. T"HEUR e3e8; ""#$*R \:6:T8;j Cdl OPTI CAL PI CKUP DEVI CE, OPTI CAL | NFORMATI ON
RECORDI NG AND REPRODUCI NG APPARATUS AND OBJECTI VE LENS BACKGROUND OF THE
I'NVENTI ON The present invention relates to an optical pickup device, an
optical information recording and reproduci ng apparatus and an objective

| ens. Fol |l owi ng upon recent high density of an optical disc, a demand for a
smal l er |ight-converged spot nakes a nunerical aperture (NA) of an

obj ective |l ens used for recording/reproduci ng for these high density
optical discs to be high. For exanple, in the case of a high density
optical disc enploying a violet sem conductor |aser |ight source having
wavel ength ~ of 405 nm an objective |ens having i nmage-side nuneri cal
aperture NA of about 0.85 is needed for achieving high density. 2
Further, for objective |lenses such as CD (conpact disc), MO
(magneto-optical disc) and DVD (digital video disc), a plastic lens is

mai nly used for the reasons that the plastic lens is light in weight, and
it can be manufactured at | ow cost on a nass production basis through
injection nolding that enploys a nmould. Therefore, even in the case of an
optical pickup device for a high density optical disc, it is preferable to
use a plastic lens as an objective lens for the sanme reasons. However, for
reali zing an objective |lens wherein a high nunerical aperture NA of 0.85
has been realized while securing sufficient manufacturing tol erance that
al l ows mass production, it is necessary to use a lens structure of at |east
two groups, for the reason to divide refracting power to two | enses and

t her eby t OFFECAk REFEURC PEVIIGE.t OPNIHAe TNFORMATH QN IRECCRRING AND ar e
proposed high NA plastic | enses each being of a two-group structure in, for
exanpl e, Patent DBERRODUSINGaRMPFPARATRE eND DEIRTIIVEL)LENS

BACKGROUND OF THE INVENTION

The present invention relates to an optical pickup
device, an optical information recording and reproducing
apparatus and an objective lens.

Following upon recent high density of an optical disc,
a demand for a smaller light-converged spot makes a numerical
aperture (NA) of an objective lens used for
recording/reproducing for these high density optical discs
te be high.

For example, in the case of a high density optical disc
employing a violet semiconductor laser light source having
wavelength A of 405 nm, an objective lens having image-gide
numerical aperture NA of about 0.85 is needed for achieving

high density.



TOKKAI No. 2002-236252 (Patent Docunent 2) TOKKAI No. 2003-6908 (Problens
to be solved by the invention) 3 Incidentally, in the optical pickup
device, an objective lens is generally noved by an actuator in the
direction of an optical axis and in thg radial direction of a disc for
conducting focusing and tracking. In this case, an electric current is nade
to flow through a focusing coil and a tracking coil which institute an
actuator) and el ectromagnetic force thus generated between a magnet and the
coil is used to nove the objective |lens. However, it was found that a new
probl em whi ch_is not experienced in the conventional structure is caused
when the hi ghFRAtREEst ifon efsisfttive kanref ciirktaucdir compagived in the
aforesaid way. Contents of the problemare as follows; when an electric

cur rent distade!Q ol rfdgve tdwapigical fatusi npddiVDandi@itahckidgocoi |, uneven
tenperature distribution tends to be caused in the objective | ens due to an

i nfl uencH saf) ,gengrlaidtoie dferlieats inhidese:£6d0 | Sor begaUsEa oo tiner t ends to
be greater than that of a plastic lens with a one-lens structure which has

been usedasand ilrde Optifal ﬁ%@l@@v'%?d oo Lhe R hernhadeyreq

tenperatures are changed by an influence envi ronnment al tenperature and

by an i nfl y f t j i CcUS, coil.and the tracking
coil. | ?’I a ?gpn%g%gt E)(ri:a} n e%%fpﬁl%:éat{]l%?gﬂ%%l%e%ﬁ%%u% lc%%%te%jo%nder t he
stribution is caused in the

b ect 1 D8Rl BRI AEBE & itiih of Ee Tt KD 4t 18 GRS ©fhanged
greatlyan optical pickup device for a high density optical disc, it
is preferable to use a plastic lens as an objective lens for
the same reasons.
However, for realizing an objective lens wherein a high
‘numerical aperture NA of 0.85 has been realized while
securing sufficient manufacturing tolerance that allows mass
production, it is necessary to use a lens structure of at
least two groups, for the reason to divide refracting power
to two lenses and thereby to relax manufacturing tolerance
for each lens, and there are proposed high NA plastic lenses
each being of a two-group structure in, for example, Patent
Documents 1 and 2.
(Patent Document 1)
TOKKAI No. 2002-236252

