcCordi fdley stRyr CHesesa siogiihef opariarilabxpewer thas
diffracting surface necessary for conpensating changes in a degree of

di ver gers@refssdoni glat) fayx emek@iiREied for wavelength Al and

wavelength A2 whose wavelength difference is great, chromatic
aberration of an objective lens in the wavelength area in the
vicinity of wavelength A2 is not corrected excessively, and
further, high diffraction efficiency is obtained in each
wavelength area of the first light flux with wavelength Al
and the second light flux with wavelength A2. Further, when
diffraction order nl of diffracted light having the maximum

diffraction efficiency is made to be 7, among diffracted rays

of light generated when a first light flux enters, ring-




55 fromthe coupling |l ens foll ow ng upon tenperature changes and a sign of
paraxi al power of the diffracting surface necessary for correcting
chromatic aberration in a violet area are in the sane positive direction,
and therefore, a correction of chromatic aberration in the violet area can
be made to be conpatible with a conped$ati on of changes in a degree of

di vergence of a light flux emerging fromthe coupling lens foll ow ng upon
tenperature changes. Further, it is preferable that recording density of
the first optical disc is greater than that of the second optical disc, and
the follow ng expression is satisfied when NAL represents a nuneri cal

aperture_.of the objecti lens in the case of conduct.ing recording and/or
r epr oduciRPSt 3 ﬁ&@lﬁh?&nttﬁb@@%l’ﬁcwﬁéﬁrgﬂ ,Chﬂ'i].arré;ﬁr ts a
magni fi cation of the objective lens unit in the case of conducting

recor di P et braX¥lehrThng F SFLehf ofRetedRror tERBSERFaPLdpEY Al disc, f1
(nmm represents a focal length of the objective lens unit for ~1 in the
case of Wohdlichfrar vrissoratimitantd om rdp oouoigey of malfddmeatiison for the
first optical disc, ~1 (mm) represents the first wavel ength, f~ (nm

r epr esedrshamdatalhigndtiviof dhghaoidicry fensod drs vhtaineenr esenttsiea
refractive index of the coupling |ens for 56 ~,1, oc represents the

coef fi cirgbe df nNedlg-Mas] WbRfs tihe (U A MG d 8RS qiRRLEF bhn Rr esent s
par axi al power of the
small, which reduces time required for processing a die,
resulting in reduction of cost for manufacturing diffractive
optical elements.
When using the chromatic aberration correcting optical

element that satisfies the aforesaid combination (d), if the
aforementioned diffractive structure is optimized with the
diffraction order nl and optimized wavelength AB, and the
following expression is satisfied, recording and/or

reproducing of information can be conducted for high density

DVD.

385 (nm) < AB < 420 (nm)

When using the chromatic aberration correcting optical
element that satisfies the aforesaid combination (d), if the

aforementioned diffractive structure is optimized with the

diffraction order n2 and optimized wavelength AB’, and the

following expression is satisfied, recording and/or




diffracting surface for ~, 1, Pc (mm 1) represents paraxial power of the
coupling lens for ~ 1, dn/dt represents a change rate of refractive index
of the coupling lens for tenperature changes, dn/d~, represents a change
rate of refractive index of the coupling lens for wavel ength changes, and
d~,/dt represents a change rate of wael ength of the first |ight source for
tenperature changes. {NA1 . (1 - nl) }4 - (fl12/fc) ~1cl + (c2 - cl) -
PD)Pcl <0 . 13 - ~, 1 wherein, the follow ng expression holds, cl1 =1/ (n -
1) . dn/dt + 1/ (n - 1) . dn/d7~ . d7~/dt - oc c2 - 1/ ~, 1 - d~,/dt - 2a
and PD is expressed by the foll owi ng expressi on when an anount of addition

of an optica ath length by the aforesaid diffractive structure is defined
by the %??%é?gﬁ%¥ho ugEP?B%aE%%?e%%%db%yc@%@u?Eﬁ@(ﬁW¥kf@@Nﬁﬁ%ﬂoﬁﬁ1and nl

represents a diffraction order of diffracted |ight having the maxi num
di ffrac®Y®n efficiency anong diffracted rays of |ight generated when the
first light flux enters the diffractive structure. 57 PD=-2- nl BZ-

(~, 1/ ~B) (Numz@l () < XX (<2/10 B)p¢mB~; h2' =0 Incidentally, in the Nuneral
4 above, h (mm represents a height in the direction perpendicular to the

?pt ical axis,B2jpd %pé(seée(gg s% tg}%&[gaegfé gih?&]%éq{lh&py(?ﬁﬁle Lrg; di fference
unction, n represents a diftraction order o e diffracte
optical element employing a diffraction order that satisfies
the aforesaid combination (e), as explained in Fig. 30 by
giving an example, even when the chromatic aberration
correcting optical element used in the invention corrects
chromatic aberration of the objective lens in the wavelength
area in the vicinity of wavelength Al with diffractive
actions of the diffractiye structure, by determining amount
of step d of the step closest to the optical axis so that

expression (e) may be satisfied for wavelength Al and

wavelength A2 whose wavelength difference is great, chromatic
aberration of an objective lens in the wavelength area in the
vicinity of wavelength A2 is not corrected excessively, and
further, high diffraction efficiency is obtained in each
wavelength area of the first light flux with wavelength Al
and the second light flux with wavelength A2. Further, when
diffraction order nl of diffracted light having the maximum

diffraction efficiency is made to be 8, among diffracted rays

of light generated when a first light flux enters, ring-



| i ght having the maxi numdiffraction efficiency anong diffracted rays of
light of the entering light flux, ?~ (nn) represents a wavel ength of a
light flux entering the diffractive structure, and 7~B (nn) represents a
manuf acture wavel ength of the diffractive structure. In the specific nethod
for conpensating changes in a degree df7 divergence of the light flux
energing froma coupling lens foll owi ng upon tenperature changes, it is
preferable to establish paraxial power of the diffracting surface so that
the foll owi ng expression may be satisfied. [NA1 (1 - m) ]4 (f12/fc) -
lcl + (c2 - cl) - PDDPci <0 .13 - ~, 1 wherein, the foll ow ng expression

hol ds. 1§%ﬁ§% =1/ (n -1 . dn/dt + 1/ (n - 1) - dn/d?~ . d~,/[dt - a, c2
= 1/ 7~1°BARFA Fnal oGtk Rnife Gt RV F oD RBRRGIGHIAT e 18 ecti ve
lens in the case of changes of a focal length of the coupling |ens

fol | owi RPgohl taehipergtane Treaiges. | Fheredored. tEansterphiihéyopfi ca
system conposed of an objective |lens and a coupling lens, there are

consi dergte chiahigyes-ti Ivevesafuonirahiar ridie aovufsd hef afrjletitigve d ens caused by
changes in a position of an object point of the objective lens and in a

magni fi catharcaf, thieyiob)emd we-dreisi 0tdh riesiddred § raypahargesnd tad ocal
| ength of the coupling lens. Incidentally, the objective lens is assuned to

be subj aain@sh:t & f QCUsi NGh S04 haindef Qe usid g GURoNANty MR [RECUER, Z@ro, in

t he case of magnification changes.
small, which reduces time required for processing a die,

resulting in reduction of cost for manufacturing diffractive
optical elements.

When using the chromatic aberration correcting optical
element that satisfies the aforesaid combination (e), if the
aforementioned diffractive structure is optimized with the
diffraction order nl and optimized wavelength AB, and the
following expression is satisfied, recording and/or
reproducing of information can be conducted for high density
DVD.

395 (nm) < AB < 420 (nm)

When using the chromatic aberration correcting optical
element that satisfies the aforesaid combination (e), if the
aforementioned diffractive structure is optimized with the
diffraction order n2 and optimized wavelength AB’, and the

following expression is satisfied, recording and/or



Rate of change dW/ dno of wavefront aberration W (RVMS value in a unit of
nmm) of the objective |lens to changes of magnification nl of the objective

| ens for wavelength ~, 1 is expressed by the foll owi ng expression under the
assunption that NAL represents a nunerical aperture of the objective |ens
in the case of conducting recording add® or reproducing of information for a
hi gh density optical disc, f1 (mm represents a focal |ength of the

obj ective |l ens for 59 wavelength ~, 1, and (3 represents the coefficient
of proportion. dWw/dno = ~i - [NAl - (1 - m) ]4 . f1 Incidentally, when
the study was made with a single |lens having NAL of 0.85 and ~,1 of 405 nm
an absolute v 018. Further, ter obfainin rate of . change
o df < BIPEC T IR BT obfedes iPREHE 9% HarBr 4t o ea

| ength of the coupling lens, the foll ow ng expression is obtained
appr oxi Ny, when a light flux energing fromthe coupling lens is close
to the parallel light flux. ~o/df~ _ -f1/f~2 Next, changes in a focal

| engt h of the &lduplrimig 4 B cawsed (ayn)t enperature changes will be
expl ained. First, the paraxial power of the total systemof the coupling

lens is made to, bePCas PR e PRILBRCD: HRL at PR (mm- 1)

P YR
represents paraxial power of a refractlng ens o the coupllﬁg Iens and PD
(mMm1) esent D h fractln sur.f ace of, e coupl i ng
| ens. W](%pg aﬁra e%%%l ca?q.‘Lpl ces aé e]'gfrrre%ce 19 e Ittg:rha"’l r‘?& rjfeasces
however the unttot of paraxlal owers of diffractin surfa es is
represenrtle ané) éi ?fgs'ur?p?tl%fp Iided Fegridsem® %Y refracti ve
i ndex of the coupllng Iens for mavelength ~,1, a represents the coefficient
of | inedlEMIFarRdt TP koprassihtva1en tidi Tl amat igh RIS HaR¥o epr esent s a
focal length of the coupling Iens for wavelength ~, 1, rate of change dfc/dt
of a focarierginy ofpttims lcaipnayg: e causste bi;mtairmti@mtame:edtmges is
expressed by the foll ow ng expression; dfc/dt = -fc2 - dPc/dt = -fc2 . (cl
- PR + chromB)imheseairat idie doldian oig) exprassias hol dhe wavelength

area in the vicinity of wavelength Al with diffractive

actions of the diffractive structure, by determining amount

of step d of the step closest to the optical axis so that

expression (f) may be satisfied for wavelength Al and

wavelength A2 whose wavelength difference is great, chromatic
aberration of an objective lens in the wavelength area in the
vicinity of wavelength A2 is not corrected excessively, and
further, high diffraction efficiency is obtained in each
wavelength area of the first light flux with wavelength Al
and the second light flux with wavelength A2. Further, when

diffraction order nl of diffracted light having the maximum

diffraction efficiency is made to be 10, among diffracted

rays of light generated when a first light flux enters, ring-




ci =1/ (n- 1) . dn/dt + 1/ (n - 1) . dn/d~, - d~,/dt - ac2 - 1/ ~1-d
~ /dt - 2a O, the follow ng expression holds, if PR = Pc - PDis used.
dfc/dt = -fc2 . [¢c1 . (PC- PD) +¢c2 - PDI - -fc2 . Pc . [cl + (c2 - cl.) -

(PDYPc) | - -fc - [cl + (c2 - cl) - (PDPc) 7 In sunmari zi ng the foregoing,
a change of wavefront aberration OM 4RVS value in a unit of M) of the

obj ective lens for tenperature change Ot is expressed by the foll ow ng
expression, in this optical system OM = (dWw/dm) . | (dno/dfc) (dfc/dt)
- Dt 61 In the aforesaid structure, it is possible to control this
change dwWw to be small by providing a diffracting surface having

appr opr | ar axi al r_on_t cqupling | ens. Napgel the faoll ow ng
conditi%ﬁgsggoﬁ?ﬁ?ﬂeﬁgaﬁﬁeP fﬂepﬁgcaé£§F§988n8?FP8ﬂ§??%%Trmﬁ@eﬁ?%nt
aberration,of the objective lens at the standard state is assuned to be
zero, anAtaCehaRyes ofrAsevrenterbertRT®IPTS domndaradild te Afess t han
0.07 -~,1RM5 for the tenperature change of 30. ~W = (dW/dno) - |
(dno/ df Bre~di&feadtive S0ruetore7in the WWensehef afiolésagdisel ationship is
used for the expression above, the follow ng conditional expression is
obt ai neenhéiAdd; Yigh Ightdtrafédm2sEtdn- fhcdor {(§2obt&ilhed, PMPcths 0 . 13
-~ 1

numpber of ring-shaped zones in the effective diameter can be

small, which reduces time required for processing a die,

resulting in reduction of cost for manufacturing diffractive

optical elements.

When using the chromatic aberration correcting optical

element that satisfies the aforesaid combination (f), if the

aforementioned diffractive structure is optimized with the
diffraction order nl and optimized wavelength AB, and the

following expression is satisfied, recording and/or

reproducing of information can be conducted for high density

DVD.
390 (nm) < AB < 420 (nm)
When using the chromatic aberration correcting optical

element that satisfies the aforesaid combination (f), if the

aforementioned diffractive structure is optimized with the

diffraction order n2 and optimized wavelength AB’, and the

following expression is satisfied, recording and/or




By establishing paraxial power of the diffracting surface so that the

af oresaid rel ati onal expression may be satisfied, it is possible to arrange
so that positional relationship between a light-emtting point of the |aser
| i ght source and a position of focus of the coupling lens is not changed
substantially even if tenperatures ar® changed, thus, changes in a degree
of divergence of the light flux 62 energing fromthe coupling | ens caused
by tenperature changes can be conpensated. Further, it is preferable to
satisfy the followi ng expression. I ¢c1 + ( ¢c2 - cl) ~PDPcl / fc <O

08 ~ ~,1 (mm To conply with the optical pickup device enploying an

obj ecti i .specifigations including NAL = 0.85 f1 =
1. 765 n?né%%ﬁgéni@ o‘?gi ?ﬁﬁggﬁéegleéga%‘/ntges‘é??é‘ﬁ?/t?‘ilg‘lr(%%mfe%ﬁl)oria D/ Pcl /
fc < O.Qﬁ ~ ~ 1 as a range of practical conditions as a coupling |lens, as
stated AbBve. In the optical pickup device of the invention, it is
preferable that the aforenentioned chromati c aberration correcting opti cal
unit has at |&Hst(rome optBcad il f @Goe) whose paraxi al power is negative, and
is an optical elenment of a one-group construction through which the first

light flux entrerimg dihei @pt igadkg) er@ptcd O Haid Rarald@ln With ;an opti cal
axis substantially emerges fromit to be in parallel substantially. In the
af or esghfe SEFMGTAIT@at ta | Sn PRSI Phg L QU@ dnftting a third light

flux having third wavelength A3 which is different from the

first wavelength Al and from the second wavelength A2 is
provided, the objective lens unit converges the third light
flux emitted from the third light source on an information
recording surface of the third optical disc having recording
density that is different from those of the first and second
optical discs, the chromatic aberration correcting optical
element is arranged in the optical path that is common for

the first - third light fluxes, the second wavelength A2 is

within a range of 600 nm - 700 nm and the third wavelength A3
is within a range of 730 nm - 830 nm, and a combination of
the diffraction orders nl, n2 and n3 is either one of (nl,
nz, n3) = (2, 1, 1), (4, 2, 2), (6, 4, 3,), (8, 5, 4), (10,
6, 5), when nl represents a diffraction order of the
diffracted light having the maximum diffraction efficiency
among diffracted rays of light generated when the first light

flux enters the chromatic aberration correcting optical




chromatic aberration correcting optical elenent capable of being arranged
in the parallel light flux, by nmaking paraxial 63 power of a refracting
|l ens for the first wavel ength ~1 and paraxi al power of the diffracting
surface for the first wavelength ~1 to be the sane substantially in terns
of an absolute value, in the optical é&lenent of a one-group construction.
The chronmatic aberration correcting optical elenent of this kind is npst
suitable for an optical pickup device enploying a liquid crystal elenent,
as a spherical aberration correcting optical unit. In the optical pickup
device of the invention, it is preferable that the objective lens unit is

conposed I t es of .optical.discs.includin he_first

obj ect i V%P %%gtbgg% '?%gp%%%lgﬁ%t? n%lféﬁ%?%ﬁ% %ﬁ%%rofgﬁ%dﬁk&fbﬁ%@d
infornattqi?fqg an optical djsc having grescribed recordi ng density anong
the af orets%d TNEIRG ndfie FROBPRIR A L F set Hovy ¢ hel Sk BTt i ve | ens used
for conducting recording and/or reproducing of information for an optical

di sc ot HekL kTRt eherdiayi ol brakeryreraeedrulieny tensiegondnd it ahlux
objective |l ens switching nechanismfor switching these objective | enses

sel ect i v@terforandhenpurqusssait atd ailhf fugpd oive asitdday ff mid f yi ng t he

structure of an optical pickup device, it is preferable to make opti cal

parts i néifftiag e Ohjlectiake denshesketimah |diff8ftion efficiency
among diffracted rays of light generated when the third light
flux enters.

If a depth d of a step of the ring-shaped zone of the
chromatic aberration correcting optical element is designed
so that a combination of the diffraction orders nl, n2 and n3
may be either one of (nl, n2, n3) = (2, 1, 1), (4, 2, 2), (6,
4, 3,), (8, 5, 4), (10, 6, 5), it is possible to obtain
sufficient diffraction efficiency in each wavelength area.
Therefore, the chromatic aberration correcting optical

element can be arranged in the optical path through which the
first light flux and the second light flux having the second
wavelength A2 pass, and an optical pickup device suitable for
downsizing, weight reduction and cost reduction can be
obtained. Further, even when longitudinal chromatic
aberration is corrected in the wavelength area of the first
wavelength Al, longitudinal chromatic aberration corrections

in wavelength areas within a range of 600 nm - 700 nm and




to be common for a high density optical disc, DVD and CD. However, in the
case of a high density optical disc, optical specifications such as a

t hi ckness of a protective |layer and a nunerical aperture are still in the
actual circunstances that they are not determ ned, because |ight sources
capabl e of being used are limted, w t32 an exception that the wavelength to
be used for recording/reproducing of information has nostly been

determ ned. Therefore, with respect to the objective |l ens used for
conducting recordi ng/reproducing of information for a high density optical
disc, it is necessary to allow tediousness to be in design to a certain

ext ent, in this case i s ext difficult, on the point of
aber r at |Vgir1&%haraacjfae?$%t?%sﬁ9 ﬂond@&?ﬁcﬁﬂlﬁ’@?‘f U Y RECOMHYF mat i on

even for DVD and CD by using the common objective |lens. Therefore, as
stated abEvRSSHYE i vIbERimEeS ol hrensetoba bpthrevide cupriehdade capabl e of
conducting recordi ng/ reproduci ng of information properly while maintaining
i nt er changdal? |4eyidorhatingl exypbbemt 109¢o0dl ngli esrsutodr i iacdhifghr densi ty
optical disc, DVD and CD, by constituting the objective lens unit with at

| east t vyt ypesa diigibjdmid Mey |@nsasal n&d sl myvm ddd stp obj ective | ens used
for 65 conducting recordi ng/ reproducing of information for an opti cal

di sc havi ng pregeHdied wireO g rAensid Vi1 2 SO RE 1 ARGk \é%a't%ﬁs used

for conducting recor di ng/ reproducing of information for an optical disc
other t AL IN&ANN LS ca1l surface of the plastic lens, with the

combination of diffraction orders nl, n2 and n3, the specific
method is one wherein depth d0 of the step in the optical
axis direction closest to the optical axis among those in the

diffractive structure satisfies either one of the following

expressions (9) - (13).

1.2 pm < d0 < 1.7 um (9)

2.6 ym < d0 < 3.0 pm (10)

4.4 pm < d0 < 5.0 pm (11)

5.6 Um < d0 < 6.5 Mm (12)

6.9 Um < d0 < 8.1 um (13)

The expressions (9) - (13) represent a depth range for
steps corresponding respectively to (nl, n2, n3) = (2, 1, 1),

It is preferable that the optical pickup device of the
invention has a coupling lens which converts an angle of

divergence for each of the first light flux emitted from the



optical disc, and with an objective lens swtching | ens. For reducing the
nunber of optical parts of an optical pickup device, it is preferable,
essentially, that a diffractive structure for correcting chromatic
aberration is formed on an optical surface of the objective | ens used for
conducting recording/reproducing of in®drmation for a high density opti cal
di sc. However, radius of curvature of the optical surface of the objective
|l ens for a high density optical disc tends to be small because the
objective |l ens needs a great power. Wen a diffractive structure is forned
on an optical surface having such small radius of curvature, |ight

utilizati fhichen LS.l r b i-nterference of .a ri.ng-shaped tona
step wﬁtﬁqgsﬁaglg?%lgéﬁkéeig |s%gFe §?§Bﬁe,lpﬁ§n$§u6igm@§Fﬁé gFOWigh?
utilizat| fLelenc that a diffractivye structure for chromatic
aberratig%ggggrgg ﬁgngpng8rnﬂ&goﬁuéaeépﬂFcép shief abeceE 1¥pt L8RP parts

ot her than.the ogjective | ens. However, it is not preferable, froma

vi ewpoi nt1of - t ABInGRBeFoBPlapei dansphnssthenhghramabpei eherpationn which a
66 diffractive structure optimzed in the violet area is provided in the
optical parrechtbBoghrwhteh ehepehtght flux emitted froma violet |aser

| i ght source passes. Fromthese reasons, it is preferable that a chromatic

aberration corfecthegpptiahlpetieapnieyscarsanges imydheiaptical;path
t hrough which a light flux emtted fromthe violet |laser light source for a

hi gh denstéyeppbleathdi senandodpl 18§t 1Ehuxngli st edefLoma. | #o8L | L ght
source for DVD and CD
lens, and a diffracting surface of the chromatic aberration
correcting optical element further has a function for
controlling changes of an angle of divergence or an angle of
convergence for temperature changes of the first light flux
emerging from the coupling lens.

In the optical pickup device, a coupling lens that
converts an angle of divergence of a divergent light flux
emitted from a light source is arranged to precede an
objective lens. An aberration-free lens having NA of 0.05 -
0.2 is used as the coupling lens, and the coupling lens is
used generally to collimate a divergent light flux emitted
from a laser light source into a parallel light flux.

When a plastic lens is used as a coupling lens, the
coupling lens can be manufactured stably on a mass production
basis at low cost. However, a focal length of a plastic lens

is varied by temperature changes, and therefore, a degree of

divergence of a light flux emerging from the coupling lens is




pass, and it is possible to arrange the chromatic aberration correcting
optical elenent in the optical path through which a light flux emtted from
the violet laser |light source for a high density optical disc and a |ight
flux emtted froma laser |light source for DVD and CD pass, because a depth
of the ring-shaped tonal step of the 8&ffractive structure of the chromatic
aberration correcting optical elenent is designed as stated above, in the
optical pickup device of the invention. Thus, it is possible to obtain an
optical pickup device suitable for downsizing, weight reduction and cost
reduction. In the optical pickup device of the invention, it is preferable

that reqgQy opt i, cal C,LS em r t hat of

t he secon&qt)ptlg/glr&%%%3 &% a nu S5 ca gaper u?%tbf g% h?? ve fens
unit for__conducti 67 recordi ng and/ or re rduci ng |nfornat|on for
the firsttS éha%|§CQQ§¥§¥§noP% Ohjﬁth Odpti &1 © gﬁcQﬁée&é&WEe of the
i nventi gn, is preferable that recording density of the first optical

di sc islﬁpéaﬂércpﬁ&ﬁe@haﬁﬂ@fS@ﬁ@1§é@dn@16§ﬁﬁ@apndﬂ§cdeﬁﬁélprﬂ§?dopt|caI
disc has, on its information recording surface, the first protective |ayer
whose tﬁh@%ﬁe§§6|§EWEmhpma&lD@n@é sbherGtal @be3ramionhgrsesogaeapeircal
disc has, on its information recording surface, the second protective |ayer
whose t Kinckmes®ricd oni thi mha fange holboWe®5 of BabdfMrheandnkt tBepossible to

conduct recordi ng and/or reproducing of information for the first optical
di sc andfhenseeadfhe@Phe®en becomes more obvious on a high density
optical disc employing an objective lens having NA 0.85.

In the aforesaid structure, it is possible to make
changes in a degree of divergence of a light flux emitted
from the coupling lens to be zero substantially even when
ambient temperatures are varied, by determining paraxial
power of the diffracting surface so that changes in a degree
of divergence of an emerging light flux caused by changes in
the refractive index of the coupling lens following upon
temperature changes may be compensated by diffracting power
changes caused by wavelength changés of a violet
semiconductor laser following upon temperature changes.

Owing to this, even when using an objective lens having NA
0.85, changes in magnification of the objective lens caused
by temperature changes do not exist, and spherical aberration
is not deteriorated accordingly. Further, a sign of paraxial

power of a diffracting surface necessary for compensating

changes in a degree of divergence of a light flux emerging




di sc by converging the first light flux on an information recording surface
of each of the first and second optical discs. As stated above, opti cal
speci fications such as a thickness of a protective |ayer and a nuneri cal
aperture are not yet determ ned, because |ight sources capable of being
used are limted, although the wavel é&gth to be used for
recordi ng/ reproduci ng of information has been determ ned substantially. As
a high density optical disc, there have been studied specifications

i ncludi ng nunerical aperture NA 0.85 and a thickness of a protective |ayer
of 0.1 mm and 68 specifications including nunerical aperture NA 0.65 and
a thickness of a protective layer.of, 0.6 nm |In an optical. disc player for
a hi gh f&:e%i@%,e '%](E;\Jrn%i Lens c%%i:\]o?‘?”r?gl %?O%otfﬁﬂﬁ:‘?}qug‘?eec%}%q?g? raéﬁ/oduci ng
of information properly even for plural types of high density optical discs
each haifPma Ut fRTFERt2 StROWRF T el @bg%ﬁ%o%%ﬁﬁc%fn%?ﬁﬁ%ﬂct

value. In the optical pickup device of the invention, it is possible to
conductfomecernli ey yeprouueayl of alberf ot oin pr opbyl gt evean fagre plrural t ypes
of high density optical discs each having a different standard, by

enpl oyitige tdenafmresai e sditedtien, land hehopifeead, B daprasviae of the
invention, it is preferable that the optical pickup device further has a

third |dgHmBoM Go@dtidty o thhe dridDhe dhdix vid d hiddk wayelength ~3
(730 nm-<< ~3 <- 830 nm, the objective lens unit converges a third |ight

flux emdied fyomihe, thitdldotvion of changes in a degree of

divergence of a light flux emerging from the coupling lens
following upon temperature changes.

Further, it is preferable that recording density of the
first optical disc is greater than that of the second optical
disc, and the following expression is satisfied when NA1
represents a numerical aperture of the objective lens in the
case of conducting recording and/or reproducing of
information for the first optical disc, ml represents a
magnification of the objective lens unit in the case of
conducting recording and/or reproducing of information for
the first optical disc, f1 (mm) represents a focal length of
the objective lens unit for Al in the case of conducting
recording and/or reproducing of information for the first
optical disc, Al (mm) represents the first wavelength,

f. (mm) represents a focal length of the coupling lens for

Al, n represents a refractive index of the coupling lens for




source on an information recording surface of a third optical disc having
recording density which is different fromthose of the first and second
optical discs, and the third Iight flux enters the objective |lens unit

wi t hout being transmtted through the chromati c aberration correcting
optical elenment. In the | ens design ofet he objective | ens capabl e of
conducting recording/reproducing for a high density opti cal 69 di sc, DVD
and CD, if a magnification for conducting recording/reproduci ng of
information for a high density optical disc is nade to be the sane as that
for conducting recording/reproducing of information for DVD (nagnification
which is substantially zero is nore preferable), and if a magnification for
conduct iMg roecovmi ergrep ridu ot grf Ofc i erftorovat i oredorex@Rrissi aradef tuhebe a
negat.i ve one snaller than that for conducting recording/reproducing of

i nf or matdapIfielg adih mensinty) oRdd et erthi $ Gk LMD piar &t ejestics for

each light flux can be enhanced and diffraction efficiency can be enhanced

simulta Mhi ¢ kes | ens t e _one havi ng the great.est tol erance
f or nanG%HC|ﬁé§%§§1%ﬁf 5 e ﬁé%lQBWCDuﬁQHQﬁég?Qﬁnﬁaﬁﬁ%ﬁ? he

objective lens of this kind, therefore, it is preferable to make an
ar r angemawe e dilve easiplofmg Heerfs rixir [AlghtdrfAdix mamd ddeatse @ormbhalnigght | ux
enter the objective |l ens after passing through the chromatic aberration

correctimgopf cRifrelamea atbt her tdid dduiiing llbh LM T Riae i ve
I ens without passing through the chronmatic aberration correcting optical
el ement b AIT ang] At P FLORBLT & BRELE8' 9P CQFTEEH G  sve index
of the coupling lens for wavelength changes, and dA/dt
represents a change rate of wavelength of the first light
source for temperature changes.

{NALl - (1 - m1)}* - (f1%/fc) - lcl + (c2 - cl) - Pp/Pc]
< 0.13 - Al

wherein, the following expression holds,

cl 1/(n ~-1) - dn/dt + 1/(n - 1) - dn/dA - dA/dt - o

c2 1/A1 - dA/dt - 20

and Pp is expressed by the following expression when an
amount of addition of an optical path length by the aforesaid
diffractive structure is defined by the optical path function
expressed by the following Numeral 1, and nl represents a
diffraction order of diffracted light having the maximum
diffraction efficiency among diffracted rays of light
generated when the first light flux enters the diffractive

structure.



optical elenment in the conmon optical path for the first and second |ight
fl uxes. ~0 In the optical pickup device having the structure nentioned
above, it is preferable, fromthe viewpoint of reduction of the nunber of
parts, that the chromatic aberration correcting optical elenent is nade to
be integrated solidly wth an optical synit having other functions. For
exanple, a collimator | ens and the chromatic aberration correcting opti cal
el enent can be integrated solidly each other by formng a diffractive
structure on an optical surface of the collimtor |ens that converts

di vergent light fluxes emtted respectively fromthe first and second |ight
sources into parallel light fluxes to guide themto the objective |ens.
Further, it i&pnorelprehérabBe ¢ olAdrfddige a structure wherein a collimator
|l ens integrated solidly with the chromatic aberration correcting optical

el ement can béNmmeedlby)an actuator in the optical axis direction, and
thereby, it is possible to add a function as a chromatic aberration

correcting optical Igmgﬂ; t tEg cal,limator lens to make it to have a
function as a spherﬁtal agéﬂggffﬂﬁ%g%rrecting optical unit. O, it is also
possibl e to make an expander |eAs having a function as a spheri cal
aberration COLL 8¢ i it _to have a function as a chromatic

éln tical u
aberration cofrec ?ﬁgagg¥icéP Eﬂ%n@ﬁ?eﬁ9lférﬂbﬂﬁea di ffmbhcréneesenust ure on

an . . . .
a height in the direction perpendicular to the optical axis,

B2j represents the coefficient of optical path difference
function, n represents a diffraction order of the diffracted
light having the maximum diffraction efficiency among
diffracted rays of light of the entering light flux, A (nm)

represents a wavelength of a light flux entering the

diffractive structure, and AB (nm) represents a manufacture
wavelength of the diffractive structure.

In the specific method for compensating changes in a
degree of divergence of the light flux emerging from a
coupling lens following upon temperature changes, it is
breferable to establish paraxial power of the diffracting
surface so that the following expression may be satisfied.

[NAL - (1 - m1)}® - (£1%/fc) - lcl + (c2 - cl) - Py/Pel

< 0.13 . A1

wherein, the following expression holds.




71 optical surface of the expander |ens which has been nade to be capable
of nmoving in the optical axis direction. In the case of the structure
wherein the third light flux does not pass through the chromatic aberration
correcting optical elenment as in the invention, it is preferable to nmake
the conbination of diffraction order gd of the first light flux and
diffraction order n2 of the second light flux of the chromatic aberration
correcting optical unit to be (nl, n2) - (5 3). Wien the chromatic
aberration correcting optical elenent is nade to be a plastic lens, it is
possi ble to make both of diffraction order of 5th order diffracted |ight of
the first light flux and diffraction order of 3rd order diffracted |ight of
the second |ight=fhuxnte be 10@%/dand hi/gh di fifir acahea ref.f il aney- can be
secured for any wavelength. Contrary to this, in the case of the structure
wherein the third Light fl asses_through the chromatic aberration
correcting op ?célhégghénf£%{¥ i's %%ssible to make diffraction order of
each light flux to be 100% by maki ng the conbi nation of diffraction order
nl of the firdtchppae pfuwavafrppactberrarden af shet hbijeetowd Lemht fl ux
and diffraction order n3 of the third light flux to be (nl, n2, n3) - (10,
6, 5). Howsher casenoé rhangdiekf pdchi docelddengthobft hief toapling2lknght fl ux
is of a high order, the diffraction efficiency is | owered by about 60 when
t he firgbllbghhgsapbae teapelrangit ehaageel is BE:alheaconbi nation of orders
where a fall of diffraction efficiency by the wavelength errors is small is
(nl, n2, n3) Fiéat,1in1iheaagt9eéir§§5tem 8B&gébéac¥f0£neﬁ6?eé%99é flux in
I at the

this case is 100k 87% and 100 respectively, I ch nmeans t
diffractign EBH'E'EBﬁﬁlQEgtﬁgnggcgﬂgre are considered changes in

wavefront aberration of the objective lens caused by changes
in a position of an object point of the objective lens and in
a magnification of the objective lens both resulted from
changes in a focal length of the coupling lens.

Incidentally, the objective lens is assumed to be subjected
to focusing so that defocusing component may become zero, in
the case of magnification changes.

Rate of change dWp/dmy of wavefront aberration W, (RMS
value in a unit of mm) of the objective lens to changes of
magnification ml of the objective lens for wavelength Al is
expressed by the following expression under the assumption
that NAl represents a numerical aperture of the objective
lens in the case of conducting recording and/or reproducing

of information for a high density optical disc, f1 (mm)

represents a focal length of the objective lens for




light flux is low Incidentally, a fall of the diffraction efficiency for
wavel ength errors 5 nmof the first |ight source in the conbination of the
aforesaid (nl, n2) - (5, 3) is about 1.50. Fromthe foregoing, it is
preferable, fromthe viewoint of a fall of the diffraction efficiency of a
i ght flux passing through the chrone9 c aberration correcting optical

el emrent and of the diffraction efficiency for wavel ength errors, to arrange
the structure wherein the first light flux and the second |ight flux pass

t hrough the chromatic aberration correcting optical elenment and the third
light flux does not pass through the chromatic aberration correcting
optical elenent. An optical information recording and reproduci ng appar at us
of the vavehenghhhdlsesndhBreenresentpt thal cpetikupideyviee, and is capable
of conducting at |east one of 73 recording of information on the first
opti cal pdoperandnon the second optical disc, and reproducing of information
recorded on the first optical disc and the second optical disc. An expander
| ens used in ghe 4nvenki on,.i,$ one.havj thergjn the first light source
that emts tﬁng}r§t"l gﬁ?Nbﬁuk ﬁ%vingﬂgﬂe Tif%t wavel ength ~1 that is not
nore than 450_nm _the second |ight source that emts, the second Iight flux
havi ng the sebomisRval Bagthen thatstedy gryermnefanvits @ isigtsde first
wavel ength ~1 that is not nore than 450 nm and an objective lens unit that
conver gésnshbatvingt NALghf Ol 8% entdtiedofrootthe, f &rsébsdbte Seul we on an

i nformation

of B was 0.018.

Further, after obtaining rate of change dmy/df. of a
magnification of the objective lens to changes in a focal
length of the coupling lens, the following expression is
obtained approximately, when a light flux emerging from the
coupling lens is close to the parallel light flux.

dmo/dfe = -f1/f2

Next, changes in a focal length of the coupling lens
caused by temperature changes will be explained. First, the
paraxial power of the total system of the coupling lens is
-1

made to be P = P + Pp (mm under the assumption that Pz

(mm™) represents paraxial power of a refracting lens of the
coupling lens and Pp (mm™!) represents paraxial power of the
diffracting surface of the coupling lens. When plural
optical surfaces are made to be diffracting surfaces,

however, the sum total of paraxial powers of diffracting

surfaces is represented by Pp.




recording surface of the first optical disc and converges the second |ight
flux emtted fromthe second |ight source on an information recording
surface of the second optical disc having recording density different from
that of the first optical disc wherein the expander |lens is arranged
between a group of the first and secosd |ight sources and the objective
lens unit and is arranged in the optical path that is cormmon to the first
and second light fluxes, the expander |ens has a positive |ens group and a
negative | ens group, the expander |lens has a chromatic aberration
correcting optical elenent having, on at |east one optical surface thereof,
a 74 diffra&}ing_sg%face on which a diffractive structure conposed of
plural ring-sHASEE FoFe@STVRGEP by Ritc FoSEBREs s Epe reirgemdde a depth of
the step in the optical axis direction is designed so that diffraction
order n2nsfex tof dibfef reaetpdd g drnshaidmgvatved armpdhmd, diof frepgidsemtef fi ci ency
anong diffracted rays of |ight generated when the second light flux enters
may be luowercddfe didid @it iI0meahd@ixgyh Oford, he diddlached i ght having the
maxi mrum di ffraction efficiency anong diffracted rays of |ight generated
when th | |4 f r LELracti str r an angl e of
incIina?ﬁ%%k%%t#ggg%ﬁ§1q%a$ﬂ%$ ?FSE?SgPE% ?i%h%g%IE§H§%#eSanﬁghe obj ective
l ens unit is.changed hy changi.ng and . adjusting a distance between at |east
one | en§Y® ghﬂgﬁﬁ ﬁ%ﬁé“@ﬁ@ﬁﬁ§9$€h§#htGﬁﬁﬁgO¢h§hé%§§n@éc/@@n@fa®d t he
objective lens. In the expander |lens used in the invention, it is

pr ef er alogatlhdtenditd odcine \wangllemgt i ens? dansednvivye lcengielrat-bat

changes is expressed by the following expression;
dfc/dt = -fc® - dPe/dt = -fc? - (¢l - Pr + c2 - Pp)

wherein, the following expression holds.

Il

cl 1/(n - 1) - dn/dt + 1/(n - 1) - dn/dA - dA/dt - «

c2

1/A1 - dA/dt - 2a

Or, the following expression holds, if P = P - Pp is

used.
dfc/dt = -£¢* - [cl - (Pc - Pp) + €2 - Ppl
= -fc® - Pc - [cl + (€2 - cl) - (Pp/P¢)]
= -f¢ - [cl + (c2 - ¢cl) - (Pp/Pc)]

In summarizing the foregoing, a change of wavefront
aberration AW, (RMS value in a unit of mm) of the objective
lens for temperature change At is expressed by the following
expression, in this optical system.

AWy = (dWo/dmg) - | (dmp/dfe) - (dfe/dt) - At




is wthin a range of 600 nm- 700 nm and a conbination of the diffraction
orders nl and n2 is either one of (nl1, n2) (2, 1), (3, 2), (4, 2), (5 3),
(6, 4), (7, 4, (8, 5, (10, 6) . In the expander lens used in the
invention, it is preferable that the refractive index of a constituent |ens
having the diffracting surface of the _chromatic aberration 75 correcting
optical elenent for the first mavelenaﬁh ~1lisinarange of 1.5 - 1.6,
Abbe' s nunber for d line (wavel ength 587.6 nm is in a range of 50 - 60,
and depth dO of the step that is closest to the optical axis in the optical
axis direction satisfies either one of the follow ng expressions (1) _ (8)
.2 umkdO<l|.7um (1) 1.9 dam< d0 < 2.6 um(2) 2. 6 ~am< d0 <3 . 2 dun

(3) 3. 3 ~M<tHR Hfbresdid = 4iv 4o~ = < uzn ( 5 )
4.7 ~-m< d0 < 5.% ~n1(Gfeg.éaUEthggﬁg%%.§t~§F(?fsgagl%nggogg?ng&n (8) In

t he exp r u iLn the inyention, it .i.s preferable that the optica
pi ckup 32@%c§%%§§€a§§ﬁi¥8 %Fgﬁ?aiguﬁgepgﬂyﬂgFﬁa g gﬁﬁ?HaFFbﬁg f1 ux having
third wavel ength ~,3 that is different fromeach of the first wavel ength
~, 1 and SUfkd as&c SRY LRey PereRr 1ate marexdbile cowee loanghenicoupdnner ges t he
third light flux emtted fromthe third light source on an information
recordi A§Surface of the third optical disc having recording density that
is different fromthat of each 76 of the first optical disc and the

second opti caNadkedp, the €xpasdeng! eBsdisian’ aBgedrhintheuaBticahepath
common for the first - third light fluxes, the second wavelength ~, 2 is

within accaggerof c9RinTons’RRaMyalle LA dypayekerg! Becfels within a

range of 730 nm- 830 nm and a conbination of the diffraction orders nil,

2 and pgbsieiLh 3) - (2.1, 1) (4 2. 2) (6 4, 3),
(5,5, BT Ig Y B B ek NS P aoPE Rtk Aot PPRUPEb e by SEFOrhe

diffrac i havi ng_the .maxinum di ffraction efficiency anpng_diffracted
rays ofgﬁﬁg%tggéﬁg?andwﬁﬁgﬁrpﬁé ?g%FaaFﬁﬁﬁtlﬁlGQnEﬁPéﬂ§th@ Bef R8st i ve
structure. In the expander lens used in the invention, it is nore

pr ef er abhant RaP7t hA1RMFr foti vbei hdprevhtareonbbiyaent BeAs

AWo = (dWo/dmo) - | (dmo/dfe) - (dfe/dt) - 30} < 0.07 - Al

When the aforesaid relationship is used for the
expression above, the following conditional expression is
obtained.

[NAL - (1 - m1)]® - (£1%/fc) - lcl + (c2 - cl) - Pp/Pcl
< 0.13 - AL

By establishing paraxial power of the diffracting
surface so that the aforesaid relational expression may be
satisfied, it is possible to arrange so that positional
relationship between a light-emitting point of the laser
light source and a position of focus of the coupling lens is
not changed substantially even if temperatures are changed,

thus, changes in a degree of divergence of the light flux




having the diffracting surface of the chromatic aberration correcting
optical elenent for the first wavelength ~,1 is in a range of 1.5 - 1.6,
Abbe' s nunber for d line (wavel ength 587.6 nm is in a range of 50 - 60,
and depth dO of the step that is closest to the optical axis in the optical
axis direction satisfies either one ot2the follow ng expressions (9) - (13)
. I .2pnmxd0O<1.7~a. m (9) 2.6 um< dO < 3.0 um (10) 4.4 dam< dO < 5.0 um
(11) 5.6 pm< d0 < 6.5 ~m(12) 6.9 um< d0 < 8.1 ~m(13) A coupling lens
used in the invention is one having therein the first |ight source that
emts the first light flux having the first wavelength ~1 that is not nore
than 450 nm the second |light source that emts the second |ight flux

havi ng TS & TRay difeh gianplinon dienss qagsest Rvhdempez atiurgs ChRageisr st
wavel ength ~1 that is not nore than 450 nm and an objective |lens unit that
conver g&€&t e fdomsterisegied.f |l ux emitted fromthe first |ight source on an
information recording surface of the first optical disc and converges the
second |ight Fuuxhem,ttedikr piretfbeadpeeond lshghlsfsouhee renlaningf or mation
recordi ng surface of the second optical disc having recording density

di f f er ertxpghic@@itthat of the first optical disc wherein the coupling lens is
arranged between a group of the first and second |ight sources and the

obj ective Ienﬁcgnht(%ad*igl?r(agg?gﬂi@ %ﬂe<08{%ga[ R?t?mﬁpat i s conmon

To comply with the optical pickup device employing an
objective lens having standard specifications including Nal =
0.85, f1 = 1.765 mm and ml = 0, it is necessary to satisfy

lcl + (c2 - cl) - Pp/Pcl / fc < 0.08 - Al
as a range of practical conditions as a coupling lens, as
stated above.

In the optical pickup device of the invention, it is
preferable that the aforementioned chromatic aberration
correcting optical unit has at least one optical surface
whose paraxial power is negative, and is an optical element
of a one-group construction through which the first light
flux entering the optical element to be in parallel with an
optical axis substantially emerges from it to be in parallel
substantially.

In the aforesaid structure, it is possible to obtain a
chromatic aberration correcting optical element capable of

being arranged in the parallel light flux, by making paraxial




to the first and second |light fluxes, the coupling I ens has a positive |ens
group and a negative lens group, the coupling Il ens has a chromatic
aberration correcting optical element having, on at |east one optical
surface thereof, a 78 diffracting surface on which a diffractive
structure conposed of plural ring-sha&®ed zones divided by m croscopic steps
is formed, a depth of the step in the optical axis direction is designed so
that diffraction order n2 of the diffracted |light having the nmaxi num
diffraction efficiency anong diffracted rays of |ight generated when the
second light flux enters may be lower than diffraction order nl of the
diffracted |ight having the naxi numdiffraction efficiency anong diffracted
rays of PPVehtOfeheFafeachhed teesfiesttheghirst uxaeptensth Mol difdracti ve
structure, and an angle of inclination of marginal ray of light of a |ight
flux enperaxgal heowdr ecfi viee |l @hsfvacting shanged byr ctiwanof negsw@and adj usti ng
a di stance between at | east one | ens group anong | ens groups constituting

the couphi@gehns N4 2%? Og%ﬁg%éri(% L @0 ad M 4 g%gﬁ}éﬂ% | §hs,pised in the

invention, it Ts prefer e e second wav IS a wavel ength
that is_wt of 600 nm- 700 nm and a conbi nati on of the

fin a rfqge
di f fractron OrBefdiie ahid 122 | Peisrbrebelent 9h1a 9B8-9 AL 1) |, (3, 2) ,
(4, 2) ; (5, 3), (6, 4) , (7, 8 , (8 5) , (10, 6) . In the coupling lens
used i n"“¢HetFHvier?ion The ahyopiadfiar afleg nefdon ke mectdogi vetiinddx of a
constituent lens having the diffracting surface of the chromatic aberration

element of this kind is most suitable for an optical pickup

device employing a liquid crystal element, as a spherical

aberration correcting optical unit.

In the optical pickup device of the invention, it is

preferable that the objective lens unit is composed of at

least two types of optical discs including the first

objective lens used for conducting recording and/or

reproducing of information for an optical disc having

prescribed recording density among the aforesaid two kinds of

optical discs and the second objective lens used for

conducting recording and/or reproducing of information for an

optical disc other than one having prescribed recording

density, and of an objective lens switching mechanism for

switching these objective lenses selectively.

For the purpose of attaining low cost by simplifying

the structure of an optical pickup device, it is preferable

to make optical parts including an objective lens essentially




79 correcting optical elenent for the first wavelength ~,1 is in a range of
1.5 - 1.6, Abbe's nunber for d line (wavelength 587.6 nm is in a range of
50 - 60, and depth dO of the step that is closest to the optical axis in
the optical axis direction satisfies either one of the follow ng
expressions (1) _ (8) . 1.2 pm< d0 <64.7 ~m(1) 1. 9 ~am<d0O <2 . 6
~-m( 2) 226 um<d0 <3.2um(3) 3. 3urn<d0 <4 . 2~-m( 4) 4.4 um<
d0 < 5.0 um(5) 4.7 um< d0 < 5.7 ~-m(6) 5.6 dam< d0 < 6.5 um (7)

6. 9~. ~.nmkd0<8.lum (8) In the coupling lens used in the invention, it is
preferable that the optical pickup device has a third light source emtting
athird_Light flux havin hitd wavel ength ~, 3 that is different from each
of the FPrgF ﬁ&@@P@ngPﬁ %,%lghdd@ﬁ§1§¥b%ﬁﬂlﬁé@eﬁéﬁﬁthDyDZPHQhEDobjective

l ens unit converges the third light flux emtted fromthe third |ight

sour ce BRVENSInf eFnkfiforasecofdiengislr feasisy obsichilr dispti erkigRdc having
recording density that is different fromthat of each 80 of the first

opt i cal sgesé fandttibasseuchdaspti thlickiness bife acpupltienyilveniaysraandnged in
the optical path common for the first - third Iight fluxes, the second

wavel engt hume2icalwepbirfuger ange s@fi 160@nnhe 400uaM ctiheulhBibdcwavel ength
~ 3 is wthin a range of 730 nzn - 830 nm and a conbination of the

di ffracthgp ender sral 2 Ly eij ne ; ( 2, 1, 1),
T hart v | 5?)no?sdéggrﬁéfb?iob%gsﬁgg,q&%@ﬁ %%u?g%§e§§%?51§

e R § s

efficiency ano ( . rays’'o gene . & third light
o erhebRaEhg Al Lo RS L84 EhU L8 ol ) BRpEQURCI RY ogn® Used Tn the
information has mostly been determined.