(Patent Document 2)

TOKKATI No. 2003-6908

(Problems to be solved by the invention)




and recordi ng/ reproducing of information for the high density optical disc
is obstructed. The reason for the foregoing is that deterioration of
spherical aberration caused by tenperature is extrene even when conpared
with a lens wherein tenperature distripution is substantially even, and a
difference of refractive index further grows greater in proportion to the
fourth power of NA, because the refractive index is as great as 10 tines in
conparison especially with a glass lens. In particular, the larger an
amount of electric current flow ng through a focusing coil and a tracking
coil is, the larger an anmount of heat generation is, resulting in |arger
unevenness of Ineapenatdiy,dist thieubpad dal aiodhjrecdsinied,ens, thus, a
probl em of a change .(deterioration) of spherical aberration of a high NA
pl asti cobgrgtiiret heneouls ge@fer@paratiiie Pyt e eRid ealoPi Gkumdevi ce
becones nore obvious. It is difficult, on the point of a nmechanism of the

act uat opg rbecdenl 87 aRd RRiRNAC AR NG GHd A A AGINGEYL S0 that
0] e obj ec

&
they may be rotational symetry about an optical” axis ive

| T f i . ti ft t , t t

i ot i baEPEn PR A e R A e e e b ath TR SofEFEal S s i s
caused ii the.objective l.ens, resulting in changes of astigmatism of the
obj ecti VeSFEndC FHIBERE d& BRdenfron fmy jremghy @ (farusiaighddd It dsk a

plastic lens of a two-group structure, the refracting power for the ray of
| i ght havFRgCkARgf coidswid cli Vingéd td et edr lagrses.oran@ncher efore, a change
in a height of passing ray of light in each lens is small, and the lens is
easi | y @fieetrenappethandgescien thefsr asniera tiedd ée thwaldrowi mggmean arte the
tenperature distribution. Therefore, changes of the astigmati sm grow great,

whi ch adeéisebyusbliecbsmehar agkeni-Skices vef 1eegor di ng/ reproduci ng for
optical discs. However, in the technol ogi es disclosed in the Patent

Docurrent s 1 afidudvetore asnecdRACERBL] Ancely debeni phien ot seferi cal

aberration and deterioration of astignmatism cause e change o

temperabiperionthe ont LAl BLGKNR ARKHC R AARE L NS CONdILY O Lhak aineven

tenperature distribution’is caused in'the objectiveé I'ens an’i eauence of

heat in_th urse of driving, actuator as stated above, and any actions
for thel b Dbl B AP & hGt LRGN kboar GAGEFC P SUgH CHE Saf ot doaied 1
technol ogi es_are those to correct spherical aberration caused by changes in
the forh'8f 2fers8didnyarn rednERRt%e0f Nty PEABheReaberasufeldpwswo plastic
| enses form ng an objective lens is changed evenly. 6 SUMVARY OF THE

| NVENTI'@en an electric current is made to flow through a focusing

coil and a tracking coil, uneven temperature distribution
tends to be caused in the objective lens due to an influence
of generation of heat in these coils, because a volume tends
to be greater than that of a plastic lens with a one-lens
structure which has been used, and in the optical pickup
device, on the other hand, temperatures are changed by an
influence of environmental temperature and by an influence of
heat generation in the focusing coil and the tracking coil.
If a temperature in the optical pickup device is

changed under the condition that uneven temperature



An object of the invention is to provide an optical pickup device wherein
the aforenentioned problemis solved, deterioration of spherical aberration
is small, and stable recordi ng/ reproduci ng of information can be conducted
for high density discs, even in the cage where tenperature in the optica
pi ckup device is changed under the condition that uneven tenperature
distribution is caused in the objective lens that is conposed of two
plastic lenses. In particular, it is possible to provide an optical pickup
devi ce wherein an anount of changes of spherical aberration in the case of
changes of tenperature in the optical pickup device is small even in the
case whéiétanbawoom iof aelussd iin e evlt] ddminengl ¢mhs ougher foxlisi ng coi
and a tracking coil is large, and stable recording/reproduci ng of

i nf or masberarion gif dénrsitigropid qsladlisesl @an he condped egraecoy di ngly,
and to provide an optical information recordi ng and reproduci ng appar at us
el oyi BAd ek atiasnirdRid falndl ok U UG o DI AR 0o heed vt | on

is to provide an optical pickup device wherein the aforenentioned probl ens

t ak i i i f..ch ti t. in th
cnce wheps Lempatature areTisitdn the, Zeatiin 2ot Bl rsRar e ry
about.agpgetlc%g %X|sta% cag§ed |n.ph obhj ective Ien%lconposed.of t wo
pl asti c Tens&§ ST Ot PERGTd; TIRIGHY GHU9GH dPmati on can be

conducted _stably for high density optical discs, and to provide an optical
i nf or matFBREFEEHF G A§ SFF el GHEE i e pammared il tdy iand ane vdstial

pi ckup device stated above. To solve the aforementioned problens, in the
first ekBBERFERUIet Hassridottioes desauildsedrnitidltleomel<h,i sareh 2opt i cal pi ckup
device having therein a light source that emts a light flux having

wavel engtfifareaneobjfectifvactdns domeesgdrafhat dreasl JrweRiasti c | enses
including a first plastic |ens having positive refracting power and a

second plagbire ibansohavendopesit e dreldrasil NGHRWR d ¥ aciuator that
drives the objective | ens wherein tenperature distribution in the objective

lens isjgRaRged LQ BecdREUeN1BY NGRL 98N AET MEN copecially with a

glass lens.

In particular, the larger an amount of electric current
flowing through a focusing coil and a tracking coil is, the
larger an amount of heat generation is, resulting in larger
unevenness of temperature distribution in an objective lens,
thus, a problem of a change (deterioration) of spherical
aberration of a high NA plastic lens in the course of
operation of the optical pickup device becomes more obvious.

It is difficult, on the point of a mechanism of the
actuator, to design and arrange a focusing coil and a
tracking coil so that they may be rotational symmetry about
an optical axis of the objective lens. Therefore, during

operations of the actuator, temperature digstribution that is



energi zing the actuator, and the follow ng expression (1-1) is satisfied by
the objective | ens when 43SA (ARMS) represents a rate of change of the
tertiary (third order) spherical aberration o the objective Iens) and f
(m) and mrespectively represent a foegal |ength of the objective lens for
the light flux having wavel ength ~ and magnification of an optical system
8 -0.0004 < ~3SA/ (NM f - (1 - m) < 0.0004 (1-1) Further, in the second
enbodi ment, the structure described in Item2-1 is an optical pickup device
equi pped with an objective | ens conposed of a |light source emtting a |ight
flux having wavel ength ~, and of at least two of a first plastic lens

havi ng dﬁ%¢11®@3¢E¢m®bt$ymm©bmgrahﬂdtaaseopndCﬁﬂasxus liensahaedngnposi tive
refractive power, wherein tenperature distribution in the objective lens is

made to ties urieiee bye heats genesal etlnghen thengebuatorstsgeBerginzed, and the
foll owi ng expression (2-1) is satisfied when f (nm represents a focal

ength afhd e pd eokd Veehens.iande,di i LT 1 apigs onke dnflst pocr bes neen the

optical surface on the [ight source side of the first astic lens and the

PP r st pi SrIEF 0 Bt DI SRl PoaETBE g %‘K’SCQW’HHQ? ﬁEF%;dﬁﬁg the
DESCRI PTJ OF THE DRAI M1 NGS Fi 1
shomnngzﬁé%%%ﬁ%{ﬁgLﬁ%W%ﬁ oB??%ﬁ?Yp?ﬁkﬁbgﬁgv¥%§$5§. gﬁ 8-§ ga%gOC?eM/of

prlnary(?ortlons show n the structure of an objectlve Iens
ivided to two Ienses, and therefore, a change in a height of

rassing ray of light in each lens is small, and the lens is
easily affected by changes in refractive index following upon
the temperature distribution. Therefore, changes of the
astigmatism grow great, which adversely affects
characteristics of recording/reproducing for optical discs.