Therefore, with respect to the objective lens used for
conducting recording/reproducing of information for a high
density optical disc, it is necessary to allow tediousness to
be in design to a certain extent, and in this case, it is
extremely difficult, on the point of aberration
characteristics, to conduct recording/reproducing of
information even for DVD and CD by using the common objective
lens.

Therefore, as stated above, it is possible to provide
an optical pickup device capable of conducting
recording/reproducing of information properly while
maintaining interchangeability for plural types of optical
discs such as a high density optical disc, DVD and CD, by

constituting the objective lens unit with at least two types

of objective lenses including a first objective lens used for




preferable that the refractive index of a constituent |ens having the
diffracting surface of the chromatic aberration correcting optical elenent
for the first wavelength 7~1 is in a range of 1.5 - 1.6, Abbe's nunber for
d line (wavel ength 587.6 nm is in a range of 50 - 60, and depth dO of the
step that is closest to the optical a¥s5s in the optical axis direction
satisfies either one of the follow ng expressions (9) - (13) . 1.2 unxdO<
1.7~un (9) 2. 6 um<d0 <3 . O~zm( 10) 81 4.4 um< dO < 5.0 dun (11)
5. 6dun<dO0<6. 5dun ( 12 ) 6.9 ~-m< d0 < 8.1 um(13) In the
coupling lens used in the invention, it is preferable that a conbination of
t he diffraq&ion.orders n .aqg n%ﬂ%g ejther_one of (nl, n2) - (5, 3), (6,
4), (7, DINET HHP{IPIESPRI &S Chet MBI IohAR - (5, 3), (7,
4) and (10, 6) is preferable in particular, and (nl1, n2) - (5, 3) is nost
pr ef er abPREL L 1dieS @ dipTing prescrEesd i reqdedinw etenwity iand @ presfaerdabl e
that the refractive index of a constituent I ens having the diffracting
sur f ace dlareathievd i Yegts wesesd efigt condudtsing wedamimgfrebroducirf oAbbe' s
nunber of the constituent |ens having the diffracting surface for d |line
(wavel engtfom@it fornnjor San o T e 2k e®Ghand Heptfh A Qfg the step

that is closest to the optical axis in the optical axis direction satisfies
ei ther g ifal heidO! |0 RE difan (B1@%ve lens switching lens.
For reducing the number of optical parts of an optical

pickup device, it is preferable, essentially, that a
diffractive structure for correcting chromatic aberration is
formed on an optical surface of the objective lens used for
conducting recording/reproducing of information for a high
density optical disc. However, radius of curvature of the
optical surface of the objective lens for a high density
optical disc tends to be small because the objective lens
needs a great power. When a diffractive structure is formed
on an optical surface having such small radius of curvature,
light utilization efficiency is lowered by an interference of
a ring-shaped zonal step with a ray of light, it is
preferable, from a viewpoint of light utilization efficiency,
that a diffractive structure for chromatic aberration
correction is formed on an optical surface of optical parts
other than the objective lens.

However, it is not preferable, from a viewpoint of the

number of optical parts, that an optical part on which a




(8) expressions. 3. 3 ~zm<d0O <4 . 2um( 4 ) 4.7 um< dO < 5.7 dam (6)
6. 9~. un<d0<8.lum (8) In the coupling lens used in the invention, it is
preferable that the optical pickup device has a third |ight 82 source
emtting a third light flux having third wavel ength ~3 that is different
fromeach of the first wavel ength ~1eand the second wavel ength ~2, the
objective lens unit converges the third light flux emtted fromthe third
| i ght source on an information recording surface of the third optical disc
havi ng recording density that is different fromthat of each of the first
optical disc and the second optical disc, the coupling lens is arranged in
the optical path conmmon for the first - thlrd light fluxes, the second
wavel erft FE T3CE 5va S HIVC Qe BRLBDD Him the O0LAWRT tarea hit d wavel ength ~3
is wthin a range of 730 nm- 830 nm and a conbination of the diffraction
or der s prqvinZednih e somtiidel wmeh ofhoigh nhicid)onrly 2 idht 1Hlux 8, 5, 4),
(10, 6, 5), when n3 represents a diffraction order of the diffracted |ight

havi ng dnier ek i fiesm B f-FIeodt onadf | Ti e ys sumedg ghddaact ed rays of |ight
generated when the third light flux enters the diffractive structure. In

the coupling dens Haled ahowss, it i Rﬁeé‘f%fxf’a@l"e il deRif Fha@fid he step

closest to the optical axis in ‘the optical axis direction satisfies either

one of 106 fol 1 M g LXA &35 QS: { D) e {dfdn @S (¥anged in the

optical path through which a light flux emitted from the
violet laser light source for a high density optical disc and
a light flux emitted from a laser light source for DVD and CD
pass, and it is possible to arrange the chromatic aberration
correcting optical element in the optical path through which
a light flux emitted from the violet laser light source for a
high density optical disc and a light flux emitted from a
laser light source for DVD and CD pass, because a depth of
the ring-shaped zonal step of the diffractive structure of
the chromatic aberration correcting optical element is
designed as stated above, in the optical pickup device of the
invention. Thus, it is possible to obtain an optical pickup
device suitable for downsizing, weight reduction and cost
reduction.

In the optical pickup device of the invention, it is
preferable that recording density of the first optical disc
is greater than that of the second optical disc, and a

numerical aperture of the objective lens unit for conducting



1.2 um< d0 < 1.7 um (9) 835. 6 pm<d0Oc 6. 5dun ( 12 ) 6.9 ~m< dO
<81~ m(13) In the coupling lens used in the invention, it is preferable
that the coupling lens has at | east one plastic lens, and a diffracting
surface has a function for controlling changes of an angle of divergence or
an angle of convergence for tenperatusg changes of the first light flux
energing fromthe coupling lens. In the coupling |lens used in the
invention, it is preferable that the follow ng expression is satisfied when
~ 1 (mm represents the first wavelength, f~ (m) represents a focal |ength
of the coupling lens for 7~1, n represents a refractive index of the
coupling lens. .for EE%, oc represents the coefficient of |inear expansion of
P P

the coupiSary 4:eis 2 rGBase s gHhopnahiguiar dhe e rditi fracti ng

surface for, ~, 1, P~ (nm 1) represents paraxial power of the coupling |ens
for ~, 1°RHHICEt! Cdmcesiéntds &a cghamge rate of refractive index of the coupling
| ens for tenperature changes, dn/d~, represents a change rate of refractive
i ndex of the douphengpitérs lf pickayelderdcke olfanpesingedtdonl dtitr épresents a
change rate of wavel ength of the first |light source for tenperature
changes pref@4ablel thalt G2cording ddidiRy lof tHe FiQst Bridal GTRL

is greater than that of the second optical disc, the first

optical disc has, on its information recording surface, the

first protective layer whose thickness is within a range of

0.07 - 0.13 mm, the second optical disc has, on its

information recording surface, the second protective layer

whose thickness is within a range of 0.55 - 0.65 mm, and it

is possible to conduct recording and/or reproducing of

information for the first optical disc and the second optical

disc by converging the first light flux on an information

recording surface of each of the first and second optical

discs.

As stated above, optical specifications such as a

thickness of a protective layer and a numerical aperture are

not yet determined, because light sources capable of being

used are limited, although the wavelength to be used for

recording/reproducing of information has been determined

substantially. As a high density optical disc, there have

been studied specifications including numerical aperture NA

0.85 and a thickness of a protective layer of 0.1 mm and




wherein, the follow ng expression holds, c1 =1/ (n - 1) - dn/dt + 1/ (n -
1) - dn/d~, . d?~/dt - a, ¢ 2 =1/ 7~1 d~,/dt - 2a and PD is expressed by
the foll owi ng expression when an anount of addition of an optical path

| ength by the aforesaid diffractive structure is defined by the optical
path function expressed by the foll ow&g Nuneral 1, and nl represents a
diffraction order of diffracted |light having the maxi numdiffraction

ef ficiency anong diffracted rays of |ight generated when the first |ight
flux enters the diffractive structure. PD=-2 - nl Bz (~,1/~.B) (Nuneral
4) ~b =nx(~.1~,B)x~B~; h2' =0 Incidentally, in the Nuneral 4 above, h (mm)
represents g _height in the direction perpendicular to the optical axis, B2
r epr esefPECH e Cabe RS il USH Ngp FUEST Lisatlh aertarendd Pukét PBA, an
represents a diffraction order of the diffracted |ight having the maxi mum
di f f r acthdmkarpiscioéney pamsrg tdivief laveesd ofays 6ofuml.i ght @f opeiemt ering |i ght
flux, ~, (nn) represents a wavelength of a light flux entering the 85

di ffracdive silayetrurfer anthigB @emkitepoeserntd dimenutaphbteivwavelbengt h of
the diffractive structure. A chromatic aberration correcting optical

el ement cosed citAnghe elcdrenhy9 R elpt 0Bne iRaVioFd ih*f%ﬁ:ﬁhfﬂibhepicbﬁ@hbi gbknsource
that emts the first light flux having the first wavel ength ~1 that is not

more thap439uREh thee3eeendibhoRknSAULCertiak1 discs each having a

different standard leads to an enhancement of a product
value. In the optical pickup device of the invention, it is
possible to conduct recording/reproducing of information
properly even for plural types of high density optical discs
each having a different standard, by employing the aforesaid
structure.

In the optical pickup device of the invention, it is
preferable that the optical pickup device further has a third
light source emitting a third light flux with third
wavelength A3 (730 nm £ A3 < 830 nm), the objective lens unit
converges a third light flux emitted from the third light
source on an information recording surface of a third optical
disc having recording density which is different from those
of the first and second optical discs, and the third light
flux enters the objective lens unit without being transmitted
through the chromatic aberration correcting optical element.

In the lens design of the objective lens capable of

conducting recording/reproducing for a high density optical




emts the second light flux having the second wavel ength ~2 that is |onger
than 1.3 tines the first wavelength ~1 that is not nore than 450 nm and an
objective lens unit that converges the first light flux emtted fromthe
first light source on an information recording surface of the first optical
di sc and converges the second light féux emtted fromthe second |ight
source on an information recording surface of the second optical disc
havi ng recording density different fromthat of the first optical disc
wherein the chromatic aberration correcting optical elenent is arranged
between a group of the first and second Iight sources and the objective

| ens unit and arranged.i_n _the o ti.cal .path that i.s common to the first
and secondc V'Bkﬁ Fpéxgg éﬁdalpagg fHEaEHPBngPFCCQBQPFEFPEn correcting
optical elenent where the first %ht flux enters to be substantially
paralIeFeﬁPFﬁlﬁﬁéréﬁFPéEFlégl@faha erBpgésnt soseashbhghadenaity in parallel,
and it has, 86 on at |east one optical surface thereof, the diffracting
sur f aceophigailcAiacdisf madei we bEruhEusemeoaposhdtofopluoaﬁuctnggshaped
zones divided by mcroscopic steps is fornmed, and a depth of the step in

t he optkeabrdth/dbpecﬁhcmngsodeﬁhgaeﬂaseohhabrdeDraﬁégﬁﬂfpégeioﬂZ of the
diffracted |Iight having the maxi numdiffraction efficiency anong diffracted

rays of whiight : geBgpatgd Waenyt B@réeggnﬂokbggketéyéb@e er sndeysbg |over than
diffraction order nl1 of the diffracted |ight having t e maxi num diffraction

eff | ol CAGYnaFPRgedLh eact edn6AX8 0L LEOBEORRPLALEONPRA, 10 T1 st 11 ght

flux enters racti ve ruc

information for CD is made to be a negative one smaller than

that for conducting recording/reproducing of information for

a high density optical disc and DVD, characteristics for each
light flux can be enhanced and diffraction efficiency can be

enhanced simultaneously, which makes a lens to be one having

the greatest tolerance for manufacture errors.

In the optical pickup device employing the objective
lens of this kind, therefore, it is preferable to make an
arrangement wherein each of the first light flux and the
second light flux enter the objective lens after passing
through the chromatic aberration correcting optical element
and the third light flux enters the objective lens without
passing through the chromatic aberration correcting optical
element, by arranging the chromatic aberration correcting
optical element in the common optical path for the first and

second light fluxes.




In the chromati c aberration correcting optical elenent used in the
invention, it is preferable that the diffractive structure is fornmed on an
optical surface that is macroscopically flat, and an optical surface
opposite to the aforenentioned optical surface is one on which the paraxial
power is negative and no diffractive gfructure is forned. In the chromatic
aberration correcting optical elenent used in the invention, it is
preferable that the second wavelength ~,2 is within a range of 600 nm- 700
nm and a conbination of the diffraction orders nl and n2 is either one of
(nl, n2) - (2, 1), (3, 2), (4, 20, (5 3, (6, 49 , (7, 4 , (8, 5 ,
(10, 6) . 87 In the chromatic aberration correcting optical elenment used
in the inventi®rEhe toptigrbieialbie deaice Neay g dehe \&ETHRa®f a
constituent |l ens having the diffracting surface of the chromatic aberration
corr ectihegt opnédabhbevenent ferprhéefabie, wavehetle hvidwpsint @f range of 1.5
- 1.6, Abbe's nunber for d line (wavelength 587.6 nm is in a range of 50 -

60, andreépthic) of the stebPethaf psrebpsesittenéhenpphaead axis in the
optical axis direction satisfies either one of the foll ow ngexpressions (1)

8). 1. RGO 7, gH@rgg ~ 3~un<d0<4. 2~ 4
)El - méd)%iS wﬁ%%ﬁ%g%%tun<d0<§2?§ynégéﬁel§t MLOag 0 e 7 6. 0 B

< do < e%rai‘é& 8o1id t\pftﬁhér?"&é{fcg era 'ﬁ%'Y]alﬁér Chd,09. opti cal

el ement us In the 1nve t|on pre e optical pickup

device has a.third ht ce em tt.i.n ird I| t flux having third
wavel en%TuP'l CLINS ha Cirg :HEenta UM q % 7~1 and

t he second wavel ength ~, 2, the 88 obiectlve Iens unit converges the third
| i ght f?]?&r%%%?rédccfl%@ﬁﬁﬂégt%)ﬂicﬂgﬁ e ceaBPAN MEBFHEY on recordi ng

solidly each other by forming a diffractive structure on an
optical surface of the collimator lens that converts
divergent light fluxes emitted reépectively from the first
and second light sources into parallel light fluxes to guide
them to the objective lens. Further, it is more preferable
to arrange a structure wherein a collimator lens integrated
solidly with the chromatic aberration correcting optical
element can be moved by an actuator in the optical axis
direction, and thereby, it is possible to add a function as a
chromatic aberration correcting optical element to the
collimator lens to make it to have a function as a spherical
aberration correcting optical unit.

Or, it is also possible to make an expander lens having
a function as a spherical aberration correcting optical unit
to have a function as a chromatic aberration correcting

optical element by forming a diffractive structure on an



surface of the third optical disc having recording density that is
different fromthat of each of the first optical disc and the second
optical disc, the chromatic aberration correcting optical elenent is
arranged in the optical path common for the first - third light fluxes, the
second wavel ength ?~2 is within a range of 600 nm 700 nm the third

wavel ength ~,3 is within a range of 730 nm 830 nm and a conbi nati on of
the diffraction orders nl, n2 and n3 is either one of (nl, n2, n3) - (2, 1,
1, (4, 2, 2) , (6, 4, 3) , (8, 5, 4), (10, 6, 5) when n3 represents the
diffraction order of the diffracted |light having the maxi numdiffraction

efficienc&_aNﬁn% diffracted rays of |ight generated when the third |ight
flux enPBId Core SHEERFEC Oty DSt EPRRAeT LenShwhiRPoRaE Be8BeRPEEi bA

correcting optical elenment used in the invention, it is preferable that the
r ef r act P@e CRRa@®R coPLameunsgi tinetihel ops ikali agishdideftiaoti ng surface of
the chromatic aberration correcting optical elenent for the first

wavel engt h 7~Ini shencaseanfethé dtbuetlré, whAbbeis thebenif@rltghtne

(wavel ength 587.6 nm is in a range of 50 - 60, and depth dO of the step

that isfeluasaskst aothgaspt kkabugki $he 88rbhathe aBtikgatiaxi s direction
satisfies either one of the follow ng expressions (9) - (13).

L 2o rker e ofceoamRsegth L 40 fg UniOSa D (3D 9.0, e
preferable to make the combination of diffraction order nl of
the first light flux and diffraction order n2 of the second
light flux of the chromatic aberration correcting optical
unit to be (nl, n2) = (5, 3). When the chromatic aberration
correcting optical element is made to be a plastic lens, it
is possible to make both of diffraction order of 5% order
diffracted light of the first light flux and diffraction
order of 3™ order diffracted light of the second light flux
to be 100%, and high diffraction efficiency can be secured
for any wavelength.

Contrary to this, in the case of the structure wherein
the third light flux passes through the chromatic aberration
correcting optical element, it is possible to make
diffraction order of each light flux to be 100% by making the
combination of diffraction order nl of the first light flux,
diffraction order n2 of the second light flux and diffraction

order n3 of the third light flux to be (nl, n2, n3) = (10, 6,

5). However, since the diffraction order nl of the first




EXEMPLARY EMBODI MENTS OF THE | NVENTI ON Preferred enbodi ments for the

wor king of the invention will be explained in detail as follows, referring
to the drawings. (First Enbodinent) Fig. 1 is a plan view show ng
schematically the structure of first optical pickup device PUl capabl e of
conducti ng recordi ng/ reproduci ng of inpormation properly for any of high
density optical disk HD, DVvD and CD. In the optical specifications of the
hi gh density optical disk HD, a wavelength is 405 nm a thickness of a
protective layer is 0.6 mmand nunerical aperture NAis 0.65, in the

opti cal specifications of DVD, a wavelength is 655 nm a thickness of a
protective layer is 0.6 mmand nunerical aperture NAis 0.63, and in the

opti cal SFRG et |1(§n50fofa dpBoh agsier wdhe eHdifiracs ives efhicaensyciifess of a

protective layer is 1.2 mmand a nunerical aperture is 0.50. However, a
combi natliostersid dywaksiugndith whert Hihek fess tofl ightr stoeridey walvayengahd a
nunmerical aperture is not limted to the foregoing. The optical pickup
devi ce RUIdrs cfomposed ofhavduhkilBtibar ofii ghddesswhyrepsi cal1dbsc wherein
vi ol et sem conductor |aser LDl that emts a laser light flux having a

wavel engtiff f@fa_c%%nmé!f\m%rie?&@d%gt it RRSRNARGH eRreddcing ph1hnfarmation
for high density optical disc HD and photodetector PDl are integrated

Z?r! it;” g,mllé}s%rz,”?l@li' e LM having thereid) fe b3k shholl rg0 L9 ROLAL,LEPL that
light flux in this case is 100%, 87% and 100% respectively,
which means that the diffraction efficiency of the second
light flux is low. Incidentally, a fall of the diffraction
efficiency for wavelength errors #5 nm of the first light
source in the combination of the aforesaid (nl, n2) = (5, 3)
is about 1.5%.

From the foregoing, it is preferable, from the
viewpoint of a fall of the diffraction efficiency of a light
flux passing through the chromatic aberration correcting
optical element and of the diffraction efficiency for
wavelength errors, to arrange the structure wherein the first
light flux and the second light flux pass through the
chromatic aberration correcting optical element and the third
light flux does not pass through the chromatic aberration
correcting optical element.

An optical information recording and reproducing
apparatus of the invention houses therein the optical pickup

device, and is capable of conducting at least one of
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| aser light flux having a wavel ength of 655 nm when conducti ng
recordi ng/ reproduci ng of information for DVD, second light emtting point
EP2 that emits a laser light flux having a wavel ength of 785 nm when
conducting recording/reproducing of information for CD, first |ight
receiving portion DS1 that receives ar3ight flux reflected frominformation
recordi ng surface RL2 of DVD, second light receiving portion DS2 that
receives a light flux reflected frominformation recording surface RL3 of
CD and prismPS, objective lens unit OU that is made up of objective |ens

OBJ, biaxial actuator AC2 and of di aphragm STO corresponding to 91
0.65 of hi density disc HD, polarized beam

nuneri cag r f h [
sput t er B%fap‘g%ﬁt‘?ji ‘rgr%{\lg?gi”é’ﬂ%t&ﬁ}, Oangh@ffé&%‘én@@tid:@hsdmki:tazﬁil shathé s made

up of n iye lens NL_and positive lens Pl. Incidentally, Fig. 1 also
shows agg?%l%‘yv?%W%?ll%%@r nddd| eebMdFaitdest Bsferhd eitn SUKSeder hi gh

density optical disc HD, it is also possible to use a violet SHG | aser in

addi ti 0T t'd'¢ Hel ‘et orepisina bndtsvi a@t cisend s@naucs,or; dasef; JDL. Furt her,

objective lens OBJ is a plastic |lens having an aspheric surface on its both
si des opti ni 2ed ebgrarkiegh ldensidsePptd ¢ae dirSediRo2Nd &L tgfriﬁlga\/i ng

wavel engt h-selectivity is formed on an optical surface 0 astic lens
cl oser thendien |thghtf isoir qe.ghihi & didd eal i.zes .nunerical _aperture NA of
. ghtls &h ; ;
0.63 for DVD and realizes nunerlcéi aperth%guﬁﬁ¢ﬁh4y¥- st light
flux having the first wavelength Al that is not more than 450
nm, the second light source that emits the second light flux

having the second wavelength A2 that is longer than 1.3 times
the first wavelength Al that is not more than 450 nm, and an

objective lens unit that converges the first light flux

émitted from the first light source on an information

recording surface of the first optical disc and converges the
second light flux emitted from the second light source on an
information recording surface of the second optical disc
having recording density different from that of the first
optical disc wherein the expander lens isg arranged between a
group of the first and second light sources and the objective
lens unit and is arranged in the optical path that is common
to the first and second light fluxes, the expander lens has a
positive lens group and a negative lens group, the expander
lens has a chromatic aberration correcting optical element

having, on at least one optical surface thereof, a




for CD, by limting a passage area for a light flux depending on a

wavel ength. In place of the filter having the wavel ength selectivity, it is
al so possible to formthe diffractive structures such as those descri bed on
pages 55 - 56 on the abstract of lecture for 27th Optics Synposium on the
| i ght source-side optical surface of objective |lens OBJ. 92 Further, on
the objective lens unit QU, there is provided an operation control circuit
that controls operations of biaxial actuator AC2, though the operation
control circuit is not illustrated. The expander lens unit EU has both of a
function as an optical unit for correcting chromatic aberration and a
function,. an aqptical unit for_ correct], spherical aberration. |n_other
wor ds, EHA TER 166t FLAAGR PISMVED ds Cirt ISRGICHE SRFECFBFecEPBREFAg
chromati c aberration and as an optical unit for correcting spherical

aber r at °6n Plpgedhédndosheredoponesl Aduifsce byt MigsiosicopireA§ePE &F expander
|l ens EXP, there is forned a diffractive structure for correcting chromatic
aber r at iforrmefd, olgj €epithe dfensheOBepn im thel eptdced, axnd direstshowason an
enlarged diagramin Fig. 1, depth dO of a step of its ring-shaped zone in

t he opt idealigaveids sdi teeti dn fifsadesognesddee hhabft Racoderratrduf ingati on of
the diffracted light having the nmaxi mumdiffraction efficiency anong

di f f raCh‘é@ilnPQ hheoaReh alad (Wieralkgbh Elrwies hay! BRchgSBeEELYEEY 2
wavel engt h of 655 nm and a wavel ength of 785 nmienter “may be |ower than the

o et Okl LiedLins, Bbrhe i Lrag! S LRt LR, o LUt o
be lower than diffraction order nl of the diffracted light
having the maximum diffraction efficiency among diffracted
rays of light generated when the first light flux enters the
diffractive structure, and an angle of inclination of
marginal ray of light of a light flux entering the objective
lens unit is changed by changing and adjusting a distance
between at least one lens group among lens groups

constituting the expander lens and the objective lens.

In the expander lens used in the invention, it is
preferable that the second wavelength A2 is a wavelength that
is within a range of 600 nm - 700 nm, and a combination of
the diffraction orders nl and n2 is either one of (nl, n2) =

(2, 1), (3, 2), (4, 2), (5, 3), (6, 4), (7, 4), (8, 5), (10,

In the expander lens used in the invention, it is

preferable that the refractive index of a constituent lens

having the diffracting surface of the chromatic aberration




i ght flux having a wavel ength of 405 nmenters. OMng to 93 this,
sufficient diffraction efficiency can be obtained in each wavel ength area,
and chromatic aberration corrections in a wavel ength area for wavel ength
655 nm and that for wavel ength 785 nm are prevented from bei ng excessi ve.
Since an inclined angle of a marginal 76ay of light for a light flux
entering objective |lens OBJ can be changed when negative lens NL of the
expander lens EXP is displaced along an optical axis by uniaxial actuator
ACl, it is possible to correct spherical aberration changes of the spot on
an information recording surface of a high density optical disc generated
by various factors, details of which will be explained later. Incidentally,
on the é%&ifaﬁﬁﬂ?etrmgerwmmatl B endrdr efdis tireo i idext aveoplemattlon.1cdrst riol
circuit that controls operations of uniaxial actuator ACl, though the
i Il ustrat iremdeherfedf. 5 s- anid,t etbbe/enndadudd Y 1i860T Qi@/1eRfeduci ng of
information for high density optical disc HD in optical pi ckup device PUL,
nodul e Ml feomnh)i gl densd ts R |Cp@l5djl_sc6d-|D a4 ef & ke S\{:leI(B _
sem conductor laser LDl to emt light, as'its cou e for a ray of Tight is
fl.ux emtted fromthe

h t g ¢l Ei t
\S/I g}M;t Wsté% zgnld%cltolg’%%l%age%r | O%’tjt%ra;yn\s/erﬁrjt eglﬁlt o@@?lﬁﬁ affZ&d beam 94

direction satisfies either one of the following expressions

(1) - (8)
1.2 pm < d0 < 1.7 um (1)
1.9 uym < d0 < 2.6 um (2)
2.6 ym < d0 < 3.2 um (3)
3.3 um < d0 < 4.2 um (4)
4.4 ym < 40 < 5.0 um (5)
4.7 pym < d0 < 5.7 pm (6)
5.6 ym < d0 < 6.5 um (7)
6.9 um < d0 < 8.1 um (8)

In the expander lens used in the invention, it is

preferable that the optical pickup device has a third light
source emitting a third light flux having third wavelength A3
that is different from each of the first wavelength Al and
the second wavelength A2, the objective lens unit converges
the third light flux emitted from the third light source on

an information recording surface of the third optical disc

having recording density that is different from that of each



splitter BS, then, passes through collimtor lens COL to be transforned
into a collimated light flux, then, is transmtted through expander |ens
EXP to be enlarged in terms of a dianmeter of the light flux, then, its

di aneter is regulated by di aphragm STO to becone a spot fornmed on

i nformation recording surface RLI throagh protective |ayer PL1 of high
density optical disc HD by objective Iens OBJ. The objective | ens OBJ
conducts focusing and tracking with biaxial actuator AC that is arranged
around the objective lens. The reflected light flux nodul ated by
information pits on information recording surface RL1 is transmtted again
t hr ough jectiyve |l ens OBJ, djaphragm STO expander |ens EXP and colli mator
| ens CC]?qib&%t?eédﬁéta BSrherlged 8G gRd fihg Sesedd SREdRdr §édCon tie

| i ght-receiving surface of photodetector PDL of nodule MD1 for high density
opti cal SdPsadan, lefserd shaimrgnoeshsim tihed orfrimagh peehacionednbéam spki tt er .
Thus, information recorded on high density optical disc HD can be read by

t he use fdfrsaut-puhisiqgnalg off 1hbe phetrdelreid WBRE1chgthhgaceyr se of
conducting recordi ng/reproducing of information for high density opti cal

di sc HD, . n spherical rration_af the spot on information. recording
surfacewﬁﬁ%ﬁﬁsacﬁéﬁ%ﬁﬁjqfﬁ%ﬁﬁenﬂiFégﬁpoﬁmkoﬁgﬁhtgﬂédeWEEE ?Qgtéoggeéﬁion by
the influyence of, for exanple, wavel ength changes of 95 viol et

seni con¥d&éR Pagengepet d8lord in 8BRi sknesadoh poobéoetven afekhPL1, focus

junp between information recording surfaces of a two-layer disc, anbient
t enper atidifé relvanges oadeé rchaiges2i andehBadtsi wd thedewnef odbj(act i we,| ens OBJ

5), when n3 represents a diffraction order of the diffracted
light having the maximum diffraction efficiency among
diffracted rays of light generated when the third light flux
enters the diffractive structure.

In the expander lens used in the invention, it is more
preferable that the refractive index of a constituent lens
having the diffracting surface of the chromatic aberration
correcting optical element for the first wavelength Al is in
a range of 1.5 - 1.6, Abbe’s number for d line (wavelength
587.6 nm) is in a range of 50 - 60, and depth d0 of the step
that is closest to the optical axis in the optical axis
directioﬁ satisfies either one of the following expressions
(9) - (13).

1.2 ym < d0 < 1.7 um (9)

2.6 ym < d0 < 3.0 um (10)




caused by heat generation of biaxial actuator AC2, negative | ens NL of
expander lens EXP is displaced by uniaxial actuator ACl so that a distance
to the objective | ens OBJ may be shortened. On the contrary, when spheri cal
aberration of the spot on information recording surface RL1 is changed in
the direction toward insufficient corrgction, negative |lens NL of expander
| ens EXP is displaced by uniaxial actuator ACL so that a distance to the
objective |l ens OBJ may be broadened. Due to this, the spot on the
information recording surface RL1 turns out to be in the state where
spherical aberration is corrected constantly, thus, excellent
characteristics for recording/ reproducing for high density optical disc HD
can be obtai néd? BH th&ll <a wdvé¥t ont t¥ehsnitted through positive |ens PL
of expander |ens EXP and objective lens OBJ turns out to be in the state
wher e chr omat iSc ab@r <atdlors i6s Sprdper | y(Igdrrect ed, a di ameter of the spot
converged on information recording surface RL1 is prevented from becom ng

| arge even whén Svipol et derd Garldpet or | @sEr LDL causes node hopping in 96
t he course of switching fromreproducing of information to recording.
Further, when Ac@relipatinidy 1@@0R@dedn/ike pheduehetalon AfobmRt hakiher DVD in
the optical pickup device PUL, light emtting point EP1 is nade to emt

l'i ght. myrsts K fqls ' f t [ ; edrt b int EP1 is
refl ect gﬁoﬂﬁﬁgi%g{rﬁ F%%atndllllé?shtreg‘%%%edfﬁp %’ﬁaérél gég{c? gﬁeyartr?ltts%qggﬁ?er BS to be

transformed into a collimated light flux.by colli.nmator
% haé%ng the f?%st wavelengt kf’that is not more than 450

nm, the second light source that emits the second light flux

having the second wavelength A2 that is longer than 1.3 times

the first wavelength Al that is not more than 450 nm, and an
objective lens unit that converges the first light flux
emitted from the first light source on an information
recording surface of the first optical disc and converges the
second light flux emitted from the second light source on an
information recording surface of the second optical disc
having recording density different from that of the first
optical disc wherein the coupling lens is arranged between a
group of the first and second light sources and the objective
lens unit and is arranged in the optical path that is common
to the first and second light fluxes, the coupling lens has a
positive lens group and a negative lens group, the coupling
lens has a chromatic aberration correcting optical element

having, on at least one optical surface thereof, a




e ——————

lens COL, as its course for aray of light is shown with broken lines in
Fig. 1. After that, a dianmeter of the light flux is enlarged by expander

| ens EXP, and then, it is regulated by di aphragm STO and is further

regul ated by a filter having wavel ength-sel ectivity. Subsequently, the

i ght flux becomes a spot which is forgred by objective | ens OBJ on
information recording surface RL2 through protective |layer PL2 of DVD. The
obj ective |l ens OBJ conducts focusing and tracking with biaxial actuator AC
arranged around the objective lens. The reflected light flux nodul ated by
information pits on information recording surface RL2 is transmtted again

t hr oughgt he j i ens, the di aphragm STO, expander |ens EXP and
col | i mat or {gggfﬁélgﬁgk%%%oﬂ% whichvargefifraghive| sixruchene cafpessed by

polarizggdgfan1fplatter BS to be converged on |light-receiving portion DS1
97 aftef g 1 ef PR TERPR G c2ones pii s hdRS. bif huscrosd@s rmtd Qipd egor ded on
DVD can_be read by the use of output signals of the light-receiving portion

DSL. SiHetd"the DR vaf |BIs GBI | n atipd a5t fed PshavinG. AN gspher | ¢
I SC

surface_on its both sides optimzed for high density optica D as

st at ed Ghhaedwmn thdt ghitf e hayidgea wey el engih ﬁfﬁ?ﬂ%t&{ﬁ nt rtsRL2 f
i 0

objective lens OBJ, a spot fornmed on information recor

DVD th&@udhxpoﬂueﬁ@mngmﬁﬁ(iﬂggﬂga%idht 5..0f spherical. .aberration in the
direction toward excessive correctﬁ(Mnéﬁﬁyéﬁ$%cflﬁmQRQEQ£}ﬂﬁ§F§ﬁ€hgth

di sper siagis @ff Qhjoest i LB, Ther ef ore, when_conducti ng
recording/reprod&%ﬁné%%éfgﬁé en THe s2cond light flux enters may

be lower than diffraction order nil of the diffracted light

having the maximum diffraction efficiency among diffracted

rays of light generated when the first light flux enters the

diffractive Structure, and an angle of inclination of
marginal ray of light of a light flux entering the objective
lens unit is changed by changing and adjusting a distance

between at least one lens group among lens groups
constituting the coupling lens and the objective lens.

In the coupling lens used in the invention, it is
preferable that the second wavelength A2 is a wavelength that

1s within a range of 600 nm - 700 nm, and a combination of

the diffraction orders nl and n2 is either one of (nl, n2) =

In the coupling lens used in the invention, it is
preferable that the refractive index of a constituent lens

having the diffracting surface of the chromatic aberration




information for DVD, a distance between negative | ens NL of expander |ens
EXP and objective lens OBJ is optimzed (nanely, a position of an object
poi nt of objective lens OBJ is optim zed) by narrowi ng a distance to
objective lens OBJ so that spherical aberration changes nmay be corrected,
to conduct recording/reproduci ng of ifABormation for DVD. Further, when
conducting recording/ reproducing of information for CD in the optical
pi ckup device PUL, light emtting point EP2 is nade to emt light. A
divergent light flux emtted fromthe light-emtting point EP2 is reflected
on prismPS, and is reflected by polarized beamsplitter BS 98 to be
transfornmed into a collimated light flux by collimator lens COL, as its
course fETIEGEHRDORGiFRL islativin M1 Hhewt dmt orarel drigtds Aln iR gn 1.
After that, a dianeter of the light flux is enlarged by expander |ens EXP,
and t hem nandes afedulsated ly, ditphragrnn®Pe? ant i 1Tiurd hevaveaguaated by a
filter having wavel ength-selectivity. Subsequently, the |ight flux becones
a spot WETH irsn)f araTeth Ry 2eBiReid Ve d ensdBLARD ddP TR I3n ciRC Qrding
surface RL3 through protective |layer PL3 of CD. The objective | ens OBJ
conduct cusi racki 1,.t:h, b axj.al .actuyator re ed around the
S HaQousd @%gggéé @k l%%ﬁ#&%%éggfé 1 ;ﬁﬁﬁﬁ Y

obj ective | ens. e reflecte ux ‘modul at'e ormation pits on

i nformatj, cordi rface RL3 is transmtt agai n through ,objective

| ens Oaﬂfﬁ%éﬁi%ﬁaiﬁ ,l%§qﬁﬁﬁﬂﬁrIQﬂﬁsﬁ%%gﬂﬁufaiﬁékﬁﬂ%(ﬁxg§§%§ S to
becone onverged light flux, and is reflected by polarized beamsplitter
BSto b oﬁVéﬁ%ed on light-receiving portion DS2

1.2 uym < 40 < 1.7 pm (1)
1.9 ym < 40 < 2.6 um (2)
2.6 um < d0 < 3.2 um (3)
3.3 um < @0 < 4.2 pm (4)
4.4 pm < d0 < 5.0 um (5)
4.7 pm < d0 < 5.7 pm (6)
5.6 um < d0 < 6.5 um (7)
6.9 um < d0 < 8.1 um (8)

In the coupling lens used in the invention, it is

preferable that the optical pickup device has a third light
source emitting a third light flux having third wavelength A3
that is different from each of the first wavelength Al and
the second wavelength A2, the objective lens unit converges

the third light flux emitted from the third light source on

an information recording surface of the third optical disc

having recording density that is different from that of each




after being reflected twice in prismPS. Thus, information recorded on DVD
can be read by the use of output signals of the light-receiving portion
DS2. Since the objective lens OBJ is a plastic |ens having an aspheric
surface on its both sides optimzed for high density optical disc HD as
stated above, when a |light flux havingOa wavel ength of 785 nmenters

obj ective lens OBJ, a 99 spot fornmed on information recording surface RL3
of CD through converging is changed in terns of spherical aberration in the
direction toward excessive correction, by an influence of wavel ength

di spersion of objective lens OBJ and of a difference between protective

| ayer P protective. | ayer. PL3 o . Therefore,, when_ conducting
recor di ng ?%g? oE uct go%ti‘lcfa?ﬁyo(i]rﬁcf i‘?)‘?‘fgftgtl?:23 ASCPYi RE R et Hfegat i ve

l ens NL of expander |ens EXP and_objective lens OBJ is optim zed (nanely, a
posi ti o VP APDLIRT Ididtratgesh) Eetihe IHicaBrats semndn ddr e
narrow ng a distance to objective lens OBJ so that spherical aberration
changes hgsthe- cdrinettleidrhtt of lnoeekic ttHee coabimy/waRrlegdierimng.20fi g nf or mati on
for CD. (Second Enbodinent) Fig. 2 is a plan view show ng schematically the

struct urg of; secangd, pptd i.ckup device P%% abl e of COﬂ%#ﬁ i,n
recor di ng/relpr(;edgum g o(#]@iaénqogrrﬁrrﬁéti oﬂfopr%"ﬁerq ?tgﬁréi]waaffelte\ﬁg B‘és%(?f hi gh
density o H?cal di scs each having a different_standard including first high
density Wolg't T2 FOEHOE and S8tondH gt denst 1y coptiisalt igns @ fHble DVD and
CD. In

diffraction orders nl, n2 and n3 is either one of (nl, n2,

n3) = (2, 1, 1), (4, 2, 2), (6, 4, 3,), (8, 5, 4), (10, 6,
5), when n3 represents a diffraction order of the diffracted
light having the maximum diffraction efficiency among
diffracted rays of light generated when the third light flux
enters the diffractive structure.

In the coupling lens used in the invention, it is more
preferable that the refractive index of a constituent lens
having the diffracting surface of the chromatic aberration
correcting optical element for the first wavelength Al is in
a range of 1.5 - 1.6, Abbe’s number for 4 line (wavelength
587.6 nm) is in a range of 50 - 60, and depth d0 of the step
that is closest to the optical axis in the optical axis
direction satisfies either one of the following expressions
(9) - (13).

1.2 ym < d0 < 1.7 um (9)

2.6 um < d0 < 3.0 um (10)




the optical specifications of the first high density optical disk HD1, a
wavel ength is 405 nm a thickness of a protective layer is 0.1 nm and
nunerical aperture NAis 0.85, in the 100 optical specifications of the
second high density optical disk HD2, a wavelength is 405 nm a thickness
of a protective layer is 0.& mmand rgmerical aperture NAis 0.65, in the
optical specifications of DVD, a wavelength is 655 nm a thickness of a
protective layer is 0.6 mmand nunerical aperture NAis 0.63, and in the
optical specifications of CD, a wavelength is 785 nm a thickness of a
protective layer is 1.2 mmand a nunerical aperture is 0.50. However, a
conbi nation of a wavelength, a thickness of a protective |layer and a

nuneri cal ape4t%r%m|§ #Ot<IPr?téd to {he) foregoi ng. The optical pickup
device PU2 is conposed of nodule MD1 for high density optical disc HD
wher ei n viol et - Gemhcondctos. b ager LDL12hat enmits a laser light flux having
a wavel ength of 405 nm when conducting recordi ng/ reproduci ng of information
for the firstehdghmdensdty ®ptieal dist3HDL and the second hi gh density
optical disc HD2 and photodetector PDl1 are integrated solidly, |aser nodule
LM havi ng t herei thd i ¢sipl 190t 160 tid &9 09I e ERIvdhAL e 15 & | aser |ight
flux having a mavelengt% of 655 nm when conducti ng recordlng/reprodUC|ng of

infOrn?%f@@ﬁ%&ﬁlé”@haﬁe&°99m%%ﬂ§§ g@g&%'@ﬂ p8i?fr%£@*5§86r§@%§$nf I aser

l'i ght ux aV|ng wavel eng When' con

por 01 or BT P bt TAEe? {-;egna P okl {IBR o f et 6t Fom G g

surface ELZ of DYD, . second |ght-rece|V|ng portion DS2 that receives a
light ff8x ?effBdt &H0fr B i Wrbtfmt FORNEECOREI A Sitf 462) RE3(Df D and prism
PS, objective lens unit QU, polarized beamsplitter BS, and of collinator
lens uni?-CU taad {50nméle Lp Bfeferabhatbh bensicOamndrdi &x) alnAkt uat or
ACl. Incidentally, Fig. 2 also shows a side view of |aser nodule LM
Furthers &5, a3l i ghtmseurpeeforalbigh density optical disc HD, it is also
possible to use a violet SHG | aser in addition to the aforenentioned viol et

sem conduct orrd ases ddlpl iy theds Jdel obj egtd vimdansidii titOdd s conposed of
first objective lens OBJ1 for conducting recording/reproduci ng of

i nfor ”%té’f‘ef%lé't‘fﬁét high depsily; PRt €8x dbFCa Hlnsd 1 ¢ §dndi AR agm STO1

correspondi ng t

having the diffracting surface for the first wavelength Al is
in a range of 1.5 - 1.6, Abbe’s number of the constituent
lens having the diffracting surface for d line (wavelength
587.6 nm) is in a range of 50 - 60, and depth d0 of the step
that is closest to the optical axis in the optical axis
direction satisfies either one of the following (4), (6) and

(8) expressions.

3.3 uym < d0 < 4.2 um (4)
4.7 pm < d0 < 5.7 um (6)
6.9 um < d0 < 8.1 um (8)

In the coupling lens used in the invention, it is

preferable that the optical pickup device has a third light




nunmerical aperture NA 0.85 of the first high density optical disc HDL,
second objective |l ens OBJ2 for conducting recordi ng/reproduci ng of
information for second high density optical disc HD2, DVD and CD, second
di aphragm ST02 corresponding to numerical aperture NA 0.65 of the second
102 high density optical disc HD2, bi@&gial actuator AC2, and of an

obj ective lens switching neans (not shown) that switches the first
objective lens OBJ1 and the second objective | ens OBJ2 selectively
dependi ng on recording density of an optical disc conducting
recordi ng/ reproduci ng as showmn with an arrowin Fig. 2. Further, the
objective lens OBJ1 is a plastic |ens having aspheric surfaces on its both
si des optHiFe MGt MF & Hilgr deiBit £ lopt ifvaring skl waared emoftinl A8r
havi ng wavel ength-sel ectivity is formed on an optical surface of the

pl asti c drens io) eEEIrdredthe ddrigta dPWLenel S o e 18RHZa3 AwEr i cal
aperture NA of 0.63 for DVD and realizes nunerical aperture NA of 0.50 for

CD, by limtin passage area for a light flux depending on a wavel ength.
In pl ace Tt Sl I"?aé’rea}‘rg"rlé'\ﬂ%at%‘re SR QRIRGH Ve 1 1E8S Wy, SoRveE98Ss o
possible to formthe diffractive structures such as those described on
pages 5%he gdigd tlHehdbstlvac tergft Hest tiram fdre 2Mirditiohs Syuposi om on t he
| i ght source-side optical surface of the second objective lens OBJ2. Fig. 3
i s a pergpéactiormariien ofecshjddeig \wairfens Wi tcHU tised ioptiikeiseserd opti cal
pi ckup device PU2. The objective

having recording density that is different from that of each

of the first optical disc and the second optical disc, the

coupling lens is arranged in the optical path common for the

first - third light fluxes, the second wavelength A2 is

within a range of 600 nm - 700 nm, the third wavelength A3 is
within a range of 730 nm - 830 nm, and a combination of the
diffraction orders nl, n2 and n3 is either one of (nl, n2,
n3) = (2, 1, 1), (8, 5, 4), (10, 6, 5), when n3 represents a
diffraction order of the diffracted light having the maximum
diffraction efficiency among diffracted rays of light
generated when the third light flux enters the diffractive
structure.

In the coupling lens stated above, it is preferable
that depth d of the step closest to the optical axis in the
optical axis direction satisfies either one of the following

expressions (9), (12) and (13).

1.2 ym < d0 < 1.7 um (9)




D ————

l ens unit OU shown in Fig. 3 is provided with first objective 103 |l ens

OBJ1 for conducting recording/reproducing of information for first high
density optical disc HDL, first diaphragm STO1 (not shown) corresponding to

nunmerical aperture NA 0.85 of the first high density optical disc HDL,

second objective lens OBJ2 for conducBBng recordi ng/reproduci ng of
information for second high density optical disc HD2, DVD and CD, second

di aphragm ST02 (not shown) corresponding to nunerical aperture NA 0.65 of
t he second high density optical disc HD2, bobbin B that hol ds optical axes
of the first objective lens OBJ1 and the second objective | ens OBJ2 on the

sanme circunferepcg,CL, 38t eppi Rg _notor SM (not shown) serving as an
obj ective | ens sm??chiﬁg %eghg Miat rdtta?es and noves the bobbin t hr ough

supporting shaft P proyided at the position of the center shaft of the
circunf erence Ci,u%h§s§b5<55t%a¥mholdélﬁhe bobbi n rotatably through

supporting sh?fhjf provided at the position of the central axis of the
ci rcunf er ence CL; MAEP R HRI t lendobbid o thatintemang ecipracate freely
al ong the gentral axi s of the aforenentioned rotation, focusing actuator FA

(not shidtiny SXHat e r elez br deat esup hind obih & Eébt&%if@ég@t#égléiggﬂé% paral |l e
t'ha

to the supporting shaft P, and with tracking actuator es the
bobbi n B1% randt® dof positinn sherddd Ha o0 eqhive lens 08J1 and the second
104

obj ective | ens OBJ2.
controlling changes of an angle of divergence or an angle of

convergence for temperature changes of the first light flux

emerging from the coupling lens.

In the coupling lens used in the invention, it is
preferable that the following expression is satisfied when Al
(mm) represents the first wavelength, f. (mm) represents a

focal length of the coupling lens for Al, n represents a

refractive index of the coupling lens for AL, o represents
the coefficient of linear expansion of the coupling lens, Pp
(mm™t) Tepresents paraxial power of the diffracting surface
for Al, P. (mm™*) represents paraxial power of the coupling
lens for A1, dn/dgt Tepresents a change rate of refractive
index of the coupling lens for temperature changes, dn/d A
Tepresents a change rate of refractive index of the coupling
lens for wavelength changes, and dA/dt represents a change

ra i
te of wavelength of the first light source for temperature

changes;




On the objective lens unit QU, there is provided an operation control
circuit that controls operations of biaxial actuator AC2 (focusing actuator
FA and tracking actuator TA), for which the illustration will be omtted
here. The first objective lens OBJ1 and the second objective lens OBJ2 are
arranged respectively in though hol e ggrtions on a plane of disc-shaped
bobbin B, to be identical in terns of "a distance fromthe center of the
bobbi n. The bobbin B is engaged rotatably, at its central part, with an
upper end portion of the supporting shaft P that is planted on the chassis
S, and focusing actuator FA which is not illustrated is arranged on the

| ower portion of the supporting shaft P. This focusing actuator FA is

conposed of magnet, kMoprowiided /bhE . ene@gparphon, o the supporting
shaft P and of focusing coil ch%rogidtgﬂ%ﬁ a circun#e?gﬁ%e of the magnet

FM to qgﬂﬁ% f Si for. the first .objective lens OBJ1 and the second
obj ective eﬁélkigﬁé ﬁ%%%éﬁﬁ%gz%§gﬁ%ﬁ%ﬁ? 'S't he bobbin B is given rotary

operations whose center is on the supporting shaft P having its axial line

that is paral Fél =wilYHKDanm épti-can/8%i ¢, 1Bynt radiing davdak or AW dThe &raci ng

actuator TA is equipped with a pair of tracking coils TCA and TCB which are
provi ded on arc efdge poxii ongqf/gikhe bebbin to be symetrical about the 105
supporting shaft P, and with two pairs of magnets TMA, TVMB, TMC and TMD

L1 ch SehPE 4SO 0P, R0 PALIE8T, gl e-00B0LD; 5L ogeLY ggeh ot o
amount of addition of an optical path length by the aforesaid
diffractive structure is defined by the optical path function
expressed by the following Numeral 1, and nl represents a
diffraction order of diffracted light having the maximum

diffraction efficiency among diffracted rays of light
generated when the first light flux enters the diffractive
structure.

Pp = -2 - nl - By, - (Al/AB)

(Numeral 4)

@, =nx(1/ AB)x> B, h*

Jj=0
Incidentally, in the Numeral 4 above, h (mm) represents
a height in the direction perpendicular to the optical axis,
B2j represents the coefficient of optical path difference
function, n represents a diffraction order of the diffracted
light having the maximum diffraction efficiency among
diffracted rays of light of the entering light flux, A (nm)

represents a wavelength of a light flux entering the




When the tracking coils TCA and TCB face respectively a pair of magnets TMA
and TMB on the other side, positions of the magnets TMA and TMB are
established so that the first objective lens OBJ1 may be on the optical
path for a light flux emtted froma |laser |ight source, and when the
tracking coils TCA and TCB face respegti vely another pair of magnets TMC
and TMD on the other side, positions of the magnets TMA and TMB are
established so that the second objective |lens OBJ2 nay be on the opti cal
path for a light flux emtted froma |laser |light source. Further, on the

af orenenti oned bobbin B, there is provided an unillustrated stopper that
limts a range of rotation so that tracklng coil TCA may not face nagnet
TMA or AadAEECTADE amductscki. ngndoMB TaB) nugpmesehaseanmgnefadhBrer nagnet
TMC. Further, the tracking actuator TA is arranged so that the direction of

a tangewavemehgehouteth@ia@um&aeeavé etréictekar bobbin B may be
perpendi cular to the direction of a tangent of the track of an optical

di sc, and corAe@ht@ﬁat1é0§bé££§5Kbﬂg%o£9&c€§M§aBb99c9i LPenspotyios the
track is conducted by urging t bin Bto rotate at a mcroscopic unit.

Col 11 Mg thens unht 161 EésoﬂefHQQEhgntﬁEF%aggr RIRELE.gbet gl 0n,caLr ecti ng

Optl cal un| t an uncti on as rrca tron corr ?I cal

t L. surf foogll fator Lens COL, th f or med
G115 acEl 06 SEPRLAPE- FoF SEorkBREI Ad EhPVALFc -ABFFAFF oNeBFTensth” T -

Al that is not more than 450 nm, the second light source that
emits the second light flux having the second wavelength A2

that is longer than 1.3 times the first wavelength Al that is
not more than 450 nm, and an objective lens unit that
converges the first light flux emitted from the first light
source on an information recording surface of the first
optical disc and converges the second light flux emitted from
the second light source on an information recording surface
of the second optical disc having recording density different
from that of the first optical disc wherein the chromatic
aberration correcting optical element is arranged between a
group of the first and second light sources and the objective
lens unit and is arranged in the optical path that is common
to the first and second light fluxes, and it is the chromatic
aberration correcting optical element where the first light
flux enters to be substantially parallel with the optical

axis and emerges to be substantially in parallel, and it has,



the first objective Iens OBJ1 and the second objective lens OBJ2 in a
violet area, and as is shown in the enlarged diagramin Fig. 2, depth d of
a step of its ring-shaped zone in the optical axis direction is designed so
that the order of diffraction of the diffracted |ight having the maxi num
diffraction efficiency anong diffrac8®d |ight generated when |ight fluxes
havi ng respectively a wavel ength of 655 nm and a wavel ength of 785 nm enter
may be | ower than the order of diffraction of the diffracted |Iight having
the maxinum di ffraction efficiency anong diffracted |ight generated when a
| aser light flux having a wavel ength of 405 nmenters. Onng to this,

fficient diff ti f.ici b bt ai in. h I th ,
and chPBniEi ¢ aBbr PB] G- ChRLoEDF SACS AhaRRvel ERG A EACF o Swavel ongl h-

655 nm and 107 that_ for wavel ength 785 nm are prevented from being
excessPELageneB YhirRchi Aédfangrevef ShrratyrRaFrorayses PEghiurat a |ight
flux entering the first objective lens OBJ1 and the second objective |ens
OBJ2 camnpesbbradedomhendivliBedabyr miemssCObitssieppl asefloahedg andopti cal
axi s by uniaxial actuator ACl, it is possible to correct spheri cal

aberr ati deapcthangeshef sthe spothencpnitafloarati anreecoodi g Qusigaedof a
hi gh density optical disc generated by various factors, details of which

Wi |l begoexnkai aedrl-ateion! Behdenhal by, cAB hhereqbliyet 95nt eRgy UGt there
is provided an operation control circuit that controls operations of

uni axi gheagbvahon Afteriheveh E??ibkéﬂé&rgﬁbﬁg diffracted rays of
light generated when the second light flux enters may be
lower than diffraction order nl of the diffracted light
having the maximum diffraction efficiency among diffracted
rays of light generated when the first light flux enters the
diffractive structure.

In the chromatic aberration correcting optical element
used in the invention, it is preferable that the diffractive
structure is formed on an optical surface that is
macroscopically flat, and an optical surface opposite to the
aforementioned optical surface is one on which the paraxial
power is negative and no diffractive structure is formed.

In the chromatic aberration correcting optical element

used in the invention, it is preferable that the second
wavelength A2 is within a range of 600 nm - 700 nm, and a

combination of the diffraction orders nl and n2 is either one
of (nl, n2) = (2, 1), (3, 2), (4, 2), (5, 3),

(8, 5), (10, 6).




thereof is omtted. Wen conducting recordi ng/reproducing of information
for first high density optical disc HDL in optical pickup device PU2, the
first objective lens OBJ1 is inserted into an optical path for a light flux
emtted fromviolet sem conductor |aser LDl, by an objective |lens swtching
means of objective lens unit OU. Afte87that, nodule MD1 for high density
optical disc HDis operated to nake violet sem conductor |laser LDl to emt
light, as its course for a ray of light is shown with solid lines in Fig.

2. A 108 divergent light flux emtted fromthe violet sem conductor |aser
LDl is transmtted through polarized beamsplitter BS, then, passes through
col | i mat or IeEs CgL tg be tran%%orned_into a coILinated,Iight flux, then,
is regul ated i FBPnERBPRAt4F afREEF AbEORNECFFERELRF URP B CR heCt PRERT

di aphragm STQ1 to become a spot formed on information recording surface
RLI A t hF66Eh1pr 6hecinyentaper PLi1AsoPreiesebiegkhasnsheyrefriaealivei sc HDL
by first objective lens OBJ1. The first objective |l ens OBJ1 conducts

f ocusi ngndrd pfaskicrgshithebiatieas hevdaporhACdtilifracsingr angédcar ofind t he
objective lens. The reflected Iight flux nodulated by information pits on

i nf or mathenchecnmadingaburiacéoRL tArirectiagsabttiedlagabnehhr eyghechhe first
objective lens OBJ1, the first diaphragm STO01, and collimtor lens COL to

beconme a;cepv LORtahlux, sand | nyerged on.a_li -yecei v
surface of Ehﬁ%‘gﬁgte%%?gr xloﬁféo%ﬁrr%dﬁ%&%ﬁ%f o oh g%'%én‘gﬁ%‘ff SptTEaT di sc
"D atteh e 19nb" AETLILRGEESY9D BR) As7Eh 2°2EnaR  E'Eh - o,

and depth 40 of the‘step that is closest to the optical axis

in the optical axis direction satisfies either one of the

following expressions (1) - (8).
1.2 ym < d0 < 1.7 um (1)
1.9 pym < d0 < 2.6 um (2)
2.6 um < d0 < 3.2 um (3)
3.3 um < d0 < 4.2 um (4)
4.4 ym < d0 < 5.0 um (5)
4.7 pm < d0 < 5.7 um (6)
5.6 pm < d0 < 6.5 um (7)
6.9 um < d0 < 8.1 um (8)

In the chromatic aberration correcting optical element
used in the invention, it is preferable that the optical

pickup device has a third light source emitting a third light
flux having third wavelength A3 that is different from each

of the first wavelength Al and the second wavelength A2, the
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BS. Thus, information recorded on the first high density optical disc HD1
can be read by the use of output signals of the photodetector PDl. Further,
when conducti ng recordi ng/ reproduci ng of information for second high
density optical disc HD2 in optical pickup device PU2, the second objective
lens OBJ2 is 109 inserted into an 8ptical path for a light flux emtted
fromviolet sem conductor |aser LDl, by an objective | ens sw tching neans
of objective lens unit QU. After that, nodule MD1 for high density optical
disc HD is operated to nake violet sem conductor |aser LDl to emt |ight,
as its course for aray of light is shown with solid lines in Fig. 2. A

di verg ] flux em.tted fromthe violet sem conductor |aser. LDl is
trans mabi eéé’lttq*nr"cﬁoul NS A SEERS filg (i usk L ighen I lyxs €84 thedough

col l'i or |lens to be transformed into a collimted [ight flux, then,

i s reguitafeditn ek 9o @oareoofan He fidmgmt iftnuxeeprdiegsecond

di aphragm ST02 to becone a spot forned on information recording surface
RL1B t BUgdgisepodt édve vdilraly @ptRlckB ofi ssedenvd iy glecdeiddinky depisiicgl  di sc HD2
by second objective | ens OBJ2. The second objective | ens OBJ2 conducts

f ocusi mdpadnd st BadKiemgnwi tthrobi atisal oFCted@iholo FACHEN &t ris$ @Fﬁ:@c'&gﬁdd@’s@md the
objective lens. The reflected light flux nodulated by information pits on

| nf or mationheceordhag opiitace dstD ichel CARYNLLLR] SAG3KA L BROUGN the second
objective |l ens OBJ2, the second di aphragm ST02, and collimator lens COL to

becone care@pyengedkiighl Eh%ﬁenﬂnQSigrgggégﬁg§% %ﬂeao£kgggirgg%£Ving
common for the first - third light fluxes, the second

wavelength A2 is within a range of 600 nm- 700 nm, the third

wavelength A3 is within a range of 730 nm- 830 nm, and a
combination of the diffraction orders nl, n2 and n3 is either
one of (nl, n2, n3) = (2, 1, 1, (4, 2, 2), (6, 4, 3), (8, 5,
4), (10, 6, 5) when n3 represents the diffraction order of

the diffracted light having the maximum diffraction

efficiency among diffracted rays of light generated when the
third light flux enters the diffractive structure.

In the chromatic aberration correcting optical element
used in the invention, it is preferable that the refractive
index of a constituent lens having the diffracting surface of
the chromatic aberration correcting optical element for the
first wavelength Al is in a range of 1.5 - 1.6, Abbe’s number
for d line (wavelength 587.6 nm) is in a range of 50 - 60,

and depth d0 of the step that is closest to the optical axis




surface of photodetector PDlL of nodule MD1 for high density optical disc
HD, after being transmtted through pol arized 110 beamsplitter BS. Thus,
i nformation recorded on the second high density optical disc HD2 can be
read by the use of output signals of the photodetector PDl. In the case of
conducting recording/reproducing of i&formation for first high density disc
HD1 (or second high density disc HD2), when spherical aberration of a spot
on information recording surface RL1A (RL1B) is changed in the direction
toward excessive correction, by influences including wavel ength changes of
vi ol et sem conductor | aser LD1, errors of a thickness of protective |ayer
PL1A (PL1B), focus | bet ween recordi urfaces, of two-1ayer disc,
anbientk%e%%%r%?ﬁ%%égﬂgﬁbgs&§58c£é??aﬁ??gﬁgfﬁﬁeﬁlEﬁﬁﬁg%geo?gff?%t opti cal
| ens 1 ﬁéecond optical |lens OBJ2) caused by heat generation of biaxial
act uat of CAERWLRG CERBFAPF 080l Pi nmt 6F3) ens COL is displaced by uni axi al
actuator ACl so that a distance to the first objective Iens OBJ1 (second
obj ective | ens-20BIR)< Y bel i horreased(90n the contrary, when spherica
aberration of a spot on information recording surface RL1A (RL2B) is
changed in the @iyrect idh ¢ w0 dum nsuf fig) ent correction, collimator |ens
COL is displaced by uniaxial actuator AClL so that a distance to the first
objective lens. OB { s@sanc abjastive(iens OBJ2) may be decreased. Omng to
this, a spot on information recording

5.6 ym < d0 < 6.5 um (12)

6.9 um < d0 < 8.1 um (13)

EXEMPLARY EMBODIMENTS OF THE INVENTION

Preferred embodiments for the working of the invention
will be explained in detail as follows, referring to the
drawings.

(First Embodiment)

Fig. 1 is a plan view showing schematically the
structure of first optical pickup device PUl capable of
conducting recording/reproducing of information properly for
any of high density optical disk HD, DVD and CD.

In the optical specifications of the high density
optical disk HD, a wavelength is 405 nm, a thickness of a
protective layer is 0.6 mm and numerical aperture NA is 0.65,
in the optical specifications of DVD, a wavelength is 655 nm,
a thickness of a protective layer is 0.6 mm and numerical

aperture NA is 0.63, and in the optical specifications of CD,




111 surface RL1A (RL1B) is constantly in the state where spheri cal
aberration of the spot is corrected, which nmakes it possible to obtain
excel l ent recording/reproducing characteristics for the first high density
optical disc HD1 (the second high density optical disc HD2). Further, since
a wavefront which has been transnmtté&d t hrough collimtor | ens CO.L and

obj ective Il ens OBJ each having thereon a forned diffractive structure cones
under the state where chromatic aberration is properly corrected, even when
vi ol et sem conductor |aser LDl causes node hopping in the course of

swi t chi ng fron1infornation reproducing to information recording, a dianeter

of a spot_for n jnf tion recording surface RL1A B through
conver ¢f n{f tfoes” Pa%garé%t et.t Ju?}f %g %\#lé?'l Rigndfefct %L‘F?g]lg

recordln /reprodUC|ng of information for DVD in the optical pickup device
PU2, E% i 309 iy PO L EPL aReTEYee 165 ehi01 | JoMeVarteP second objective
| ens CBJ2 is inserted in an optical path for a light flux comng fromthe

| i ght - epemingf i mf EBPIvdwe benoth eca i el ¢lemss sve it chiprp resetrisveof  obj ecti ve
lens unit OU. A divergent light flux emtted fromthe |light-emtting point
EP1 is Iafércmdl amypiesindS asettsreols seot orimiteay ©f dheght is shown with
broken lines in Fig. 2, and is reflected by | 12 pol ari zed beam splitter
BS to beptephst &prned into a collimated light flux by collimtor Iens COL.
After that, a dianeter of the light flux is regulated by the second

The optical pickup device PUl is composed of module MD1
for high density optical disc wherein violet semiconductor
laser LD1 that emits a laser light flux having a wavelength
of 405 nm when conducting recording/reproducing of
information for high density optical disc HD and
photodetector PD1 are integrated solidly, laser module LM
having therein first light emitting point EP1 that emits a
laser light flux having a wavelength of 655 nm when
conducting recording/reproducing of information for DVD,
second light emitting point EP2 that emits a laser light flux
having a wavelength of 785 nm when conducting
recording/reproducing of information for CD, first light-
receiving portion DS1 that receives a light flux reflected
from information recording surface RL2 of DVD, second light-
receiving portion DS2 that receives a light flux reflected
from information recording surface RL3 of CD and prism PS,
objective lens unit OU that is made up of objective lens OBJ,

biaxial actuator AC2 and of diaphragm STO corresponding to




di aphragm ST02, and then, it is further regulated by a filter having

wavel engt h-sel ectivity. Subsequently, the light flux becones a spot which
is formed by objective lens OBJ2 on information recording surface RL2

t hrough protective |ayer PL2 of DVD. The second objective | ens OBJ2
conducts focusing and tracking with bigxial actuator AC arranged around the
objective lens. The reflected light flux nodulated by information pits on
information recording surface RL2 is transnmitted again through the second
objective |l ens OBJ2, the second di aphragm ST02 and collimator Iens COL to
beconme a converged light flux, then, reflected by polarized beamsplitter
BS to be_converged on a light-receiving portion DSl after being reflected

twice in prishres. 2RALEUIE nkdr Gt P oh5r eEohdel @enpiiy cdhs®eHPead by the use
of output signals of the |ight-receiving portion DS1. Since the second
obj ect i ViRC@hszeBieam appibiser cBS ensohhimagoanlasphedl c sudfate on its
both sides optim zed for the second high density optical disc HD2 as stated

above, virepRRAeY ghens | wxitha®l nghat way ehedgt tip o £ 6584t IWeNt & Nhewusecond
objective lens OBJ2, a spot formed on information 113 recordi ng surface

RL2 of DMsitiwaighere®rnwerging is changed in ternms of spherical aberration
in the direction toward excessive correction, by an influence of wavel ength

di spersion of e &eaQNd obj iwve Theref Qr.e conducti ng
o aat s oh Ror TG, St e B v

recordi ng/ reproduci ng of “i nformation tor ¥ "col | i mat or
| ens COqyathd hgrsecond objective ens OBJ2 is optimzed (nanely, a
position of an

Further, as a light source for high density optical
disc HD, it is also possible to use a violet SHG laser in
addition to the aforementioned violet semiconductor laser
LD1.

Further, objective lens OBJ is a plastic lens having an
aspheric surface on its both sides optimized for high density
optical disc HD, and a filter having wavelength-selectivity
is formed on an optical surface of the plastic lens closer to
the light source. This filter realizes numerical aperture NA
of 0.63 for DVD and realizes numerical aperture NA of 0.50
for CD, by limiting a bassage area for a light flux depending
on a wavelength.

In place of the filter having the wavelength-
selectivity, it is also possible to form the diffractive
structures such as those described on pages 55 - 56 on the
abstract of lecture for 27" Optics Symposium, on the light-

source-side optical surface of objective lens OBJ.



obj ect point of the second objective lens OBJ2 is optimzed) by expanding a
di stance to the second objective lens OBJ2 so that spherical aberration
changes may be corrected, to conduct recording/reproduci ng of information
for DVD. Further, when conducting recording/reproducing of information for
CD in the optical pickup device PU2, I9ht em tting point EP2 is nade to
emt light after the second objective lens OBJ2 is inserted in an optical
path for a light flux comng fromthe light-emtting point EP2 by an
objective |l ens switching neans of objective lens unit OU. A divergent |ight
flux emtted fromthe light-emtting point EP2 is reflected on prismPS,
msplitter BS to be transformed into a

and is reflect ol ari.zed hea
collimated Iigh _ﬁeulg' A ctéﬁ iqaﬁ‘?tﬁtllvﬁsl%@_,uré%t A% dderse ifsor a ray of

l'ight is_sho th two-dot chain lines in Fig. 2. After that, a dianeter
of the |%%YM?‘¥J“>PI? CRERI R BT iTieguiavibar cartarols

wavel engt h-sel ectivity a dianmeter of the light flux is regulated by the
second RPHRERASTOR bisubiselrmtuatot Rl i ghitoddhux e eg@sita ggpot which is
formed by the second objective lens OBJ2 on information recording surface

RL3 t hr slfgH-gsrlotaiotduder |iay erotPlidl lafstGRcekhe second obj ective |ens OBJ2
conducts focusing and tracking with biaxial actuator AC2 arranged around

the obj ecti ve Thenexpihgereflleet eehilti aht nhluxmpdyl-ate info ion pits
on information recording surface RL3 is Ffanggpt#gd%agggﬁtéﬁ%oégﬁgPhe

E:gggg gﬁ%ﬁﬁ%ﬂ{gggﬁ??Eﬁ?ﬁﬁﬁ%%gqgégﬂdﬂygﬁ%chSEQ%r%%.i%%!gggagor lens COL to
function as an optical unit for correcting spherical
aberration. In other words, the same optical unit serves as
an optical unit for correcting chromatic aberration and as an
optical unit for correcting spherical aberration.

Further, on the optical surface of positive lens PL of
expander lens EXP, there is formed a diffractive structure
for correcting chromatic aberration of objective lens OBJ in
a violet area, and as is shown on an enlarged diagram in Fig.
1, depth d0 of a step of its ring-shaped zone in the optical
axis direction is designed so that the order of diffraction
of the diffracted light having the maximum diffraction
efficiency among diffracted light generated when light fluxes
having respectively a wavelength of 655 nm and a wavelength
of 785 nm enter may be lower than the order of diffraction of
the diffracted light having the maximum diffraction
efficiency among diffracted light generated when a laser

light flux having a wavelength of 405 nm enters. Owing to




is reflected by polarized beamsplitter BS to be converged on

| ight-receiving portion DS2 after being reflected twice in prismPS, after
being reflected by polarized beamsplitter BS. Thus, information recorded
on DVD can be read by the use of output signals of the light-receiving
portion DS2. Since the second objectioge lens OBJ2 is a plastic |ens having
an aspheric surface on its both sides optimzed for the second high density
optical disc HD2 as stated above, when a |light flux having a wavel ength of
785 nmenters the second objective Iens OBJ2, a spot fornmed on information
recordi ng surface RL3 of CD through converging is changed in terns of

spheri cal aberratlon inthe direction toward 115 excessive correction, by
an i nf |'teh®e 1L Gcitngih Brapeien onf biciercy cevndomkicaringd |ighs 0BJ2 and
of a difference between protective |ayer PL1B of the second high density

di sc areR@h e iengtihyere®] nd GDromhel ef aver ratiemm comctett inghs in
recordi ng/ reproduci ng of information for CD, a distance between col |i mator

| ens aral wdvee seoprid abiectdy avdesBePIR 655 aph | dATethd{thafgt y, a position of
an object point of the second objective lens OBJ2 is optimzed) by

expandi gL ShAtRNESs ton the o00nsh obj eetdyed 805 GBl%Sq,d hat spheri cal

aberration changes nmay be corrected to conduct recording/reproducing of

bt o e P IR B B AR B o
hi gh decpsi tg}i’l l'lfxalendtesflnl_gljD ob%\éDctaive Q_L:)ens OB t he rPtbecaclha ge fvlihcearfl ons
negative lens NL of the expander lens EXP is displaced along
an optical axis by uniaxial actuator ACl, it is possible to
correct spherical aberration changes of the spot on an
information recording surface of a high density optical disc
generated by various factors, details of which will be
explained later.
Incidentally, on the expander lens unit EU, there is
provided an operation control circuit that controls
operations of uniaxial actuator AC1l, though the illustration
thereof is omitted.
When conducting recording/reproducing of information
for high density optical disc HD in optical pickup device
PUl, module MD1 for high density optical disc HD is operated
to make violet semiconductor laser LDl to emit light, as its
course for a ray of light is shown with solid lines in Fig.
1. A divergent light flux emitted from the violet

semiconductor laser LDl is transmitted through polarized beam



of the high density optical disk HD, a wavelength is 405 nm a thickness of
a protective layer is 0.6 mmand nunerical aperture NAis 0.65, in the
optical specifications of DVD, a wavelength is 655 nm a thickness of a
protective layer is 0.6 mmand nunerical aperture NAis 0.63, and in the
optical specifications of CD, a wavel @&®th is 785 nm a thickness of a
protective layer is 1.2 mmand nunerical aperture NA is 0.50. However, a
conbi nati on of a wavel ength, a thickness of 116 a protective layer and a
nunerical aperture is not limted to the foregoing. The optical pickup
device PU3 is conposed of |aser nodule MD1 having therein first |ight

emtting | Pl.that emts a laser light flux with wavel ength of 405 nm
whi ch i58§%4€§%g]%%éné%%%du%??%%er%B?ﬂg oF P ehFBRRY nteRS GOF 0FheRS on for

hi gh densitg f tical, disc HD,_second_ |light emtting point EP2 that emts a
| aser |igfo$ S t R vRve | epbt Hmatedshight whleh, i shemi tied when conducting
recordi ng/ reproducing of information for DVD, third Ilight emtting point
EP3 t hattedR$Bl te@sehr dugint eXpaxder t renamvEX B ngh oo fer7Birgud Wi cerings

em tted when conducting recordi ng/ reproduci ng of information for CD, first
l'i ght - r exleividigprmeor et amft DSde thiaghtt eERivescK@l ) ect £diidngtited 11ux com ng from
information recording surface RL1 of high density optical disc HD, second

l'i ght recenyidge@ast i dd?S2adhattd e&gai}yé%\csmgffa{ ﬁ@@l #d g fdux coming from
ir

information recording surface RL2 of DVD, “light-receiving portion DS3
that r ecﬁiﬁ&%na(t‘-::ﬂcdr?aqné}%fdﬂm Ju 1% GO tfl{roorﬂc_:'ﬂ{]fporrorpetcltolr\]fer e_L%C})/redrl ng

surface RL3 of CD
PL1 of high density optical disc HD by objective lens OBJ.
The objective lens OBJ conducts focusing and tracking with
biaxial actuator AC that is arranged around the objective
lens. The reflected light flux modulated by information pits
on information recording surface RL1 is transmitted again
through objective lens OBJ, diaphragm STO, expander lens EXP
and collimator lens COL to become a converged light flux, and
is converged on a light-receiving surface of photodetector
PD1 of module MD1 for high density optical disc HD, after
being transmitted through polarized beam splitter. Thus,
information recorded on high density optical disc HD can be
read by the use of output signals of the photodetector PD1.
In the course of conducting recording/reproducing of
information for high density optical disc HD, when spherical
aberration of the spot on information recording surface RL1

1s changed in the direction toward the excessive correction

by the influence of, for example, wavelength changes of




prismPS, objective lens unit QU conposed of objective |ens OBJ, biaxial
actuator AC2 and of di aphragm STO corresponding to nunerical aperture NA
0.65 of high density optical disc HD, collimator lens COL, and |iquid
crystal element LCD 117 equipped with a pair of el ectrodes ELP1 and ELP2
arranged to be held between a pair of ¥ptical transparent base boards T1
and T2, liquid crystal nolecule |ayer LC arranged to be held between the

el ectrodes ELP1 and ELP2 and with a power supply (not shown) for inpressing
vol tage on the el ectrodes ELP1 and ELP2. Further, as a light source for
hi gh density optical disc HD; it is also possible to use a violet SHG | aser

I n addi ty ; i viglet sem conductor. |aser LD1. Further,
objectivg9?%%§ %%ﬁl?éH%&p g%tﬁggggngskav?55°5% o PSR f%e on its both
sides optinm zed. for. high densi optical disc HD, , and a filter having
mavelenS@%S%%$%%Y$V}?¥g?SS¥£rn%%c%g AR ppe EWeeR Uk kRIEaE1qhe pl astic | ens
closer to the_|ight source. This filter realizes nunerical aperture NA of

0. 63 forf ERAF AP r Bar F2eas nefe? | £8P~ bse ¥ ulbs(NA afbIRIBD fempeadDtune | i niting
a passage area for a light flux depending on a wavel ength. In place of the
filter hehandes mndeseiegrs hisereftaviiye indés @f ssbhpassihd € dros fagom t he
diffractive structures such as those descri bed on pages 55 - 56 on the

abst r actcaisd@diwrieed orgdféta pn osf JyTmesd LR chdde Adghth & Ges si de

optical surface of objective | ens OBJ.

lens NL of expander lens EXP is displaced by uniaxial
actuator ACl so that a distance to the objective lens OBJ may
be shortened. On the contrary, when spherical aberration of
the spot on information recording surface RL1 is changed in
the direction toward insufficient correction, negative lens
NL of expander lens EXP is displaced by uniaxial actuator AC1
so that a distance to the objective lens OBJ may be
broadened. Due to this, the spot on the information
recording surface RL1 turns out to be in the state where
spherical aberration is corrected constantly, thus, excellent
characteristics for recording/reproducing for high density
optical disc HD can be obtained.

Further, a wavefront transmitted through positive lens

PL of expander lens EXP and objective lens OBJ turns out to

be in the state where chromatic aberration is properly

corrected, a diameter of the spot converged on information
recording surface RL1 is prevented from becoming large even

when violet semiconductor laser LDl causes mode hopping in



118 Further, on the objective lens unit QU, there is provided an operation
control circuit that controls operations of biaxial actuator AC2, though
the operation control circuit is not illustrated. Further, the objective
lens OBJ is integrated solidly with liquid crystal elenment LCD by folder F
and it conducts tracking and focusingdagogether with the liquid crystal
element LCD. Collimator lens COL is equipped with a function as a chromatic
aberration correcting optical unit, and on an optical surface of collimator
lens COL, there is forned a diffractive structure for correcting chromatic
aberration of objective lens OBJ in a violet area, and as is shown on an
enl arged diagramin Fig. 4, depth d of a step of its ring shaped zone in
the optica® %@%.9%&lepknsae%¢%eﬁe@mﬂmmmfmr@‘e@rmﬁtmrf fracti on of
the diffracted |ight having the maxi numdiffraction efficiency anong

di f f r acteeicd¥@ing gener at ed when |ight fluxes having respectively a

wavel ength of 655 nm and a wavel ength of 785 nmenter nay be |l ower than the

order of diff rracttieyr ofwHdie didfduachef td@rdhayingidmdimg @ di ffraction
efficiency anong diffracted |ight generated when a | aser light flux having

a wavel engtdrmit AR5 HR aRfS S G rtgpﬁpcéflﬁlcmg fd &} £ ﬂjffrla}fgtn@n

efficiency 119 can be obtained in each wavel ength area, and chromatic
emitting point EP1 is made to emit light. A divergent light
flux emitted from the light-emitting point EP1 is reflected
on prism PS, and is reflected by polarized beam splitter BS
to be transformed into a collimated light flux by collimator
lens COL,vas its course for a ray of light is shown with
broken lines in Fig. 1. After that, a diameter of the light
flux is enlarged by expander lens EXP, and then, it is
regulated by diaphragm STO and is further regulated by a
filter having wavelength-selectivity. Subsequently, the
light flux becomes a spot which is formed by objective lens
OBJ on information recording surface RL2 through protective
layer PL2 of DVD. The objective lens OBJ conducts focusing
and tracking with biaxial actuator AC arranged around the
objective lens. The reflected light flux modulated by
information pits on information recording surface RL2 is
transmitted again through the objective lens, the diaphragm
STO, expander lens EXP and collimator lens COL to become a

converged light flux, then, reflected by polarized beam

splitter BS to be converged on light-receiving portion DS1




aberration corrections in a wavel ength area for wavel ength 655 nm and t hat
for wavel ength 785 nm are prevented from becom ng excessive. The liquid
crystal elenment LCD is equipped with a function as spherical aberration
correcting optical unit, and it can correct spherical aberration changes of
a spot fornmed on an information recorddhg surface of high density optica

di sc generated by various factors. Since technologies to correct spheri cal
aberration changes with these liquid crystal elenments LCD are described in
TOKKAI No. 2001-43549, for exanple, detailed description will be omtted
here. Wien conducting recording/reproducing of information for high density

optical di in optical pickup deyice PU3, light-emtting point EPl is
made to %%?%rrgéﬁ?? ??tg??tgngWgFﬁeﬁP PrRR PPux Bt ddfomm tties
light-emttin oint_ EP1 is reflected by prismPS, then, is transmtted

t hr ough 5%?%??9%@&%«3%\‘}%%%@@ rezdt by beherassf of nedtpwnt os igmatal o2l | i ght
flux by collimator lens COL. After that, it is transmtted through the

i quid ckysthioktenereivODy modtisnregul ated by di aphragm STO in ternms of a
dianeter of a light flux, to becone a spot that is forned by objective | ens

OBJ on i nfor nedirore reoorah e sird acenRdss Hugh IAtRCtifg ha¥shg 120 PL1
of high density optical disc HD. The objective | ens OBJ conducts focusing

iand t r ackh ngshd i di Ak BhcacdNal ©F KG 1 F%déé Eﬂﬁﬁ?‘féjd af(?l’{‘”}glé]ﬁ-le obj ective
ens. The reflected light flux nodulated by information pits i nformation
recor di ngersdif A% IRda 1 SefLangsi 14 et a0y Nyt firough Lhe, apj sctive lens
| having a wavelength of 655 nm enters objective lens OBJ, a

spot formed on information recording surface RL2 of DVD

through converging is changed in terms of spherical

aberration in the direction toward excessive correction, by

an influence of wavelength dispersion of objective lens OBJ.

Therefore, when conducting recording/reproducing of

information for DVD, a distance between negative lens NL of

expander lens EXP and objective lens OBJ is optimized

(namely, a position of an object point of objective lens OBJ

is optimized) by narrowing a distance to objective lens OBJ

so that spherical aberration changes may be corrected, to

conduct recording/reproducing of information for DVD.

Further, when conducting recording/reproducing of
information for CD in the optical pickup device PU1l, light-
emitting point EP2 is made to emit light. A divergent light

flux emitted from the light-emitting point EP2 is reflected

on prism PS, and is reflected by polarized beam splitter BS




OBJ, the diaphragm STO, liquid crystal elenment LCD and collimtor |ens CCOL
to becone a converged light flux which is reflected by pol arized beam
splitter BS and then, is reflected twice in prismPS to be converged on a

| i ght receiving portion DS1. Thus, information recorded on the high density
optical disc HD can be read by the usé&®f output signals of the

| i ght-receiving portion DS1. In the case of conducti ng
recordi ng/ reproduci ng of information for high density optical disc HD, when
spherical aberration of the spot on information recording surface RL1 is
changed in the direction of excessive correction by influences such as, for

exanpl e, | engt h-changes of a violet laser light flux emtted from
Iight-en¥¥?¥%ggﬁg?ﬁfoﬁﬁﬁg &7F3re FﬂfngﬁFEQnéégh%ff%?%t%%t?@%ﬂ%@@%?rFll,
focus jugg between information recording surfaces of a two-layer disc and
refracti VE'? ndék’ chiinge? ©PUBDFeEPFve FarisoDBUighusks Pyowmbiert two-
tenperature changes and heat generation of 121 bi axi al actuator AC2,

di stribuifoncletinetinesiie Figexli n Afitqui dlertystaldimneeet of aper LC is
changed by maki ng a power supply to inpress voltage on el ectrodes ELP1 and

ELP2, solidiat Shiverisaénbhegedthprexpaeisonteidatxpds G001 raeded it is
insufficiently may be given to a violet laser light flux that passes

t hr ough féma@dy@m@m S, 4/ i@%%éﬁrﬂ?%%%ﬁwq cal

aberration of the spot on information recording surf I"s changed in
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light flux becomes a spot which is formed by objective lens
OBJ on information recording surface RL3 through protective
layer PL3 of CD. The objective lens OBJ conducts focusing
and tracking with biaxial actuator AC arranged around the
objective lens. The reflected light flux modulated by
information pits on information recording surface RL3 is
transmitted again through objective lens OBJ, diaphragm STO,
expander lens EXP and collimator lens COL to become a
converged light flux, and is reflected by polarized beam
splitter BS to be converged on light-receiving portion DS2
after being reflected twice in prism PS. Thus, information
recorded on DVD can be read by the use of output signals of
the light-receiving portion DS2.
Since the objective lens OBJ is a plastic lens having
an aspheric surface on its both sides optimized for high
density optical disc HD as stated above, when a light flux

having a wavelength of 785 nm enters objective lens OBJ, a




supply to inpress voltage on el ectrodes ELP1 and ELP2, so that spheri cal
aberration wavefront that is corrected excessively may be given to a violet
| aser light flux that passes through liquid crystal elenent LCD. Due to
this, the spot on the information recording surface RL1 turns out to be in
the state where spherical aberration3% corrected constantly, thus,
excel l ent characteristics for recording/reproducing for high density
optical disc HD can be obtained. Further, a wavefront transmtted through
collimator Il ens COL and objective lens OBJ turns out to be in the state
where chromatic aberration is properly corrected, a dianeter of the spot

f or med LN ion recordi surface RL1 122 th gh.converging is
preventggokrg§£%§§o nnbn 8?8%Qg9gnrﬁﬁ8ﬁd6pgl%Prgaﬁ?c%ﬁgugfogﬂlaser LD1
causes de hopping in the case of swtching fromreproduci ng of

i nf or mat*bAvEH g%@ FHPRRY For EReRICGheR EBHAECPE ngPReESFAE ng/ r epr oduci ng of
information for DVD in the optical pickup device PU3, light emtting point
EP1 is ahEereébleni in| that dipediengeavaridghxcesakventoreectiom tihe
light-emtting point EP2 is reflected on prismPS, and is reflected by

pol ari zed bedhusptéet oErwBBtiondeht dhsséosied oAt obdecoivénbered dBght fl ux
by collimator lens CO.L, as a path of a ray of light for the divergent |ight

flux i sasbown i &bfbepkebel boesebn brOtedritbt Baythabr1thegcol limated |ight
passes through liquid crystal element LCD and is regulated in ternms of a

di amet eprofetPevhi 98y ef! BX3DYF cD. Therefore, when conducting

recording/reproducing of information for CD, a distance
between negative lens NL of expander lens EXP and objective
lens OBJ is optimized (namely, a position of an object point
of objective lens OBJ is optimized) by narrowing a distance
to objective lens OBJ so that spherical aberration changes
may be corrected, to conduct recording/reproducing of
information for CD.

(Second Embodiment)

Fig. 2 is a plan view showing schematically the
structure of second optical pickup device PU2 capable of
conducting recording/reproducing of information properly for
any of two types of high density optical discs each having a
different standard including first high density optical disk
HD1 and second high density optical disc HD2, DVD and CD. In
the optical specifications of the first high density optical

disk HD1l, a wavelength is 405 nm, a thickness of a protective

layer is 0.1 mm and numerical aperture NA is 0.85, in the




di aphragm STO to becone a spot which is forned by objective I ens OBJ on
information recording surface RL2 through protective |layer PL2 of DVD. The
obj ective |l ens OBJ conducts focusing and tracking with biaxial actuator AC
arranged around the objective lens. The reflected light flux nodul ated by
information pits on information recotddPng surface RL2 is transmtted again
t hrough the objective lens OBJ, the diaphragm STO, liquid crystal el enent
LCD and collinmator Iens COL to becone a converged |ight flux, then, 123
refl ected by polarized beamsplitter BS to be converged on |ight-receiving
portion DSl after being reflected twice in prismPS. Thus, information
recorde n_DVD can. be read by the use of tput signals of th

l'i ght - r%e} i gs%%ﬁf%) Aoyns Sf?%cé“? h%e%%?gg?f% ‘? YBPRSIE bl astic |ens
havi ng an aspheric surface on its both sides optimzed for high density
opti cal M & WERRNAHoVvES 4P2md |3 ghrigkreshavd iy REQERRI Bt h- of
655 nm enters objective lens OBJ, a spot fornmed on information recording
sur f acel ®er ofs [g\\/{ﬁ e cuigrh weonselch hpper et 15 @ 455 iof Spheri cal
aberration in the direction toward excessive correction, by an influence of
wavel enpppthi ch s pepesd i cd t Dipecdf VeV ens wBde1 digief of e555Men, conduct i ng
recordi ng/ reproduci ng of information for DVD, insufficiently-corrected
spheri cethi ahesg atd O Waweid @t vd S gjeen 4 o tdand i g e avi ng a

wavel ength of 655 nmthat is transmtted through liquid crystal el enent

LCD, byaddtprssiong 2014 308, @) Sotnedes, ELbL and B2 1002 fowss, suppl y

and t hereby by changing refractive 1 nde istribution inTiquid crystal

nol ecul r so.t spherical .aberration changes. nay be coarrected.
Due to ?ehvlbag?/e %@%kll ght iﬁfuﬁ’aﬁ ng o EvET étfgtth O W 1R Thas been
transmtted thro(ijgalh liquid crystal elenent LCD and objective |l ens OBJ and

i s convergdl g A FWNGH i HataRAT YW rkh iy X f #4OWeRES . of DVD turns out to
be in the state where spherical aberration is corrected, which nmakes it
possi bl TR I HRIEtOF et ol et o du cithig-lote s ik matdmt $agrivBvD.  Furt her
when conducting recording/reproducing of information for CD in the optical
pi ckup drcerRU3 rungdnici tapertyod nts ERR: ilsimpcked tow eriig | i ght. A
divergent light flux emtted fromthe light-emtting point EP3 is refl ected

on pri sforRgoiang is refl ected by polarized beamsplitter BS to be
transforned into a collimated light flux by collimator lens CO., as a path

of the diveragenrt dgedhlaif e SRRMEMNPER is composed of module MD1
for high density optical disc HD wherein violet semiconductor
laser LD1 that emits a laser light flux having a wavelength
of 405 nm when conducting recording/reproducing of
information for the first high density optical disc HD1 and
the second high density optical disc HD2 and photodetector
PD1 are integrated solidly, laser module LM having therein
first light emitting point EP1 that emits a laser light flux
having a wavelength of 655 nm when conducting
recording/reproducing of information for DVD, second light

emitting point EP2 that emits a laser light flux having a

wavelength of 785 nm when conducting recording/reproducing of




two-dot chain lines in Fig. 4. After that, the collimted Iight flux passes
through liquid crystal elenent LCD and is regulated in terns of a dianeter
of the light flux by diaphragm STO to beconme a spot which is formed by
objective lens OBJ on information recording surface RL3 through protective
| ayer PL3 of CD. The objective | ens GBI conducts focusing and tracking with
bi axi al actuator AC2 arranged around the objective |l ens. The refl ected
light flux nodulated by information pits on information recording surface
RL3 is transmitted again through objective | ens OBJ, diaphragm STO |iquid
crystal elenment LCD and collimtor lens COL to becone a converged |ight

flux, a j f.l ected 25 l.ari zed beam splitter BS to be converged
on i ghgglrfec%g{a\e}:llr%l &(eg)rrt ?%%1 I%?Satlfot SRS SIS 08 TP @S5n thaitsm PS.
Thus, information recorded on CD can be read by the use of output signals
of the NS Vitdd Hdrliroi iz ctsichd& amd rdisraettiivve reroroBRgi s a

pl astic | ens having an aspheric surface on its both sides optimzed for

hi gh def$ithpcepRlealo fdiDyD , HR eanst dtierh tatreve i wilnen paritiight DEbuxhhavi ng a
wavel ength of 785 nmenters objective lens OBJ, a spot fornmed on

i nf or matrieo ivesordilrighsurtilace rRIE3 eeft «@D firkioUGIF e RAVE LA REcbgashgnged in
ternms of spherical aberration in the direction toward excessive correction,

by an i siirfeneerof waveieagth pdiisRers, 0Bk Rhkect ] and of a
di fference between protectivepﬁgyer PL1 aﬁdcprotectﬁgehﬁg§e§§%L3 of CD.

Ther ef 06,1 29068 & BRAMCKHAA 18 OBY, NALECREONYTh 19a0h | AEQLMREL P o €D

insufficiently

that is made up of collimator lens COL and uniaxial actuator

AC1.

Incidentally, Fig. 2 also shows a side view of laser
module LM.

Further, as a light source for high density optical
disc HD, it is also possible to use a violet SHG laser in
addition to the aforementioned violet semiconductor laser
LD1.

Further, the objective lens unit 0OU is composed of
first objective lens OBJ1 for conducting
recording/reproducing of information for first high density
optical disc HD1, first diaphragm STO1 corresponding to
numerical aperture NA 0.85 of the first high density optical
disc HD1, second objective lens OBJ2 for conducting
recording/reproducing of information for second high density
optical disc HD2, DVD and CD, second diaphragm STO2

corresponding to numerical aperture NA 0.65 of the second




corrected spherical aberration wavefront is given to the light flux having
a wavel ength of 785 nmthat is transmtted through liquid crystal el enent
LCD, by inpressing voltage to el ectrodes ELP1 and ELP2 from a power supply
and thereby by changing refractive index distribution in liquid crystal

nol ecul e | ayer LC, so that spherical abgrration changes may be corrected.
Due to this, the light flux having a wavel ength of 785 nm that has been
transmtted through liquid 126 crystal elenent LCD and objective | ens OBJ
and is converged on information recording surface RL3 of CD turns out to be
in the state where spherical aberration is corrected, which nakes it
possibhéﬁiqlc nduct recording/reproducing of information for CD. (Fourth
Enbodi 9O RS BLY ORE Hrayr &h$ S hdhd ngd 5eRbaht aela 5o RCHt rand Wk of
fourth optical pickup device PU4 capable of high density optical disc HD,
DVD and &D.oRle¢thieveptenal swpechfngat¢ans oiot hehdvmh tensidwi apgié<al  di sk
HD, a wavelength is 405 nm a thickness of a protective layer is 0.1 nm and
nuner i cathapértalr eodfedtsi®e 86end roBIE opdiced spesid igsidansrof1MD, a
wavel ength is 655 nm a thickness of a protective layer is 0.6 mm and

numer i cBEpesd e Ve iys dbfigndald db tdeoapids dlesPas) fdeald Qﬁ?tiQfaanlgD’ a

wavel ength is 785 nm a thickness of a protective layer 1s 1.2 mm

A ek el AP dihd S ShoihiiPHSload ST IO Ol & ey RLSaar 1 2

t hi ckness of a protective layer and a nuneri ure i's not ted to

t he for%ggﬁgb. 9.

Further, the objective lens OBJ1 is a plastic lens
having aspheric surfaces on its both sides optimized for
first high density optical disc HD1, and a filter having
wavelength-selectivity is formed on an optical surface of the
plastic lens closer to the light source. This filter
realizes numerical aperture NA of 0.63 for DVD and realizes
‘numerical aperture NA of 0.50 for CD, by limiting a passage
area for a light flux depending on a wavelength.