However, in the technologies discleosed in the Patent
Documents 1 and 2, there is no description of deterioration
of spherical aberration and detericoration of astigmatism
caused by the change of temperature in the optical pickup
device, under the condition that uneven temperature
distribution is caused in the objective lens by an influence
of heat in the course of driving an actuator as stated above,
and any actions for the problem are not taken accordingly,
though the aforesaid technologies are those to correct
spherical aberration caused by changes in the form of lenses
and in refractive index, when temperature of two plastic

lenses forming an objective lens is changed evenly.




9 Fig. 3 (a) is atop viewof primary portions and Fig. 3 (b) is a

| ongi tudi nal sectional view of primary portions, both showi ng the structure
of an actuator. Fig. 4 shows graphs showi ng tenperature characteristics in
the case of giving a |ihear tenperaturg distribution in the optical axis
direction to an objective lens. Fig. 5 shows graphs show ng tenperature
characteristics in the case of giving secondary tenperature distribution in
the radial direction to an objective lens. Fig. 6 shows front view (a),
side view (b) and rear view (c) all of an objective lens for illustrating
"uneven tenperature distribution®. Fig. 7 shows graphs show ng a

rel ati onship between TR and astignatismin an objective lens in Inventive
Exanples 2 1 to 2-3 and Conparative Exanpl e. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENT [ FI RSPUBMBEDI DENTHE MTeIVENTIAON y, "uneven tenperature
distribution"” in the present specification will be explained here. As shown

in Figs. 6 (apr dbje@)t Jf nste plrasddc denss Lo ahehwagonth Ri@stdLl | ens L2
both constituting objective | ens OBJ have respectively flrst fl ange portion

FL1 and p5eaeid devli®d Lange feriion & &r@%e &%@gpt&ég&ft f@'ééﬂfé‘e th an

opti cal functlonal portlon on a peri ral portion t 'S ou e the

optical fdu t ortlon i n, th i rst
plastic q‘ errté?lL &{f lfae%JsOrll_Zl%r%“7ﬁi eg?%(tcij t%&i? dly by
joining_a par of the f rst f'é%' ortlon and aégart of the_second fl ange

portion ﬁ(? Hﬂ?ﬁﬁﬁgﬁ Mih M5 geahdre SRR e edi FRE an

actuato%]t ﬁfen energ|2|ng an actuator) under the assunption that Tl (O
r epr esent's

e Bl gFS . even in the case where temperature in the
optical pickup device is changed under the condition that
uneven temperature distribution i1s caused in the objective
lens that is composed of two plastic lenses. In particular,
it is possible to provide an optical pickup device wherein an
amount of changes of spherical aberration in the case of
changes of temperature in the optical pickup device is small
even in the case where an amcunt of electric current flowing
through a focusing coil and a tracking coil is large, and
stable recording/reproducing of information for high density
optical discs can be conducted accordingly, and to provide an
optical information recording and reproducing apparatus
employing the aforesaid optical pickup device.

An object of the invention is to provide an optical
pickup device wherein the aforementioned problems are taken
into consideration, an amount of changes of astigmatism in

the case where temperature distribution that is non-




vertex Pl of the first surface (an optical surface on the |light source side
of the first plastic lens L1) in the course of driving an actuator (in the
course of energizing the actuator), T2 (C) represents tenperature of vertex
P2 of the fourth surface (an optical sygrface on the optical disc side of
the second plastic lens L2), and T3 (C), T4 (O, T5 (C and T6 (O
represent tenperatures respectively at points P3, P4, PS and P6 where
optional line CL that passes through the m ddle point of a |ens thickness
(thickness on an optical axis) of the first plastic lens L1 and is

perpendi cular to the optical axis and line CL' representing the Iine CL

r ot at ed I Yot 9 krsawie wny odpeut cancapt beahcexbb Lhechisel thaope portion
FL1, when tenperature distribution TAin the 11 optical axis direction

and t enpEriEairierai ins budmpnsed RIE ando TRRa s pi&heehadi al 5 dehQH I OQﬁdWh' ch
are deflned by TA=T1 - T2 (C) TRL = ( T3 + T4 + 15 + T6 ) / 1(C)