In place of the filter having the wavelength-
selectivity, it is also possible to form the diffractive
structures such as those described on pages 55 — 56 on the
abstract of lecture for 27" Optics Symposium, on the light-
source-side optical surface of the second objective lens
OBJ2.

Fig. 3 is a perspective view of objective lens unit OU
used in the second optical pickup device PU2. The objective

lens unit OU shown in Fig. 3 is provided with first objective



The optical pickup device PU is conposed of violet sem conductor |aser LDl
that is nade to emt |ight when conducting recordi ng/reproduci ng of
information for high density optical disc HD and emits a laser light flux
having a 127 wavel ength of 405 nm red sem conductor |aser LD2 that is
made to emt |ight when conducting ret@®3di ng/reproducing of information for
DVD and emts a laser light flux having a wavel ength of 655 nm

phot odet ect or PD1/PD2 that can be used comonly for high density opti cal

di sc HD and DVD, |aser nodule MD3 for CD wherein infrared sem conduct or

| aser LD3 which is made to emit |ight when conducting recordi ng/reproduci ng

of informti or. CD and.emts a laser, light flux having a wavel ength of
785 nm alrr:e?flspﬁ%%j iUt SIBrE He *—?‘%ﬁ%ﬁ%}%&%q%%%m dnfprmagdoni t

QU, firs olarized beamsplitter BSl, second pol arized beamsplitter BS2,
third p Oa‘fileé’cﬁtbéalrﬂls;ﬂarﬁléry BSE: il |dime D] erfsinai tdiephregm iS§'Cdonposed
of first collimator lens CO.1 and of uniaxial actuator AC, second

col | i mat G0t edwWdL Zommeremdions tSEN et ivedm ararangien gize loemsnto £SH.
Incidentally, it is also possible to use violet SHG | aser in addition to

t he violtéte semsrondigtt altedsaiser dgdti.caas @ dd @M1, sewend ebikicghvdensity
optical disc HD. The objective lens unit QU is conposed of first objective

| ens OBJlerf<0nByondst id&ﬁ‘ld&‘iﬂrr%i &%{J&Wi?%éﬂﬁo%ﬂéﬁg%o%@tih%%ﬁn k- iRigh

density optical disc HD and DVD, first dirfaphragm corresponding to

nu ]rrgyt f\jﬂgxﬁ;&?s&o% 5%3? e N 48NS 1% RIS 38 4R, S§Ed
diaphragm STO2 (not shown) corresponding to numerical
aperture NA 0.65 of the second high density optical disc HD2,
bobbin B that holds optical axes of the first objective lens
OBJ1l and the second objective lens OBRJ2 on the same
circumference CL, stepping motor SM (not shown) serving as an
objective lens switching means that rotates and moves the
bobbin through supporting shaft P provided at the position of
the center shaft of the circumference CL, chassis S that
holds the bobbin rotatably through supporting shaft P
provided at the position of the central axis of the
circumference CL, and holds the bobbin so that it can
reciprocate freely along the central axis of the
aforementioned rotation, focusing actuator FA (not shown)
that reciprocates the bobbin in the direction that is
parallel to the supporting shaft P, and with tracking

actuator TA that urges the bobbin B to rotate to position the

first objective lens OBJ1 and the second objective lens OBJ2.




I RIS

128 conducting recording/reproducing of information for CD, second

di aphragm ST02 correspondi ng to nunerical aperture NA 0.50 of CD, biaxial
actuator AC2 and an objective |l ens switching neans (not shown) for
switching the first objective ens OBJ1 and the second objective | ens OBJ2
sel ectively depending on recording deisdty of an optical disc for

recor di ng/ reproduci ng of information, as shown by an arrow in Fig. 5.
Incidentally, the structure of the objective lens QU is the sane as that
shown in Fig. 3, and its explanation will be omtted. The first objective
|l ens OBJ1 is conposed of diffracting lens L1 and |ight-converging lens L2
whi ch hags, @R | b, si-des, aspheric surfaces and has a function to
converge a Igsg%%Fpgh?efHu%shgﬁﬂﬁgOH&S§@@r€hésdpﬁﬁwédeﬁngnleperhti@ﬂ an

I nf or mat. cording, surface of an optical disc. The diffracting lens L1
is a plggﬁﬁggﬁegéfcﬁgFl§5th€OP¢§ﬁﬂSc@@@éagﬁngslemsbﬁaxhalaagtééﬁokens-
Respecthgg | enses . are integrated solidly through holding nmenber HB. Wth
r espect 6gPFE§Fn§pé€Fﬂﬁ§9riBﬁsanﬂ hkghkdﬁQShbiuQEbkc@A)diEngD and of
DVD which are assurmed in the course of designing the first objective |ens

OBJ1, wAUeFBnERA iilustnetiomwallhbekorsstof RLpLective layer PL1 is 0.1
mm and nunerical aperture NAl1 is 0.85 for high density optical disc 129

HD, and wavel®Bmgtfir isbH&h Nz, 1444 ciiess, 12 9f, rotective | ayer PL2 is
o T and. oumeri cal apm T TRl el e §He secon aﬁjectlve
lens OBJ2 are arranged respectively in though hole portions
on a plane of disc-shaped bobbin B, to be identical in terms
of a distance from the center of the bobbin. The bobbin B is

engaged rotatably, at its central part, with an upper end
portion of the supporting shaft P that is planted on the
chassis S, and focusing actuator FA which is not illustrated

1S arranged on the lower portion of the supporting shaft P.

This focusing actuator FA is composed of magnet FM provided

on the lower end portion of the supporting shaft P and of
focusing coil FC provided on a circumference of the magnet
FM, to conduct focusing for the first objective lens OBJ1 and
the second objective lens OBJ2.

Further, as stated above, the bobbin B is given rotary
Operations whose center is on the supporting shaft p having
its axial line that is parallel with an optical axis, by
tracing actuator TA. The tracing actuator TA is equipped
with a pair of tracking coils TCA and TCER which are provided

on an edge portion of the bobbin to be symmetrical about the




However, a conbination of a wavel ength, a thickness of a protective |ayer
and a nunerical aperture is not-limted to the foregoing. Further, on the
objective lens unit QU, there is provided an operation control circuit that
control s operations of biaxial actuator AC2, though an explanation for the
circuit will be omtted here. OpticallGunctional surface S1 of diffracting
lens L1 on the |ight source side is divided into first area AREAl
corresponding to an area within NA2 and second area AREA2 (not shown)
corresponding to an area from NA2 to NAl, and on the first area AREAL,
there is formed stepw se diffractive structure DOE wherein plural

ri ng- shaped zones in ich a ste tructure is fornmed are _arranged around
t he opt isgleﬁpo & ﬁéltaw%e&)Vesar’éats ‘@%eﬁt“@r PaLrs f JPoRRtSe TRy 1 i ve
structure DOE formed on the first area AREAL, depth d per one step of the
st epwi s&Mt PH¢t P #EYiedd ane exdy idasy-oshare @dgen ®ors 165t &5l itéised to be a
value calculated by d =2 - ~1/ (nl - 1) (gym, and division nunber N of
each ri fgbitiaped oseiy iescds todilers Hed bieo symi@l riead. aHowevehe ~1 i s one
wherein a wavel ength of a laser light flux emtted froma viol et

sem condugiportliagershastexpressed in a unit of mcron (in this case, ~1 =
0.405 Vim, and nl is a refractive index of diffracting lens L1 for

wavel ength ~1lyhieR thesteasRinBlcoilsSP2¢@94ha YhenrackasespblbghlespupCce
havi ng wavel ength ~1 enters for the stepwise diffractive Structure DOCE,
there ig5ir of magnets TMA and TMB on the other side, positions of
the magnets TMA and TMB are established so that the first
objective lens OBJ1 may be on the optical path for a light
flux emitted from a laser light source, and when the tracking
coils TCA and TCB face respectively another pair of magnets
TMC and TMD on the other side, positions of the magnets TMA
and TMB are established so that the second objective lens
OBJ2 may be on the optical path for a light flux emitted from
a laser light source.

Further, on the aforementioned bobbin B, there is
provided an unillustrated stopper that limits a range of
rotation so that tracking coil TCA may not face magnet TMA or
magnet TMD, and tracking coil TCB may not face magnet TMB or
magnet TMC.

Further, the tracking actuator TA is arranged so that

the direction of a tangent on the outer circumference of

circular bobbin B may be perpendicular to the direction of a

tangent of the track of an optical disc, and correction




generated an optical path difference of 2 x ~1 (um between adj oi ni ng
steps, and the laser light source having wavelength ~1 is transmtted as it
is without being diffracted because it is not given a phase difference
substantially. Incidentally, in the follow ng explanation, the Iight flux
that is transmtted through the stepwige diffractive structure while being
kept intact w thout being given a phase difference substantially is called
zero-order diffracted light. On the other hand, when a |laser |ight source
havi ng wavel ength ~2 (~2 - 0.655 min this case) emtted froma red

sem conductor |aser enters for the stepw se diffractive structure DOE,
there is“g%ﬂ%%atep n optical, path_difference of d x (n2 - 1) -~2 = 0.13
Vim and on one T4 ngqrs PPz PeprR ettt One-he fEHR&E ishe tot al

ri ng-shaped. zones, there 131 is generated an optical path difference of
0.13 x FUOHHLYRY tHHELInS drpiikeblein B o oneovaielangt micfrosmogiengt h ~2,
therefore, wavefronts passing through adjoining ring-shaped zones are

shi ft ed Wittone wavel ength to be overl apped. Nanmely, the light flux with
wavel ength ~2 is changed by the stepw se diffractive structure DOE to be

diffracted |i gt ltinat:oirs 1didfsf nactredy hadhe BRinLbrdiasest i @Ron@p ithe
objective lens OBJ, diffracting effects of the stepw se diffractive

struct U2 tfiofn WaMel NGty wd i dit iddZed 1P cqﬂﬁﬁﬁﬁ.§pQ§;ical aberration
caused by a difference of thickness between protec |vec1ayeraPL1 of high
density s@ﬂféﬁ@aldia%‘\erlﬂtﬁ%% RIS tI i\ﬁeg loa t%rcapll'%nc;{ft ,D\é%d on an
optical surface of collimator lens COL, there is formed a
diffractive structure for correcting chromatic aberration of
the first objective lens OBJ1 and the second objective lens
OBJ2 in a violet area, and as is shown in the enlarged
diagram in Fig. 2, depth d of a step of its ring-shaped =zone
in the optical axis direction is designed so that the order
of diffraction of the diffracted light having the maximum
diffraction efficiency among diffracted light generated when
light fluxes having respectively a wavelength of 655 nm and a
wévelength of 785 nm enter may be lower than the order of
diffraction of the diffracted light having the maximum
diffraction efficiency among diffracted light generated when
a laser light flux having a wavelength of 405 nm enters.
Owing to this, sufficient diffraction efficiency can be

obtained in each wavelength area, and chromatic aberration

corrections in a wavelength area for wavelength 655 nm and




Incidentally, n2 represents a refractive index of diffracting lens L2 for
wavel ength ~2 (n2 - 1.506513 in this case). The diffraction efficiency of
the primary diffracted Iight of the | aser beam havi ng wavel ength ~2 in this
case is 87.30 which, however, corresponds to a sufficient anmount of I|ight
for conducting recording/reproducing 087information for DVD. Incidentally,
since the stepwi se diffractive structure DOE is fornmed on the first area
AREAL including the optical axis, the spherical aberration caused by a

di fference of thickness between protective |ayer PL1 and protective |ayer
132 PL2 is corrected only for the light flux with wavel ength ~2 that passes

t hr ough first ar Al nd it is not corrected for the light flux
with V\av%%:tngﬁ% E?Y%%H%F){%E{@e%ftw Giifh RIS &ShE e £SAREA2. Theref or e,
the Iight flux passing through the second area AREA2 anong |ight fl uxes

wi th wavetSfYe2 entering the objective | ens OBJ becomes flare conponents
whi ch do not contribute to spot formation on information recording surface
RL2 of DVD. SiSigeet hins ins ldageidvalngrite tod autramating 1r egyl affi anght @&praperture
corresponding to NA2, it is not necessary to provide an aperture regul ating

el enent & drirgepdidizngritemurerdiealf iapsr ded¥Awf 1MR, oRy1t hed ewkt h
optical pickup device PU4. The first collimator lens COL1l is equipped with

bot h of ddvdrainaicat ide ARMPIRA! i bhd UndRfdP A0 LhTamRLLG aberration
and the function as an optical unit for correcting spherical aberration.

EISFFL;I lﬁii%t Q@%ﬁr Ci%l &i@ptlafc%rd %qrorn%mainn%pccqrc%r{ataixcl sa S'}r ql%tiiag)cgaﬁnd the
actuator AC1l, it is possible to correct spherical aberration
changes of the spot on an information recording surface of a
high density optical disc generated by various factors,
details of which will be explained later.

Incidentally, on the collimator lens unit, there is
provided an operation control circuit that controls
operations of uniaxial actuator AC1l, though the illustration
thereof is omitted.

When conducting recording/reproducing of information
for first high density optical disc HD1 in optical pickup
device PU2, the first objective lens OBJl is inserted into an
optical path for a light flux emitted from violet
semiconductor laser LD1, by an objective lens switching means
of objective lens unit OU. After that, module MD1 for high
density optical disc HD is operated to make violet

semiconductor laser LDl to emit light, as its course for a

ray of light is shown with solid lines in Fig. 2. A




correcting spherical aberration are represented by the same optical unit.
Further, on the plane of enmergence of the first collimator I ens COL1, there
is formed a diffractive structure for correcting chromati c aberration of
the first objective 133 lens OBJ1 in the violet area, and as is shown on
an enlarged diagramin Fig. 5, depth @#08f a step of its ring-shaped zone in
the optical axis direction is designed so that the order of diffraction of
the diffracted |light having the maxi mumdiffraction efficiency anong
diffracted |ight generated when |ight flux having a wavel ength of 655 nm
enter may be |ower than the order of diffraction of the diffracted |ight

havi ng t i diffraction efficiency anong djffracted Iight generated
when a |§§%€P§‘%ﬁm+%& ﬁ:g nﬂﬂhtﬁﬁﬁefﬁ?%tW%f%@%@%ﬁ%@%@umw to
this, suLgicient diffraction efficiency can be obtained in each wavel ength
area; an oret i £S5 dbea e bre @ of reeedlboe hani med éveanytdp lareef &S,

wavel ength 655 nmis prevented from bei ng excessive. Since an inclined

angl e of CRePmrRpsRes rdyroigh ightlinater | lg dOLX@iberd rahd farfdd st
objective |l ens OBJ1 can be changed when the first collimator lens CO.1l is

di spl acethtad ongrairl ot edl 1 agtits Dusuni tdm) BetHahora ARGl id tedisaPessi bl e to
correct spherical aberration changes of the spot on an information

recor di ng Gikacer off any giwi_@rr@sﬂas{ R} 1 ]fjl;%tr Qﬁ%ggﬁt@gr{ tg?lro\iargoous

factors, details of which w be expl-ai ned al'ly, on the
col I'i matgdcdigns Whde @brdd®'$h S formation recording surface RLI1A

through protective layer PL1A of first high density optical
disc HD1 by first objective lens OBJ1. The first objective
lens OBJ1 conducts focusing and tracking with biaxial
actuator AC that is arranged around the objective lens. The
reflected light flux modulated by information pits on
information recording surface RL1A is transmitted again
through the first objective lens OBJ1, the first diaphragm
STO1l, and collimator lens COL to become a converged light
flux, and is converged on a light-receiving surface of
photodetector PD1 of module MD1 for high density optical disc
HD, after being transmitted through polarized beam splitter
BS. Thus, information recorded on the first high density
optical disc HD1 can be read by the use of output signals of
the photodetector PD1.

Further, when conducting recording/reproducing of
information for second high density optical disc HD2 in

optical pickup device PU2, the second objective lens OBJ2 is




provi ded an operation control circuit that controls 134 operations of
uni axi al actuator ACl, though the illustration thereof is omtted. Wen
conducting recordi ng/ reproduci ng of information for high density opti cal
disc HD in optical pickup device PU4, violet sem conductor |aser LDl is
made to emt light, as its course fori@ray of light is shown with solid
lines in Fig. 5. A divergent light flux emtted fromthe violet

sem conductor | aser LDl passes through beam arrangi ng el ement SH, thereby,
its sectional formis arranged to be a circular formfroman oval, and
then, it passes through the first and second pol ari zed beam spl atters BS1

and BS2ihgeh@cgoR%eHt i a.parallel light flux by the first collinmator
| ens COL1. Then, itbpggSegkgﬁF&uaﬁ%khgthﬁr&lEBFaﬁﬂE@demeanedpfabmer BS3,
and is pegulat di.aphragm STO1 in terns of a dianeter of the light flux
to becone gggpggmﬁﬁgPdPgtPEr g§e6nLPAt obPraehonbiecoidengessr face RL1 by the

first oggfgtkve lens OBJ1 through protective layer PL1 of high density
optical ~di st 'HF FRE"Fi P§t Obbpetiveel brasumBd lovondunies: fragusi ng and
trackin 'ih bi axi al actuator AC2. The reflected |ight flux nodul ated by
| nf or el POR i ¥BL ofo¥ nhbghedéensi tecopdi 891 a1 §acep RLL &ﬁ%féb@é‘é niited again

through the first objective |lens OBJI,the third polarized beam splatter BS3

and them4k¢SYiQi¢¢i$€mimom@m6t&£lﬂas@ﬁdLDl1§§ emit light, as its
course for a ray of light is shown with solid lines in Fig.
2. A divergent light flux emitted from the violet
semiconductor laser LDl is transmitted through polarized beam
splitter BS, then, basses through collimator lens COL to be
transformed into a collimated light flux, then, is regulated
in terms of a diameter of the light flux by the second
diaphragm STO2 to become a spot formed on information
recording surface RL1B through protective layer PL1B of
second high density optical disc HD2 by second objective lens
OBJ2. The second objective lens OBJ2 conducts focusing and
tracking with biaxial actuator AC that is arranged around the
objective lens. The reflected light flux modulated by
information pits on information recording surface RL1B is
transmitted again through the second objective lens OBJ2, the
second diaphragm STO2, and collimator lens COL to become a
converged light flux, and is converged on a light-receiving

surface of photodetector PD1 of module MD1 for high density

optical disc HD, after being transmitted through polarized




then, is reflected by the second polarized beamsplitter BS2 to be given
astigmati sm by sensor lens SEN, and to be converted into the converged
light flux, thus, it is converged an a |light-receiving surface of each of
phot odet ect ors PD1/PD2. Thus, information recorded on high density optical
di sc HD can be read by the use of outhl@ signals of the photodetectors
PD1/ PD2. In the case of conducting recording/reproducing of information for
hi gh density optical disc HD, when spherical aberration of the spot on
information recording surface RL1 is changed in the direction of excessive
correction by influences such as, for exanple, wavel ength changes of a

vi ol et qggg tor laser LDl, errors in a thickness of protective |ayer
PL1, focusIfE#%H%eeﬁée 'in?byﬁatﬂgﬁoF@@SF&Pn§e§8FEE§e§noFR§ ER6°Tdyer disc
and refractive i ndex changes of objective |ens OBJ caused by anbi ent

t enper at}tﬁgg‘ éir?’f‘ﬁ?déé' SRF Yresalt dde??er"iﬁa sitbfosizpddhibvacihgatse AE2, the first
collimator lens COL1 is displaced by uniaxial actuator AClL so that a

di st anc®YPUthe yanaests ¢ ddid wdhdtegeteBIbm@plbe br oadened. On the

contrary, when spherical aberration of the spot on information recording

surface RL1 i gnchéaegedsien offtheotiduettngn retoirds ubyf/ irebeptiuedngesti on, the
first 136 collimator lens CO.1 is displaced by uniaxial actuator ACl so

that a dirflamee ilon e fiirslt eliecldem ilens i@ hpTay ke shabhewed ghbue to
this, the spot on the information recording surface RL1 turns oug to be in

the stalndere SRRCHS!, AR Al 1o AWeaThed SORBY ANthbbe HRUS:
information recording surface RL1A (RL1B) is changed in the
direction toward excessive correction, by influences
including wavelength changes of violet semiconductor laser
LD1l, errors of a thickness of protective layer PL1A (PL1B),
focus jump between recording surfaces of two-layer disc,
ambient temperature changes and refractive index changes of
first optical lens OBJLl (second optical lens OBJ2) caused by
heat generation of biaxial actuator AC2, for example,
collimator lens COL is displaced by uniaxial actuator AC1 so
that a distance to the first objective lens OBJ1l (second
objective lens OBJ2) may be increased. On the contrary, when
spherical aberration of a spot on information recording
surface RL1A (RL2B) is changed in the direction toward
insufficient correction, collimator lens COL is displaced by

uniaxial actuator AC1 so that a distance to the first

objective lens OBJl (second objective lens OBJ2) may be

decreased. Owing to this, a spot on information recording




characteristics for recording/reproducing for high density optical disc HD
can be obtained. Further, a wavefront transmtted through the first
collimator lens COL1 and the first objective lens OBJ1 turns out to be in
the state where chromatic aberration is properly corrected, a dianeter of
the spot formed on information recordihy surface RL1 through converging is
prevented from becom ng | arge even when viol et sem conductor |aser LDl
causes node hopping in the case of switching from reproduci ng of
information to recording. Further, the first collimator I ens COL1 has a
function to conpensate changes in a degree of divergence of an emtted

power) | O T R BTt oY TRRe G 51 1 OO rtL RO Bt ent ¢ onper &

power) of the first c I mat or | W nNg nt tenperature

changes w a. change of diffracting power caused by changes in wavel ength
of viol e%gﬁsée}rﬁ%%ﬁ %ﬁa?%@éro il OTEF%% % W%?%@eﬁi%%%@]ﬁ%r%
changes. Therefore, the degree of divergence of the |light flux emtted

137 froMYFth44 st° e Hurrce bantoaacosd g / ey isubst ant i al | y, even

when anbi ent tenperatures are changed. Due to this, changes of

magni f i CRAGH AL tHel 93 rar objectinet |leigh CBYis Causest inalt ehizer atnir e
changes are not present, which does not deteriorate spherical aberration.
VWhen conduet i seraret dridimglerepirodugtigeaf did®orumit) on for DVD in opti cal
pi ckup device PU4, red sem conductor |aser LD2 is nade to emt |ight, as

its path for @Furaheof, |Jighie iaS wak@WF oMt RHIOKeRd 12RS) it afsthi t3ed®
di vergent |ight flux

through collimator lens COL and objective lens OBJ each
having thereon a formed diffractive structure comes under the
state where chromatic aberration is properly corrected, even
when violet semiconductor laser LD1 causes mode hopping in
the course of switching from information reproducing to
information recording, a diameter of a spot formed on
information recording surface RL1A (RL1B) through converging
does not grow greater.

Further, when conducting recording/reproducing of
information for DVD in the optical pickup device PU2, light-
emitting point EP1l is made to emit light, after second
objective lens OBJ2 is inserted in an optical path for a
light flux coming from the light-emitting point EP1 by an
objective lens switching means of objective lens unit OU. A
divergent light flux emitted from the light-emitting point
EP1 is reflected on prism PS as its course for a ray of 1light

is shown with broken lines in Fig. 2, and is reflected by



emtted fromthe red sem conductor laser LD2 is reflected by the first

pol ari zed beam splitter BSI, and passes through the second pol ari zed beam
splitter BS2 to be converted into a parallel light flux by the first
collimator lens COL1. Then, it passes through the third polarized beam
splitter BS3 and is regulated in ternkldf a dianeter of the light flux by
di aphragm STO1 to becone a spot that is formed on information recording
surface RL2 by the first objective lens OBJ1 through protective |ayer PL2
of DVD. The first objective lens OBJ1 conducts focusing and tracking with
bi axi al actuator AC2. The reflected light flux nodul ated by information

pits on Jdnforinat s 1 j ansm t.ted again through the
first obIj5 ecﬁl\r/%éc? %J%ﬁ%fﬁ% ?%o%ﬁé%ﬂégogﬁ%eg blengcrﬁ splitter BS3 and
the firs ol | imatar. |.ens_ COL and then, is reflected_by the second

pol ari zeéao:lglelaltnrﬁtsep# ﬂtlt%?et H334% #%ec Vet i R i Oh by ASERS0EPRENSASEN, and
to be converted into the converged |light flux, thus, it is converged on a

| i ght - r SEARRYRF QU e iodadhi Wt idhotesteiad@briy pbE PEZOThus,

information recorded on DVD can be read by the use of output signals of the
phot odetBEBSFEDETNR. arrchdheaConditcti s of urederd i magurleyreat hyi @g fdflter
information for CDin optical pickup device PU4, second objective Iens OBJ2

i s i nserteadirion veavedptrigtal - eetdvifiori vy | | ghbskhu¥nemyt t elef 10§hted1ux

sem conductor | aser LD3 by an objective |lens sw tching neans of objective

| ens unideQhesAfd &pdthathich is formed by objective lens OBJ2 on
information recording surface RL2 through protective layer
PL2 of DVD. The second objective lens 0OBJ2 conducts focusing
and tracking with biaxial actuator AC arranged around the
objective lens. The reflected light flux modulated by
information pits on information recording surface RL2 is
transmitted again through the second objective lens 0OBJ2, the
second diaphragm STO2 and collimator lens COL to become a
converged light flux, then, reflected by polarized beam
splitter BS to be converged on a light-receiving portion DS1
after being reflected twice in prism PS. Thus, information
recorded on DVD can be read by the use of output signals of
the light-receiving portion DS1.

Since the second objective lens OBJ2 is a plastic lens
having an aspheric surface on its both sides optimized for
the second high density optical disc HD2 as stated above,
when a light flux having a wavelength of 655 nm enters the

second objective lens OBJ2, a spot formed on information



nodule MD3 for CDis operated, as a path of the ray of light is showm with
two-dot chain lines in Fig. 5, to nmake the red sem conductor |laser LD3 to
emt light. A divergent light flux emtted fromthe red sem conductor |aser
LD3 is converted into a parallel light flux by the second collimator |ens
COL2, then, is reflected by the thirdlpdlarized beamsplitter BS3 and is
regulated in terns of a dianeter of the light flux by diaphragm ST02 to
beconme a spot that is fornmed on information recording surface RL3 by the
second objective lens OBJ2 through protective |layer PL3 of CD. The second
139 objective |l ens OBJ2 conducts focusing and tracking w th biaxial

act uat orpRlh- i ANYed: t ' ive.lens. The reflected |ight flux
modul at ed byri n %r nat |%¢1é)giﬂfszs % % ?Jin]ila L%{)}lh (?Oe ot NP sllfrfcg'taélﬁ% s
transmt i n__t.hrou t he second objective |ens OBJ2, and is reflected
byt he. (TS0 S AR b AL 13 0 8 Tt K8 Ty S
Iight-receiviansurface of photodetector PD3 of nodule MD3 for CD) Thus,

i nf or matSHIFFECET FYF i e bah et edf Biendre aevasfelangsdt si gnal s of the

phot odet ector PD3. (Fifth Enbodinent) Fig. 6 is a diagram show ng
schemat id#Rgr tiga 1 ddtaurseasing idijeapitnicdlers cale deTheeePoSecapabl e of
conducting recordi ng/ reproducing of information properly for high density
opti cal whesc ddhdandt iDD.rdavrtdispidrradusiies) fd € at fnsmaefi dahe i @vrdensity
optical disk HD, a wavelength is 405 rim a thickness of a protective |ayer
i's 0.1 mmaind anoeeHetie P Id1Uie M 3 hBooranthd RHNg LRl

objective lens OBJ2 is optimized (namely, a position of an

object point of the second objective lens OBJZ2 is optimized)

by expanding a distance to the second objective lens OBJ2 so

that spherical aberration changes may be corrected, to

conduct recording/reproducing of information for DVD.

Further, when conducting recording/reproducing of
information for CD in the optical pickup device PU2, light-
emitting point EP2 is made to emit light after the second
objective lens OBJ2 is inserted in an optical path for a
light flux coming from the light-emitting point EP2 by an
objective lens switching means of objective lens unit OU. A
divergent light flux emitted from the 1ight—emittihg point
EP2 is reflected on prism PS, and is reflected by polarized
beam splitter BS to be transformed into a collimated light
flux by collimator lens COL, as its course for a ray of light

is shown with two-dot chain lines in Fig. 2. After that, a

diameter of the light flux is regulated by a filter having




specifications of DVD, a wavelength is 655 nm a thickness of a protective
|l ayer is 0.6 mmand nunerical aperture NA is 0.65. However, a conbination
of a wavel ength, a thickness of a protective |ayer and a nunerical aperture
is not limted to the foregoing. The optical pickup device PU5 is conposed
of 140 viol et sem conductor |aser LDl4that is made to emt |ight when
conducting recordi ng/ reproducing of information for high density optical
disc HD and emts a laser light flux having a wavel ength of 405 nm red

sem conductor |l aser LD2 that emts a |laser |light flux having a wavel ength
of 655 nm when conducting recording/reproducing of information for DVD,

phot odet P t_1s used.co nly.far hj depsity, optical disc
HD and D ,8%%§£%§i%%l%gﬁévh%Ytacﬁﬂ%% o5 e fogh%bigg??vng%n§3CEﬂ, bi axi a
act uat or AC:fnd %igghrqgn1STO corresponding to nunerical aperture NA 0.85
of high TEASTEGCOPRY cHr® of SeOd, ILPRT 3 07 TP2ns SCHS eAUeFH1Y - c st al
element LCD in_which a pair of electrodes ELP1 and ELP2 are interposed
bet ween &P rEBEx prGemes ta sfpardnichate Hommed HA tind Seamdl | i quid
crystal nolecule layer LCis arranged to be interposed between the paired

el ect r odels] i tPivantei RBEN bR jofermstigh yréamtd Shove)r fafe iR essi ng
vol tage on the electrodes ELP1 and ELP2 is provided, optical elenent for

correct i tigrelylommtd te@bird atd s HIS df red. pahar iseednbeamyspkitier BS1
second pol ari zed beam splitter BS2, sensor |ens SEN and bé&am arrangi ng
el ement Shs Ii el dbs | fodis Ble WRPSSLLNE 4P 58, 34,8/ 8t SHG
actuator AC2 arranged around the objective lens. The
reflected light flux modulated by information pits on
information recording surface RL3 is transmitted again
through the second objective lens OBJ, second diaphragm STO2
and collimator lens COL to become a converged light flux, and
is reflected by polarized beam splitter BS to be converged on
light-receiving portion DS2 after being reflected twice in
prism PS, after being reflected by polarized beam splitter
BS. Thus, information recorded on DVD can be read by the use
of output signals of the light-receiving portion DS2.
Since the second objective lens OBJ2 is a plastic lens
having an aspheric surface on its both sides optimized for
the second high density optical disc HD2 as stated above,
when a light flux having a wavelength of 785 nm enters the
second objective lens OBJ2, a spot formed on information
recording surface RL3 of CD through converging is changed in

terms of spherical aberration in the direction toward




| aser in addition to the aforenentioned violet sem conductor 141 | aser
LD1, as a light source for high density optical disc HD. The objective |lens
OBJ is conposed of diffracting lens L1 and |ight-converging | ens L2 which
has, on its both sides, aspheric surfaces and has a function to converge a
| aser light flux haV|ng passed throughl®he diffracting lens L1 on an

I nformati on recordi ng surface of an optical disc. The diffracting lens L1
is a plastic lens, while, the light converging lens L2 is a glass |ens.
Respective |l enses are integrated solidly through hol ding nenber HB. Wth
respect to optical speci fications of high density optical di sc HD and of

DVD whi chy, au lg%?&ééki&? qgﬁréﬁ of the ive lens OBJ,
wavelength 1 'S h ness ﬂ%%g ec é#ﬁgtl is 0.1 nm and
numeri c erture . |cal di sc HD, and
wavel engcijhs%p 57655 l'tﬁ ﬁﬁcc s%b:t%gtb]f nlo?ré%t 1ERECPI2 s 0.6 nm and
nunerlcgt_ erture hmz Is 0.65. However, a conbi nation of a wavel ength, a
t hi ckne CLENGGRGGRRN IRKRe GRS YRS | lalB aferthe edconsbthidni ted to
t he forgﬂglng Further, on the objective lens unit OU, there is provided an
oper at i neoritt olisd rand tondtactciont rialyer H4P apariat i Gherefolbkeaxivhkn
actuator AC2, though an explanation for

conducting recording/reproducing of information for CD, a

distance between collimator lens and the second objective

lens OBJ2 is optimized (namely, a position of an object point

of the second objective lens OBJ2 is optimized) by expanding

a distance to the second objective lens OBJ2 so that

spherical aberration changes may be corrected, to conduct

recording/reproducing of information for CD.

(Third Embodiment)

Fig. 4 is a diagram showing schematically the structure

of third optical pickup device PU3 capable of high density

optical disc HD, DVD and CD. 1In the optical specifications

of the high density optical disk HD, a wavelength is 405 nm,

a thickness of a protective layer is 0.6 mm and numerical

aperture NA is 0.65, in the optical specifications of DVD, a

wavelength is 655 nm, a thickness of a protective layer is

0.6 mm and numerical aperture NA is 0.63, and in the optical

specifications of CD, a wavelength is 785 nm, a thickness of

a protective layer is 1.2 mm and numerical aperture NA is

0.50. However, a combination of a wavelength, a thickness of




the circuit will be omtted here. Optical functional surface S1 of
diffracting lens L1 on the light source side is divided into first area
AREAL1 corresponding to an area within NA2 and second area AREA2 (not shown)
corresponding to an area from NA2 to NAl, and on the first area AREAL,
there is formed stepwi se diffractive Bt&ucture DOE wherein plural

ri ng- shaped zones in which a step structure is fornmed are arranged around
the optical axis that serves as a center. Incidentally, the formand the
function of the stepwi se diffractive structure DOE are the sane as those in
t he Fourth Enbodi nent, and explanation of themw Il be omtted here

accor di ngl Qptical elenent for correcting chramatic aherratjon HOE is
equi ppe%gﬁ%%t-%&rlur?ctllagfnerasa r% B SR CRG WS F@cﬂoﬁg%&ﬁ% i@
aberration, and li.quid crystal elenent LCD is equipped with a function as
an opti& € hiATeF %orrecting spherical aberration. On the plane of

i ncidence of the optical element for correcting chromatic aberration HCE,
there is fornB#eaC@itfifpdcPigkupt Certiaee PU3r isocrepbisrd ofir dmatirc aberration
of objective lens OBJ in the violet area, and as is shown on an enl arged

di agr ammasiuRieg MD4, hadeptly dhefred rstidprsaf liitghtr iend ttihé3 ppHiapedpaondaicn t he
optical axis direction is designed so that the order of diffraction of the
di ffractead tlsi ghtl s ngd ghite AT A rdivificachigen eff iseisengy wareRg idi ffracted

| i ght generated when |ight flux having a wavel ength of 655 nmenters may be
lover thRan ke ahder RhdlidthirdCHedd finyf)® eproducing of information
for high density optical disc HD, second light emitting point
EP2 that emits a laser light flux with wavelength of 655 nm
which is emitted when conducting recording/reproducing of
information for DVD, third light emitting point EP3 that
emits a laser light flux with wavelength of 785 nm which is
emitted when conducting recording/reproducing of information
for CD, first light-receiving portion DS1 that receives
reflected light flux coming from information recording
surface RL1 of high density optical disc HD, second light-
receiving portion DS2 that receives reflected light flux
coming from information recording surface RL2 of DVD, third
light-receiving portion DS3 that receives reflected light
flux coming from information recording surface RL3 of CD, and
prism PS, objective lens unit OU composed of objective lens
OBJ, biaxial actuator AC2 and of diaphragm STO corresponding
to numerical aperture NA 0.65 of high density optical disc

HD, collimator lens COL, and liquid crystal element LCD



diffracted light having the maxi numdiffraction efficiency anong diffracted
| i ght generated when a laser light flux having a wavel ength of 405 nm
enters. OMng to this, sufficient diffraction efficiency can be obtained in
each wavel ength area, and chromatic aberration correction in a wavel ength
area for wavel ength 655 nmis preventd&d7from bei ng excessive even when
chromatic aberration is corrected in the violet area. The |iquid crystal

el enent LCD is equipped with a function as spherical aberration correcting
optical unit, and it can correct spherical aberration changes of a spot
formed on an information recording surface of high density optical disc

generate i gus,.factors. Since technologies tqQ correct spherica
aberratiggg¥ﬁg%ge§E§Pt% #%égeofiSEFH%EP ?Faﬁggﬂeﬁﬁﬁt@LE%Iﬁ5¥@n@@§c¥@bed in
TOKKAI NBe %Ogé-43549, for exanple, detailed description will be omtted
here. then GonduRtrHge edoPaihgdf epPbideingranspatentmbaon hoards ghl density
optical disc HD in optical pickup device 144 PUS, violet sem conductor

| aser LEﬁnasT%ad%lg%l@n€¥Y$F@htmOésculs taveseLtoarnpangydofo | hghtieid shown
with solid lines in Fig. 6. A divergent light flux emtted fromthe violet

seni conddRtween aske ¢Dicpasdes EDPDUGNADEBRR asRangi g £ SHRat éﬁﬁpiyereby,
its sectional formis arranged to be a circular formfroman oval, "and

t hen, it (1patsssisowhy ofigh iﬂﬁréééﬁﬁga@@@&?@n&qp@l@ré%@&ﬁ% s@ﬁ tars BS1
el y t

and BS2 to be converted into a parall i ght flux e colTimator |ens
COL. Them,p2t passes through the optical elenment for correcting

Further, as a light source for high density optical
disc HD, it is also possible to use a violet SHG laser in
addition to the aforementioned violet semiconductor laser
LD1.

Further, objective lens OBJ is a plastic lens having an
aspheric surface on its both sides optimized for high density
optical disc HD, and a filter having wavelength-selectivity
is formed on an optical surface of the plastic lens closer to
the light source. This filter realizes numerical aperture NA
of 0.63 for DVD and realizes numerical aperture NA of 0.50
for CD, by limiting a prassage area for a ligﬁt flux depending
on a wavelength.

In place of the filter having the wavelength-
selectivity, it is also possible to form the diffractive
structures such as those described on pages 55 - 56 on the
abstract of lecture for 27" optics Symposium, on the light-

source-side optical surface of objective lens OBJ.



chromatic aberration HOE and is regul ated by diaphragm STOin terns of a

di aneter of the light flux to pass through liquid crystal elenent LCD to
beconme a spot that is fornmed on information recording surface RL1 by the
objective lens OBJ through protective |layer PL1 of high density optical

di sc HD. The objective | ens OBJ conduéi8 focusing and tracking with biaxi al
actuator AC2 arranged around the objective lens. The reflected light flux
nodul ated by information pits on information recording surface RL1 is
transmtted again through the objective lens OBJ, the liquid crystal

el ement CD, the optical elenent for correcting chromatic aberration HOE and

the col | i mat orpl 8,0, qﬂgztggpg I ect ed. by the.second pol arized
beam spl atter BS2 to be given as |%€nl:\f€:; gfnéfrbi/ %ré]n%oord’l Ztﬁée]@a‘is and is
convert i h 145 converged |jght flux, thus, it is converged on a
li ght r2@%#@%%%ﬁ§%?f%%%¥%ﬁl?ﬁmﬁéhﬁﬁ% tOF T BEAY PERAC TFRIRETSHT or mat i on

recorded_on high density optical disc HD can be read by the use of out put
si gnal s %?e]f%%g%t%’gé%%%b%l A7 oY | AC 2 hetleaiagh dfhe ormRrett i

recordi ng/reproducing of information for high density optical disc HD, when
spheri cafORbPER ¥ fiemiof thenepotl brstirdtoedmt i on recording surface RL1 is
changed in the direction of excessive correction by influences such as, for

exanpl e, wavelfengiterchaigeohgfec iwieolleind aser ild ahic shird e@msbhigd1f,r om
vi ol et sem conductor |aser LD1, errors in a thickness of protective |ayer
PL1, foousch unfpnbiel weensddi ermadan m@sending s fRces 9f 2dMices
tracking and focusing together with the ligquid crystal
element LCD.

Collimator lens COL is equipped with a function as a
chromatic aberration correcting optical unit, and on an
optical surface of collimator lens COL, there is formed a
diffractive structure for correcting chromatic aberration of
objective lens OBJ in a violet area, and as is shown on an
enlarged diagram in Fig. 4, depth d of a step of its ring-
shaped zone in the optical axis direction is designed so that
the order of diffraction of the diffracted light having the
maximum diffraction efficiency among diffracted light
generated when light fluxes having respectively a wavelength
of 655 nm and a wavelength of 785 nm enter may be lower than
the order of diffraction of the diffracted light having the
maximum diffraction efficiency among diffracted light

generated when a laser light flux having a wavelength of 405

nm enters. Owing to this, sufficient diffraction efficiency




| ayer disc and refractive i ndex changes of objective | ens OBJ caused by
anbi ent tenperature changes and heat generation of biaxial actuator AC,
distribution of refractive index in liquid crystal nolecule layer LCis
changed by maki ng a power supply to inpress voltage on el ectrodes ELP1 and
ELP2, so that spherical aberration maiigront that is corrected
insufficiently may be given to a viol | aser |ight flux that passes
through liquid crystal elenent LCD. On the contrary, when spheri cal
aberration of the spot on information recording surface RL1 is changed in
the direction of 146 insufficient correction, distribution of refractive
index in liquid crystal nolecule layer LC is changed by making a power

suppl y toannipe esist ¥bhéAgen 08a€h 64T OUESgELPiraad E&dZhsehdhat spherical
aberration wavefront that is corrected excessively may be given to a violet

aser | gbérid o had - PaseEsnd NOUN Ly b a o vaL Al £l TR QR iPue (0

this, the spot on the information recordi ng surface urns to be in
the statgsyhgre i ion .s rrected constantly, thus,

excel | en?5 char a%?‘grﬁs fg]&sofg'r%\?ég%%?%l‘f}ﬁﬂggprﬁ%ﬁﬁ? r%ref%‘?%%kﬁ%si ty

opti cal ggsc HD can be obtained. Further, a wavefront transmtted through
the opticar o BHEemtCF o1 ¥orrecti ng chromatic aberrati on HOE and obj ective
|l ens OBJ turns_out. to be in the state where chromatic aberration is
properly corr ddteed1Blif smtstralofe karendpdiCH drenedudpriast ovimdt ison recor di ng
surface RL1 through converging is prevented from becom ng | arge even when
vi ol et function as spherical aberration correcting optical unit, and

it can correct spherical aberration changes of a spot formed
on an information recording surface of high density optical
disc generated by various factors. Since technologies to
correct spherical aberration changes with these liquid
Crystal elements LCD are described in TOKKAI No. 2001-43549,
for example, detailed description will be omitted here.

When conducting recording/reproducing of information
for high density optical disc HD in optical pickup device
PU3, light-emitting point EP1 is made to emit light, first.
A divergent light flux emitted from the light-emitting point
EP1 is reflected by prism PS, then, is transmitted through
polarized beam splitter BS to be transformed into a parallel
light flux by collimator lens COL. After that, it is
Lransmitted through the liquid crystal element LCD, and is
regulated by diaphragm STO in terms of a diameter of a light
flux, to become a spot that is formed by objective lens OBJ

on information recording surface RL1 through protective layer




sem conductor | aser LDl causes node hopping in the case of switching from
reproduci ng of information to recordi ng. Wien conducti ng
recordi ng/ reproducing of information for DVD in optical pickup device PU5,
red sem conductor laser LD2 is nade to emit light, as its course for a ray
of light is shown with broken lines ih2fig. 6. A divergent light flux 147
emtted fromthe red sem conductor |laser LD2 is reflected by the first

pol ari zed beam splitter BS1, and then, passes the second pol arized beam
splitter BS2 to be converted into a parallel light flux by the collimator

|l ens COL, then, passes through the optical elenent for correcting chromatic

aberratipm HOE, higQuated-4 N of - Lameter. of .the.light fl y

di aphragm STO, aﬁ%gpasses %h?%ﬁ%ﬁ§+i%b$%d%$ysb§FagFQﬁ%%’Vfcgepg E%@gne a
spot th j .information recording surface RL2 by the qbjective
| ens GBJaé? ‘?%%‘8%”%?%‘?%%?%%“@3&%?&&%9 o LByt ajob?céﬁqu 12én ey
conducts.focusugﬁ§§nd tracking with biaxial actuator AC2 arranged around

the obj et iVerd SRR T R t P ¢ G gkt f1epe modleatred Lisy tiedf dhglti on pits
on inforpation recording surface RL2 is transmtted again through the

obj ect i velerdodBRted do dl mfymeat i@l aners drChn fdwmenapitdre aleelretieny  f or
correcting chromatic aberration HOE, and the collimtor |ens CO., and then,
i s refl estiefthdy Ride isecorahyol @réd exgdieanminmhidh ethdBSD e tiergileery
astigmati sm by sensor lens SEN, to be converted into the converged |ight

flux, tHoB], ithe sticopmergeds®), a idaH -&%ﬁ@défﬂ 9 i ag P laRhot odet ect or
PD1/ PD2. Thus, information recorded on DVD can
collimator lens COL to become a converged light flux which is
reflected by polarized beam splitter BS and then, is
reflected twice in prism PS to be converged on a light-
receiving portion DS1. Thus, information recorded on the
high density optical disc HD can be read by the use of output
signals of the light-receiving portion DS1.

In the case of conducting recording/reproducing of
information for high density optical disc HD, when spherical
aberration of the spot on information recording surface RL1
is changed in the direction of excessive correction by

influences such as, for example, wavelength changes of a

violet laser light flux emitted from light-emitting point
EPl, errors in a thickness of protective layer PL1, focus

jump between information recording surfaces of a two-layer
disc and refractive index changes of objective lens OBJ

caused by ambient temperature changes and heat generation of




be read by the use of output signals of the photodetector PD1/PD2. | 48
Incidentally, in each of the first - fifth optical pickup devices stated
above, there has been explained an exanple to correct spherical aberration
of a spot on an information recording surface by an optical unit for
correcting spherical aberration in thk2kourse of conducting
recordi ng/ reproduci ng of information for high density optical disc HD.
However, it is also possible to make the structure to be one wherein
spherical aberration is corrected even in the case of conducting
recordi ng/ reproducing of information for DVD and CD. Fig.24 is a schematic

di agr amofasthel Sty GanfAgur aél'&}%gug {b&gpotj% f%%%q%rep&% PU6 used to

record /reproduce information on a ns *HB™ DVD and CD
appropﬂltigy §ge | fi catj ons far optical, characteristics of a high-density
opti cal gll FhE fsgcﬁlod%ql 31?@% - L0 5 C AT X86h &¥s MeK isidoBe ®OWEE | ayer
0. 0875 nqi uneri cal aperture NA: 0.85. Specifications for optical
char act et Ye £ ATV S & AL 98 18w L amgvesidasy tHP165Rch ML PPhi skness of
protective layer: 0.6 mm Nunerical aperture NA: 0.60. Specifications for
opti cal " seheriisElc ahsfrrat@dramevas fositl almt \Wavedrergted 785 nm
Thi ckness of protective layer: 1.2 mm Nunerical aperture: 0.45. However, a
conbi natlinsm fdfi cevellengialy, Hehigdknress cofa prietiest ilv@crayeghandiux that

basses through liquid crystal element LCD. On the contrary,

when spherical aberration of the spot on information

recording surface RL1 is changed in the direction of

insufficient correction, distribution of refractive index in

liguid crystal molecule layer LC is changed by making a power

supply to impress voltage on electrodes ELP1 and ELP2, so

that spherical aberration wavefront that is corrected

excessively may be given to a violet laser light flux that

basses through liquid crystal element LCD. Due to this, the

spot on the information recording surface RL1 turns out to be

in the state where spherical aberration is corrected

constantly, thus, excellent characteristics for

recording/reproducing for high density optical disc HD can be

obtained.