( rEordidgy fEprodbcing df lﬂﬁbfméiioﬁa&éﬁf%eeb&ﬂ&uc? %gfion" i s

follomnng three conditions (Rl) (R3), uneven tenperature

assuned iy bg AUREH § RHI T Suned t be neasure after the
tenperat ure dlstrlbuﬁigﬁ 4?%%%33?&?%- ]EC v%r? &t HREEOUr se of

ener gi zisl or.._becones to be statlonary state. ~TA~ > 1.0C
(R1) | TR%% gﬂ%@ﬁ?t“( glze)crcirfﬁﬂ r&f—‘i uCF%HQ HAPPATS W] Snl B et lee
tenperature of. the . tot ongctlve Iens i s changed evenly" means an
occasi ofAHEPS] K UHER Sfered et St38BRion TA in the optical axis

direction and tenperature distributions in the radial directions TRl and
TR2 satisfy alflP &PlvRe tiler a8d cesmgintiiomed RoblquR]) .in the first

embodiment, the structure described in Ttem 1-1 is an optical
pickup device having therein a light source that emits a
light flux having wavelength o, an objective lens composed

of at least two plastic lenses including a first plastic lens
having positive refracting power and a second plastic lens
having positive refracting power, and an actuator that drives
the objective lens wherein temperature distribution in the
objective lens is changed to be uneven by heat generated when
energizing the actuator, and the following expression {(1-1)
is satisfied by the objective lens when A3SA (ARMS)
Tepresents a rate of change of the tertiary (third order)
spherical aberration of the objective lens, and f {mm) and m
respectively represent a focal length of the objective lens
for the light flux having wavelength A and magnification of

an optical system.




Further, with regard to "rate of change 03SA (~, RV5) of the tertiary
spherical aberration of the objective lens in the case where tenperature of
the total objective lens is 12 changed evenly", it is cal culated by ~3SA
= (3SA" - 3SA) / (55 - 25) when 3SA (ARVB) represents a tertiary spherical
aberration conponents of wavefront aberration neasured under the condition
where the change of tenperature distribution in the objective | ens becones
to be in a stationary state in anbient tenperature of 25C and 3SA" (ARVE)
represents a tertiary spherical aberration conponents of wavefront
aberration nmeasured under the condition where the change of tenperature

di stribution +d.0bedobj aAsBikve I(8RE befonesito ME)iA @.s0@dionaryistate in
anbi ent tenperature of 55C. Incidentally, "change of tenperature

di stribution irtherobj £CthyesleBRaPerrRIntAche kil Srslationary state’

nmeans that an absolufe value o rate tenpéerature change is within

0.1Cm S t .pQi_nt f . PL - PG (see Fig. 6). lncidentally,
W th re@%gé g#%dgggig%gg?at%eqée?%i§P§l S&eﬁﬁg uﬁbggr eﬁgﬁuégﬁﬁgﬁent of
wavefront _aberrati.on, ."+" _neans an occasi on where the correctiqn is
excessi Ve {otBr PPIGRELYE 1ensegREPRSes: Ods Port Ladr &OURE S SFFEEHTEN & s

insufficient (under). Further, focal length f (m) of the objective |Iens
for a |iLghhtf Fuxxhheivngowaeskérgulin~Ai sndssifmed fleabe awboodl a fi3skength
obt ai ned t hrough neasurenent under the ambient tenperature of 25C. Further,

the i nvgndsenccaanbenapphbedob9ravhi g rdensiity pkictahndl SC s@soay opti cal
information recording nedium and as a high density optical disc, there are

3%%?3 ap19Bti£al okSEavhh BHGLRGLLYE hase hoar dolhlckneas gf, about 0.1 mm
ying a violet sem condluctor I'aser TiIght sodrce Wt

temperature distribution in the objective lens is made to be

uneven by heat generated when the actuator is energized, and

the following expression (2-1) is satisfied when £ {(mm)

represents a focal length of the objective lens, and d; (mm)

represents a distance between the optical surface on the

light source side of the first plastic lens and the optical

surface on the optical information recording medium side of

the first plastic lens on the optical axis.

0.6 < du/f < 1.2 (2-1)

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a top view of primary portions showing the
structure of an optical pickup device.

Fig. 2 is a side view of primary portions showing the

structure of an objective lens.




wavel engt h of about 400 nm and an objective | ens whose nunerical aperture
NA is raised to about 0.85, and an optical disc with protective base board
t hi ckness of about 0.6 mm enpl oying a violet sem conductor |aser |ight
source with wavel ength of about 400 nngand an objective | ens whose
nunerical aperture NAis raised to about 0.65. In the structure described
in ltem1-1, by designing the objective |lens so that expression (1-1) nay
be satisfied, it is possible to control deterioration of spherical
aberration on an information recording surface of an optical information
recording nmediumin use to be small, and to conduct stable
recordlng/repfbﬁucﬁndadf1ﬁnﬁoMﬂnlvﬂeW(ﬂftnnﬂmanyunaqﬁxnns(ﬁnd(ﬁﬂms 3 even
with an optical pickup device enploying an objective |lens constituted with
a pl astild)l emss acdepesiedidonal deastodab @roupst pridatpnciseniabdy, it is
preferable to design an objective lens so that -0.0003 < ~3SA/ (NAM4 . f (1

© M) <HBro0homhde maldishicdind A N £dBgacdd. (S possible to control a
change (deterioration) to be small for spherical aberration in the case

sher e LSTPe abite, UnoADaPLiaal PSR, AP S 4 CIANISLMNIEL LB o

condition that a focusing col re energlze

hi gh- A t di stri but 1
there ar® S ool eRaiors 4 dnper SRS Frtebpi® oal e s

directio tenper ture distribution in the radial direction that is
rotatloﬁ%§y aPXA5o LTS M E i RI e Yo Rt ure distribution
wherein the afqrenentloned tenperature distributions are conbined. The
structure desErPbed BROWSeBTEDRS shoepmas drema: Mot Urte dhptriscdierdisskius devi ce
described in Item 1-1 wherein the objective |l ens satisfies the expression

\(/\/r11_ 1) stiat édhealbeose d contingl sspherdaoal Eherdmrttiore changeisritidheicase
°e the radial direction to an objective lens.
Fig. 6 shows front view (a), side view (b) and rear
view (c) all of an cbjective lens for illustrating “uneven
temperature distribution”.
Fig. 7 shows graphs showing a relationship between TR

and astigmatism in an objective lens in Inventive Examples 2-

1 to 2-3 and Comparative Example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[FIRST EMBODIMENT]

Incidentally, *“uneven temperature distribution” in the
present specification will be explained here.

As shown in Figs. 6 (a) - 6 (c¢), first plastic lens L1
and second plastic lens L2 both constituting objective lens

OBJ have respectively first flange portion FL1 and second




anbi ent tenperature of the optical pickup device is changed in the course
of energizing the actuator. The structure described in Item1-3 is
represented by the optical pickup device described in Item1l-1 or Item1-2
wherein at |east one of ITAl > 1.0, ITR11 > 0.3 and ITR2Z1 > 0.3 is
satisfied when TA (C) represents tenperature 15 distribution in the
optical axis direction of the objective Lens in the course of energizing
the actuator, and each of TRL (C) and TR2 (C) represents tenperature
distribution in the radial direction. The structure described in Item1-4
is represented by the optical pickup device described in either one of Item
1-1 - | fémnge3 paédeinm Fidmeeichalbeiper tiommedA sl itdiey iviege ai deptofcahe
objective lens is made to be 0.8 or nore. In the structure described in

| t em 1- £uncheosarie pefrftdet  aort Batpdrm pdidheer e iofn drerm ksl cuddiem 1- 3 can
be obtai ned, and an optical pickup device can be applied properly on a high

densi t ytapt bpali cdils Gub@\¢iiReall YRctiore Rase A AdifknessiQf . apout 0.1 nm

enpl oyi ng a viol et seniconductor |aser |ight source wth wavel engt’h of

about 4gQangrand ;a8.0bhegtise 1|.ens shaug eI als gerduLe NOf about

0.85 on the image side. The structure IS represent ed

by the e Lck devi, descr.ihed in either aone of Jtem1-1 - Item1-4
wher ei ng?%eggg §l§%8r%%| E‘O\ér%@?’dgjéf PG i Ta Ocggitlhaf oélrfs(lfc ¥ %And a
coil for t%ackin . and at |east one of the coil for focusing and the coi
for tragkf bopsaggr angEd tt 6IpéNsosieciodte d leegn OIS dittdmisT gravity may
16 be positioned to be closer to the |light source than the

portion M in Fig. 6 (b)) together.