Further, a wavefront transmitted through collimator
lens COL and objective lens OBJ turns out to be in the state

where chromatic aberration is properly corrected, a diameter

of the spot formed on information recording surface RL1




| 49 nunerical aperture described above are not |imted to the conbination

above. Optical pick-up unit PU6 conprises |aser nodule LML including: the

first light em ssion point (the first light source) to emt |aser beans

(the first | aser beans) whose wavel ength is 405 nmto record/reproduce

information on/froma high density optizal disc HD, the second |ight

em ssion point (the second light source) to emt |aser beans (the second

| aser beans) to record/reproduce information on/froma DVD, whose

wavel ength is 655 nm the first |ight beam detector DS1, which detects

reflected | aser beans frominformation recorded |ayer RL1 of a high density

opticalqﬁf%%_ﬂp, t he second Ikght beam d tecég%:DSZ, whi ch detects

refl ect ed 1aSer eI Frvhn i AT Gt r IS RETSoRVENDYBSENd

PrismPS,, nodule LML for CD including: infrared sem conductor |aser LD3

(the t hiYPLGgRETEGHERICHY difiser 448y awmas mase tieondnd gm theams) whose

wave length is 785 nmto record/reproduce information on/from CD and photo

det ect oCaEE3 O imsiwdlt cviad iregr ategd;odlyjiext dferis fionintat@dncaapri si ng: obj ect

| ens OBJ, aperture limting element AP for CD, two-axis actuator AC2,

di aphr agmcstQicwer.r espondi ng to nunerical aperture 0.85 of high-density

optical disc HD and hol ding nenber HB, collimator |lens unit CU including,

150 pol ari zedrheamesh whtar cBRgueehhyms ' -gxi s actuator

ACl, and beam form ng el enent SH. thn %g?f?gﬁééic 6%638??8P%§

recordskh I ienf OF i;an f ihgh-.densi t ti disc, HD, |aser
ihERrAAYG s f%roEﬁ%;1% Y &ﬁ#?c@l %ﬁ%%ﬁ% a6 QP% %@ p ?6gg

nodul e LML for high-density optical "disc H I s activa Mt |aser

beans fr ittl oi EP1. DOjvergently_ emtted |ight beans. fr.om
enittinéﬁgg?gngbﬁqggeh% fﬁ&cpggebsopﬁp§ﬁléég§ﬁd c%oé VRELERbnat IRhape of

t he Iig@ﬁ beans is f%rned fromellipse to circle while the beans are
passi ng tHFoGgH thESMTEOFNThE diERENENSHE 188 BPAWT FR2saFi defilpeted Fig. 24.
And the |ight beans are forned into parallel beans after passing through
col | i mafdr Présgd €61, aadd ipenefracicrg bhir podhrpekedr been bpantspki BSer BS,
then the dianmeter of |light beans are limted by a di aphragm STO and passi ng
t hr oughtehéeapertgferheni tedoebeneif iARtadd 1fighred1urt byacbeamnspet on

i nformation-recorded | ayer RL1 through protective |layer PL1 of high density

opti cal ldnscCHD, bysobj eathl efisaOBdy O] egbhkensrACRei §iBYgdnt o¢ushag and
tracking directions by two-axis actuator provided adjacent to

flux is shown with broken lines in Fig. 4. After that, the
collimated light passes through liquid crystal element LCD
and is regulated in terms of a diameter of the light flux by
diaphragm STO to become a spot which is formed by objective
lens OBJ on information recording surface RL2 through
protective layer PL2 of DVD. The objective lens OBJ conducts
focusing and tracking with biaxial actuator AC arranged
around the objective lens. The reflected light flux
modulated by information pits on information recording
surface RL2 is transmitted again through the objective lens

OBJ, the diaphragm STO, ligquid crystal element LCD and

collimator lens COL to become a converged light flux, then,



it. Reflected Iight beans by the information pits on information recorded

| ayer RL1, are converged onto first |ight beam detector DS1 after
penetrating object lens OBJ, aperture limting elenment AP, polarized beam
splitter BS and 151 converged by the collimator | ens COL, passing through
the beam forming elenent SH and refl ebi®d twice in prismPS. Information
recorded on the high density optical disc HD can be reproduced by using an
out put signal of |ight beam detector DS1. And when optical pickup PU6
records/ reproduces information on/from DVD, the distance between object

|l ens OBJ and collimator Iens COL is controlled shorter than the distance of

whi ch r 09/ r eproduci i nf gromat.i on /fromthe high density
optical di slceq%cgyﬁ% eoela%(rlolszea(%[%aafnbrSp <& té*)isgttq ﬁ)ee SEEOTEF ISR beans
conme out, fromthe collimator, lens COL_in parallel |ight beans. Then, the
obj ect e BPEHY 1 ROTHE I d i aMPSo19 HegH-ss&est (/6% ii¢al  di sc
DH DVD start is operated and second emni ssion point EP2 emts |ight beans.
The eni tReEMiRfer gdhtisl i dREobBand ofy secoacedd canP¥9i eanpbentreg®2bywhose
optical path is drawmn in doted line in Fig. 24, are reflected by prismPS
and pasdibey use quglouigart- forgriale elferdrt  1SKHhtHree ceriosisos ectrdtdoal Dshiape of
the light beans is changed fromellipse to circle by beanform ng el enent

SH. The emi tt edndievehgembjldcghtrebaeanms ang fier gegibecpar akhel hbighy beans by
passi ng through collimtor |lens COL. And the parallel |ight beans are

formed tg &ddihti DEAMRHRY B vy YJwal iﬁ%é&%‘iﬁ’t‘iﬁﬁz‘g@%%&%ﬂf DVD by
obj ect 152 lens OBJ after passing through polarize eam splitter BS,

apertur jJH. L) I : rotectyve |l ayer .PL2 of .DVD. ject |lens
OBJ is %ﬁl\ﬂe%t}yoc stﬁr?gﬂgn@dlgt%fé@:?‘ﬁg S%‘la(rateec ia(;%r?éf ywth\%- gxilég;{gt tﬁc‘gf r AC2,

whi ch i r.ovi ded adj.acent to ohject |lens OBJ. Reflected beanms which have
been rmz‘iﬁ%étneqd ab)}“’aivr#lcﬁnrgg‘h 6% pﬁgt‘r’s I¥h STHEGSRAISE tridEorl688¢ CRYer 3RL2 are
passi ng back through object Iens OBJ, aperture limting el ement AP,

pol ari z&PBedALES FFbﬂﬂ§§¥ﬁ%§%9RGQQQQ§@%ﬂQi&%ﬁﬁ@ﬁelﬁﬁg eb.DVPhen the light
beans are converged by collimtor les COL and passing through beam form ng
el enent t&HouDfe Aonyier dHewns sachamefddedined erwisc @ fi sppeirs S and focused on
to Iight beam detector DS2. Information recorded on DVD can be reproduced
by usi ngberrautipnt isi ghel dremtiioghtt deam deicestisdreDg2rrkattibea, case of
recordi ng/ reproduci ng information on/from CD, nodule MD3 for CD is operated

and i nf rmar e rSerincenduc ek d1aseft H B3 s@Ertss Jni @it o@;ﬁ%@%-ivéhﬁeﬁ%v%g?nt l'i ght
beans frominfrared sem conductor |aser LD3 are reflected by polarized beam

spl at t e ald of, OFMRY, IRt ing recording/reproducing of

information for DVD, insufficiently-corrected spherical
aberration wavefront is given to the light flux having a
wavelength of 655 nm that is transmitted through liquid
crystal element LCD, by impressing voltage to electrodes ELP1
and ELP2 from a power supply and thereby by changing
refractive index distribution in liquid crystal molecule
layer LC, so that spherical aberration changes may be
corrected. Due to this, the light flux having a wavelength
of 655 nm that has been transmitted through liquid crystal

element LCD and objective lens OBJ and is converged on



| i ght beam spot onto information-recorded | ayer RL3 through protective

| ayer of PL3 of CD after passing through object lens OBJ. (bject |ens OBJ
is noved focusing and tracking directions by two-axis actuator AC2 provided
adj acent to 153 object lens OBJ. The reflected |ight beans nodul ated by
information pits on information-recordddd | ayer RL3 are passing back through
object lens OBJ, aperture limting elenent AP, and reflected by polarized
beam splitter BS. The reflected |light beans are focused on a

|'i ght-receiving surface of photo-detector PD3 of nodule MD for CD. Thus,
information recorded on CDis reproduced by usi ng an out put signal of

phot o-d P | ens e iffractiv ens L1 and
condens?%b Fenslgglﬁﬁggg‘lwg §ar fgggé are % i dtPﬁngsﬁng% gﬁr%gce SO as
to focus.|l aser bea pass d thr h diffractive | ens LI

i nfor rrats':rh(?n SF8&Sr o Cof-< %ﬂ?@irééitl&%és Eé’Eﬁelcéﬁg ’é‘,’hﬁaFQstl ¢ made
and conbi ned at a flan e portion, which is integrated with an opti cal

sur f aceMak@Sopér ROSE#H @nﬁpopo@ﬂp€ﬁlﬁeG@eﬁl§§dWﬁprO@HCengc@ﬁtroIs nmovenent
of 2-axis actuator AC2, is provided with object lens unit QU. A light
source-ehdermptﬁoalfbmn@NEon surface of diffractive lens L1 is divided into
first area AREA1 (not shown) corresponding to an area, which is inside of

NA2, and secordrahea, AREAn2cbnaticshawnyceoraesgppradpnedheing afea from NA2
to NAL. And a plural of a ring-shaped zone, within which a | adder type

struct URe fosmbh®R BRd £olrS cf FaNged bprGertepsdxipuad are0phcah jgxts, which

is a |ladder type
emitting point EP3 is made to emit light. A divergent light
flux emitted from the light-emitting point EP3 is reflected
on prism PS, and is reflected by polarized beam splitter BS
to be transformed into a collimated light flux by collimator
lens COL, as a path of the divergent light flux is shown with
two-dot chain lines in Fig. 4. After that, the collimated
light flux passes through liquid crystal element LCD and is
regulated in terms of a diameter of the light flux by
diaphragm STO to become a spot which is formed by objective
lens OBJ on information recording surface RL3 through
protective layer PL3 of CD. The objective lens OBJ conducts
focusing and tracking with biaxial actuator AC2 arranged
around the objective lens. The reflected light flux
modulated by information pits on information recording

surface RL3 1s transmitted again through objective lens OBJ,

diaphragm STO, liquid crystal element LCD and collimator lens

COL to become a converged light flux, and is reflected by




154 diffractive structure DOE, in first area AREAL. A depth "dO" of a step
of the | adder type structure forned in each ring shaped zone within the

| adder type diffractive structure DOE formed in first area AREAL is set by
a followwng formula. d0O = 2 x ~, / (nl 1) (fin) Each ring-shaped zone is
divided into 5 (nunber of partition NZ% set 5). Wiere ,represent a

wavel ength of |aser beans in mcron unit, which are enitted from bl ue

col ored sem conductor |aser (Wwere ~ 1 - 0.405 Vin), nl represents
refractive index of diffractive lens L1 for wavel ength 7~1. (there nl =
1.524694) \Wen | aser beans, whose wavelength is ~, 1, incidents into this

| adder gbﬁfa&a%a%e%w 'éf)tlli'?:%e%’s ttlae?Searc%ﬁlQ%Ef]g%idf Eﬁaﬁ&sﬂﬁé‘%c@ﬁ%&g

t hrough as they been, since an optica er ence
phase di.fference_is given to |aser

occurs dders d no

beans wﬁ§§£q§gv§g é%ﬁer engaﬁg%ﬁﬁgtﬁgséwlﬁgaﬁE RF&SRoFgif f It ed and
passi ng rou h.the diffractive structure. ght beans passing through the
| adder P?E FFP&CF?§8r§@§u89uF@ ﬁ?@h@ﬁtréﬁﬂfpﬁcFPSnuﬁ§ el PEEPYEr o (0)

or der dlffractlon beans. Light beans, whose wavelength is ~, 3 incidents to
| adder £yEB4Ff PLashpyéishiaseaed vDog, pantpni OSB.path difference 155
occurs of 1 x ~3 ([anm) between |ight beans of adjacent |adders, since ~3 is
nearly equal sSinc@ ghelobJhenivei fjhhs OBJ is a plastic lens having

an aspheric surface on its both sides optimized for high
density optical disc HD as stated above, when a light flux
having a wavelength of 785 nm enters objective lens OBJ, a
spot formed on information recording surface RL3 of CD
through converging is changed in terms of spherical
aberration in the direction toward excessive correction, by
an influence of wavelength dispersion of objective lens OBJ
and of a difference between protective layer PL1 and
protective layer PL3 of CD. Therefore, when conducting
recording/reproducing of information for CD, insufficiently-
corrected spherical aberration wavefront is given to the
light flux having a wavelength of 785 nm that is transmitted
through liquid crystal element LCD, by impressing voltage to
electrodes ELP1 and ELP2 from a power supply and thereby by
changing refractive index distribution in liquid crystal
molecule layer LC, so that spherical aberration changes may

be corrected. Due to this, the light flux having a

wavelength of 785 nm that has been transmitted through liquid




beans whose wavel ength is ~1 and |ight beans whose wavel ength is ~3 are
passi ng through the | adder structure since practically, there is no phase
di fference between |ight beans of ~1 sanme and |ight beans of ~3. V~hen

| aser beans (wavel ength ~2 = 0.655 (~.1zn)) frominfrared sem conduct or

| aser incidents to the | adder type di¥3d&active structure, an optical path
bet ween adj acent |adders is given by fornmula: (d x (n2-1) -~2 = 0.13 dun).
Nanely, the optical path difference becones 0.13 Vin. Then, in the case
that a ring shaped zone is divided into five portions, the optical path
bet ween adj acent ring-shaped zones is 0.13 x 5 = 0.65 Vim which is equal

to one gth. T , e ve surf.aces of |ight beans passing through
adj acent™ 1 %%‘ﬁsﬁgﬁé“ﬁ%%é&g@éﬁﬁw%&i%ﬁ oﬁ@Welc@Héfﬁﬁg%ﬁi ft
occurs. Nanely, light beans whose wavelength is ~2 are diffracted to
first-ofder i Do SHATEET% rF Ve adier fRilaictadd A0 Fvrnise o, tobjoectinl ens
OBJ absorbs spherical aberration caused by the difference between a depth
of prot é&¥S W& atgy ethemel spheriigeldefsimmptdpn dal adirsecBdandhtiat  of
protective |ayer pL2 of DVD. In | 56 addition, n2 represents a refractive
i ndex ofnadiefsf ridic iose ilbdrs tio? comducas efeoedimsarelendileind 6¥~here, n2 -
1.506513). In this case, diffraction efficiency of first-order diffracted
| i ght bearferoftliaserfckeams whose wavelength is ~2 is 87.3 %and it is
enough quantity of |ight beans to record/reproduce information on/from DVD.
Fur t her mepertsPRAHCe@eaRErrati on caused by a difference between the depth
of protective layer PL1 of high

Fig. 5 is a diagram showing schematically the structure
of fourth optical pickup device PU4 capable of high density
optical disc HD, DVD and CD. 1In the optical specifications
of the high density optical disk HD, a wavelength is 405 nm,
a thickness of a protective layer is 0.1 mm and numerical
aperture NA is 0.85, in the optical specifications of DVD, a
wavelength is 655 nm, a thickness of a protective layer is
0.6 mm and numerical aperture NA is 0.65, and in the optical
specifications of CD, a wavelength is 785 nm, a thickness of
a protective layer is 1.2 mm and numerical aperture NA is
0.50. However, a combination of a wavelength, a thickness of
a protective layer and a numerical aperture is not limited to
the foregoing.

The optical pickup device PU4 is composed of violet
semiconductor laser LD1 that is made to emit light when
conducting recording/reproducing of information for high

density optical disc HD and emits a laser light flux having a



density optical disc HD and that of protective |ayer pL2 of DVDis
corrected only against the |light beans whose wavel ength is ~2, passing
through first area AREAL, not against the |ight beans passing through
second area AREA2 whi ch surrounds the area AREAL. Accordingly, |ight beans
whose wavel ength is ~2, passing throdgY area AREA2 becone flare conponents,
whi ch does not contribute to formlight beam spot on information-recorded

| ayer RL2 of DVD. In regard to forth optical pickup PU4, it is not
necessary to provide an aperture-limting el enment as a separate el enent
correspondi ng to DVD whose nunerical aperture NA2 since it has sane effects

that ap re limtati carrespondi ng ta NA2 is_done t ically.
Collinaﬁ%&gﬁgﬁgkﬁkkﬁ é%%hgg”fﬁﬁ F8W§%£§%§CEHFO °E Qﬁgrgggﬁoﬁscorrecting
el enent _and % 157 iphgkic | aberratiqn correcting optical elenent.
Nanel y, "T89EhrOnElE dBEPFatP6R COPANELIRG srSRERLNANECRY SFHELPEaP
aberration correcting optical elenment are conbined into one optical unit.

Di f f r acEFerdRLdePuferHOND enflopmadson dmserr fighy §lnkabavohgcal | i nat or

|l ens COL to correct chromatic aberration in blue colored region of object

| ens OB¥avAs esown oifn 6Bbgnm24phbheddepthoaf PalgPEp ohaa tangbshaped zone in
an optical axis direction is designed to obtain | ower order nunber of

di f f r actbamoangerfoef hdyhf taekedyl bpht cheamivhose dhbf bastioasefficiency
shows maxi num effici ency, when the |ight beans whose wavel ength is 655 nm
i nci denhobig1@bivest thenspOitietBan the AvEReE Al BhELERSET 9Rs0F dEp3 Of
which is made to emit light when conducting
recording/reproducing of information for CD and emits a laser
light flux having a wavelength of 785 nm and photodetector
PD3 are integrated solidly, objective lens unit 0OU, first
polarized beam splitter BS1, second polarized beam splitter
BS2, third polarized beam splitter BS3, collimator lens unit
CU that is composed of first collimator lens COL1 and of
uniaxial actuator ACl, second collimator lens COL2, sensor
lens SEN and beam arranging element SH.
Incidentally, it is also possible to use violet SHG
laser in addition to the violet semiconductor laser LD1, as a
light source for high density optical disc HD.
The objective lens unit OU is composed of first
objective lens OBJ1 for conducting recording/reproducing of
information for high density optical disc HD and DVD, first

diaphragm STOl corresponding to numerical aperture NA 0.85 of

high density optical disc HD, second objective lens OBJ2 for




diffracted |ight beans whose diffraction efficiency shows maxi mnum
efficiency, when the light beans whose wavel ength is 405 nm Accordingly,
enough diffraction efficiency can be achieved in each wavel ength regi on and
correction of chromatic aberration in the wavel ength 655 nmregion is
controll ed appropriately. Collimator 12:ns COL is noved al ong an optica

axi s by one axis-actuator ACL to change an inclination angle of narginal

| i ght beans which incident to object lens OBJ so that collinmator | ens CCOL
absorbs an chromatic aberration 158 between the first wavel ength and the

second wavel ength and forns paraIIeI l'ight beans of any wavel ength from
collimator Jens COL. Furthernore, is possible to maintain good recording
and rep Gig "eh dresreing |@mj§t3d¥ﬁ IQE iin e madH e fort ¢Dopt i cal di scs

HD since a spherlcal aberration of a beam spot on an information
r ecor d/ rEgsioadl cH ardyragmno ST g e ateresipiondiptd dal rdiness 14 lc aparéuger Néct ed by
shifting collimtor lens COL along the optical axis direction, when

recor di g Sna/oChr efriedic NG vatghr d@sidnd ept idglecdiise HensCauses of
spherical aberration, which can be corrected by shifting a position of

col | i mateari teensigORleatize (rRfc RFANBE.LoF \ATHRIoR %e\ﬂ@i@ls%n%lj @k 1hkue
| aser LDl caused by nanufacturlng tolerances a variation of a tenperature

dependenghoofodafl Lagt irte iuenpng Aty DUt 177 dedfeRaieyg fndex of
object lens OBJ, a focus junp c dcteristics of mil ti e-Tayéer disc such
as two- lyeh ACen LUUIANY JRSe, e L e dl %ri% o Rroduci ng
recording/reproducing of information, as shown by an arrow in
Fig. 5. Incidentally, the structure of the objective lens OU
is the same as that shown in Fig. 3, and its explanation will
be omitted. The first objective lens OBJ1l is composed of
diffracting lens L1 and light-converging lens L2 which has,
on its both sides, aspheric surfaces and has a function to
converge a laser light flux having passed the diffracting
lens Ll on an information recording surface of an optical
disc. The diffracting lens L1 is a plastic lens, while, the
light-converging lens L2 is a glass lens. Respective lenses
are integrated solidly through holding member HB.

With respect to optical specifications of high density
optical disc HD and of DVD which are assumed in the course of
designing the first objective lens OBJ1l, wavelength Al is 405

nm, a thickness of protective layer PL1 is 0.1 mm and

numerical aperture NA1l is 0.85 for high density optical disc



mul tiple-layered discs, and a variation of depth of protective |layer PL1
based on manufacturing tol erance and variation of distribution of the depth
etc. In the above, an exanple of that a spherical aberration of a |ight
beam spot fornmed on an information recording |ayer of high density optical
discs is corrected, is explained, 158 however it can be applied to the
case where a spherical aberration of a beam spot formed on an information
recording layer RL2 of DVD. In this enbodi nent of the present invention,
aperture limting element AP, which is integrated with object |ens OBJ via
connecting nmenber HB, is provided as an aperture-limting elenment to
performaperture-limting function corresponding to NA3. And two-axis

act uat orHIAC2rat tweatederapdr t A2 ei i 655 i Ny, etleteie AP emdb O esiedtense OB as a
conmbi ned unit. A wavel ength selection filter W having a wavel ength

sel ect i anyfr HIANSITIG I@RGE drfy PhAYSded 0n 1 ntd Gl SW fage of “aperture

limting elenent AP. The wavel ength selectron filter passes all |ight beans

fromwa =1 mavelength ~3 within _area NA3, and passes wave

| engt h \ff? an EIﬁlv(/a\‘/aeIctg%{(t':]q lﬁ%thz1 angafgu Wgéfvﬁ%teﬁlgtt}hi ~d t&g\%ﬁl&ﬁ& ﬁ%~§i n area from
NA3 to NAL. A%gordin%%%van perture-limting corresponding to NA3 can be
achi eve®ESE TN & HERTEY &h Gt RUTEITECE Lo RREFAUE&E &5 SOt 1B SRS #€d above.

In addition, it is possible to provide wavel ength selection filter W on
the optitdd fO¥eeqi&sal surface of diffractive lens L1 or that of converging
| ens L2.

Further, on the objective lens unit OU, there is

provided an operation control circuit that controls
operations of biaxial actuator AC2, though an explanation for
the circuit will be omitted here.

Optical functional surface S1 of diffracting lens L1 on
the light source side is divided into first area AREA1l
corresponding to an area within NA2 and second area AREA2
(not shown) corresponding to an area from NA2 to NAl, and on
the first area AREA1l, there is formed stepwise diffractive
structure DOE wherein plural ring-shaped zones in which a
step structure is formed are arranged around the optical axis
that serves as a center.

In the stepwise diffractive structure DOE formed on the
first area AREAl, depth d per one step of the stepwise

structure formed in each ring-shaped zone is established to

be a value calculated by d = 2 - AL / (nl - 1) (um), and

division number N of each ring-shaped zone is established to




160 Fig. 25 shows a schematic diagram of the seventh optical pickup unit
capabl e to recordi ng/ reproducing a high density optical disc HD, a DVD and
a CD. Optical characteristic specifications for a high-density optical disc
are as follows. Wavel ength: 405 nm Thickness of a protective |ayer: 0.0875
mm Numerical aperture: 0.85, Cpticahtﬁyaracteristic specifications for

DVvD, Wavel ength 655 nm Thi ckness of @ protective layer: 0.6 mm Nunerical
aperture: 0.60, Optical characteristic specifications for a CD, Wvel ength:
785 nm Thickness of a protective layer: 1.2 mm and Nunerical aperture:
0.45. In addition, a conbination of the wavel ength, the thickness of a
protective |layer and the nunerical aperture is not limted to this

combi natjeon., OpbiveabrpPi RKUPsUBLE FHErEQAPRI 389ch bARERPEAM SPLLEe LDU
i ncludi ng bl ue sem conductor |aser diode LDl to enit |aser beans (the first

| aser b e _wa I th is 405 nmto .record/reproduce.i nformation
on/fronﬁg@%%g#qggh§?F§%5ffggﬁplEi33 L F PN PEd 18E/Fc diduct or | aser
LD2 whose wavel ength is 655 nm (the second | aser beans) to record/reproduce
i nf or MatS*ER SEBEL i & DUBL pHofmscderedtior thDsusedef,onlbet R .40Ri ght)density

optical disc HD and a DVD;, nodule MD3 for a CD including infrared |aser

di ode LBadwhase swaveledigich ive 188exmoft @idFriadtaser 1leeans1(trhe third | aser
161 bean) to record/reproduce information on/froma CD and photo

wavelength Al (in this case, nl = 1.524694).

When a laser light source having wavelength Al enters
for the stepwise diffractive structure DOE, there is
generated an optical path difference of 2 x Al (um) between
adjoining steps, and the laser light source having wavelength
Al is transmitted as it is without being diffracted because
it is not given a phase difference substantially.
Incidentally, in the following explanation, the light flux
that is transmitted through the stepwise diffractive
structure while being kept intact without being given a phase
difference substantially is called zero-order diffracted
light.

On the other hand, when a laser light source having
wavelength A2 (A2 = 0.655 m in this case) emitted from a red
semiconductor laser enters for the stepwise diffractive
structure DOE, there is generated an optical path difference
of d x (n2 - 1) -A2 = 0.13 um, and on one ring-shaped zone

representing one fifth of the total ring-shaped zones, there




detector PD3 as an integrated unit; object lens unit OU including object

|l ens OBJ, aperture limting element AP for CD, two-axis actuator AC2,

di aphragm STD corresponding to NA 0.85 which is a nunerical aperture of a
hi gh density optical disc HD and hub nenber HB; the first diffracting beam
splatter BS1; the second diffractingjagam splatter BS2; collimtor |ens
COL; expander lens unit EU including one-axis actuator AClL and expander

| ens EXP including negative lens E1 and positive |l ens E2; sensor |ens SEN;
and beam form ng element SH Blue |aser LDl in optical pickup unit PU7
emts blue | aser beans to record/reproduce information on/froma high
density optical disc HD and optical paths of the |aser beans are drawn in
solid |ﬂﬁeqa$ara@ed2@n.npﬂyqyﬁwgqrhnﬁuﬂﬁaidn@eepfb@aﬁ§ fr 6m=blOUé S| amer LD1
are formed into parallel |aser beans after passing through collimator |ens

COL and theamigpleafitiefa 1Bt &t @ned wahRISTSREH qun@rlav%h% %tﬁf abhe | aser beans
are fornmed fronran eIIrpse |nto a crrcle whi |l e the t beans are passi ng

roush deamiLo: e Sl IS Errrl%éfrge?l@?”ég@%ﬁs' .

t hr ough expan er Ien and secon 's limted
by di aphragm STO and f ocused onto |nfor i on recorde RL1 t hrough
162 prof@%%rv@lr BﬁfﬁLf'%V t&-&ﬁt EalPVET épﬁﬁﬁby obj ect |ens

OBj after passing through aperture limting el ement AP. Reflected | aser
beans nmd@dledved the ilitbtndtliuon wiiths wervellehgtimRonsr ebended bmyeheRL1 are
reflected by beamsplitter
stepwise diffractive structure DOE to be diffracted light
that is diffracted in the primary direction. On the
objective lens OBJ, diffracting effects of the stepwise
diffractive structure DOE for wavelength A2 is utilized to
correct spherical aberration caused by a difference of
thickness between protective layer PL1 of high density
optical disc HD and protective layer PL2 of DVD.
Incidentally, n2 represents a refractive index of diffracting
lens L2 for wavelength A2 (n2 = 1.506513 in this case). The
diffraction efficiency of the primary diffracted light of the
laser beam having wavelength A2 in this case is 87.3% which,
however, corresponds to a sufficient amount of light for
conducting recording/reproducing of information for DVD.
Incidentally, since the stepwise diffractive structure

DOE is formed on the first area AREAl including the optical

axis, the spherical aberration caused by a difference of

thickness between protective layer PL1 and protective layer




BS1 after passing back through objective lens OBJ, aperture limting

el ement AP, second diffracting beamsplitter BS2, expanding |ens EXP,
collimator |l ens COL and converged onto a light receiving surface of

phot o-detector PD after astigmatismis given by sensor |ens SEN.

I nformation recorded on a high-densi?gzoptical di sc HD can be reproduced by
usi ng an output signal from photo-def’éctor PD. When recordi ng/reproducing

i nformation on/from DVD, one-axis actuator ACl noves negative |lens El so
that an out put | aser beans from beam expander EPX is formed into parall el

| aser beans, and a di stance between negative | ens E1 of expander |ens EXP
and positive lens E2 is |longer than that of distance when

recordi bgbr epr eduebbgchnbal pREben B/ ik gRtashighwdensivhyeorhberl Adi sc HD.
After that, an infrared sem conductor | aser is activated and emts | aser

beans a awn_in dotted i in.Fig. 25, aser .beans _are formed into
Af ter aﬁggésg§§88FigﬁgPughaggeo?lFﬁge?rﬁga%EEA iéﬁddfge%ae%ng emtted

fromred-colored | aser diode LD2 is 163 changed froman ellipse into a
circle @RrFrecthe fasethBednshtr Elpasyinl wAVedghobbal?f BRat ngaesesent SH.

The beans passing through first beam sputter BS and collimator lens COL are

formed thtoughi ghtl yedonar geat hREAL . berm@drafislr¢é heyharkiglanged i nt o
paral l el |aser beans after passing through expander |ens EXP. A | aser beam

spot isphakiRg BMrefAbRCEnkeBe-6Rd aRehNhAEAR hRBngetoyHedrl ayes fient hrough
protective |layer of a DVD after the | aser beans is passed through second

pol arizgd. Beam 3Rl A5t &1 8P2ng"PnaPELE 4EE: LLM L0908, eBB0 L EE F1are
components which do not contribute to spot formation on
information recording surface RL2 of DVD.

Since this is equivalent to automatic regulation of an
aperture corresponding to NA2, it is not necessary to provide
an aperture regulating element corresponding to numerical
aperture NA of DVD, in the fourth optical pickup device PU4.

The first collimator lens COL1l is equipped with both of
the function as an optical unit for correcting chromatic
aberration and the function as an optical unit for correcting
spherical aberration. Namely, the optical unit for
correcting chromatic aberration and the optical unit for
correcting spherical aberration are represented by the same
optical unit.

Further, on the plane of emergence of the first
collimator lens COL1, there is formed a diffractive structure

for correcting chromatic aberration of the first objective



Object lens unit OBJ is noved focusing and tracking direction to perform
focusing and tracking functions by two-axis actuator AC2 provi ded adj acent
to the object lens. Reflected |ight beans nodul ated by information pits on
information recorded |ayer RL2 are converged onto a |ight surface of

phot o-detector PD after passing back thyough objective lens unit OBJ,
aperture limting el ement AP, secondzﬁg{arized beam splitter BS2, expander

| ens EXP, collimator lens COL, first polarized beamsplitter BS1, by which
the light beans are reflected, and sensor |ens SEN, which gives astigmatism
to light beans. Recorded information on DVD can be reproduced by using an
out put signal from photo-detector PD. 164 When recordi ng/ reproduci ng

i nf or matlieats @S oM aHDvimId & MB folq &Ll d SIeRET G @raghiget e
infrared sem conductor |laser LD3 to emt |aser beans whose optical path is

dr awn | mi0-Aotiked chaly |dge showy i g, 6.3 vargent Jaser, dgans from

infrared sem conductor |aser L are focused on i ion‘recorded | ayer

RL3 thr rotectjve layer..PL3 aof CD by ohject.lens.unit OBJ after
passi ngqtqﬂ&(gﬁegﬁ gtelccloa d o1t &S Bein $p G S%ﬁlh@% A &8 he | aser
beans, aperiwe limting elenment AP, which lLimts the dianmeter of the |ight
beans. éﬁe éﬂiﬁrﬁf@&tw {0 S FIHRS St Ui &Y i%a Gbien §EdA on

together with two axis actuator AC2 provided adjacent to the object |ens.
Ref | ect 68 JGrgiet iswa e fivdianaive dmoynd whidiimadted giltcdh toganefratest Woenr ecor ded
| ayer RL3 are converged onto a |ight

light flux having a wavelength of 655 nm enter may be lower

than the order of diffraction of the diffracted light having
the maximum diffraction efficiency among diffracted light
generated when a laser light flux having a wavelength of 405
nm enters. Owing to this, sufficient diffraction efficiency
can be obtained in each wavelength area, and chromatic
aberration correction in a wavelength area for wavelength 655
nm is prevented from being excessive.

Since an inclined angle of a marginal ray of light for
a light flux entering the first objective lens OBJ1l can be
changed when the first collimator lens COL1 is displaced
along an optical axis by uniaxial actuator AC1l, it is
possible to correct spherical aberration changes of the spot
on an information recording surface of a high density optical
disc generated by various factors, details of which will be
explained later.

Incidentally, on the collimator lens unit CU, there is

provided an operation control circuit that controls




receiving surface of photo-detector PD 3 provided in nodule unit MD1 after
passi ng back through object lens unit OBJ, aperture limting el enent AP,
second pol ari zed beam splitter BS2, which the |light beans are refl ected.
Recorded informati on on CD can be reproduced by using an out put signal from
phot o-detect or PD3. The detai l expla?g%ion of object lens unit is

el imnated since configurations and ctions of object lens unit OBJ is
sanme as object lens unit OBJ used in the sixth 165 enbodi ment of the
present invention. The detail explanation of aperture limting el ement AP
will be elimnated since, configurations and functions of aperture limting
el ement AP is sane as aperture limting elenment AP used in the sixth

enbodi nBpEratNohBi sreqhodkient acexpapdeach enshongh Ekkhasltyerdtunehi ons
conbined. First one is a chromatic aberration correction optical elenent

and secgﬂgrggg ks gm§Egg&[cal aberration correction optical elenent.
Nanmely, a chromati c aberration correction optical elenent and a spheri cal

i 11 act ve STPEet GTRTRRE TS TorTEaLon aerinrderin of c BFHERISET posi ti ve
| ens E2 of expander | ens EXP. As shown_in Fig. 25, depth of a,step in a
ring-shgﬁédhiaﬁed?ﬁséﬁYoBPFéﬁﬁlaQF§cdHPeéFiBgthaaegthEE BVobtai n | ower
nunber of diffraction order of diffracted |ight beans whose diffraction
ef fi ci eREY. sHbabehmgpriaPBERrEPENESeRhER1t he MpgAt tpedmst light, as

its course for a ray of light is shown with solid lines in

Fig. 5. A divergent light flux emitted from the violet

semiconductor laser LD1 passes through beam arranging element

SH, thereby, its sectional form is arranged to be a circular

form from an oval, and then, it passes through the first and

second polarized beam splitters BS1 and BS2 to be converted

into a parallel light flux by the first collimator lens COL1.

Then, it passes through the third polarized beam splitter

BS3, and is regulated by diaphragm STOl in terms of a

diameter of the light flux to become a spot that is formed on

information recording surface RL1 by the first objective lens

OBJ1 through protective layer PL1 of high density optical

disc HD. The first objective lens OBJ1 conducts focusing and

tracking with biaxial actuator AC2.

The reflected light flux modulated by information pits

on information recording surface RL1 is transmitted again

through the first objective lens OBJ1l, the third polarized

beam splitter BS3 and the first collimator lens COLl, and




whose wavel ength is 655 nm incident to object |ens OBJ than the
diffraction order nunber of diffracted |ight beans whose diffraction

ef ficiency shows maxi num efficiency, when the |ight beans whose wavel ength
is 405 nm Accordingly, enough diffraction efficiency can be achieved in
each wavel ength 166 region and the correction of chromatic aberration in
the wavel ength of 655 nmregion is coht? ol I ed appropriately. And, a
negative |l ens E1l of expander lens EXP is configured to noved along with its
optical axis direction by one-axis actuator AC2. As explained above, it
absorbs chromatic aberration between wavel ength ~1 and wavel ength ~2 and

forms |ight beans of any wavel ength into parallel |ight beans and emts
from expanger iens B FBPUUDI &l ' |t || ent
recordi ng/ repr oduci ng CE:har aci{]eri stl§%cs V\?t%oﬁ%% a%%légﬂ%i (I;!Lpttadlé(}:al Isc HD

since s I . r i of am spot forne n infaormtion recorded
| ayer mpépok#é:?ﬁllg‘ﬁé}ge%\%]tgg&otpﬁ@a&d? TED ]fceeﬁF bgm\g'orarrééctteod shifting
negative_ | ens E1 al an ith its optjcal .axis when recordi ng/reproducing
i nf or mat GG TG &ﬂtﬁtﬁ% C&Eh‘éﬁ?lfijje‘%p]t]i%q @i%’& HBUSCaudes Sof spheri cal

aberration, which can be corrected by shifting a position of negative |ens
El is fdiOBehRER% O & arigtt e i iave | shgiarefoblasst axfer LDL caused by
manuf acturi ng tol erances, a variation of a tenperature dependency of
ref r act inhotiathe i iR /il i ofhols, a ingbraetive iredexdefl ohj aéthl ens OBJ,
a focus junp characteristics of nultiple-layer disc such as two-1ayer
density optical disc HD can be read by the use of output
signals of the photodetectors PD1/PD2.

In the case of conducting recording/reproducing of
information for high density optical disc HD, when spherical
aberration of the spot on information recording surface RL1
is changed in the direction of excessive correction by

influences such as, for example, wavelength changes of a

violet semiconductor laser LD1, errors in a thickness of
protective layer PL1, focus jump between information

recording surfaces of a two-layer disc and refractive index
changes of objective lens OBJ caused by ambient temperature
changes and heat generation of biaxial actuator AC2, the

first collimator lens COL1 is displaced by uniaxial actuator
ACl so that a distance to the first objective lens OBJ1l may
be broadened. On the contrary, when spherical aberration of
the spot on information recording surface RL1 is changed in

the direction of insufficient correction, the first




di scs, four-layer disc, when recording and reproducing 167

mul tiple-layered discs, and a variation of depth of protective |ayer PL1
based on manufacturing tol erance and variation of distribution of the depth
etc. In the above, an exanple of that a spherical aberration of a |ight
beam spot formed on an information recosding layer of high density optical
discs is corrected, is explained, however it can be applied to the case
where a spherical aberration of a beam spot formed on an information
recording layer RL2 of DVD. (Exanples) Next, there will be expl ai ned sone
exanpl es including Exanple 1 representing an optical systemthat is

sui tabl e as expander |ens EXP and objective lens OBJ in the aforenentioned

opti cal quldkimz taevileersPUNL IEXaEN st et ésentriingian eituealorsystiermd hat is
suitable as collimator lens CO., the first objective lens OBJ1 and the

second abjeactd (B dreie OBl dHe thie-Af agrentivenadmpigesal maclodp device PU2,
Exanpl e 3 representing an optical systemthat is suitable as the first

col I'i matrprr dgRgy CObleand thesli Lok gBB@CBhEEhEe?ﬁfgﬁﬁétﬁgntP cording

af orenenti oned optlcal p|c up devic epresen I'nNg an-opti cal
e s B LR T g AR o
aberration is corrected constantly, thus, excellent
characteristics for recording/reproducing for high density
optical disc HD can be obtained.

Further, a wavefront transmitted through the first
collimator lens COL1 and the first objective lens OBJ1 turns
out to be in the state where chromatic aberration is properly
corrected, a diameter of the spot formed on information
recording surface RL1 through converging is prevented from
becoming large even when violet semiconductor laser LD1
causes mode hopping in the case of switching from reproducing
of information to recording.

Further, the first collimator lens COL1 has a function
to compensate changes in a degree of divergence of an emitted
light flux caused by changes in refractive index (changes in
refracting power) of the first collimator lens COL1 following
upon ambient temperature changes with a change of diffracting
power caused by changes in wavelength of violet semiconductor
laser LD1 following upbn ambient temperature changes.

Therefore, the degree of divergence of the light flux emitted




af orenenti oned optical pickup device PU5, Exanple 5 representing an optical
systemthat is suitable as the collimator I ens COL and the objective |lens
OBJ in the aforenentioned optical pickup device PU6, and Exanple 5
representing an optical systemthat is suitable as the expander |ens EXP
and objective lens OBJ in the afore L;oned optical pickup device PU7. The
aspheric surface in each Exanple is pressed by the follow ng Nuneral 5
when X (mm) represents an anmount of deformation froma plane that is
tangential to the aspheric surface at its vertex, h (m) represents a

hei ght in the direction perpendicular to the optical axis, and r (nm
represents a radius of curvature, wherein X represents a conic constant and

AZi  repriesantchedlf iaspheidlq isdtiace greldorai et ndtNetRmalesdd) h' Ir +~Az~h2i
1+ 1-(1+x)h2 /r2 a=z Further, a diffractive structure in each Exanple is

expr essaduy an antivcalyRal i LiraNsE AddelLeuihe buansalagian vaverront

by the diffractive Structure (anoun optrcal path ferenCe added). The

opti cal th differe t hi ind d.s,_expres by .optical .path 169
dtfor by ?t?nct:; B @%‘%PEP{%S %effS im§§611 ylcta%eloéjf 8&23&% et S:bi‘gFtch{Sn h ()
represents a _height in the direction perpendicular to the optical axis, B2~
represeﬁ?§stﬁ@%&pFP€§@dp h tEPEEPENES F%ﬁ@ﬁ@&n?rﬁ.P@Sr@§€ﬁ€§tan order of

diffraction, ~ (nmm) represents a wavelength of a light flux
which does not deteriorate spherical aberration.

When conducting recording/reproducing of information
for DVD in optical pickup device PU4, red semiconductor laser
LD2 is made to emit light, as its path for a ray of light is
shown with broken lines in Fig. 5. A divergent light flux
emitted from the red semiconductor laser LD2 is reflected by
the first polarized beam splitter BS1l, and passes through the
second polarized beam splitter BS2 to be converted into a
parallel light flux by the first collimator lens COL1l. Then,
it passes through the third polarized beam splitter BS3 and
is regulated in terms of a diameter of the light flux by
diaphragm STOl to become a spot that is formed on information
recording surface RL2 by the first objective lens OBJ1
through protective layer PL2 of DVD. The first objective
lens OBJ1 conducts focusing and tracking with biaxial
actuator AC2.

The reflected light flux modulated by information pits
on information recording surface RL2 is transmitted again

through the first objective lens OBJ1,the third polarized



entering the diffractive structure and ~B (nm represents a construction
wavel ength (or blazed wavel ength) of the diffractive structure. (Exanple 1)
Exanple 1 is represented an optical system suitable as expander | ens EXP
and objective lens OBJ in optical pickup device PUl, and the optical system
i's conmposed of objective Iens OBJ repygsenting a plastic |ens whose
aberration correction is optim zed for wavel ength 405 nmand for a
protective layer with a thickness 0.6 nm and of expander | ens EXP conposed
of two plastic lenses including negative lens NL and positive |ens PL.

Table 1 shows specific lens data of the optical system Fig. 7 shows an
optical path diagramfor conducting recording/reproducing of information

for highhetensiglyl optn @43 dirst 4#3 Figst &clows s dpiriscaorpat @ agram f or
conducting recording/reproducing of information for DVD and Fig. 9 shows

170 an Qﬂierpallsoaztéflca@egg@rn QAheC ARAuUGtd N 185 |
i nformati on for Tabl e 1311 =2. 308, NAI=0. 65, e%i%ﬁ%%ﬁﬁ%?ﬂHﬁx%gggb n1l=10,

Goms 010° Ep 8 L Rnbiafull %ﬁ% f%?%%@%% I B 0 00 naos
((jﬁn;)r\lio%ﬁ—q’%ﬁ%%sg‘nto--t- prié’%a%%égf@%fgggﬁm%g mng)SBz d2- - - 3~1. 3000
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photodetectors PD1/PD2. Thus, information recorded on DVD
can be read by the use of output signals of the
photodetectors PD1/PD2.

When conducting recording/reproducing of information
for CD in optical pickup device PU4, second objective lens
OBJ2 is inserted in an optical path for a light flux emitted
from red semiconductor laser LD3 by an objective lens
switching means of objective lens unit OU. After that,
module MD3 for CD is operated, as a path of the ray of light
is shown with two-dot chain lines in Fig. 5, to make the red
semiconductor laser LD3 to emit light. A divergent light
flux emitted from the red semiconductor laser LD3 is
converted into a parallel light flux by the second collimator
lens COL2, then, is reflected by the third polarized beam
splitter BS3 and is regulated in terms of a diameter of the
light flux by diaphragm STO2 to become a spot that is formed
on information recording surface RL3 by the second objective

lens OBJ2 through protective layer PL3 of CD. The second




First surfaceFourth surfaceFifth surfaceSixth
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optical path difference function Fourﬁg surface~, B4 0

5nnB2- 1. 5000E- 03B4- 4. 0136E- 05 171 In %able 1, f1 represents a focal

| engt h of objective lens OBJ, NAl represents a nunerical aperture of
objective lens OBJ, ~1 represents a design wavel ength of an optical system
mL represents magnification of objective |lens OBJ and nl represents a
diffraction order of diffracted |light having the maxi numdiffraction

ef fi ci enchjeaocoigediéfis aoBed toghtcgenesetetnyyanier dhékiagtwyvenstructure
that is formed on positive lens PL of expander |ens EXP, Iin the case of

usi ng highadeasi dyceptbsahcsli s6rhyed ZarHi¥a ?3@ ﬁﬁ%@@@%@@n%éﬁg?sent

simlar values in the case of using DVD, and and n3

tsim ' f US| . Furt d2. d6 .and d7
oS oA M4 IR MBI P e i 00,
coce of i HEHEEMRERR! eErORLES W e g Pl e 10 1

through the second objective lens OBJ2, and is reflected by
the third polarized beam splitter BS3 to be converged on a
light-receiving surface of photodetector PD3 of module MD3
for CD. Thus, information recorded on CD can be read by the
use of output signals of the photodetector PD3.

(Fifth Embodiment)

Fig. 6 is a diagram showing schematically the structure
of fifth optical pickup device PU5 capable of conducting
recording/reproducing of information properly for high
density optical disc HD and DVD. In the optical
specifications of the high density optical disk HD, a
wavelength is 405 nm, a thickness of a protective layer is
0.1 mm and numerical aperture NA is 0.85, and in the optical
specifications of DVD, a wavelength is 655 nm, a thickness of
a protective layer is 0.6 mm and numerical aperture NA is
0.65. However, a combination of a wavelength, a thickness of
a protective layer and a numerical aperture is not limited to
the foregoing.

The optical pickup device PU5 is composed of




a radius of curvature, d (my represents a distance between surfaces, N-1
represents a refractive index in wavel ength ~1, N~2 represents a refractive
i ndex in wavel ength ~2, N~3 represents a refractive index in wavel ength ~3,
vd represents Abbe's nunber in d line and ~B represents a nmanufacture

wavel ength of the diffractive structﬂrg. 172 On the optical surface
(Fourth surface in Table 1) of positié | ens PL on the objective |l ens OBJ
side, there is formed a diffractive structure wherein a depth of the step
closest to the optical axis is 7.6 Vim Wen a laser light flux emtted
fromviol et sem conductor |aser LDl enters the diffractive structure, 10th
order diffracted light is generated to have the maxi mum di ffraction

ef fi ci engplevhesmacbaseetbirght sklrux.pemchhed ikr pEaki est ehiightigAttti ng poi nt
EP1 of |l aser nodule LMenters the diffractive structure, 6th order

di f 1 acipdnl LaRkuES 1ABNPERLEA HG Mape okl I brUMLELLRAREbhORoR! highency,

and when a laser |lig ux em rom secon ght-emtting point EP2 of

| aser M - e diffracgti tru re, .5th.o ' cted

| i ght Fgﬂgéﬁg#ap§§5§éﬁh§3§cth§ %a%i%ﬁ%F%iFfﬁé%?Fo%lggFi%?g%cgéggégné to
this structﬁre, giffrﬁﬁgion efficiency at. each Tiffract'on order ,for each
wavel en§PNELENI68 4t 216t AMdi FPFaSERACPRGHE tPEY ﬁﬁ@EIEHBtEhQESGWﬁFSthen, it
is 99.7%at 6th diffracted |light for wavelength 655 nm and it is 99. 6% at
5th di f fr aéfed Light férxwhaEieggehvwesslergtin@thfgh &nf WheBtion ef fici ency
can be secured for any wavel ength. Fig. 10 shows an effect of the

di f f ractondustingt ueeording/reproducing of information for DVD,

photodetector PD1/PD2 that is used commonly for high density
optical disc HD and DVD, objective lens unit OU composed of
objective lens OBJ, biaxial actuator AC and diaphragm STO
corresponding to numerical aperture NA 0.85 of high density
optical disc HD, collimator lens COL, liquid crystal element
LCD in which a pair of electrodes ELP1 and ELP2 are
interposed between a pair of optical transparent base boards
Tl and T2 and liquid crystal molecule layer LC is arranged to
be interposed between the paired electrodes ELP1 and ELP2 and
a power supply (not shown) for impressing voltage on the
electrodes ELP1 and ELP2 is provided, optical element for
correcting chromatic aberration HOE, first polarized beam
splitter BS1, second polarized beam splitter BS2, sensor lens
SEN and beam arranging element SH.

Incidentally, it is also possible to use a violet SHG

laser in addition to the aforementioned violet semiconductor




for correction of chromatic aberration of objective lens OBJ in a violet
area. In the figure, "OBJ + EXP" shows 173 characteristics of the optical
syst em conposed of the objective | ens OBJ and expander |ens EXP, and "OBJ"
shows characteristics of the objective ens OBJ. Wen cal cul ati ng wavefront
aberration, the objective lens OBJ i i xed at the best inage surface
position at wavel ength 405 nm Fig. 10 T1nplies that the optical system
conposed of the objective |lens OBJ and expander |ens EXP has sufficient
capacity for wavel ength changes (approximately, +1 nm caused by node
hoppi ng of violet sem conductor laser LDl. In this optical system it is
possible to correct spherical aberration caused by various factors, by
changi ng eeatr dd)lustasng d idjtst aswerdxetfveehinggaldnsl dyerpiNlcandiipesi ti ve

|l ens PL in expander |ens EXP, while conducting recording/reproduci ng of

i nf or matdmon for high density optical disc HD. As an exanple, Fig. 11 shows
results of correction for spherical aberration caused on objective |l ens OBJ

by tenmper at ur guehanges il hied I G "B ERRE Shous chagacteristi cs of

t he optlcal systen1conposed 0 the obj ect e %ens expan *l ens

EXP, " aracterlstlc bj ective | ens nd .g%
di stance sahoms%t%e “Sptmi it ael%ge et‘”&ié]!ecﬁj 5t i Ve Htec‘nix%@ Et¢S5ositi ve
| ens PL for each tenperature, An anmount of changes
aspheric surfaces and has a function to converge a laser
light flux having passed through the diffracting lens L1 on
an information recording surface of an optical disc. The
diffracting lens L1 is a plastic lens, while, the light-
converging lens L2 is a glass lens. Respective lenses are
integrated solidly through holding member HB.

With respect to optical specifications of high density
optical disc HD and of DVD which are assumed in the course of
designing the objective lens OBJ, wavelength Al is 405 nm, a
thickness of protective layer PL1 is 0.1 mm and numerical
aperture NAl is 0.85 for high density optical disc HD, and
wavelength A2 is 655 nm, thickness t2 of protective layer
PL2 is 0.6 mm and numerical aperture NA2 is 0.65. However, a
combination of a wavelength, a thickness of a protective
layer and a numerical aperture is not limited to the
foregoing.

Further, on the objective lens unit OU, there is

provided an operation control circuit that controls



174 for refractive index for tenperature changes of objective lens OBJ is
-1.1 x 10-5/C. Fig. 11 inplies that the optical system conposed of
objective |l ens OBJ and expander |ens EXP can nai ntain excellent capacity
even when a tenperature of the objective lens OBJ is changed by anbient
tenperature changes and by heat genergtjon of biaxial actuator AC2. For
DVD, recording/reproducing of information is conducted under the condition
where a di stance between negative lens NL and positive lens PL is nade to
be 1.51 mmso that a divergent light flux nay enter the objective | ens OBJ,
and spherical aberration caused by wavel ength di spersion of objective |ens
OBJ is corrected. For CD, recording/reproducing of information is conducted
under t lper@ndicnisow finteiree: ia 1disstrae® rb@iosg et Hae@dt iave ekensnblk iaad fpesi tive
lens PL is nade to be 0.10 mmso that a divergent light flux may enter the

obj ecti vend eisgBE wand srhendicale@bgiicati on caused by wavel ength
di spersion of objective lens OBJ and spherical aberration caused by a

di ff f ti t Qi ) Bl i ical di
1D and b ar e B5iras SaicrEiat SufaRa D Bttt S e e EBt L6t ca
t i tabl | | i mator .l . f.irst abjecti I OoBJ1 and
Stcond THE7R SBestivEq SICRoss G 05 I proRey GSUPCATPUR, and the
optical systemis conposed of first_qbjective lens OBJ1 representing a

pl ast i ¢ GOERESEPRL NI LGr 6Fp ARG Mishdm: Noer gaduBecopt areadARRARer ms of
aberration correction for wavel ength 405 nmand a protective layer with
t hi ckned$0¢. Bhem)s eoare sponedniové o ens a0B32 frepr dddntnyAad, phadt be | ens
optimzed in terns of aberration correction for wavel ength 405 nm and a
prot ect ithe Ifayert wreh RRBAKNeshe@c6 immfanthedl sceblwiiset diffenst e
representing a plastic lens. Table 2 shows specific |lens data of the

optical ssysicemreompesetedbihl HItirah) eehigvenkees SBhbsand grikbhmator |ens
COL, Table 3 shows specific |lens data of the optical system conposed of

second @Rjecti-veckers g@J%o§@@dC%EEig§E%58E@n rShg Ehg'oﬁ§9599“§x§9.

optical path diagramfor conducting recording/reproducing I nf ormati on

01 L e cHaESL ol dens! bR colol 55 R T e 13 sy ot cal pet
hi gh de%%%% i%%tg%a%h%i%%eE%%bthgff%gC%qggsstructure DOE are the
same as those in the Fourth Embodiment, and explanation of
them will be omitted here accordingly.
The optical element for correcting chromatic aberration
HOE is equipped with a function as an optical unit for
correcting chromatic aberration, and liquid crystal element
LCD is equipped with a function as an optical unit for
correcting spherical aberration.
On the plane of incidence of the optical element for
correcting chromatic aberration HOE, there is formed a
diffractive structure for correcting chromatic aberration of

objective lens OBJ in the violet area, and as is shown on an

enlarged diagram in Fig. 6, depth d of a step of its ring-



an optical path diagramfor conducting recording/reproducing of information
for DVD and Fig. 15 shows an optical path diagramfor conducting
recordi ng/ reproduci ng of information for CD. 176 Table 2 fl=1.765,

NA1=0. 85, ~, 1=405nm nil=0.00, nl1l=2 Paraxial value Surface No.r (mmd

(M) N~, IN~, 2N~, 3vdO- 13. 5332- - - 1- 60. 054,72. 00001. 52471. 50651. 505056. 52- 12. 698
810. 0000- - - 32. 09932. 50001. 52471. 50651. 505056. 547. 48780. 0500- - - 50. 84951. 1000
1.52471. 50651. 505056. 56~0. 2396- - - 7~0. 10001. 61951. 57721. 5705030. 0g~_- _-
Aspheric surface coefficient Second surfaceThird surfaceFourth surfaceFifth
surface-1. 1627E- 01- 0. 1297E+000. 4212E+02- 0. 7523E+00A4- 8. 5920E- 06- 0. 3325E- 020
. 7T053E- 020. 1335E+00A60- 0. 6201E- 04- 0. 1832E- 010. 8649E- 02A80- 0. 5159E- 030. 9122E
- 020. 21 5rEsB0A 000 . il 8THe Qo0 I3 1ebe 1082 - OO OiAL 203 HedB 041t 744 1E- O
2A1400. 1212E- 030A160- 0. 39442E- 040 Coefficient of optical path difference

funct i onHeeRnTE:S Wi aTiert B9 h B2 QU00E-R3R4: A 3BALERG g (Fabl e 2, 1

represents a focal length of first objective |ens 1, NALl represents a

nuTer| Cala,ARRE Wik Sladi il SIRSIINE LS DM SERTEIGNS 2 desiar

wavel ength of an optical system S nébnl ication of first 177

obj ecti and .nl represents a diffraction.order aof diffracted
i ght hé%dﬁ?%\s“he%ﬁnnun%géﬁ Bl il gt iaciw&YcegC/LeéWg:r% O%'efaﬁ alled | i ght
generated by the diffractive structure fornmed on collimtor lens CO., in
the cas€ G IRy A SR Pehdhe Fpiacat diddnaotiouethéhe v (nm
represents a radius of curvature, d (M) represents a di stance between
diffracted light having the maximum diffraction efficiency

among diffracted light generated when a laser light flux
having a wavelength of 405 nm enters. Owing to this,
sufficient diffraction efficiency can be obtained in each
wavelength area, and chromatic aberration correction in a
wavelength area for wavelength 655 nm is prevented from being
excessive even when chromatic aberration is corrected in the
violet area.

The liquid crystal element LCD is equipped with a
function as spherical aberration correcting optical unit, and
it can correct spherical aberration changes of a spot formed
on an information recording surface of high density optical
disc generated by various factors. Since technologies to
correct spherical aberration changes with these ligquid
crystal elements LCD are described in TOKKAI No. 2001-43549,
for example, detailed description will be omitted here.

When conducting recording/reproducing of information

for high density optical disc HD in optical pickup device




surfaces, N~1 represents a refractive index in wavelength ~1, N-2
represents a refractive index in wavel ength ~2, N~3 represents a refractive
i ndex in wavel ength ~3, vd represents Abbe's nunber in d line and ~B
represents a manufacture wavel ength of the diffractive structure. In Table
3, f1 represents a focal |ength of s§22nd objective |l ens OBJ2, NAL
represents a nunerical aperture of sécond objective |lens OBJ2, ~1
represents a design wavel ength of an optical system nil represents
magni fi cati on of second objective lens OBJ2 and nl represents a diffraction
order of diffracted |ight having the maxi numdiffraction efficiency anong
diffracted |light generated by the diffractive structure forned on

col I'i mapUB, | ensl€0seinicbhauease 0hsusi nplsesonddbi gb €ensi 1yghptigal disc
HD2, f2, NA2, ~2, nR and n2 represent simlar values in the case of using

DVD, angi£3cohif8e £8r ABrapdoR31tgREESENLnSLH {atnvabyes i mLhe;gase of
178 using CD. Further, dO, d2, d4 and d5 represent respectively a distance

betueensob) o6t s 306t ke peveen collireior dane ol and secons

obj ective’lens a pro i vée Tayer and a wor ki ng

di stance. Further, r r esents a radius of curvature, d
represeﬁ?@lgoaggFSHEeﬁgg%ﬁeﬁﬁiSE?F5@EsFﬁﬁﬁﬁgﬁeB?@geﬂ¥§a%9?%$r%i%%%%tindex
in wavelength ~1, N~2 represents_a refractive index in wavel ength ~2, N-3
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nunber in d |ine.
form from an oval, and then, it passes through the first and

second polarized beam splitters BS1 and BS2 to be converted
into a parallel 1light flux by the collimator lens COL. Then,
it passes through the optical element for correcting
chromatic aberration HOE and is regulated by diaphragm STO in
terms of a diameter of the light flux to pass through liquid
crystal element LCD to become a spot that is formed on
information recording surface RL1 by the objective lens OBJ
through protective layer PL1 of high density optical disc HD.
The objective lens OBJ conducts focusing and tracking with
biaxial actuator AC2 arranged around the objective lens.

The reflected light flux modulated by information pits
on information recording surface RL1 is transmitted again
through the objective lens OBJ, the liquid crystal element
CD, the optical element for correcting chromatic aberration
HOE and the collimator lens COL, and then, is reflected by

the second polarized beam splitter BS2 to be given

astigmatism by sensor lens SEN, and is converted into the




179 Table 3 f1=2.308, NA1=0.65, ~,1=405nm ml=0.00, n1=2, d0=13. 5332,

d2=10. 0000, d4=1.059, d5=0.6 f2=2.385, NA2=0.63, ~, 2=655nm nR2=-0.02, n2=1,
d0=12. 8785, d2=7.5500, d4=1.172, d5=0.6 f3=2.392, NA3=0.50, ~, 3=785nm
nB=-0. 09, n3=1, d0=6:1285, d2=14.3000, d4=0.936, d5=1.2 Paraxia 7 va7 nP
‘Surface NOr (nmd
(nn)N~,1N~,2N73Vd0-d0---1-60.05472.06&6&.52471.50651.505056.52-12.6988d2---
31.44611. 60001. 52471. 50651. 505056. 54- 4. 6094d4- - - 5~d51. 61951. 57721. 5705030. 0
6~--- Aspheric surface coefficient Second surfaceFifth surfaceSi xth
surface-1. 1627E- 01- 0. 6906E+00- 0. 1166E+02A4- 8. 5920E- 060. 6960E- 020. 3525E- 01A6
00. 1261E- 02- 0. 1316E- 01A800. 6829E- 030. 3206E- 02A100- 0. 1649E- 03- 0. 3705E- 03A120
0. 5041 Ec4reoeld iNdiggnt fafuxgptihedl, fdat i sdidonefeeed bunet naghtecond
surface~, B3 9 0 nnB2-8. 0000E- 03B4- 7. 3601E- 06 180 On the optical surface

( Second rsiliadadl Bukahld 2 @ndoteblct Bkl pigzeal | immier |ens COL on the
objectlve | ens de, thefe is fornmed a diffractive structure wherein a

depth h t I 4 I
ot {1 eRed | LoRER 418 G 8 %Patilec%l Regntiny 4o, Be' 2=

diffractiv tructure, 2 d order diffracte ht ner ted to have the
WHXIWUWI&F%f% E%@nuéﬁfl QP U 1P Sdr i PPOEP PFed fromfirst

l'ight- enlttlgg poi nt EP1 of | aser nodul e LM enters t he dlffractive
struct uf&l/ -order diffracted light is generated to have the nmaxi num
diffraction efficiency, and when a |laser light flux emtted from second
| i ght -enmittingnpbhat cEP2 of rasdnchodgl sebhMrding/reproducing of

information for high density optical disc HD, when spherical
aberration of the spot on information recording surface RL1
is changed in the direction of excessive correction by
influences such as, for example, wavelength changes of a
violet laser light flux emitted from violet semiconductor
laser LD1, errors in a thickness of protective layer PL1,
focus jump between information recording surfaces of a two-
layer disc and refractive index changes of objective lens OBJ
caused by ambient temperature changes and heat generation of
biaxial actuator AC, distribution of refractive index in
liquid crystal molecule layer LC is changed by making a power
supply to impress voltage on electrodes ELP1l and ELP2, so
that spherical aberration wavefront that is corrected
insufficiently may be given to a violet laser light flux that
passes through liquid crystal element LCD. On the contrary,
when spherical aberration of the spot on information

recording surface RL1 is changed in the direction of




enters the diffractive structure, 1St order diffracted light is generated
to have the maximumdiffraction efficiency. Wth regard to the diffraction
efficiency at each diffraction order for each wavelength, it is 97.70 at
second diffracted light for 405 nm it is 93.4%at first diffracted |ight
for 655 nm and it is 99.2% at firstcﬁagfracted l'ight for 785 nm and high
diffraction efficiency can be secure or any wavel ength. Effects of
chromatic aberration correction by this diffractive structure in the violet
area for the first objective lens OBJ1 are shown in Fig. 16. In the figure,
181 "OBJ + COL" shows characteristics of the optical system conposed of the
objective lens OBJ and collimator lens CO., and "OBJ" shows characteristics

of the fiirsstf foljieattd worrens: 0B 1.ditiert i @f fofc tre fAfacgfinvenatidexaker rati on
correction by this diffractive structure in the violet area for the second

obj ect i vig hams PBE2 Ar ec3hMN d N KicF 11 i d trRedd By ﬁpa]éig? &;p%} shows

characteristics of the optical system conposed of thé seco jective |lens
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passes through liquid crystal element LCD. Due to this, the

spot on the information recording surface RL1 turns out to be

in the state where spherical aberration is corrected

constantly, thus, excellent characteristics for

recording/reproducing for high density optical disc HD can be

obtained.

Further, a wavefront transmitted through the optical

element for correcting chromatic aberration HOE and objective

lens OBJ turns out to be in the state where chromatic

aberration is properly corrected, a diameter of the spot

formed on information recording surface RL1 through

converging is prevented from becoming large even when violet

semiconductor laser LD1 causes mode hopping in the case of

switching from reproducing of information to recording.

When conducting recording/reproducing of information
for DVD in optical pickup device PU5, red semiconductor laser

LD2 is made to emit light, as its course for a ray of light

is shown with broken lines in Fig. 6. A divergent light flux



objective lens OBJ1 and collimator | ens CO., the second objective |lens OBJ2
and collimator lens COL has sufficient capacity for wavel ength changes
(approxi mately, +1 nnm) caused by node hoppi ng of violet sem conductor |aser
LD1. In this optical system it is possible to correct spherical aberration
caused by various factors, by changingg-and adjusting a di stance between
collimator lens COL and 182 objective I enses OBJ1 and OBJ2negative | ens
NL and positive lens PL in expander |ens EXP, while conducting
recordi ng/ reproduci ng of information for first high density optical disc
HD1 and second high density optical disc HD2. As an exanple, Fig. 18 shows
results of correction for spherical aberration caused by thickness changes
in a prengctiedeflrayethef relde sbini sbnlughogdenskty bpRi ¢al rdEsectPd. byn the
figure, "OBJ + COL" shows characteristics of the optical system conposed of

t he f'r%heoﬁh%QE'P@1b%@%e@B%éaﬁngpﬁQEEbgahgﬂ |§ﬂ§ Eﬁen ss880MBe
characteristics of the first objective |lens CBJ - OBJ distance”

shows the. ﬁHH‘Béggggééggggﬁge%ﬁgﬁEtEQ'Eb?aEﬁe S Eén £8Qd: hbg Lirst

obj ective lens Iest Ical system conposed of
the first _objective le 1 d co or ens C mai nt ai.n

excel | eRPT 83@S§i?§98%eﬁin?%¥hgﬂﬁiFehaﬁﬂa ©ge gP?yggttlgandigisﬁﬁﬁ havi ng
a pluraljty of information recordln% surfaces.  For DVD,

recor di AGFPEER0BNEI AFLAFalnPePRER 0ROFsCOBRAGELBE GREEMAERE condition where

a distance between collimtor Iens COL and second objective lens OBJ2 is
made t oaberration HOE, regulated in terms of a diameter of the light

flux by diaphragm STO, and passes through liquid crystal
element LCD to become a spot that is formed on information
recording surface RL2 by the objective lens OBJ through
protective layer PL2 of DVD. The objective lens OBJ conducts
focusing and tracking with biaxial actuator AC2 arranged
around the objective lens.

The reflected light flux modulated by information pits
on information recording surface RL2 is transmitted again
through the objective lens OBJ, liquid crystal element LCD,
the optical element for correcting chromatic aberration HOE,
and the collimator lens COL, and then, is reflected by the
second polarized beam splitter BS2 to be given astigmatism by
sensor lens SEN, to be converted into the converged light
flux, thus, it is converged on a light-receiving surface of
photodetector PD1/PD2. Thus, information recorded on DVD can
be read by the use of output signals of the photodetector

PD1/PD2.



be 7.55 mm (therefore, a distance between the first light emtting point
EP1 of |laser nobdule LM and collimator lens COL is nade to be 12.8785 nm so
that a divergent |ight flux may 183 enter the second objective | ens OBJ2,
and spherical aberration caused by wavel ength di spersion of the second
objective lens OBJ2 is corrected, in.t optical system conposed of the
second objective |l ens OBJ2 and coIIi&a or lens COL. Further, for CD,
recordi ng/ reproduci ng of information is conducted under the condition where
a di stance between collimator I ens COL and second objective lens OBJ2 is
made to be 14.3 nmm (therefore, a distance between the second light emtting
point EP2 of |aser nodule LM and collimator lens COL is made to be 6.1285

) so that ardicueegeallllighh thdx oy teet €6 rshe -see@rd epieekive | ens
OBJ2, and spherical aberration caused by wavel engt h di spersion of the

second QRj&el] WRvieRs Bld ANdiRRier igal ARSY %&ie‘ﬁn e g%%e@’ ad difference

of protective |ayer thickness between the second hig ensity optical disc

D2 20 Hhgne Sar ety LaOha onl gal st Gomased o L secon

objectiv colFimator 1 ens
systen1coqposeg.of colligptor | ens and secagnd objective lens OBJ2 in
the Exatpli&@ L4 aFE5BE e FUELEH YnEfo PRt e 1ciR 1andO8bj ect i ve | ens

OBJ in optical pickup device PU3. (Exanple 3) .
correcting spherical aberration in the course of conducting

recording/reproducing of information for high density optical
disc HD. However, it is also possible to make the structure
to be one wherein spherical aberration is corrected even in
the case of conducting recording/reproducing of information
for DVD and CD.

Fig.24 is a schematic diagram of the sixth
configuration of an optical pick-up unit PU6 used to record
/reproduce information on a high-density optical disc HD, DVD
and CD appropriately. Specifications for optical
characteristics of a high-density optical disc are follows.
Wavelength: 405nm, Thickness of protective layer: 0.0875 mm,
Numerical aperture NA: 0.85. Specifications for optical
characteristics of DVD are as follows. Wavelength: 655 nm,
Thickness of protective layer: 0.6 mm, Numerical aperture NA:
0.60. Specifications for optical characteristics of a CD are
as follows. Wave length: 785 nm, Thickness of protective
layer: 1.2 mm, Numerical aperture: 0.45. However, a

combination of wavelength, thickness of protective layer and



184 Exanple 3 is represented by an optical systemsuitable as the first
collimator lens CO.1 and the first objective lens OBJ1, and it is conposed
of the first objective | ens OBJ1 having interchangeability for high density
optical disc HD with standards of wavel ength 405 nm protective |ayer
thickness 0.1 mm and nunerical apertypg 0.85 and for DVD with standards of
wavel ength 655 nm protective |ayer thickness 0.6 mm and nunerical aperture
0.65 and of the first collinmator I ens COL1 which is a plastic | ens whose
optical surface on the first objective lens OBJ1 side is made to be a
diffractive surface. Table 4 shows specific |l ens data of this optical
system and Fig. 19 shows an optical path diagram | 85 Table 4 f1=1. 765,
NA1=0. 8sumericdD5apermied. 86scnib8d dbol8. 884, nd6=DibBtled d7=0ctHe f 2=1. 830,
NA2=0. 65, ~, 2=655nm n2=0a00, n2=2, dO0=24. 445, d6=0.300, d7=0.6 Paraxi al

val ue SgbhBegatOor 4PHYE.

(rm) N~, IN~, 2vdO- dO- - - 1-43. 94161. 20001. 52471. 506556. 52- 17. 793815. 0000- - - 3~1.

00001. 52471, ?@@55&?459&—@9%‘&{1{%-1213@9&%]9956??%15%@&}1@%@ 3104d6- - - 7~

d71. 61951. 57 0. 0g~ Aspheric surface co iclent First surfaceSecond
surface
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0A1200053B38E! 099. S84DELDDRAL 4BBRN2 027 RS 056AE 602 DSEAPRE DL OMIBTD0. 1731E- 020

A2000- 0. 2543E- 030 , _
wavelength is 405 nm to record/reproduce information on/from

a high density optical disc HD, the second light emission
point (the second light source) to emit laser beams (the
second laser beams) to record/reproduce information on/from a
DVD, whose wavelength is 655 nm, the first light beam
detector DS1, which detects reflected laser beams from
information recorded layer RL1 of a high density optical disc
HD, the second light beam detector DS2, which detects
reflected laser beams from information recorded layer RL2 of
a DVD and Prism PS, module LM1 for CD including: infrared
semiconductor laser LD3 (the third light source) to emit
laser beams (the third light beams)whose wave length is 785
nm to record/reproduce information on/from CD and photo-
detector PD3, which are integrated, object lens unit OU
comprising: object lens OBRJ, aperture limiting element AP for
CD, two-axis actuator AC2, diaphragm STO corresponding to

numerical aperture 0.85 of high-density optical disc HD and

holding member HB, collimator lens unit CU including,




Coefficient of optical path difference function Second surfaceThird

sur face~, B423nnm655nnmB2- 5. 5489E- 037. 0802E- 03B4- 4. 2383E- 06- 2. 2182E- 03B602. 890
3E- 04B80- 6. 0153E- 04B1008. 3936E- 05 186 In Table 4, f1 represents a focal

| ength of first objective ens OBJ1, NAl represents a nunerical aperture of
first objective lens OBJ1, ~1 repres§$bs a design wavel ength of an opti cal
system nil represents nmagnification of first objective lens OBJ1 and nl
represents a diffraction order of diffracted |ight having the maxi mum
diffraction efficiency anong diffracted |ight generated by the diffractive
structure forned on first collimator lens COL1, in the case of using high
density optical disc HD, and f2, NA2, ~2, n2 and n2 represent simlar

val ues ponlehézedsbeafn ypltgtBYDBS| nebdeniakby, 1andi tbr.aghiiopner dei sof
diffracted |ight having the maxi numdiffraction efficiency anong diffracted

light gepetnated hy1Stanw seafli FbrachivelsheHet ype DOE that is fornmed on
diffracting lens L1 (the third surface in the Table 4) is 0, when using

hi gh density Wﬁéﬁcéﬁtg&éf 5¥%£@§§@?9§:??6h£?€%9$€§%%3#é§ﬁéggj disc HD, a

diffracted |ight becones zero-or frac _ 'S not subj ected
the. oo BEnFHRF £ PRcoRGhEeft PLPBRET M BRbRObF PR acaeac| Fint Lgebrated by -
stepwise diffractive structure DOE that is formed on diffracting lens L1
(the thWPgug%r%ﬁéefa¥ raghedapsisy10Phhenluding HUOPVD igractivated

to emit laser beams from emitting point EP1. Divergently

emitted light beams from emitting point EP1 are reflected by

prism PS and cross-sectional shape of the light beams is

formed from ellipse to circle while the beams are passing

through beam forming element SH, as drawn in solid line in

Fig. 24. And the light beams are formed into parallel beams

after passing through collimator lens COL, and penetrating

through polarized beam splitter BS, then the diameter of

light beams are limited by a diaphragm STO and passing

through the aperture limited element AP and formed into a

beam spot on information-recorded layer RL1 through

protective layer PL1 of high density optical disc HD by

object lens OBJ. Object lens AC2 is moved focusing and

tracking directions by two-axis actuator provided adjacent to

it. Reflected light beams by the information pits on

information recorded layer RL1, are converged onto first

light beam detector DS1 after penetrating object lens OBJ,

aperture limiting element AP, polarized beam splitter BS and




Further, dO, d6 and d7 represent respectively a distance between a
light-emtting point of the laser light source and first collimator |ens
COL1, a thickness of a protective |layer and a working distance, in the case
of using each optical disc. Further, r (mm represents a radius of
curvature, d (nmm represents a distafeg between surfaces, N-1 represents a
refractive index in wavel ength ~1, N~2 represents a refractive index in
wavel ength ~2, N~3 represents a refractive index in wavel ength ~3, vd
represents Abbe's nunber in d line and ~B represents a manufacture

wavel ength of the diffractive structure. In Fig. 19, an optical path shown
with solid lines is one for conducting recordi ng/reproducing of information
f or hi geocawrsoey bt itbal cdildémeboradénanCOpt i pakspaghtimowghwihh dotted
lines is one for conducting recording/reproducing of information for DVD.
The firdeanbjfechivg keérseB)tH andorpdsedtetl diviteachi pgikmrnssll
representing a plastic |lens on which stepw se diffractive structure DOE is

formed andoehakhsht reesyera Bg kﬁ_@sﬂ%hr gRLesept 'bpaiéagl asscl ABSc¥hth NA of
0. 85 having aspheric surfaces on its both sideS. ITn the tfirst objective

| ens OBJL, i geabi. L r _hi densi : dj HD and for DVD
i's attaineﬁbg§8§g??gc??ngglh%S%BsSﬂggpgaggégégr§?i%%Sggugégmby a thickness
differeaggegﬁtmeﬁg protective | ayer PL1 and protective |layer PL2 with the

st epwi sée di rac %e structure DCE. On the optical surface (Second surface

in Table 4) of éhe first collimator lens COL1 on the first objective |ens
And when optical pickup PU6 records/reproduces

information on/from DVD, the distance between object lens OBJ
and collimator lens COL is controlled shorter than the
distance of which when recording/reproducing information
on/from the high density optical disc HD by one axis actuator
AC2 so that the second light beams come out from the
collimator lens COL in parallel light beams. Then, the object
lens OBJ and first laser module LMl for high-density optical
disc DH/DVD start is operated and second emission point EP2
emits light beams. The emitted divergent light beams from
second emission point EP2, whose optical path is drawn in
doted line in Fig. 24, are reflected by prism PS and passing
through bean-forming element SH. The cross-sectional shape of
the light beams is changed from ellipse to circle by beam-
forming element SH. The emitted divergent light beams are
formed to parallel light beams by passing through collimator
lens COL. And the parallel light beams are formed to a light

beam spot on information recorded layer RL2 of DVD by object




OBJ1 side, there is fornmed a diffractive structure, and a depth of the step
thereof which is closest to the optical axis is 2.43 Vim Wen a | aser
light flux emtted fromviolet sem conductor |aser LDl enters this
diffractive structure, third-order diffracted light is generated to have
the maxi mumdiffraction efficiency, while, when a laser light flux emtted
fromred sem conductor |aser LD2 enters this diffractive structure,
second-order diffracted light is generated to have the maxi mumdiffraction
efficiency. Omving to this structure, diffraction efficiency at each
diffraction order for each wavelength is 92.9% at 3ra diffracted Iight for
wavel ength 405 nm and it is 95.30 at 2nd diffracted |ight for wavel ength
655 nm lamg WiBghaditklr peisinge thiroughcpodamizeds beamedplidrtanyBdavel engt h.
Fig. 20 shows an effect of the diffractive structure for correction of

chromat epeabeiealiion tahgt ke ehichst Aebipeet breckefsveBidykn apyi gkebyprea. In
the figure, "OBJ1 + COL1" shows characteristics of the optical system
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| ens COL1, an shows characteristics t rst objective |l ens

OBJ1. 1, ' : . [ : fL bj ' oBJ1
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i mpl i h Lcal t d of the first jecti oBJ1
and t no Pfes ool RETAEaF eeReo0RL SORGE. BaVFI PSR MEIBAREES PBr wavel eng h

changes (approximately, +1 nn) caused by node hogping of violet
seni condiiéPspatasonr PiDg. on information recorded layer RL2 are

passing back through object lens OBJ, aperture limiting
element AP, polarized beam splitter BS and entering
collimator lens COL. Then the light beams are converged by
collimator les COL and passing through beam forming element
SH. The light beams are reflected twice in prism PS and
focused on to light beam detector DS2. Information recorded
on DVD can be reproduced by using an output signal from light
beam detector DS2.

In the case of recording/reproducing information
on/from CD, module MD3 for CD is operated and infrared
semiconductor laser LD3 emits light beams. The divergent
light beams from infrared semiconductor laser LD3 are
reflected by polarized beam splitter BS and formed into a
light beam spot onto information-recorded layer RL3 through
protective layer of PL3 of CD after passing through object
lens OBJ. Object lens OBJ is moved focusing and tracking

directions by two-axis actuator AC2 provided adjacent to



In this optical system it is possible to correct spherical aberration
caused by various factors, by changing and adjusting a distance between the
first collimtor lens COL1 and the first objective lens OBJ1, while
conducting recordi ng/reproducing of information for high density opti cal
disc HD, in the same way as in Exanp#§§ 1 and 2. Further, in this optical
system a degree of divergence of aTight flux comng fromthe first
collimator |l ens COL1 caused by tenperature changes is nade to be zero
substantially, by establishing paraxial power of the diffractive surface of
the first collimtor Iens COL1 so that expressions (14) and (15) may be
satisfied. Fig. 21 shows tenperature characteristics of the optical system
I n the ébjerte, 1MBIABF. COAR refibyst ¢@npibglat useamd anadilertiest igs of 190 t he
optical system conposed of refracting lens COLR which is the sanme in terns

of focalnteRti@s phes foh SinfOhhd HBERL réehsadPila Has gy diffractive

structure and of the first objective lens OBJ, and "OBJ1 + COL1" shows

t enper : i St : i SYy. 2 of , the first

col lina %%g}lgﬁgsﬁiiﬁéel?%?n&%%%@ngeggééhcﬁ% g%'telae o% gl vgcrlgiegnce of the
emtted |ight flux caused t enper at ure changes i s _conpens d t he

G {1 acTIVERLE ARy P e TRt TG R e P et R G 1 ° when
calculatipﬂ%the af orenenti oned tenperature characteristics, a rate of

change BFLIeF et} VT oRaT AKR IEPFHI AR A ur ORNERE 6 he refracting

|l ens COLR, the first collimator lens COL1 and diffracting lens L1 is nade
to be -9urkaq®-of hgto-detector PD3 of module MD for CD. Thus,

information recorded on CD is reproduced by using an output
signal of photo-detector PD3.

Object lens OBJ comprises diffractive lens L1 and
condensing lens L2 whose two surfaces are formed in aspheric
surface so as to focus laser beams passed through diffractive
lens L1 on information-recorded layer of an optical disc.
Each lens is plastic made and combined at a flange portion,
which is integrated with an optical surface.

An operation control circuit (not shown), which
controls movement of 2-axis actuator AC2, is provided with
object lens unit OU. A light source-side optical function
surface of diffractive lens L1 is divided into first area
AREA1l (not shown) corresponding to an area, which is inside
of NA2, and second area AREA 2 (not shown) corresponding to
an area from NA2 to NAl. And a plural of a ring-shaped zone,
within which a ladder type structure is formed, is arranged

in centered round an optical axis, which is a ladder type



coefficient of linear expansion is made to be 7.0 x 10-5, and a rate of
change of wavel ength caused by tenperature changes of violet sem conductor

| aser LDl is nade to be +0.05 nmiC. Fig. 21 inplies that excellent
recordi ng/ reproduci ng characteristics for high density optical disc HD can
be nmi ntai ned because spherical aberrayi on of the first objective Iens OBJ1
is hardly changed in spite of tenperature changes in the optical system
conposed of the first collimator lens CO.1 and the first objective |ens
OBJ1. 191 Incidentally, values relating to the expressions (14) and (15)
in this optical systemare shown below. NA1 = 0.85, nml =0, f1 = 1.765
(m), ~ 1 =0.000405 m f~ =20 mm 1(31 - 0.018, n = 1.524694, oc = 7.0 x
10-5, ddidfractltexst@ubtGreddOdy, in £i53tnmared~ARBA1= B. G6PON5“dDf C, PD =
0.0333 mm1, PC=0.05 m1, cl =-2.94 x 10-4, c2 - -1.65 x 10-5,
expressb@na( stdp) of Bhe 03#8er type( dtiuetlre 0BRARE NA) cacBXPifgsi on (15)
- 0.0135 ~ ~,1 (~,1 = 0.000405 nm . (Exanple 4) Exanple 4 is represented

by an opty) em sykta Lcal At o f t1
chronat?%hgggr?gﬁ%oﬁhE%%hagg@agégEFgc??%E ?gﬁgkggg?§gngﬁf§ng§%ogg%sed of

obj ecti S: : [ Ln angeahil ity for-high depsi ptical disc
HD in tﬁgréggnég?élQEEMEgg e%%#ﬁq4ég %%% §§p?o 8% Pgénaagé%%g%gékness 0.1
nm and nunerical aperture 0.85 and for DVD in the standard of wavel ength
655 nm @0pFot edtive (Pdydr t(HM¢kness 0.6 nm and numerical aperture 0.65 and
of the optical elenent for correcting chromatic

Each ring-shaped zone is divided into 5 (number of partition

N is set 5). Where A represent a wavelength of laser beams in
micron unit, which are emitted from blue colored
semiconductor laser (Where Al = 0.405 um), nl represents
refractive index of difffactive lens L1 for wavelength Al.
(Where nl = 1.524694)

When laser beams, whose wavelength is Al, incidents
into this ladder diffractive structure DOE, they are not
diffracted and passing through as they been, since an optical
path difference, “2 x Al” (um) occurs between adjacent
ladders, and no phase difference is given to laser beams
whose wavelength is Al and the laser beams are no diffracted
and passing through the diffractive structure. Light beams
passing through the ladder type diffractive structure without
diffraction is called zero (0) order diffraction beams.

Light beams, whose wavelength is A3 incidents to ladder

type diffractive structure DOE, an optical path difference




aberration HCE. Table 5 shows specific lens data of this optical system
and Fig. 22 shows an optical path di agram 192 Table 5 f1=1. 765,
NA1=0. 85, ~, 1=405nm nil=0.00, nl1l=5, d6=0.531, d7=0.1 f2=1.830, NA2=0.65,
~, 2=655nm n2=0. 00, n2=3, d6=0.300, d7=0.6 Paraxial value Surface No.r

(mmd

(mm N~, IN~, 2vd0_~---1~1. 20001. 52471. %88556 5216. 51455. 0000- - - 3~1. 00001. 5247
1. 506556. 54000. 1000- - - 51. 23692. 14001. 60321. 622761. 26- 3. 3104d6- - - 7~d71. 61951
.577230.08~- _-- Aspheric surface coefficient Second surfaceFifth

surfaceS|xth
sur face0. 2301E+02- 0. 6547E+00- 0. 1110E+03A40. 1988E- 020. 1559E- 010. 1720E+00A60-

0. 1050E0082u0s 281 7E+RORS0Qurd B & P4 On 3V 3§kt 08£R9- 85 14d s 0. 3574E+00A1200
. 3038E- 020. 1940E+00A1400. 4027E- 020A1_6 A180 0-0.4404E-02 0. 1731E- 020

2ﬁ$?gcg%%géBE_9331§QEfR§CH%n%e%E10 Qdﬁ%ls %%hzd&fRﬁre %gntug h%” First

sur face~, B405nm655nnB2- 3. 1000E- 037. 0802E- 03B4- 2. 5009E- 04- 2. 2182E- 03B602. 890
3E- 04B8be8mH 16BEs64B4A00BeBYBREI 8501 488 lihgHabbeahs WwHos&dAdavellength and nl
represent respectively a focal length of second objective lens 08J2, a

numer | cal, RRCELU €011 38°PNELO0LCEE VEah DS SZecd-dog] e vavel engih of an

optical "sys Séco

practically, there is no phase difference between light beams
of Al same and light beams of A3. When laser beams

(wavelength A2 = 0.655 (um)) from infrared semiconductor
laser incidents to the ladder type diffractive structure, an
optical path between adjacent ladders is given by formula:
(d x (n2-1) -A2 = 0.13 um). Namely, the optical path
difference becomes 0.13 pm. Then, in the case that a ring-
shaped zone is divided into five portions, the optical path
between adjacent ring-shaped zones is 0.13 x 5 = 0.65 um,
which is equal to one wavelength. Then, the wave surfaces of
light beams passing through adjacent ring-shaped zone become
in phase, since one wavelength shift occurs. Namely, light
beams whose wavelength is A2 are diffracted to first-order
diffraction direction as diffracted light beams. Object lens
OBJ absorbs spherical aberration caused by the difference
between a depth of protective layer PL1 of high-density

optical disc HD and that of protective layer pL2 of DVD. In




objective lens OBJ2 and a diffraction order of diffracted |ight having the
maxi mum di ffraction efficiency anong diffracted |ight generated by the
diffractive structure forned on collimator lens CO., in the case of using
hi gh density optical disc HD, and f2, NA2, ~2, n2 and n2 represent simlar
val ues in the case of using DVD. Inci%%ntally, a diffraction order of
diffracted |light having the naxinun1&‘ fraction efficiency anong diffracted
|l i ght generated by stepw se diffractive structure DOE that is formed on
diffracting lens L1 (the third surface in Table 5) is 0, when using high
density optical disc HD (when using high density optical disc HD, a
diffracted |ight becones zero-order diffracted light that is not subjected
to di ffeddiiicignachlomepresrtits @i frefaakicareoiddexob fddifragtedvki ght havi ng
the maxi num di ffraction efficiency anong diffracted |ight generated by
stepw s Lf fphagtiv u e 2ok i §,f on_di ffragti ens L1
(the th??ghsg?fggg ?ﬁg%%b?%g§3 I's %%%%%gnias?ﬁgE%$D.n§ IQZ'EEF?%%#[ dé and
d7 represent .respectively a protective |ayer thickness and a working
n’ﬁ%ﬂﬁecg§§e gﬂf§§ﬁﬁgl@&cﬁféﬁFF@gFdeécﬁlﬁﬁFfﬁéﬁ?rr (m) represents

di stance™i
a radius of curvature, d (mm represents a distance between surfaces, N-1

repr esedii§faacetdadtione bedes bl Wagelebgbhs~thoble2wnepienghhsia k2fractive
i ndex in wavel ength ~2, N~3 represents a refractive index in wavel ength ~3,

vd represepys3Akbang ﬁ@”ﬁ@?eh@u@h'bﬂﬁn@@@y~5ff§@bﬁ§eﬁbﬁm§ ggnuf acture
wavel ength of the diffractive structure. ITn Fig. 22, an
record/reproduce information on/from DVD.
Furthermore, spherical aberration caused by a
difference between the depth of protective layer PL1 of high-

density optical disc HD and that of protective layer pL2 of
DVD is corrected only against the light beams whose
wavelength is A2, passing through first area AREAl, not
against the light beams passing through second area AREA2
which surrounds the area AREAl. Accordingly, light beams
whose wavelength is A2, passing through area AREA2 become
flare components, which does not contribute to form light
beam spot on information-recorded layer RL2 of DVD. In regard
to forth optical pickup PU4, it is not necessary to provide
an aperture-limiting element as a separate element
corresponding to DVD whose numerical aperture NA2 since it
has same effects that aperture limitation corresponding to
NA2 is done automatically. Collimétor lens unit CU has

functions as a chromatic aberration correcting element and a




optical path shown with solid lines is one for conducting
recordi ng/ reproduci ng of information for high density optical disc HD, and
an optical path shown with dotted lines is one for conducting
recordi ng/ reproduci ng of information for DVD. The objective lens OBJ is
conposed of diffracting lens L1 reprﬁggnting a plastic | ens on which
stepwi se diffractive structure DOE i S§forned and of |ight-converging |Iens
L2 representing a glass lens with NA of 0.85 having aspheric surfaces on
its both sides. In the objective I ens OBJ, interchangeability for high
density optical disc HD and for DVD is attained by correcting spherical
aberration caused by a thickness difference between protective |ayer PL1

and  19bhpratect bverkayebnPbdrwethihheoptepuiiseldinbht ackamel gt ract ure DOE.
The optical surface (First surface in Table 5) of the optical elenent for

correct tRgomRE9pRELEr2Ret bat LaR HOEipR thenbasehnki ghkpaayicgiside is a
diffractive surface where a diffractive structure is fornmed on an opti cal

surface.j : d : r ich is
ol osest *PrERcTel: ouPeBlths; oPlg  ERkhoRL hhE BLERIADE Bito e e Tt ed
fron1vio|§t s?nicogductor | aser LDl enters this diffractive structure,
fifth-oPHerCaifPatted light is generated to have the nmaxi mumdiffraction
efficiency, while, when a laser light flux emtted fromred sem conduct or
| aser LD2 entBtSLFafrsivps FrrecrvEe sHPEC 8ir EOrmedrop ey ¥n%ct ed | ght

is generated to have the maximumdiffraction efficiency.
surface of collimator lens COL to correct chromatic

aberration in blue colored region of object lens OBJ. As
shown in Fig. 24, the depth of a step of a ring-shaped zone
in an optical axis direction is designed to obtain IOWer
order number of diffraction order of diffracted light beam
whose diffraction efficiency shows maximum efficiency, when
the light beams whose wavelength is 655 nm, incident to
object lens OBJ than the number of diffraction order of
diffracted light beams whose diffraction efficiency shows
maximum efficiency, when the light beams whose wavelength is
405 nm. Accordingly, enough diffraction efficiency can be
achieved in each wavelength region and correction of
chromatic aberration in the wavelength 655 nm region is
controlled appropriately.

Collimator lens COL is moved along an optical axis by
one axis-actuator ACl1 to change an inclination angle of
marginal light beams which incident to object lens OBJ so

that collimator lens COL absorbs an chromatic aberration




OMng to this structure, diffraction efficiency at each diffraction order
for each wavelength is 100% at Stn diffracted Iight for wavel ength 405 nm
and it is 99.90 at 3rd diffracted |ight for wavel ength 655 nm and high
diffraction efficiency can be secured for any wavel ength. Further,
diffraction order nl of beam for recg&ﬁ%ng/reproducing for high density
optical disc HD and diffraction orde of beam for recording/reproducing
for 196 DVD are selected so that ratio ~D of an optical path | ength added
to ~,1 by diffractive structure defined by ~-D=(nl1 .~/ (N~1- 1) ) /
(n2. ~2/ (N~2- 1)) to an optical path length added to ~, 2 may be
the value close to 1. Therefore, an angle of diffraction for ~ 1 and that

for ~ 2bateesmbshantiialdey wake 18R reagld ehkelsedong Wavehiesgtht ahg easy to
arrange the optical elenent for correcting chromatic aberration HOE in the

optical sRatfy WaeHa1R1~1% M veathd' l%&r %&%Rﬂa%ea%glgbe le LhOBB 11k X o

I ncidental ly, when using a material wherein the ractive index 1n the

violet ar -5y W thi range Qf 1.5 - 1.6.and Abbe's numnber .for d line
(5676 me Sont ERR R AREEt R s g mos 1218, ey MaapTanto Sheduced i n
addition to (5, 3) used in the present exanple, as a conbinatiopn (nl, n2)
of diffr&EOH n@r@QgsrﬁPrQQ&CﬁQQWﬁ%EHaﬁéﬁélSElFﬁ GensREn AV u¥LEfose to 1
for ~,1 and ~, 2. Further, the optical surface (Second surface in Table 5)
of the &pihcaensisvenPticnlcisest HRg séhcemat isphebécaat pbarHEELOR Phe
objective lens OBJ side is an aspheric surface on

a beam spot on an information record/reproduce layer of high

density optical disc HD can be corrected by shifting
collimator lens COL along the optical axis direction, when
recording and/or reproducing a high density optical disc HD.

Causes of spherical aberration, which can be corrected
by shifting a position of collimator lens COL are for
example, a variation of wavelength of blue laser LD1 caused
by manufacturing tolerances, a variation of a temperature
dependency of refractive index and distfibution of a
refractive index of object lens OBJ, a focus jump
characteristics of multiple-layer disc such as two-layer
discs, four-layer disc, when recording and reproducing
multiple-layered discs, and a variation of depth of
protective layer PL1 based on manufacturing tolerance and
variation of distribution of the depth etc.

In the above, an example of that a spherical aberration
of a light beam spot formed on an information recording layer

of high density optical discs is corrected, is explained,



whi ch paraxi al power is negative, and an absolute value of the paraxial
power is the sanme as that of paraxial power of the diffractive surface.
Therefore, the light flux with 197 wavel ength ~1 that enters in a form of
a parallel light flux enmerges in a formof a parallel light flux. Fig. 23
shows an effect of the diffractive st{ggture for correction of chromatic
aberration of objective lens OBJ in a violet area. In the figure, "OBJ +
COL" shows characteristics of the optical system conposed of the objective
|l ens OBJ and the optical elenent for correcting chromatic aberrati on HOE,
and "OBJ" shows characteristics of the objective | ens OBJ. When cal cul ating
wavefront aberration, the objective lens OBJ is fixed at the best i mge
sur f ace poetenni ttcamvied exphi ed5tnthdi cps@3vheme i @ssghatiddle opti cal
system conposed of the objective lens OBJ and the optical elenent for

corr ect i atgpcha i | of abeaseah | grotHohesd ot faei eitosapatdd Yrdiry@uel engt h
changes (approximately, +1 nm caused by nmpde hopping of violet

sem condugteor piasess Livilp . (Exanpl e 5) Exanple 5 is represented by an optical
system suitable as collimtor | ens CO. and objective lens OBJ in opti cal

i S S T LA G L, |

i nterchangeability ensity optrca
wavelengﬂ%m§%§ n a protective layer thickness_ 0.0875 nm and nunerical
aperture 0.85, 9 gérlﬂf%lq r%‘e%c'héf&]t%d]agr d-HE R NG e3B ah 156t &8 ve
| ayer thickness , _ ,
Via connecting member HB, is provided as an aperture-limiting
element to perform aperture-limiting function corresponding
Lo NA3. And two-axis actuator AC2 actuates aperture-limiting
element AP and object lens OBJ as a combined unit.
A wavelength selection filter WF having a wavelength

selection for transmittance is provided on an optical surface

of aperture limiting element AP. The wavelength selection
filter passes all light beams from wavelength Al through
wavelength A3 within area NA3, and passes wave length Al and
wavelength A2 and cut off the third wavelength A3 in area
from NA3 to NAl. Accordingly an aperture-limiting
corresponding to NA3 can be achieved base on the wavelength
selection characteristics explained above. In addition, it is
possible to provide wavelength selection filter WF on the

optical functional surface of diffractive lens L1 or that of

converging lens L2.




198 0.6 mm and nunerical aperture 0.6 and for CD in the standard of
wavel ength 785 nm protective |ayer thickness 1.2 mm and nunerical aperture
0.45 and of collimtor lens COL representing a plastic |ens whose opti cal
surface on the objective lens OBJ side is nade to be a diffractive surface.
Table 6 shows specific lens data of this optical system and each of Figs.
C and D shows an optical path diagram Table 6 f1=2.000, NA1=0. 85,
?~1=408nm nil=0. 00, nl1=5, d0=18.736, d2=20.000, d6=0.664, d7=0.1 f2=2.072,
NA2=0. 60, ~, 2=658nm n2=0.00, n2=3, d0=19.414, d2=19. 322, d6=0.431, d7=0.6
f3=2.069, NA3=0.45, ~,3=785nm nB=-0.149, d6=0.333, d7=1.2 Paraxial value
of HD and DVD Sur- face No. r (mm) d (nmm n~,1 n~, 2 vd Remarks 0 - dO - -
- Li ght - F1g. 25 shows a schematic diagram of the seventh

optical pickup unit capable to recording/reproducing a high-

density optical disc HD, a DVD and a CD. Optical

characteristic specifications for a high-density optical disc

are as follows. Wavelength: 405 nm, Thickness of a protective

layer: 0.0875 mm, Numerical aperture: 0.85, Optical

characteristic specifications for DVD, Wavelength 655 nm,

Thickness of a protective layer: 0.6 mm, Numerical aperture:

0.60, Optical characteristic specifications for a CD,

Wavelength: 785 nm, Thickness of a protective layer: 1.2 mm

and Numerical aperture: 0.45. In addition, a combination of

the wavelength, the thickness of a protective layer and the

numerical aperture is not limited to this combination.

Optical pickup unit PU7 comprises light beam source LDU

including blue semiconductor laser diode LDl to emit laser

beams (the first laser beams) whose wave length is 405 nm to

record/reproduce information on/from a high density optical

disc HD and red colored semiconductor laser LD2 whose

wavelength is 655 nm (the second laser beams) to

record/reproduce information on/from a DVD; photo-detector PD

used for both a high density optical disc HD and a DVD;

module MD3 for a CD including infrared laser diode LD3 whose

wavelength is 785 nm, to emit laser beams (the third laser




emtting

poi nt 1- 16. 28671. 20001. 52471. 506556. 5Col | i mat or 2- 20. 8387d2---|ens3 ~1.00001.5
2421. 506456. 54~0. 1000- - - Onj ecti ve51. 31562. 35001. 55961. 540656. 3| ens6- 2. 6935d
5---7~d71.62111. 579830. OProt ecti ve8~----1| ayer 199 Table 6 (conti nued)
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0. 1292ERGAG 0G0, TEIBE-A)2-<@rbiiiet QAR 3 138 brY20-cib 69 EF0GAR0 @Bo@ 026 25E- 02
- 0. 9634E- 01A12000. 8605E- 030. 3157E- 01A14000. 6914E- 03- 0. 4291E- 02A1600- 0. 7048E
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CD, two-axis actuator AC2, diaphragm STD corresponding to NA

0.85 which is a numerical aperture of a high density optical
disc HD and hub member HB; the first diffracting beam
splitter BS1l; the second diffracting beam splitter BS2;
collimator lens COL; expander lens unit EU including one-axis
actuator ACl and expander lens EXP including negative lens El
and positive lens E2; sensor lens SEN; and beam forming
element SH.

Blue laser LD1 in optical pickup unit PU7 emits blue
laser beams to record/reproduce information on/from a high-
density optical disc HD and optical paths of the laser beams
are drawn in solid line in Fig. 25. Divergently emitted laser
beams from blue laser LDl are formed into parallel laser
beams after passing through collimator lens COL and beam
splitter BS, after a cross-sectional shape of the laser beams
are formed from an ellipse into a circle while the light
beams are passing through beam-forming element SH. A diameter
of the laser beams passing through expander lens EXP and
second polarized beam splitter BS2 is limited by diaphragm

STO and focused onto information recorded layer RL1 through



In Table 6, f1, NA1, ~,1, nl and nl represent respectively a focal length
of objective lens OBJ, a 200 nunerical aperture of objective lens OBJ, a
desi gn wavel ength of an optical system magnification of objective | ens OBJ
and a diffraction order of diffracted |light having the maxi numdiffraction
efficiency anong diffracted |ight gegﬁ%pted by the diffractive structure
formed on collimator lens COL, in th ase of using high density optical
disc HD, and f2, NA2, ~2, n2 and n2 represent simlar values in the case of
using DVD. Further, dO, d2, d6 and d7 represent respectively a distance
between a light-emtting point of a |aser light source and collimator |ens
COL, a distance between collimtor |lens COL and objective |lens OBJ, a

prot ect ipeotleaydfet Niagleress. 1and & WIGH-MErdiThakge ilcalt Beseas® 8 using an
optical disc. Further, r (my represents a radius of curvature, d (nm

repr eseps & +dihghaneg-betppeen . surfiacesy r S13hefpactive index
in mavelgﬁgth ~1, hkzjreprese%%ésé %2?ré%?%gé%@%gzggknl%gggﬁe gth ~2, N-3
represegﬁ%m%gEe%%qctive i ndex in wavel ength ~3, vd represents Abbe's nunber

ind liné an represents a manufacture wavel ength of the diffractive
one for condUBEF NGCFBBoRaLRE) PEBROAUBIHGAEE: FYoLRACFBRELER REBR BBneity
optical .disc HD and an optical 201 y
information recorded layer RL1 are reflected by beam splitter
BS1 after passing back through objective lens OBJ, aperture-
limiting element AP, second diffracting beam splitter BS2,
expanding lens EXP, collimator lens COL and converged onto a
light receiving surface of photo-detector PD after
astigmatism is given by sensor lens SEN. Information recorded
on a high-density optical disc HD can be reproduced by using
an output signal from photo-detector PD.
When recording/reproducing information on/from DVD,
one-axis actuator AC]1 moves negative lens El so that an
output laser beams from beam expander EPX is formed into
parallel laser beams, and a distance between negative lens E1
of expander lens EXP and positive lens E2 is longer than that
of distance when recording/reproducing information on/from a
high density optical disc HD. After that, an infrared
semiconductor laser is activated and emits laser beams as
drawn in dotted line in Fig. 25. The laser beams are formed

into After a cross-sectional shape of laser beams, which

divergently emitted from red-colored laser diode LD2 is



path shown with dotted lines is one for conducting recordi ng/reproduci ng of
information for DVD, and in Fig. 27, an optical path shown w th two-dot
chain lines is one for conducting recording/reproducing of information for
CD. Objective lens OBJ is conposed of diffracting lens L1 representing a

pl astic |l ens on which stepw se diffr %give structure DCE is formed and of

| i ght-converging lens L2 representing pl astic lens having, on its both

si des, aspheric surfaces and nunerical aperture NA of 0.85, wherein

i nterchangeability for high density optical disc HD and for DVD is attai ned
by correcting spherical aberration caused by a thickness difference between
protective layer PL1 and protective layer PL2 with actions of the stepw se

di ffracthuagetr gebtr anDE1 ipdet haeaorecigcdeef {thacki @Reoldeerobedhsf ract ed
|l ight having the maxi numdiffraction efficiency anong diffracted |ight

ener at b i L EEr Y] et he i rface in the
%able 6%g$h§?§%28§2?§§§h§% g%%krgg?#%gglgggmgggighO,T§Ee%g%§?ng hi gh

densi Ccal di wh . - dens, cal di
i 11 1 o PRRCH PGt ba0aHee S 8 oPhPBorPal FFPacPRa  FohP LERSREPE AET® subj ect ed
to diffractin ctions), a diffraction order of djffracted light having the
naxinunFQPfPF%C?PBWleFPEPeﬁ&&gaﬁgﬁgdaVPFEEEFe&19h§0§ePW5h?n6eﬁg?%ted by

stepwi se diffractive structure DOE that is formed on diffracting lens L1 is
1, whenasiSi fhapyEdantita parplieli éaserdbrans dftfrapesdingghbhrandiing the
maxi mum di ffraction efficiency anong diffracted |ight generated by stepw se
di f f racexpenstruttnseERRE Bhabses bemmedpon dif foamednhyl ehgetd, 1ess0, when
using CD (when using CD, a diffracted Iight beconmes zero-order diffracted
light tbat bs information recorded layer RL2 through protective
layer of a DVD after the laser beams is passed through second
polarized beam splitter BS2 and aperture limiting element AP.
Object lens unit OBJ is moved focusing and tracking direction
to perform focusing and tracking functions by two-axis
actuator AC2 provided adjacent to the object lens.

Reflected light beams modulated by information pits on
information recorded layer RL2 are converged onto a light
surface of photo-detector PD after passing back through
objective lens unit OBJ, aperture limiting element AP, second
polarized beam splitter BS2, expander lens EXP, collimator
lens COL, first polarized beam splitter BS1, by which the
light beams are reflected, and sensor lens SEN, which gives
astigmatism to light beams. Recorded information on DVD can

be reproduced by using an output signal from photo-detector

PD.



not subjected to diffracting actions). On the optical surface (Second
surface in Table 6) of collimator I ens COL on the objective |lens OBJ side,
there is formed a diffractive structure wherein a depth of the step cl osest
to the optical axis is 3.89 ~.tsn. Wien the first laser light flux emtted
fromthe first light-emtting point E%é enters the diffractive structure,
5th order diffracted light is generated to have the maxi numdiffraction

ef ficiency, and when the second laser light flux emtted fromthe second
light-emtting point EP2 enters the diffractive structure, 3rd order
diffracted light is generated to have the maxi numdiffraction efficiency.
OnMng to this structure, diffraction efficiency at each diffraction order
for each wavelkragt hetsrd 003y atpdodudihfr botetmbt g dor frv@ves ermti h 408 nm
and it is100% at secondary diffracted Iight for wavel ength 658 nm 203

thus, hphghudefithackbenaethi ¢heBp¥rapBabeoSgeli drborinapyry@vel ength. Fig.
28 shoms an effect by the diffractive structure for correction of chronmatis

b t " OB]
Cor” ' ahoue ERataEFer X F%?“%PQB% 2 Bfreaf sys?é%@%o“*%%%ﬁ RHRE opj et ve

| ens OBJ d.collimator k ﬁ ogs char terliélcs of the
obj ecti Y8 'ehs Wit hBn“¥g QBFE??nS fele Fﬁﬁt BgPré? h- the" obj ective
lens OBJ.is fixed_at the best inage surface positiogn at wavel ength 408 nm
Fig. 28PLWBFP8Rtt haBernBeapsi ERPTsYBEEATEENHBBEAOBAUERRT obf 88T i VeS| ens OBJ
and collimator |lens COL has sufficient capacity for

are focused on information recorded layer RL3 through

protective layer PL3 of CD by object lens unit OBJ after
passing through second polarized beam splitter BS2, which
reflects the laser beams, aperture limiting element AP, which
limits the diameter of the light beams. Object lens unit OBJ
performs focusing and tracking function together with two-
axis actuator AC2 provided adjacent to the object lens.

Reflected light beams modulated by information pits on
information~recorded layer RL3 are converged onto a light
receiving surface of photo-detector PD 3 provided in module
unit MD1 after passing back through object lens unit OBJ,
aperture limiting element AP, second polarized beam splitter
BS2, which the light beams are reflected. Recorded
information on CD can be reproduced by using an output signal
from photo-detector PD3.

The detail explanation of object lens unit is

eliminated since configurations and functions of object lens

unit OBJ is same as object lens unit OBJ used in the sixth




wavel engt h changes (approximately, +1 nn) caused by node hoppi ng of violet
sem conductor laser LDL. In this optical system it is possible to correct
spherical aberration caused by various factors, by changing and adjusting a
di stance between collimator | ens CO. and objective lens OBJ in the course
of conducting recording/reproducing ¢fcinformation for high density optical
disc HD, in the sane way as optical systens in Exanple 1 Exanple 4.
Incidentally, in this optical system enploying | aser nodul e LM wherein the
first light-emtting point EP1 and the 204 second light-emtting point
EP2 are arranged to be cl ose each other, when the second light flux enters
collimator lens CO., the second light flux emtted fromthe collimtor |ens
COL i s pnewvéimedt by shei ptégenceinlenbionat Theabetshl i oxplinaridecon ng a
perfect parallel light flux, thus, spherical aberration is caused on the

obj ectiye h6ast6Bd. 1Ther ehgr 81ehBntNAS HPI1CBE &YShemat¥hes; goaducting
recordi ng/ reproduci ng of information for DVD, collimator lens COL is noved

b di 7 - h ' j to b

o oser Toineyubrr oot call Rl e EORE POp PR e N PR RO e P o the
|11 mat I COL b . A lel light fl bef . ducti

¥ ecor di Hg/ FEBT CHCTRGY bY - F OF e arct B B e 9L FRRENT) O\ The

invention makes it possible to obtain an optical pickup device, an opti cal

i nf or meETBAY+BRBE di ng and

In this embodiment, expander lens unit EU has two
functions combined. First one is a chromatic aberration
correction optical element and éecond one is a spherical
aberration correction optical element. Namely, a chromatic
aberration correction optical element and a spherical
aberration correction optical element are combined into one
optical unit.

Diffractive structure HOE is formed on an emission side
surface of positive lens E2 of expander lens EXP. As shown in
Fig. 25, depth of a step in a ring-shaped zone in an optical
axis direction is designed to obtain lower number of
diffraction order of diffracted light beams whose diffraction
efficiency shows maximum efficiency, when the light beams
whose wavelength is 655 nm, incident to object lens OBJ than
the diffraction order number of diffracted light beams whose
diffraction efficiency shows maximum efficiency, when the
light beams whose wavelength is 405 nm. Accordingly, enough

diffraction efficiency can be achieved in each wavelength




reproduci ng apparatus, an expander lens, a coupling lens and a chromatic
aberration correcting optical elenment which can conduct
recordi ng/ reproduci ng of information properly while naintaining

i nterchangeability for a plurality of optical discs such as high density
optical disc, DVD and CD each requir&gg a different wavel ength of |aser

| i ght source, and 205 are suitable tor downsizing, weight reduction and
cost reduction. 206 What is clained is: 1. An optical pickup apparatus
conprising: a first light source for emtting a first light flux with a
first wavelength ~1 of 450 nmor |less; a second |light source for emtting a
second light flux with a second wavel ength ~2 which is 1.3 tinmes |onger

t han t heepborl engt bhef coheettish vavehesghibiclabanrgblectivechens unit to
converge the first light flux emtted by the first light source onto a

first ixﬂé@éﬂ;@ﬁ%@ﬁ H£CO5Hi A §é%iéﬁei9fc@nﬁféﬁe@%ﬂ;ﬁ?&pﬁiéﬂ_‘eﬁm to converge
the second light flux emtted by the second |ight 'source onto a second

e o 68 L0 Bl S5 Ggptden sl 2 o feren
aber rat | gne coLrest] 0ch,00Lhcal 401§ P15, a1 apagd; beghesn, oyt the

one-axis actuator AC2. As explained above, it absorbs
chromatic aberration between wavelength Al and wavelength A2
and forms light beams of any wavelength into parallel light
beams and emits from expander lens EXP. Furthermore, it is
possible to maintain excellent recording/reproducing
characteristics with a high density optical disc HD since
spherical aberration of a beam spot formed on information
recorded layer RL1 of high density optical disc HD can be
corrected by shifting negative lens E1 along with its optical
axis when recording/reproducing information on/from a high
density optical disc HD.

Causes of spherical aberration, which can be corrected
by shifting a position of negative lens El1 is for example, a
variation of wavelength of blue laser LD1 caused by
manufacturing tolerances, a variation of a temperature
dependency of refractive index and distribution of a
refractive index of object lens OBJ, a focus jump
characteristics of multiple-layer disc such as two-layer

discs, four-layer disc, when recording and reproducing



second |light source and the objective lens unit and is arranged in a conmon
optical path of the first light flux and the second light flux; and a
chromatic aberration correcting optical elenent which is arranged in the
comon optical path of the first |ight 207 flux and the second light flux
and includes a diffractive surface o éy | east one of optical surfaces of
the chromatic aberration correcting gp ical elenment such that a diffractive
structure which is constructed by a plurality of ring-shaped zones
separated by fine steps is forned on the diffractive surface, wherein the
depth of steps along an optical axis is designed so that n2 which is a
diffraction order of a diffracted ray having a |largest diffraction

ef fi ci emey tapneg 1diykieacied dsay anea4s eé rien onhe rseeprd birght flux enters
into the diffractive structure, is lower order than nl which is a

di ffracti-omerdee qfa%/%rd'P&.flr %%ts"e‘él 2 rAVIFag 5%91?1@%%& edhieaghgon

efficiency anong diffracted [ight rays cause second i ght flux

enters dlffr i ct tical pickup apparatus of
cl |n1lbg%§8%g§n thedggkéﬁﬁgzl %r Qeggsrggtlng optlcal unit changes a

sl ope angle of a naI ra |n an |nC|dent ght _flu 0 fhe objective
l ens unit by 35ngglgLQHFusP Sxﬁﬁp#ﬁtQﬁVEPaEeFMEEHeéﬂcﬁ a&PeBhatLeHs group

anong | ens groups conposing the spherical aberration correcting optical
unit an@tt Beléphécbead seps dprmed on an information recording layer

of high density optical discs is corrected, is explained,
however it can be applied to the. case where a spherical
aberration of a beam spot formed on an information recording
layer RL2 of DVD.

(Examples)

Next, there will be explained some examples including
Example 1 representing an optical system that is suitable as
expander lens EXP and objective lens OBJ in the
aforementioned optical pickup device PUl, Example 2
representing an optical system that is suitable as collimator
lens COL, the first objective lens OBJ1l and the second
objective lens OBJ2 in the aforementioned optical pickup
device PU2, Example 3 representing an optical system that is
suitable as the first collimator lens COL1 and the first
objective lens OBJ1 in the aforementioned optical pickup
device PU4, Example 4 representing an optical system that is
suitable as the optical element for correcting chromatic

aberration HOE and the objective lens OBJ in the



208 3. The optical pickup apparatus of claim1, wherein the chromatic
aberration correcting optical elenent is arranged between both of the first
| i ght source and the second sources and the objective lens unit. 4. The
optical pickup apparatus of claim3, wherein the spherical aberration
correcting optical unit conprises thg %hronatic aberration correcting
optical elenent. 5. The optical pick 8 apparatus of claiml, wherein the
objective lens unit conprises the chromatic aberration correcting optical
el ement. 6. The optical pickup apparatus of claim 1, wherein the optical

pi ckup apparatus further conprises at |east a coupling lens for converting
a divergence angle of a light flux emtted by the first |ight source and

i ntroduaifbgebaceenvar bedithghbitkuy bBveckheushj egbipeel 8ns unit, and the
spherical aberration correcting optical unit conprises the coupling |ens

and an expandenciagsabnebudbng 2yBOSh Lugx $asgt Py andsacfegati ve | ens

group and arranged’in an optical “path between the coupling lens and the

uher oi n PG RRREF) CAPS oG0P APfoREEorPebE FhCoptREa oanEY T2 coupl i n | ens

for converting a.divergence angle_ of light flux emtted he first
|i ght sagPﬁﬁmgﬁalPﬂﬁgngEHSa i GhEXEBUFEBI5RIPP AL r BB cFﬁ@m?ﬁé éonverted

light flux into the objective _ _
representing an optical system that is suitable as the

expander lens EXP and objective lens OBJ in the
aforementioned optical pickup device PU7.

The aspheric surface in each Example is expressed by
the following Numeral 5 when X (mm) represents an amount of
deformation from a plane that is tangential to the aspheric
surface at its vertex, h (mm) represents a height in the
direction perpendicular to the optical axis, and r (mm)
represents a radius of curvature, wherein X represents a
conic constant and Ay; represents an aspheric surface
coefficient.

(Numeral 5)

X = h-/r +2A2ih2i
1+y1-(L+ OR* [r* =

Further, a diffractive structure in each Example is
expressed by an optical path difference added to the
transmission wavefront by the diffractive structure (amount
of pptical path difference added). The optical path

difference of this kind is expressed by optical path



lens unit. 8. The optical pickup apparatus of claim1l, wherein the .
spherical aberration correcting optical unit includes a structure in which
el ectrodes and a liquid crystal nolecule layer are lamnated alternately so
that a refractive index distribution of the liquid crystal nolecule |ayer

i s changed by applying a pre-definedl§gltage to the electrodes. 9. The
optical pickup apparatus of claimS8, erein the objective lens unit united
with the spherical aberration correcting optical unit into one body
performs a tracking operation. 10. The optical pickup apparatus of claim1,
wherein the spherical aberration correcting optical unit corrects a
spherical aberration caused in the objective lens unit due to 210 a

wavel engt hrdi-theeenpgacbebnean the)f Hestnvavel efathardrasdi & hruseeond
wavel ength ~2. 11. The optical pickup apparatus of claim1, wherein the

spherfcal ahenr ALiAN, CALEESLLAGLOR hERLUN T, EALT S6Ls oy spher cal

aberrati6n caused a varration of i F'st "wavel'eng 1 in case that
the first _wavelength =1 varies in the range of 10 nm 12. The optical
i ckup BPPEFARASUSRE i hiE, ORRAFENSX. Pechrdireg LERaIEy CHE PREIFPst
optical disk_is larger than that of the second optical disk, the first
opti cal PAFRKAL REeTiEBSeafPNEEEOBr OReEEPYESERYEr 2BNCKAEFrQE i nf or mati on

recording surface thereof, and the spherical aberration correcting optical
unit codié€tracaispheki ¢ah) abeprasentds a wavelength of a light flux

entering the diffractive structure and AB (nm) represents a
construction wavelength (or blazed wavelength) of the
diffractive structure.

(Example 1)

Example 1 is represented an optical system suitable as
expander lens EXP and objective lens OBJ in optical pickup
device PUl, and the optical system is composed of objective
lens OBJ representing a plastic lens whose aberration
correction is optimized for wavelength 405 nm and for a
protective layer with a thickness 0.6 mm and of expander lens
EXP composed of two plastic lenses including negative lens NL
and positive lens PL.

Table 1 shows specific lens data of the optical system,
Fig. 7 shows an optical path diagram for conducting
recording/reproducing of information for high density optical

disc HD, Fig. 8 shows an optical path diagram for conducting

recording/reproducing of information for DVD and Fig. 9 shows




caused by a thickness error of the first protective layer. 13. The opti cal
pi ckup apparatus of claim1, wherein a recording density of the first
optical disk is larger than that of the second optical disk, the first
optical disk includes a nmufti-layer structure in which optical transparent
| ayers and information recording surfiages are alternatively 211 |am nated
in this order fromthe light source side, and the spherical aberration
correcting optical unit corrects a spherical aberration which is caused
when the objective lens unit makes its focus junp froman i-th information
recording surface to a j-th information recording surface, where i is an
arbitral integer satisfying 1 5i Sn, j is an arbitral integer satisfying
1 <- j $05noptiicgla pdithf eviegiraiy dor comhatdsge eteicve dimboreptodaciagor di ng
surfaces in the nufti-layer structure are supposed as first information
recordi od swfoaoetians&eoendD.nf ormati on recordi ng surface, ., and an n-th
I nformation recording surface in this order froman information recording
surface nearest to the |ight sourcegnitd, The optical pickup apparatus of
claim1, wherein a recording density of the first optical disk is larger
than th f d gptical disk, th st .o I sk _includes a
first p%Ll %cg § ﬁg@ @ &%ﬂ h@ EWne@é §f091 gh= ib éfglﬁpgrnatlon
recordl 3 3 ﬁe bsecond optlcal di sk includes a second protective

| ayer with a thlckness of t2tl <t2 ) on a second information recording
sur f ace f2tRe 38pheNR2al0 . &Ber AaEK6ANDOr meéetOng2ophbedl, dpil.sdoOrects a
spheri cdb=abéf2at dGr0caused by a thickness difference between

£3=2.392, NA3=0.50, A3=785nm, m3=-0.09, n3=5, d2=0.100,
d6=0.936, d7=1.2
Paraxial value
Srace |l vy | amm | ma | w2 | M3 | va
0 - oo - - -
1 -2.4275 | 0.8000 | 1.5247 | 1.5065 1.5050 56.5
2 oo a2 - - -
3 oo 1.3000 {1.5247| 1.5065 | 1.5050 | 56.5
4 ~-5.5265 | 5.0000 - -~ -
5 1.4461 | 1.6000 |1.5247 | 1.5065 1.5050 56.5
6 -4.6094 dé - - -
7 oo a7 1.6195| 1.5772 |1.57050| 30.0
8 oo - - - -
Aspheric surface coefficient
First Fourth Fifth Sixth
surface surface surface surface
K |-0.8860E+00 | ~-9.8200E-01|-0.6905E+00| -0.1166E+02
A4 | -0.6345E-05| 6.0653E-04| 0.6960E-02| 0.3525E-01
A6 | -0.1949E-03 0 0.1261E-02 | -0.1316E-01
A8 0 0 0.6829E-03| 0.3206E-02
Al0 0 0 -0.1649E-03 | -0.3705E-03
Al2 0 0 0.5041E-04 0
Coefficient of optical path difference function
Fourth surface
AB 405nm
B2 -1.5000E-03
B4 -4 .0136E-05




a thickness of the first layer and that of the second |ayer. 212 15. The
optical pickup apparatus of claim1l, wherein the objective |lens unit

i ncludes at |east one of a plastic lens, the spherical aberration
correcting optical unit corrects a refractive index variation resulting
froman environnental tenperature variaation in the plastic lens included in
the objective lens unit and/or a spherical aberration resulting froma
refractive index distribution caused by a tenperature distribution in the
plastic lens. 16. The optical pickup apparatus of claim1l1l, wherein a
recording density of the first optical disk is larger than that of the
second optical disk, the first optical disk includes a first protective

| ayer on a fi#5t TRRfer dat fonrepsecenng sutfbsed fkagebf pfaobiestive

magni fication and a second nmagnification are different from each other
wher e t Renfsi 08T, miigii friepateisemntiss aa nuagiriifdadattipertafret b€ objjective | ens unit
when i nformation recordi ng and/ or reproducing is conducted on the first

opti cal 1dhsk oand hhe r2ecead,maonl beeabhofal, %gngﬁgnioffi a8t beRishal e

obj ective lens unit when information recor /or reproducing is

Correct PASCORr i 41 ERPESERbRoBeom i3 15 o Pec CRIECHaVRt TR0 POn®67 t he

objective lens unit corresponding to a difference of the first

nagnifi@gthﬁrgﬁﬁnts a diffraction order of diffracted light having
the maximum diffraction efficiency among diffracted light
generated by the diffractive structure that is formed on
positive lens PL of expander lens EXP, in the case of using
high density optical disc HD, f2, NA2, A2, m2 and n2
represent similar values in the case of using DVD, and f3,
NA3, A3, m3 and n3 represent similar values in the case of
using CD. Further, d2, d6 and d7 represent respectively a
distance between negative lens NL and positive lens PL, a
thickness of a protective layer and a working distance in the
case of using each optical disc. Further, r (mm) represents
a radius of curvature, d (mm) represents a distance between
surfaces, NAl represents a refractive index in wavelength Al,
NA2 represents a refractive index in wavelength A2, NA3

represents a refractive index in wavelength A3, vd represents

Abbe’s number in d line and AB represents a manufacture

wavelength of the diffractive structure.



t he second magnification. 17. The optical pickup apparatus of claim1,
wherein the second wavel ength ~, 2 is in the range of 600 nm- 700 nmand a

conbi nation of the diffraction order nl and n2 is one of the follow ngs: (
ni, n2) - (2, 12), (3 2), (4 2), (5 3),6, 4), (7 4), (8,
5), (10, 6 ) . 18. The optical pigkyp apparatus of claim1l, mherein t he

optical pickup apparatus further conprises a third |ight source for
emtting a third wavelength ~, 3 which is different fromthe first and
second wavel engths, the objective lens unit converges a third light flux
emtted fromthe third Iight source onto a third information recording
surface of the third optical disk wiwth different recording density from

t hose of the ®nrthe appt el seeohalcepl Featthli sksfatdeinhfanke i L) abfrrati on
correcting optical unit is arranged in a conmon optical path of the first

to thirdokighteflexespL oRdléhthebseeendenarvakeogtihsidd, i shéfethe range of
600 nm- 700 nm the third wavelength ~,3 is in the range of 730 nm - 830

nm andfabﬁeahaomfgaé{@;%éa&t@ﬁceefée%welﬁpal a@fitﬁn& §ﬁé'§£é§5 one of
the foll owi ng conbi nations: n2, n3) . (

6, 3 2 d n3 di ff
ordgrs Sioa?%FrBQtEBe é@g é?%ha¥é$gé§t7m€$#§agﬁﬁﬁﬁlé? ! Gggnin ractlon

diffracted rays when the fist, second and third |ight quxes enter into the
flux emitted from violet semiconductor laser LDl enters the

diffractive structure, 10" order diffracted light is
generated to have the maximum diffraction efficiency, when a
laser light flux emitted from first light-emitting point EP1
of laser module LM enters the diffractive structure, 6
order diffracted light is generated to have the maximum
diffraction efficiency, and when a laser light flux emitted
from second light-emitting point EP2 of laser module LM
enters the diffractive structure, 5™ order diffracted light
is generated to have the maximum diffraction efficiency.
Owing to this structure, diffraction efficiency at each
diffraction order for each wavelength is 100% at 10
diffracted light for wavelength 405 nm, then, it is 99.7% at
6 diffracted light for wavelength 655 nm, and it is 99.6%
at 5™ diffracted light for wavelength 785 nm, and high
diffraction efficiency can be secured for any wavelength.
Fig. 10 shows an effect of the diffractive structure

for correction of chromatic aberration of objective lens OBJ

in a violet area. In the figure, “OBJ + EXP” shows




chromatic aberration correcting optical elenent respectively. 19. The
optical pickup apparatus of claim1l, wherein the optical pickup apparatus
i ncludes a coupling lens for converting divergence angles of the first
light flux emtted by the first light source and the second |ight fl ux
emtted by the second |ight source an@si ntroducing the light fluxes into
the objective lens unit, and the coupling |lens includes the chromatic
aberration correcting optical elenment. 20. The optical pickup apparatus of
claim19, wherein the coupling I ens conprises at |east one of a plastic

| ens and a diffractive surface of the chromatic aberration correcting 215
optical elenment further has a function for suppressing a divergence angle
vari at i GRAFACEEEpERdEst @ Lathenpotircade systieat composed ofnebegi ng angl e
variation in response to a tenperature variation for the first |light flux
em ttedobgertike denpl OBJ bedsex@indéhe lepti galp, peakuposppacabuws of claim
20, wherein a recording density of the first optical disk is |larger than

that of chheaseeendtopki 6@l tHeSkbikhe 1¢aUPELBIORENS iferd ENECY HUHP! astic
| ens and the optical pickup apparatus satisfies the follow ng fornula: {NAl

(1 'wH%efrbﬂt'aﬁeE%gFﬁoh¢ Lthe bbﬁécfi@ecgehFCéBb PD %iggglgﬁ EﬂéS - -1

where NAL is a nunerical aperture of the objective | ens uni € tinme of

"o rebge, SERBECL R 300 B ERERSED! A0 OBER LSO 8L e, 1S
recordiggplies that the optical system composed of the objective
lens OBJ and expander lens EXP has sufficient capacity for
wavelength changes (approximately, +1 nm) caused by mode
hopping of violet semiconductor laser LD1.

In this optical system, it is possible to correct
spherical aberration caused by various factors, by changing
and adjusting a distance between negative lens NL and
positive lens PL in expander lens EXP, while conducting
recording/reproducing of information for high density optical
disc HD.

As an example, Fig. 11 shows results of correction for
spherical aberration caused on objective lens OBJ by
temperature changes. In the figure, “OBJ + EXP” shows
characteristics of the optical system composed of the
objective lens OBJ and expander lens EXP, “OBJ” shows
characteristics of the objective lens OBJ and “EXP distance”
shows the optimum distance between negative lens NL and

positive lens PL for each temperature. An amount of changes



and/ or representing on the first optical disk, f1 (mm is a focal |length of
the objective lens unit for the first wavelength ~, 1 at the tine of

i nformation recordi ng and/ or representing on the first optical disk, ~ 1
(m) is the first wavelength, fc is a focal length of the coupling |ens for
t he 216 first wavelength ~ 1, n is &4qefractive index of the coupling

|l ens for the first wavelength ~, 1, oc is a |linear expansion coefficient of
the coupling lens, PD (mm 1) is a paraxial power of the diffractive surface
for the first wavelength ~, 1, Pc (mm1) is a paraxial power of the coupling
|l ens for the first wavelength ~, 1, dn/d~, is a change rate in a refractive

i ndex r3§ulti %‘frqn1a,tenperature variation in the coupling |lens, d-,/dt
is awa Iéﬁ&& G Ge Mate foduItameHatarae Khanemse 04t @Pd ©F4AVEt i on, and
cl and c2 are defined by the followng formulas: c1 =1/ (n - 1) - dn/dt +
1/ (n leps: O@q/ ds ~1.d~x d072/C c2Figl /A1~-impligk~thadt the? optandlwhen an
added optical path Iength caused by the diffractive structure is defined by
and opt isyalt epatiomgiokieer erfc @bijenttiven leepr esantaed kxphhe@ctonewsarxPD = -2 -
ni - Bz- (~1/ ~B) and nl is a diffraction order of a diffracted ray

Wi th a kangestndiafifr asddean eftf icgiaray yarReg dinkhr actegpeaysucaused in the
case that the first light flux enters into the dlffraCPIVG structure, PDis

definegp%ﬁ 3 ;eeded0RkhcabeRatl LagHR AUINLELY FRUTEHRY-A 8T Of | oW ng

formul a:

changes and by heat generation of biaxial actuator AC2.

For DVD, recording/reproducing of information is
conducted under the condition where a distance between
negativevlens NL and positive lens PL is made to be 1.51 mm
so that a divergent light flux may enter the objective lens
OBJ, and spherical aberration caused by wavelength dispersion
of objective lens OBJ is corrected.

For CD, recording/reproducing of information is
conducted under the condition where a distance between
negative lens NL and positive lens PL is made to be 0.10 mm
so that a divergent light flux may enter the objective lens
OBJ, and spherical aberration caused by wavelength dispersion
of objective lens OBJ and spherical aberration caused by a
difference of protective layer thickness between high density
optical disc HD and CD are corrected.

(Example 2)

Example 2 is represented by an optical system suitable

as collimator lens COL, first objective lens OBJ1 and second




217 Y' 6 -11X(/~. ~l ~~X~B~j h2~ j=0 where h (nm) is a height in perpendicular
direction to the optical path, B2~ is an optical path difference function
coefficient, nis a diffraction order of a diffracted ray with a | argest
diffraction efficiency anong diffracted rays of an incident |ight flux, -,
(nm is a wavelength of an incident iyght flux to the diffractive structure
and ~,B (nn) is a construction wavel ength (or a bl azed wavel ength) of the
diffractive structure. 22. The optical pickup apparatus of claim 21 which
satisfies the followng fornula: | ¢c1 + ( c2- cl1) - PD/ PCI / fC < 0.08
- ~1 (mm 23. The optical pickup apparatus of claim1l, wherein the
chromatic, aberratjon correcting optical elenment conprises at |east an

opt i cal ORIFFREES Wi ¢S neBdE i ¥R PRFaxahiPhoker dedice B omrn@rdi® optica

el ement which is conducted the first light flux alnost parallel to the

opt i cal oRikiea hnsly #hém siancahposed paf afiest | dghectlvx. len@1@BPU. The optica
pi ckup apparatus of claim 1, wherein the objective lens unit conprises at

| east tmepkéseist Dig odj Tasvec | Baseso Mk Chwar §roud | ted-obdmeetd ve | ens for
recordi ng and/ or reproducing informati on on an optical disk with a

pr e- defs fegc feLOrshntn 2881 1Y 88End SECAPE Pbf £G4 | ¥&rt&nsi diPrrdecor di ng

and/ or reproducing informati on on anot her optical disk than the opti cal

di sk Wb L henprie- A4 106 £ 8COT M D0 JEIPL Way &PYyith thickness 0.1

mm, second objective lens OBJ2 representing a plastic lens
optimized in terms of aberration correction for wavelength
405 nm and a protective layer with thickness 0.6 mm
and of collimator lens COL representing a plastic lens.
Table 2 shows specific lens data of the optical system
composed of first objective lens OBJ1 and collimator lens
COL, Table 3 shows specific lens data of the optical system
composed of second objective lens OBJ2 and collimator lens
COL, Fig. 12 shows an optical path diagram for conducting
recording/reproducing of information for the first high
density optical disc HD1, Fig. 13 shows an optical path
diagram for conducting recording/reproducing of information
for the second high density optical disc HD2, Fig. 14 shows
an optical path diagram for conducting recording/reproducing
of information for DVD and Fig. 15 shows an optical path
diagram for conducting recording/reproducing of information

for CD.




a switching nmechanismfor selectively switching these objective | enses. 25.
The optical pickup apparatus of claim1l, wherein the recording density of
the first optical disk is larger than that of the second optical disk and a
nunerical aperture of the objective lens unit in case that information
recording and/ or reproducing is condugted on the first optical disk is 0.8
and nore. 2& The optical pickup apparatus of claiml1l, wherein the
recording density of the first optical disk is larger than that of the
second optical disk, a first protective |ayer has a thickness in the range
of 0.07 mm- 0.13 mmon the first information surface on the first optical
di sk, the second protective |ayer has a thickness in the range of 0.55 nm
219 0.65 nmon the second infornati®abkurdace of the second optical disk
and the optical pickup apparatus conducts recording and/ or reproducing

i nformatibm ones henAiL@isppticado sk raind tdre sacond optical di sk resulting
fromconverging the first |ight fTux on each ‘of the infornation recordi ng

surface%égqﬁfgangfﬁ optlcal di sk and the second optical disk 27. The
opti cal guffgeecppalatuo F—etat-m-3—wherel-r—t-he—epti-cal—pickup—appar at us
further| € rises a (tm)rd |l i ghkmpourcgpfior|emgising apphird | ight (flux with
a wavel lepgth——=3{730hms1=3 -< 830 nm the aobjectlive leng unit c¢onverges
the thijd—t¥ght flux aonto lal8hPBd2iinf ormat | on reconding surlf ace of the
third dptical dilstCakd47he t Ri- P800 ght5F4Tuk lerbt0sss | i ht0ihed 66j.6cli ve | ens
unit wilthow# passildg 6%8Gugdh10he000 - - -
3 2.0993 2.5000(1.5247 | 1.5065 | 1.5050 56.5
4 7.4878 0.0500 - - -
5 0.8495 1.1000]1.5247 | 1.5065 | 1.5050 56.5
6 o0 0.2396 - - -
7 o0 0.1000)1.6195| 1.5772 |1.57050| 30.0
8 oo - - - -
Aspheric surface coefficient
Second Third Fourth Fifth
surface surface surface surface
K |~-1.1627E-01| -0.1297E+00 0.4212E+02 | -0.7523E+00
Ad | -8.5920E-06| -0.3325E-02 0.7053E-02 0.1335E+00
A6 0 -0.6201E-04 -0.1832E-01 0.8649E-02
A8 0 -0.5159E-03 0.9122E-02 0.2157E+00
Al10 0 -0.1181E-03 -0.6431E-02| -0.1010E+00
Al2 0 -0.6648E-04 -0.7441E-02
Al4 0 0.1212E-03 0
Al6 0 -0.39442EF-04 0
Coefficient of optical path difference function
Second surface
AR 390nm
B2 -8.0000E-03
B4 -7.3601E-06
In Table 2, £l represents a focal length of first

objective lens OBJ1, NAl represents a numerical aperture of
first objective lens OBJ1, Al represents a design wavelength

of an optical system, ml represents magnification of first




chromatic aberration correcting optical elenent. 28. An optical information

recordi ng and reproduci ng apparatus which conprises the optical
apparatus of claim1l and is adapted to conduct at |east one of recording
information on the first and second optical disks and 220 reproduci ng

pi ckup

informati on recorded on the first angysecond optical disks. 29. An expander

| ens for an optical pickup apparatus conprising a first light source for
emtting a first light flux with a first wavel ength ~1 of 450 nm or |ess;

second light source for emtting a second light flux with a second

wavel ength ~2 which is 1.3 tinmes |onger than the wavel ength of the first
wavel ength ~1; an objective lens unit to converge the first

en1tted0bye€heVE|isnSID@Eﬁ andrné oeboeaehisst dnfdérastion orderddhg
surface of a first optical disk and to converge the second light flux

em tteddbyfrhetsdconghti phtrisguethe makOmamsacofdatnionnatf o8ieeepr di ng
surface of a second optical disk with a different recording density from

t hat Ofahbﬁ%faﬂﬁfrgéﬁé@ah hﬁk?eﬂﬁﬁéﬁba BPetﬁépéﬂggfaE€ﬂ§e'§t§u&@@9§d

bet ween bot

and a

of the first Tigh

€ ‘expander | éns I'nc
2 e veI
hlgﬁ geg51 Yy Oop lca 833& HDl1. Further, r (mm) represents a

radius of curvature, d (mm) represents a distance between
surfaces, NAl represents a refractive index in wavelength Al,
NA2 represents a refractive index in wavelength A2, NA3
represents a refractive index in wavelength A3, vd represents

Abbe’'s number in d line and AB represents a manufacture
wavelength of the diffractive structure.

In Table 3, fl represents a focal length of second
objective lens OBJ2, NAl represents a numerical aperture of
second objective lens OBJ2, Al represents a design wavelength
of an optical system, ml represents magnification of second
objective lens OBJ2 and nl represents a diffraction order of
diffracted light having the maximum diffraction efficiency
among diffracted light generated by the diffractive structure
formed on collimator lens COL, in the case of using second
high density optical disc HD2, f2, NA2, A2, m2 and n2
represent similar values in the case of using DVD, and £3,

NA3, A3, m3 and n3 represent similar values in the case of

light flux

source and the second 1 ght source and the

obj ect i yg,hens, ﬁpbh%@gﬁater 1GATTEEr OPLophoPaLR OLe hes hir ot Liont 1 ux

and the second

a

Ivé | ens group




conprises a chromatic aberration correcting optical el ement which includes
a diffractive surface on at | east one of optical surfaces of the chromatic
aberration correcting optical element such that a diffractive structure
which is constructed by a plurality of ring-shaped zones separated by fine
steps is forned on the diffractive syrgace;, designed so that a diffracted
ray with a diffraction order n2 having a largest diffraction efficiency
anong diffracted rays when the second light flux enters into the
diffractive structure, has |ower order than a diffracted ray with a
diffraction order nl having a |largest diffraction efficiency anong
diffracted light rays when the second light flux enters into the

di f f ractpvegs€Puctinrshaind dhandies @ sdanpedanprrederst mespaiivaly i n an
incident light flux to the objective lens unit by variably adjusting an

i ntervah Bttverccabetwash obgetens gratprehckepstrgeetpsoldipaesobAg t he
spherical aberration correcting optical unit, and the objective lens unit.

30. The1expanderah8nse8bnl! 8bediveheERENOBHE, SgceRdcaYeLeggth ~2 is in
the range of 600 nm- 700 nmand a conbination of the diffraction order nl

and n2 j t 222 .f ol . NQS: 4k 2 g ) 3, 2), (
4, 2 ),bfog?§%9§? gsyir)%g? %,%§¥§?Q§ §$SE%??Q( ﬁfréPé%'ﬁi.“W@e expander

| ens ofrclain130 mhergin a %efractLve in eﬁ@ﬁi a lens constructing the
chr omat TEPRBRFTEE | Bnt et FRCPF ngUbBEF AT ef'e SRR PRERERI Ag t he
diffracted surface for the first wavelength ~, 1 is in the range of 1.5 1.6,
Abbe nu#betanee Hetween(swafereagt RAks7eprasentssathefrangivefilm@ex 60 and
the depth dO of a step which is along an optical axis and closest to the
opti cal i Ax\ygySabh§theR1 ONGADT r & hEed O O NESErddd i e 21RO 7n ( 2) 1. 9
~tm<d0O <2 . 6 jam(3) 2.6~..t~nxd0<3.2.1m

wavelength A2, NA3 represents a refractive index in

wavelength A3, and vd represents Abbe’s number in d line.




(4 3.3 ~n<d0<4.2~n(5) 4.4 -~n<d0O<50~n(6) 4. 7~-Lm<dOZ<5
7Elsn(7)5. 6 ~lzn<doO<6. 5~tm( 8) 6. 9 ~1zn<d 0 < 8
.1 ~m 223 32. The expander |ens of claim 29, wherein the optical pickup

apparatus further conprises a third |ight source for emtting a third

wavel ength ~, 3 which is different framethe first and second wavel engt hs,
the objective lens unit converges a third light flux emtted fromthe third
| ight source onto a third information recording surface of the third
optical disk with different recording density fromthat of the first and

t he second optical disk, the chromatic aberration correcting optical unit
Is arranged in a comon optical path of the first to third Iight fl uxes,
the second wavel ength ~, 2 is in th&@Pafgé of 600 nm- 700 nm the third
wavel ength ~, 3 is in the range of 730 nm- 830 nm and the chromatic
aberrat EbA2c®08 eCNADG00pE|, CRL=00FtmsahishHi es, one=pf abhe1rd ob3m ng
conbi natiens: 00001, an21.089) dsk026 1, 1), ( 4, 2, 2), ( 6, 4, 3),
5 4) , ( 10, 6, 5) where nl, n2 and n3 are diffraction orders of

di 1 racked, ays Wiih_bapgest, ditiractjon pf fhcienci esin i ffzacted rays
whe th82L5Sg??égf&%glgg??éaﬁgép Ilx&ht T e@ e ?g i ?%n} e’ chromatic

aberration’ ¢t nt, respectively.
£3=2.392, NA3=0.50, A3=785nm, m3=-0.09, n3=1, d0=6.1285,

(8,

d2=14.3000, d4=0.936, d5=1.2
Paraxial value
SUTACe r(mm) | atmm) | wA1 | M2 NA3 va
0 - dao - - -
1 -60.0547 2.0000(1.5247 | 1.5065 | 1.5050 | 56.5
2 -12.6988 d2 - - -
3 1.4461 1.6000|1.5247 | 1.5065 | 1.5050 | 56.5
4 -4.6094 d4 - - -
5 oo das 1.6195| 1.5772 |1.57050| 30.0
6 oo - - - -
Aspheric surface coefficient
Second Fifth Sixth
surface surface surface
k |-1.1627E-01| -0.6906E+00 -0.1166E+02
A4 |{-8.5920E-~06 0.6960E-02 0.3525E-01
A6 0 0.1261E-02 -0.1316E-01
A8 0 0.6829E-03 0.3206E-02
Al10 0 -0.1649E-03 -0.3705E-03
Al2 0 0.5041E-04 0

Coefficient of optical path difference function

Second surface

AB

390nm

B2 -8.0000E-03

B4 -7.3601E-06




224 33. The expander |l ens of claim32, wherein a refractive index for the
first wavelength ~1 of a lens constructing the chromatic aberration
correcting optical elenment and including the diffracted surface is in the
range of 1.5 - 1.6, Abbe nunber for d line ( wavelength 587.6 nn) is the
range of 50 60 and the depth dO of al8bep which is along an optical axis
and closest to the optical axis satisfies one of the follow ngs: (9)

1. 2~un<d0<1.7n (10) 2.6 ~n < d0 < 3.2 ~n (11) 4.4 ~n < d0O < 5.0 ~n (12)
5.6n<d0<6.5. m (13) 6.9n<d0<8.1~Lm 34. A coupling lens for an optical pickup
apparatus conprising a first light source for emtting a first light flux
with a first wav lng%?'~’l of 450 nmor |less; a second light source for

enmitting a setbrid g iGMiFdcuitara et vavelasrtm Tablsizmnsd 1.3

times | onger than the wavel ength of the first wavel ength ~, 1; 225 an

obj ect i V@Plend) ok tthe eohlingeor hbes rédL | dghthd | obd e tvedidrys tORT fir st

| i ght source onto a fiest information recording surface of a first optical
di sk ansiide, comwes ges t hermset cnddl f fhdct 1w enidded-dywhde secontkptrght
source onto a second information recording surface of a second optical disk

with didfereatsgge o thadsdensidie foomedata of s the 148tupptkmal di sk,
laser light flux emitted from violet semiconductor laser LD1
enters the diffractive structure, 2™ order diffracted light
is generated to have the maximum diffraction efficiency, when
a laser light flux emitted from first light-emitting point
EP1 of laser module LM enters the diffractive structure, 1%
order diffracted light is generated to have the maximum
diffraction efficiency, and when a laser light flux emitted
from second light-emitting point EP2 of laser module LM
enters the diffractive structure, 1°° order diffracted light
is generated to have the maximum diffraction efficiency.

With regard to the diffraction efficiency at each
diffraction order for each wavelength, it is 97.7% at second
diffracted light for 405 nm, it is 93.4% at first diffracted
light for 655 nm, and it is 99.2% at first diffracted light
for 785 nm, and high diffraction efficiency can be secured
for any wavelength.

Effects of chromatic aberration correction by this
diffractive structure in the violet area for the first

objective lens OBJl are shown in Fig. 16. In the figure,




wherein the coupling lens is arranged between both of the first |ight
source and the second |ight source and the objective lens unit and in a
comon optical path of the first light flux and the second |ight flux,
conprises a chromatic aberration correcting optical el ement which includes
a diffractive surface on at |east one;g@{f optical surfaces of the chromatic
aberration correcting optical elenent such that a diffractive structure
which is constructed by a plurality of ring-shaped zones separated by fine
steps is forned on the diffractive surface; designed so that a diffracted
ray wwth a diffraction order n2 having a largest diffraction efficiency
anong diffracted rays when the second light flux enters into the

di f fract1QR7 st r@fd Urgiovrmschavret orderichant achk fdptaictald systemth a
diffraction order nl having a |largest diffraction efficiency anong

di f fracteunpdgpt ofyshenss) ddtel weconts |0Bhtarkd Wwo Entmertsor 122 iduIo t he
diffractive structure; and changes a slope angle of a marginal ray in an

i nci dentarld goBS1 Wndus tdiguebieoti Mei denst Uid drsardilor Al Uslddg an
interval between at |east one |ens group of |ens groups conposing the
spheri calggberration correcting optical unit, and the objective lens unit.
35. The coupling lens of claim34, wherein the second wavelength ~, 2 is in
n_of the diffraction _order nl

and n s one Ot TR 't GTaNATgeT LA SDhtacigh Soprsteal o 47 o),
(5 3 %mis diffractive structure in the violet area for the second
objective lens OBJ2 are shown in Fig. 17. 1In the figure,
“OBJ + COL” shows characteristics of the optical system
composed of the second objective lens OBJ2 and collimator
lens COL, and “OBJ” shows characteristics of the second
objective lens OBJ2.

When calculating wavefront aberration in Fig. 16 and
Fig. 17, these objective lens OBJ1 and objective lens OBJ2
are fixed at the best image surface position at wavelength
405 nm. Fig. 16 and Fig. 17 imply that the optical system
composed of an optical system having therein the first
objective lens OBJ1 and collimator lens COL, the second
objective lens OBJ2 and collimator lens COL has sufficient
capacity for wavelength changes (approximately, +1 nm) caused
by mode hopping of violet semiconductor laser LDI1.

In this optical system, it is possible to correct

spherical aberration caused by various factors, by changing

and adjusting a distance between collimator lens COL and




6, 4), (70 4), (8 5), (10, 6 ). 36. The coupling |l ens of claim 35,
wherein a refractive index for the first wavelength ~,1 of a |l ens
constructing the chromatic aberration correcting optical elenent and
including the diffracted surface is in the range of 1.5 - 1.6, Abbe nunber
for d line ( wavelength 587.6 nm is 1dwe range of 50 60 and the depth dO
of a step which is along an optical axis and cl osest to the optical axis
satisfies one of the 227 followings: (1) 1.2~ LnmckdO<1.7m( 2 ) 1. 9 jam<
dOo<2. 6 ~.Lm(3) 2.6~Lnxd0<3.2,m(4) 3.3~n<d0<4.2~Lm( 5) 4 . 4 ~ ~m
<dO0O<5. 0~Lm(6) 4.7 ~n <d0O < 5.7 ~tm (7) 5.6n<d0< 6.5~.zn ( 8 ) 6 .
9 ~m<d0, <8 . 1 ~ un 37. The coupling lens of claim 34, wherein the
optical {RIsdipl Hpperas FBdk merd Qe ive Hiars INIglend eersde ifver
emtting a third wavel ength ~, 3 which is different fromthe first and
second wesrsl éigtins extgenddy) dadrisy EXnwhinid aonriergesy a third Iight flux
emtted fromthe third |ight source onto a third information recording

sur f ace mfcddid fdhirtabraphicialg & 5K dibheti fdrereyt fieear diikg drAgity from
that of the first and the second optical disk, the coupling lens is

eSS RSP R R PRI S e g s, 228

As an example, Fig. 18 shows results of correction for
spherical aberration caused by thickness changes in a
protective layer of the first high density optical disc HD1.
In the figure, “OBJ + COL” shows characteristics of the
optical system composed of the first objective lens OBJ1 and
collimator lens CO, “OBJ” shows characteristics of the first
objective lens OBJ1 and “COL - OBJ distance” shows the
optimum distance between collimator lens COL and the first
objective lens OBJl. Fig. 18 implies that the optical system
composed of the first objective lens OBJ1 and collimator lens
COL can maintain excellent capacity even for the first high
density optical disc HD1 having a plurality of information
recording surfaces.

For DVD, recording/reproducing of information is
conducted under the condition where a distance between
collimator lens COL and second objective lens OBJ2 is made to
be 7.55 mm (therefore, a distance between the first light-

emitting point EP1 of laser module LM and collimator lens COL

is made to be 12.8785 mm) so that a divergent light flux may




the third wavelength ?~3 is in the range of 730 nm- 830 nm and the
chromatic aberration correcting optical unit satisfies one of the follow ng
conbinations: ( nl, n2, n3) - ( 2, 1, 1), (-4, 2, 2), ( 6, 4, 3), ( 8,
5 4) , ( 10, 6, 5) where nl, n2 and n3 are diffraction orders of
diffracted rays with largest diffractigm efficiencies in diffracted rays
when the fist, second and third light fluxes enter into the chromatic
aberration correcting optical elenment, respectively. 38. The coupling |ens
of claim37, wherein a refractive index for the first wavelength 7~1 of a
| ens constructing the chromatic aberration correcting optical elenent and
I ncl udi n the dlffracted surface Is in the range of 1.5 - 1.6, Abbe nunber
for d li s&Tee 587 5 e ilensh@Blanganst sFherg@adnd the depth do
of a step mhlch |s along an optical axis and closest to the optical axis
sati sfi @ébeawe tdfont lmaufsed dwi ngsreler@th Bisdpersiom ©fd the<skcond) ., tm (10)
2.6n<d0<3.2~,Lm 229 (11) 4.4~n<d0<S.O~.tsn (12) 5.6~,rn<d0<6.5n (13) 6.9

jam < d@bg &t ven 1391s Tr20[ls cdrrpickldy appahat wptdkaal ay@:-38, wherein the
coupling lens conprises at |east one of a plastic lens and a diffractive

surf ace ceinplole o IO Rd &RRRIT iR tGY Qs @ER! el Bh§TRAtkurther has
a function for suppressing a
lens COL.

Further, for CD, recording/reproducing of information
is conducted under the condition where a distance between
collimator lens COL and second objective lens OBJ2 is made to
be 14.3 mm (therefore, a distance between the second light-
emitting point EP2 of laser module LM and collimator lens COL
is made to be 6.1285 mm) so that a divergent light flux may
enter the second objective lens OBJ2, and spherical
aberration caused by wavelength dispersion of the second
objective lens OBJ2 and spherical aberration caused by a
difference of protective layer thickness between the second
high density optical disc HD2 and CD are corrected, in the
optical system composed of the second objective lens OBJ2 and
collimator lens COL.

Incidentally, the optical system composed of collimator
lens COL and second objective lens OBJ2 in the Example 2 can
also be used as collimator lens COL and objective lens OBJ in
optical pickup device PU3.

(Example 3)



di vergence angle variation in response to a tenperature variation or a
converging angle variation in response to a tenperature variation for the
first light flux emtted fromthe coupling | ens. 40. The coupling | ens of
claim39 which is one-group coupling lens and satisfies the foll ow ng
formulas: fNAL (1 - nml) }4 ( fl24g4C) | c1 + ( c2 - cl) PD/ Pc

< 0.13 ~,1 where NA1 is a nunerical aperture of the objective lens unit at
the tinme of information recording and/or representing on the first optical
disk, nl is a magnification of the objective lens unit at the tinme of

i nformation recording and/or representing on the first optical disk, f1
(M is a 230 focal length,of the objective lens unit for the flrst

wavel ength ~ fméﬁmtﬁé3tHﬁenﬂ@ﬁ%ﬁ%Wm%&&bhame@mﬁdﬂﬁ@ aystem seprebdsti ng on
the first optlcal disk, the first ~,1 (nm is the first wavelength, fCis a
focal | ésgtihe drirstl qﬁlhﬂnammeixrsg doans ,amd ithea fiefgracibjeetiivdex for the
first wavelength 7V1 of the coupling lens, a is a |inear expansion

coef fi cilents @BMhe el g leipoddd Mthe Iﬁz%tp@lﬁ@c%hvrém&’%&sm the
diffractive surface for the first mavelength 7L1, -1 mm) is a paraxial

power OofoHINe HeRURlY N6 8% drie 18 ifhf FHor! hkagéltgﬁ ?tﬁ%%ﬂgﬁls%te in a

refractive index resultlng froma tenperatur vari ati e coupling

| ens, d¥ﬁ9@ﬁx:5s%a §H%nggg“%g% gﬁﬁﬁtgo eSU|t|§%tec%qb%hﬁ tenperature

vari ati on, and ar e

thickness 0.1 mm and numerical aperture 0.85 and for DVD with
standards of wavelength 655 nm, protective layer thickness
0.6 mm and numerical aperture 0.65 and of the first
collimator lens COL1 which is a plastic lens whose optical
surface on the first objective lens OBJ1 side is made to be a

diffractive surface.

Table 4 shows specific lens data of this optical

system, and Fig. 19 shows an optical path diagram.




followng formulas: ¢c1 =1. / (n- 1) ~dn/dt +1/ (n-1) ~ dn/d~, -
d~,/dt - ac2 - 11 ?vl ~d7v/dt - 2a PD=-2 . nl -BZ~ ( 7L1 / 7LB)
where nl is a diffraction order of a diffracted ray with a | argest
diffraction efficiency anong diffracted rays when the first light flux
enters into the diffractive structureigswherein PD is defined by an added
optical path length 231 quantity caused by the diffractive structure
which is represented by an optical path difference function satisfying the
following formula: ~b -YI X~/ ~. ~/~)X~BZjj2~~ j=0 where h (nm) is a height in
perpendi cular direction to the optical path, B2~ is an optical path

di fference function coefficient, nis a diffraction order of a diffracted
ray with a largest diffraction effif@fy anong diffracted rays of an
incident light flux, ?~ (nn) is a wavelength of an incident light flux to
t he dif filach.ines ,SINAICIOUSS A =4 B ) Mnli= .& oG oRgit3y cldoen owaweal, engt h (or

bl azed wioea] e3rat,h)dmfo tthe di ffractive structure. 41. The optical pickup
appar at us of clain140 whi ch satisfies the follomﬁng formula: I ¢l + ( c2 -
cl) - 1q R 0 mat.i c rratlon
COI’I’ECtIt[% %tol cal 7«32I e 605t ?‘(%r 65#%% [9I ckﬁ% gppé?lpatzgs éér‘rprl sing a
first light sod%céifﬁ% emtting a first light flux with a first wavel ength

7~1 of 450 nm or | ess;
Paraxial value

SuTtacel rtm) | atmm) | ma | w2 | va

0 - do - - -

1 -43.9416 1.200011.5247| 1.5065 | 56.5

2 -17.7938 15.0000 - - -

3 oo 1.0000|1.5247 | 1.5065 | 56.5

4 oo 0.1000 - - -

5 1.2369 2.140011.6032 | 1.6227 | 61.2

6 -3.3104 dé - - -

7 oo a7 1.6195 | 1.5772 30.0

8 oo - - - -
Aspheric surface coefficient

First Second Fifth Sixth
surface surface surface surface

K 0 -0.5556E+00 -0.6547E+00| -0.1110E+03
Ad 0.6263E-05 0 0.1559E-01 0.1720E+00
A6 0 0 -0.1050E-02| -0.2917E+00
A8 0 0 0.1087E-01 0.3735E+00
AlQ 0 0 -0.1015E-01| -0.3574E+00
Al2 0 0 0.3038E-02 0.1940E+00
Ald 0 0 0.4027E-02 0
Al6 0 0 -0.4404E-02 0
AlS8 0 0 0.1731E-02 0
A20 0 0 -0.2543E-03 0

Coefficient of optical path difference function

Second surface Third surface
AB 423nm 655nm
B2 ~-5.5489E-03 7.0802E-03
B4 -4.2383E-06 -2.2182E-03
B6 0 2.8903E-04
B8 0 -6.0153E-04
B10 0 8.3936E-05




a second light source for emtting a second light flux

232 with a second

wavel ength ~2 which is 1.3 tinmes |onger than the wavel ength of the first

wavel ength ~1; an objective lens unit to converge the first

emtted by the first light source onto a first information recording
surface of a first optical disk and tisg&onverge the second |ight fl ux
emtted by the second |ight source onto a second information recording
surface of a second optical disk with a different recording density f
that of the first optical disk, wherein the chromatic aberration corr
el ement is arranged between both of the first |ight source and the

opti cal

second |ight source _and in_a comon optical path of the first Iight f
and the second™ iTghler 1Yux tlt FErsIesemds @ dpeedatiesgtbopfeéiira§ opti ca
el ement conprises at |east an optical surface with negative paraxial
conduct edieaE inie sherld gRTY,| WA lalrerste geartal leeInure rtilvea lopipiecaiiraxioE and
emts an alnost parallel light flux; conprises chromatic aberration

corr ect ifigsaptoisialc tahmain My | nal ydes & Hitld A ensWhlRGengRnat | east

one of optical

light flux

rom
ecting

| ux

and i s

surfaces of the chromatiCc aberration correcting optical

| t t; a4di ti tructure which i tructed b
ol urali G ot riig aased e Bt oS et B FeHormed on

the diffractive

objectlvéﬂfgﬁgnanT“énd nl represents a diffraction order of
diffracted light having the maximum diffraction efficiency
among diffracted light generated by the diffractive structure
formed on first collimator lens COL1l, in the case of using
high density optical disc HD, and f2, NA2, A2, m2 and n2
represent similar values in the case of using DVD.
Incidentally, a diffraction order of diffracted light having
the maximum diffraction efficiency among diffracted light
generated by stepwise diffractive structure DOE that is
formed on diffracting lens L1 (the third surface in the Table
4) is 0, when using high density optical disc HD (when using
high density optical disc HD, a diffracted light becomes
zero-order diffracted light that is not subjected to
diffracting actions), and a diffraction order of diffracted
light having the maximum diffraction efficiency among
diffracted light generated by stepwise diffractive structure
DOE that is formed on diffracting lens L1 (the third surface

of Table 4) is 1, when using DVD.




designed so that a diffracted ray with a diffraction order n2 having a

| argest diffraction efficiency anong diffracted rays when the second |i ght
flux enters into the diffractive structure, has |ower order than a
diffracted ray with a diffraction order nl having a | argest diffraction
efficiency anong diffracted |ight raysmhen the second |ight flux enters
into the diffractive structure. 43. The chromatic aberration correcting
optical element of claim42, wherein the diffractive structure is forned on
a macroscopically flat optical surface and the opposite side of the optical
surface has negative paraxial power and doesn't have the diffractive
structure thereon, 44. The chromatic aberration correcting optical elenment
of claim42, @HéF@?ﬁ'tﬁ@'s@éoﬁ@dwéqeﬁ€@§ﬁﬁenF2rﬁ§PﬁﬁtﬂN€1Vaﬁge of 600 nm -
700 nm and a conbination of the diffraction order nl and n2 is one of the
fol | owi Fg$tanael bagwveen § lAght-emittdng point 4f 2he laskr 3ipht6, 4 ), (
7, 4), (8 5), ( 10, 6). 234 45. The chromatic aberration correcting
opti cal sehewentanof fdlraitmodd ] inkeosi neds €foract iave Hikdexesef o kens
constructing the chromatic aberration correcting optical elenent and

inClUdi@@o&b@tdh%fﬂ@@%@da%@f%aﬁﬁmﬁﬁhgt@ﬁs&%&%%,“@&CE%@QEngloESuEEnbhe

range of 1.5 - 1.6, Abbe nunber for | ine wavel ength 587.6 nm) is”the

range OEa%@.prQC%QddHQ%.dePﬁPtﬂgrOfra(ﬁﬁ?prggkgg?ﬁ§saéo 9af)s OpEical axis

and closest to the optical axis satisfies onée o e folTow ngs: (1)

1.2~tn<d0<l. 7jam 2 ) 1. 9rj.an1< d0<2.6j.tm( 3) 2. 6jtm<dO0<3
2 j am Pryeruse, & (mm)<rgpresgntsya digtance between surfaces, NAL

represents a refractive index in wavelength Al, NA2
represents a refractive index in wavelength A2, NA3
represents a refractive index in wavelength A3, vd represents

Abbe’s number in d line and AB represents a manufacture
wavelength of the diffractive structure. In Fig. 19, an
optical path shown with solid lines is one for conducting
recording/reproducing of information for high density optical
disc HD, and an optical path shown with dotted lines is one
for conducting recording/reproducing of information for DVD.
The first objective lens OBJ1 is composed of
diffracting lens L1 representing a plastic lens on which
stepwise diffractive structure DOE is formed and of light-
converging lens L2 representing a glass lens with NA of 0.85
having aspheric surfaces on its both sides. In the first
objective lens OBJ1, interchangeability for high density

optical disc HD and for DVD is attained by correcting




(5) 4. 4j.tm<d0<5. 0j.tm(6) 4.7 jancd0<5.7j.1m (7) 5.6

j anxd0<6. 5 am (8) 6.9].1n<kd0<8.1j.1m46. The chromatic aberration
correcting optical elenment of claim42, wherein the optical pickup
apparatus further conprises a third light source for emtting a third
wavel ength ~, 3 which is different frqmgthe first and second 235

wavel engt hs, the objective lens unit converges a third light flux emtted
fromthe third light source onto a third information recordi ng surface of
the third optical disk with different recording density fromthat of the
first and the second optical disk, the chromatic aberration correcting
optical unit is arranged in a common optical path of the first to third

| i ght fEpkesiceheabervatinavebesgtihby2ai shiinkhkesr dhféenbn680batwee®00 nm
the third wavelength ~,3 is in the range of 730 nm- 830 nm and the

chromat peoabetiati dayeer Pect hAg pRbieak ivai tagati sfhegienetnt the foll ow ng
conbinations: ( nl, n2, n3) - ( 2, 1, 1), ( 4, 2, 2), ( 6, 4, 3), ( 8,

5 4 ) stép@e@seGdl?f%aW@?{f@ E!%r ?%ui’*@dDﬁﬁ are diffraction orders of
diffracted rays with | argest dl? raction efficiencies in di ffracted rays

ot on SR L LT i T
aberratign gorrecting;ontical eleggpt of claim e, wherein a fefractive
OBJ1 side, there is formed a diffractive structure, and a
depth of the step thereof which is closest to the optical
axis is 2.43 um. When a laser light flux emitted from violet

semiconductor laser LDl enters this diffractive structure,
third-order diffracted light is generated to have the maximum
diffraction efficiency, while, when a laser light flux
emitted from red semiconductor laser LD2 enters this
diffractive structure, second-order diffracted light is
generated to have the maximum diffraction efficiency.

Owing to this strﬁcture, diffraction efficiency at each
diffraction order for each wavelength is 92.9% at 3%
diffracted light for wavelength 405 nm, and it is 95.3% at
2°¢ diffracted light for wavelength 655 nm, and high
diffraction efficiency can be secured for any wavelength.

Fig. 20 shows an effect of the diffractive structure
for correction of chromatic aberration of the first objective

lens OBJ1 in a violet area. In the figure, “OBJ1 + COLLl”

shows characteristics of the optical system composed of the




236 the chromatic aberration correcting optical elenent and including the
diffracted surface for the first wavelength ~1 is in the range of 1.5 -

1.6, Abbe nunber for d line wavelength 587.6 nm) is the range of 50 - 60
and the depth dO of a step which is along an optical axis and cl osest to
the optical axis satisfies one of thel8®llow ngs: (9) 1.2~n<d0<1.7n (10)
2.6 ~-n<d0<3.2~n(11) 4. 4 ~un<dO0O<5. 0~Lm(12)

5. 6~un<d0<6. 5n (13) 6.9~. 4nxd0<8. 1] am
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f gs\ Ay) g({ﬂ’;%l/ | wr g%c’\%i ca’%loc?lg%%fcat]hcea]fcld‘]scta]ocbeij]eccat]léfa?] cla?]n@a]ogéﬁlcfflga] caj ca]
O

cajca]c ac]hce""] fclar] s%a]ccoaJJ lciezln tcoe}[] claéncsa]CCOaI_], lC (ﬂacsa]s%afl tj 1' cgi e%t c a-g:loc ity for
wavelength changes (approximately, +1 nm) caused by mode
hopping of violet semiconductor laser LDI1.

In this optical system, it is possible to correct
spherical aberration caused by various factors, by changing
and adjusting a distance between the first collimator lens
COL1 and the first objective lens OBJ1l, while conducting
recording/reproducing of information for high density optical
disc HD, in the same way as in Examples 1 and 2.

Further, in this optical system, a degree of divergence
of a light flux coming from the first collimator lens COL1
caused by temperature changes is made to be zero
substantially, by establishing paraxial power of the
diffractive surface of the first collimator lens COL1 so that
expressions (14) and (15) may be satisfied. Fig. 21 shows

temperature characteristics of the optical system. In the

figure, “OBJ1l + COLR” shows temperature characteristics of
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Further, diffraction order nl of beam for

recording/reproducing for high density optical disc HD and

diffraction order n2 of beam for recording/reproducing for
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which paraxial power is negative, and an absolute value of

the paraxial power is the same as that of paraxial power of

the diffractive surface. Therefore, the light flux with
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as collimator lens COL and objective lens OBJ in optical
pickup device PU6, and it is composed of objective lens OBJ
having interchangeability for high density optical disc HD in
the standard of wavelength 405 nm, a protective layer
thickness 0.0875 mm and numerical aperture 0.85, for DVD in

the standard of wavelength 658 nm, protective layer thickness
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bC9. Z" 1096 €T IR, iyngo&ﬂ& glde1ds mede to be a diffractive surface.
10: 5Z210% & ()-9310% & ()-L010% & () -, CADEbCI. Z"10% 10%4&' () - LF10%4& () --10%
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system, and each of Figs. C and D shows an optical path

diagram.

Table 6

£1=2.000, NA1=0.85, Al=408nm, ml=0.00, nl=5, d0=18.736,
d2=20.000, d6=0.664, d7=0.1

£2=2.072, NA2=0.60, A2=658nm, m2=0.00, n2=3, d0=19.414,
d2=19.322, d6=0.431, d7=0.6

£3=2.069, NA3=0.45, A3=785nm, m3=-0.149, d6=0.333, d7=1.2

Paraxial value of HD and DVD

Sur-
face r (mm) d (mm) nil ni2 vd Remarks
No.
Light-
0 - do - - - emitting
point
1 -16.2867 1.2000| 1.5247 | 1.5065 56.5 |Collimator
2 -20.8387 d2 - - - lens
3 oo 1.0000} 1.5242 | 1.5064 56.5
4 oo 0.1000 - - - Objective
5 1.3156 2.3500| 1.5596 | 1.5406 56.3 lens
6 -2.6935 a6 - - -
7 oo a7 1.6211 | 1.5798 30.0 |Protective
8 oo - - - - layer
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Light-
0 - 14.550 - - emitting
point
3 oo 1.0000 1.5050 56.5
4 oo 0.1000 - - Objective
5 1.3156 2.3500 1.5378 56.3 lens
6 -2.6935 ae - -
7 oo a7 1.5733 30.0 Protective
8 0o - - - layer
Aspheric surface coefficient
First Second Fifth Sixth
surface surface surface surface
¥ |-0.1000E+02| 0.1170E+02 -0.6677E+00 -0.4265E+02
A4 | -0.2574E-03 0 0.10942E-01 0.1292E+00
A6 0 0 0.1198E-02 -0.1725E+00
A8 0 0 0.3188E-02 0.1609E+00
Al0 0 0 -0.2625E-02 -0.9634E-01
Al2 0 0 0.8605E-03 0.3157E-01
Al4 0 0 0.6914E-03 -0.4291E-02
Al6 0 0 -0.7048E-03 0
Al8 0 0 0.2356E-03 0
A20 0 0 -0.2819E-04 0
Coefficient of optical path difference function
Second surface Third surface
AB 408nm 658nm
B2 0.5500E-02 5.0000E-03
B4 -0.1596E-04 -1.4363E-03
B6 0 3.5683E-05
B8 0 -1.9658E-04
B10 0 2.3577E-05

In Table 6,

f1, NAl, Al, ml and nl represent

respectively a focal length of objective lens OBJ, a
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source and collimator lens COL, a distance between collimator

lens COL and objective lens OBJ, a protective layer thickness

and a working distance in the case of using an optical disc.

Further, r (mm) represents a radius of curvature, d (mm)

represents a distance between surfaces, NAl represents a

refractive index in wavelength Al, NA2 represents a

refractive index in wavelength A2, NA3 represents é

refractive index in wavelength A3, vd represents Abbe’s

number in d line and AB represents a manufacture wavelength
of the diffractive structure.

Further, in Fig. 26, an optical path shown with solid
lines is one for conducting recording/reproducing of

information for high density optical disc HD and an optical
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s10% & (erirEe¥n& if)y 'aDEDRBEBEEAENCDN which stepwise diffractive
structure DOE is formed and of light-converging lens L2
representing a plastic lens having, on its both sides,

aspheric surfaces and numerical aperture NA of 0.85, wherein
interchangeability for high density optical disc HD and for

DVD is attained by correcting spherical aberration caused by

a thickness difference between protective layer PL1 and
protective layer PL2 with actions of the stepwise diffractive
structure DOE.

Furthermore, a diffraction order of diffracted light
having the maximum diffraction efficiency among diffracted
light generated by stepwise diffractive structure DOE (the
third surface in the Table 6) that is formed on diffracting
lens L1 is 0, when using high density optical disc HD (when
using high density optical disc HD, a diffracted light
becomes zero-order diffracted light that is not subjected to

diffracting actions), a diffraction order of diffracted light

having the maximum diffraction efficiency among diffracted
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stepwise diffractive structure DOE that is formed on
diffracting lens L1, is 0, when using CD (when using CD, a
diffracted light becomes zero-order diffracted light that is
not subjected to diffracting actions).

On the optical surface (Second surface in Table 6) of
collimator lens COL on the objective lens OBJ side, there is

formed a diffractive structure wherein a depth of the step
closest to the optical axis is 3.89 pum. When the first laser
light flux emitted from the first light-emitting point EP1
enters the diffractive structure, 5% order diffracted light
is generated to have the maximum diffraction efficiency, and
when the second laser light flux emitted from the second
light-emitting point EP2 enters the diffractive structure,
3™ order diffracted light is generated to have the maximum
diffraction efficiency. Owing to this structure, diffraction
efficiency at each diffraction order for each wavelength is

100% at 3™ diffracted light for wavelength 408 nm and it

is100% at secondary diffracted light for wavelength 658 nm,
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10%5&f9%mb%%5%%§k%2%9% éhromatlc aberration of objective lens OBJ
in a violet area. In the figure, “OBJ + COL” shows
characteristics of the optical system composed of the
objective lens OBJ and collimator lens COL, and “OBJ” shows
characteristics of the objective lens OBJ. When calculating
wavefront aberration, the objective lens OBJ is fixed at the
best image surface position at wavelength 408 nm. Fig. 28
implies that the optical system composed of the objective
lens OBJ and collimator lens COL has sufficient capacity for
wavelength changes (approximately, +1 nm) caused by mode
hopping of violet semiconductor laser LDI1.

In this optical system, it 1s possible to correct
spherical aberration caused by various factors, by changing
and adjusting a distance between collimator lens COL and
objective lens OBJ in the course of conducting
recording/reproducing of information for high density optical
disc HD, in the same way as optical systems in Example 1 -

Example 4.

Incidentally, in this optical system employing laser

module LM wherein the first light-emitting point EP1 and the
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becoming a perfect parallel light flux, thus, spherical
aberration is caused on the objective lens OBJ. Therefore,
in this optical system, when conducting recording/reproducing
of information for DVD,
collimator lens COL is moved by a distance of 0.687 mm that
corresponds to chromatic aberration to be closer to objective
lens OBJ so that the second light flux emitted from the
collimator lens COL may become a parallel light flux, before

conducting recording/reproducing of information for DVD.

EFFECTS OF THE INVENTION

The invention makes it possible to obtain an optical
pickup device, an optical information recording and
reproducing apparatus, an expander lens, a coupling lens and
a chromatic aberration correcting optical element which can
conduct recording/reproducing of information properly while
maintaining interchangeability for a plurality of optical
discs such as high density optical disc, DVD and CD each

requiring a different wavelength of laser light source, and
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a first light source for emitting a first light flux
with a first wavelength Al of 450 nm or less;
a second light source for emitting a second light flux

with a second wavelength A2 which is 1.3 times longer than

the wavelength of the first wavelength Al;

an objective lens unit to converge the first light flux
emitted by the first light source onto a first information
recording surface of a first optical disk and to converge the
second light flux emitted by the second light source onto a
second information recording surface of a second optical disk
with a different recording density from that of the first
optical disk;

a spherical aberration correcting optical unit which is
arranged between both of the first light source and the
second light source and the objective lens unit and is
arranged in a common optical path of the first light flux and
the second light flux; and

a chromatic aberration correcting optical element which

is arranged in the common optical path of the first light
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when the second light flux enters into the diffractive

structure.

2. The optical pickup apparatus of claim 1, wherein the
spherical aberration correcting optical unit changes a slope
angle of a marginal ray in an incident light flux to the
objective lens unit by variably adjusting an interval between
at least one lens group among lens groups composing the
spherical aberration correcting optical unit and the

objective lens unit.
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10. The optical pickup apparatus of claim 1, wherein the

spherical aberration correcting optical unit corrects a

spherical aberration caused in the objective lens unit due to
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optical element further has a function for suppressing a
divergence angle variation in response to a temperature
variation or a converging angle variation in response to a
temperature variation for the first light flux emitted from

the coupling lens.

21. The optical pickup apparatus of claim 20, wherein a
recording density of the first optical disk is larger than
that of the second optical disk, the coupling lens is a one-
group plastic lens and the optical pickup apparatus satisfies
the following formula:
{(NAL - (1 -ml )} - ( f1®/ fc ) - | cl + ( c2 - cl )

Ppb / Pc | < 0.13 - Al
where NA1l is a numerical aperture of the objective lens unit
at the time of information recording and/or representing on
the first optical disk, ml is a magnification of the
objective lens unit at the time of information recording
and/or representing on the first optical disk, fl1 (mm) is a
focal length of the objective lens unit for the first

wavelength Al at the time of information recording and/or

representing on the first optical disk, Al (mm) is the first

wavelength, f¢ is a focal length of the coupling lens for the
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power of the diffractive surface for the first wavelength Al,
P (mm?) is a paraxial power of the coupling lens for the
first wavelength Al, dn/dA is a change rate in a refractive
index resulting from a temperature variation in the coupling
lens, dA/dt is a wavelength change rate resulting from the
temperature variation, and cl and c2 are defined by the
following formulas:
cl=1/(n-1) - dn/dt + 1 / (n -1) - dn/dA - dA/dt - «

c2 1/ Al - dA/dt - 20

and when an added optical path length caused by the
diffractive structure is defined by and optical path
difference function represented by the formula:

Pp = -2 - nl -B - (AL / AB )

and nl is a diffraction order of a diffracted ray with a
largest diffraction efficiency among diffracted rays caused
in the case that the first light flux enters into the
diffractive structure, Pp is defined by an added optical path

length quantity caused by the following formula:
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where h (mm) is a height in perpendicular direction to the
optical path, B2; is an optical path difference function
coefficient, n is a diffraction order of a diffracted ray

with a largest diffraction efficiency among diffracted rays
of an incident light flux, A (nm) is a wavelength of an

incident light flux to the diffractive structure and AB (nm)

is a construction wavelength (or a blazed wavelength) of the

diffractive structure.

22. The optical pickup apparatus of claim 21 which

satisfies the following formula:

l c1 + (c2 -cl ) - Py / Pc | / fc < 0.08 - Al (mm)

23. The optical pickup apparatus of claim 1, wherein the
chromatic aberration correcting optical element comprises at
least an optical surface with negative paraxial power and is
an one-group optical element which is conducted the first
light flux almost parallel to the optical axis and emits an

almost parallel light flux.
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24. The optical pickup apparatus of claim 1, wherein the
objective lens unit comprises at least two kinds of objective
lenses which are a first objective lens for recording and/or
reproducing information on an optical disk with a pre-defined
recording density and a second objective lens for recording
and/or reproducing information on another optical disk than
the optical disk with the pre-defined recording density, and
a switching mechanism for selectively switching these

objective lenses.

25. The optical pickup apparatus of claim 1, wherein the
recording density of the first optical disk is larger than
that of the second optical disk and a numerical aperture of
the objective lens unit in case that information recording
and/or reproducing is conducted on the first optical disk is

0.8 and more.

26. The optical pickup apparatus of claim 1, wherein the
recording density of the first optical disk is larger than
that of the second optical disk, a first protective layer has
a thickness in the range of 0.07 mm - 0.13 mm on the first
information surface on the first optical disk, the second

protective layer has a thickness in the range of 0.55 mm -
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information on the first and second optical disks and
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optical disks.

29. An expander lens for an optical pickup apparatus
comprising

a first light source for emitting a first light flux
with a first wavelength Al of 450 nm or less;

a second light source for emitting a second light flux

with a second wavelength A2 which is 1.3 times longer than

the wavelength of the first wavelength Al;

an objective lens unit to converge the first light flux
emitted by the first light source onto a first information
recording surface of a first optical disk and to converge the
second light flux emitted by the second light source onto a
second information recording surface of a second optical disk
with a different recording density from that of the first
optical disk, |
wherein the expander lens is arranged between both of the
first light source and the second light source and the
objective lens unit and in a common optical path of the first
light flux and the second light flux,

the expander lens includes a positive lens group and a
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negative lens group;

comprises a chromatic aberration correcting optical element
which includes a diffractive surface on at least one of
optical surfaces of the chromatic aberration correcting
optical element such that a diffractive structure which is
constructed by a plurality of ring-shaped zones separated by
fine steps is formed on the diffractive surface;

designed so that a diffracted ray with a diffraction order n2
having a largest diffraction efficiency among diffracted rays
when the second light flux enters into the diffractive
structure, has lower order than a diffracted ray with a
diffraction order nl having a largest diffraction efficiency
among diffracted light rays when the second light flux enters
into the diffractive structure; and

changes a slope angle of a marginal ray in an incident light
flux to the objective lens unit by variably adjusting an
interval between at least one lens group of lens groups
composing the spherical aberration correcting optical unit,

and the objective lens unit.

30. The expander lens of claim 29, wherein the second
wavelength A2 is in the range of 600 nm - 700 nm and a

combination of the diffraction order nl and n2 is one of the
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(6) 4.7 um < d0 < 5.7 um
(7) 5.6 um < d0 < 6.5 um

(8) 6.9 um < d0 < 8.1 um
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32. The expander lens of claim 29, wherein the optical
pickup apparatus further comprises a third light source for
emitting a third wavelength A3 which is different from the
first and second wavelengths,

the objective lens unit converges a third light flux emitted
from the third light source onto a third information
recording surface of the third optical disk with different
recording density from that of the first and the second
optical disk,

the chromatic aberration correcting optical unit is arranged
in a common optical path of the first to third light fluxes,

the second wavelength A2 is in the range of 600 nm — 700 nm,

the third wavelength A3 is in the range of 730 nm - 830 nm,
and the chromatic aberration correcting optical unit
satisfies one of the following combinations:

(nl, n2, n3 ) = (2,1, 1), (4, 2,2), (6, 4, 3,
(8 5, 4), (10, 6, 5)
where nl, n2 and n3 are diffraction orders of diffracted rays
with largest diffraction efficiencies in diffracted rays when
the fist, second and third light fluxes enter into the

chromatic aberration correcting optical element,

respectively.
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33. The expander lens of claim 32, wherein a refractive

index for the first wavelength Al of a lens constructing the
chromatic aberration correcting optical element and including
the diffracted surface is in the range of 1.5 - 1.6, Abbe
number for d line ( wavelength 587.6 nm) is the range of 50 -
60 and the depth d0 of a step which is along an optical axis

and closest to the optical axis satisfies one of the

followings:

(9) 1.2 pym < d0 < 1.7 um

(10) 2.6 pm < d0 < 3.2 pm

(11) 4.4 um < d0 < 5.0 Um

(12) 5.6 uym < d0 < 6.5 Hum

(13) 6.9 pm < dO < 8.1 um
34. A coupling lens for an optical pickup apparatus
comprising

a first light source for emitting a first light flux
with a first wavelength Al of 450 nm or less;
a second light source for emitting a second light flux

with a second wavelength A2 which is 1.3 times longer than

the wavelength of the first wavelength Al;
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structure, has lower order than a diffracted ray with a
diffraction order nl having a largest diffraction efficiency

among diffracted light rays when the second light flux enters
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into the diffractive structure; and

changes a slope angle of a marginal ray in an incident light

flux to the objective lens unit by variably adjusting an

interval between at least one lens group of lens groups

composing the spherical aberration correcting optical unit,

and the objective lens unit.

35. The coupling lens of claim 34, wherein the second

wavelength A2 is in the range of 600 nm - 700 nm and a

combination of the diffraction order ni and n2 is one of the

followings:

(nll n2):(211)l (3/2)1 (412)1 (5/3
6, 4 ), (7, 4), (8, 5), (10, 6)
36. The coupling lens of claim 35, wherein a refractive

index for the first wavelength Al of a lens constructing the

chromatic aberration correcting optical element and including

the diffracted surface is in the range of 1.5 - 1.6, Abbe

number for d line ( wavelength 587.6 nm) is the range of 50 -

60 and the depth d0 of a step which is along an optical axis

and closest to the optical axis satisfies one of the
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followings:
(1) 1.2 ym < d0 < 1.7 um
(2) 1.9 um < d0 < 2.6 um
(3) 2.6 Mm < d0 < 3.2 um
(4) 3.3 ym < d0 < 4.2 um
(5) 4.4 um < d0 < 5.0 um
(6) 4.7 pum < d0 < 5.7 um
(7) 5.6 pm < d0 < 6.5 um
(8) 6.9 um < d0 < 8.1 um
37. The coupling lens of claim 34, wherein the optical

pickup apparatus further comprises a third light source for
emitting a third wavelength A3 which is different from the
first and second wavelengths,

the objective lens unit converges a third light flux emitted
from the third light source onto a third information
recording surface of the third optical disk with different
recording density from that of the first and the second
optical disk,

the coupling lens is arranged in a common optical path of the

first to third light fluxes,
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the second wavelength A2 is in the range of 600 nm - 700 nm,

the third wavelength A3 is in the range of 730 nm - 830 nm,

and the chromatic aberration correcting optical unit
satisfies one of the following combinations:

(nl, n2, n3 ) = (2, 1, 1), (4, 2, 2), (6, 4, 3 ),
(8, 5, 4), (10, 6, 5)
where nl, n2 and n3 are diffraction orders of diffracted rays
with largest diffraction efficiencies in diffracted rays when
the fist, second and third light fluxes enter into the
chromatic aberration correcting optical element,

respectively.

38. The coupling lens of claim 37, wherein a refractive
index for the first wavelength Al of a lens constructing the
chromatic aberration correcting optical element and including
the diffracted surface is in the range of 1.5 - 1.6, Abbe
number for d line ( wavelength 587.6 nm) is the range of 50 -
60 and the depth d0 of a step which is along an optical axis
and closest to the optical axis satisfies one of the
followings:

(9) 1.2 Mm < d0 < 1.7 um

(10) 2.6 pm < 40 < 3.2 pm
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(11) 4.4 um < d0 < 5.0 um

(12) 5.6 um < d0 < 6.5 um

(13) 6.9 um < d0 < 8.1 um

39. The optical pickup apparatus of claim 38, wherein the

coupling lens comprises at least one of a plastic lens and a
diffractive surface of the chromatic aberration correcting
optical element further has a function for suppressing a
divergence angle variation in response to a temperature
variation or a converging angle variation in response to a
temperature variation for the first light flux emitted from

the coupling lens.

40. The coupling lens of claim 39 which is one-group
coupling lens and satisfies the following formulas:
{NAL - (1 -ml)}* . (£1°/ fc ) - | cl + ( c2 - c1)
Pp / Pc | < 0.13 - Al
where NAl is a numerical aperture of the objective lens unit
at the time of information recording and/Qr representing on
the first optical disk, ml is a magnification of the

objective lens unit at the time of information recording

and/or representing on the first optical disk, f1 (mm) is a
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where nl is a diffraction order of a diffracted ray with a
largest diffraction efficiency among diffracted rays when the
first light flux enters into the diffractive structure,

wherein Pp is defined by an added optical path length
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the chromatic aberration correcting optical element

comprises at least an optical surface with negative paraxial

and is conducted the first light flux almost parallel to the

optical axis and emits an almost parallel light flux;

comprises chromatic aberration correcting optical element

which includes a diffractive surface on at least one of

optical surfaces of the chromatic aberration correcting

optical element such that a diffractive structure which is

constructed by a plurality of ring-shaped zones separated by
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(2) 1.9 um < d0 < 2.6 pm

(3) 2.6 um < 40 < 3.2 um
(4) 3.3 um < d0 < 4.2 um
(5) 4.4 pm < d0 < 5.0 um
(6) 4.7 um < d0 < 5.7 um
(7) 5.6 um < d0 < 6.5 um
(8) 6.9 Um < d0 < 8.1 um
46. The chromatic aberration correcting optical element of

claim 42, wherein the optical pickup apparatus further

comprises a third light source for emitting a third

wavelength A3 which is different from the first and second
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wavelengths,

the objective lens unit converges a third light flux emitted
from the third light source onto a third information
recording surface of the third optical disk with different
recording density from that of the first and the second
optical disk,

the chromatic aberration correcting optical unit is arranged

in a common optical path of the first to third light fluxes,
the second wavelength A2 is in the range of 600 nm - 700 nm,

the third wavelength A3 is in the range of 730 nm - 830 nm,
and the chromatic aberration correcting optical unit
satisfies one of the following combinations:

(nl, n2, n3 ) = (2, 1, 1), (4,2, 2), (6, 4, 3),
(8 5,4), (10, 6, 5)
where nl, n2 and n3 are diffraction orders of diffracted rays
with largest diffraction efficiencies in diffracted rays when
the fist, second and third light fluxes enter into the
chromatic aberration correcting optical element,

respectively.

47. The chromatic aberration correcting optical element of

claim 46, wherein a refractive index of a lens constructing
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the chromatic aberration correcting optical element and
including the diffracted surface for the first wavelength Al
is in the range of 1.5 - 1.6, Abbe number for d line (
wavelength 587.6 nm ) is the range of 50 - 60 and the depth
d0 of a step which is along an optical axis and closest to

the optical axis satisfies one of the followings:
(9) 1.2 ym < d0 < 1.7 um
(10) 2.6 um < d0 < 3.2 um
(11) 4.4 pm < d0 < 5.0 um
(12) 5.6 uym < d0 < 6.5 um

(13) 6.9 um < d0 < 8.1 pum