When driving an actuator (when energizing an actuator),
under the assumption that T1 (°C) represents temperature of
vertex P1 of the first surface (an optical surface on the
light source side of the first plastic lens L1} in the course
of driving an actuator (in the course of energizing the
actuator), T2 (°C) represents temperature of vertex P2 of the
fourth surface (an optical surface on the optical disc side
of the second plastic lens L2), and T3 (°C), T4 (°C)}, T5 {°C)
and T6 (°C) represent temperatures respectively at points P3,
Pd, P5 and P6 where optional line CL that passes through the
middle point of a lens thickness (thickness on an optical
axis) of the first plastic lens L1 and is perpendicular to
the optical axis and line CL* representing the line CL
rotated by 90° intersect an outer circumference of the first

flange portion FL1, when temperature distribution TA in the




center of gravity of the second plastic lens is. The structure described in
Item 1-6 is represented by the optical pickup device described in either
one of Item1l-1 - Item1-5 wherein the foll ow ng expressions (1-2) - (1-4)
are satisfied when ~NL1 represents a krate of change of refractive. index of
the first plastic lens for tenperature changes, ONL2 represents a rate of
change of refractive index of the second plastic |lens for tenperature
changes, and fB (mr) represents a back focus of the objective lens. -20 Xx
10-5/ C< ONL1 < -2 x 10-5/ C(1-2) 0.6 < 4NL2 / ONL1 < 1.5 (1-3) 0.1 <
(ONL2 / dNL1) . fB/ (f . (1 - m) <0.2 (1-4) In the structure described

i n |t emobtl caflhexdane iefdoadtorasartchatenpermitiher dinet wofbdttiems -TRT dridém 1-5
can be obtained, and it is possible to obtain an objective |ens satisfying
the expmassiion thl Yadiyidesi@ite i eidstam asdfthd@nsy and the second
plastic lens so that the rate of change ~NL1 of refractive index of the
first plasticpheasyhor %gngabzture changes and the rate of change DNL2 of
refractive index of the second plastic |l ens for tenperature changes may
satisfy 17 pectivel y.the pressi.on (,1-2). .a he expression (1-3) and
so that back ?g us Ego# Fﬁe+o jeéti 3 Ve%%'béﬁpgggé of the first plastic

| ens and the second plastic |lens nmay satisfy the expression (1-4) for

opti cal nagni?ﬁaafiéﬁ3nﬁ Tﬁe+s?§u€t§ﬁé dederi Fed i°Flitem 1-7 is represent ed
by the optical pickup device described in either one of Item1l-1 - Item1-6
wher ei nSefké syl Lamiey exsr esithe (ErlF)owina gitirsta aprhigridns ((RY) represents
a focal length of the first plastic lens for the Iight flux having

wavel endRB)~, "mhervepr esemtes aam raptdicadr dystiem Magniddatdcorecofbd he first

caused. Further, Tl - T6 are assumed to be measured after
the temperature distribution change in the objective lens in
the course of energizing the actuator becomes to be in a

stationary state.

[TAl > 1.0°C (R1)
TR > 0.3°C (R2)
| TRZ| > 0.3°C (R3)

Further, “an occasion where temperature of the total
objective lens is changed evenly” means an occasion wherein
the temperature distribution TA in the optical axis direction
and temperature distributions in the radial directions TR1
and TR2 satisfy all of the three conditions (R1} — (R3}.

Further, with regard to “rate of change A3SA (ARMS) of
the tertiary spherical aberration of the objective lens in

the case where temperature of the total objective lens is



plastic lens, f2 (nm represents a focal |length of the second plastic |ens
for the light flux having wavel ength ~ and n2 represents an optical system
magni fication of the second plastic lens. 3.5 <fl . (1 - nml) / (f2 - (1 -
m) < 5.8 (1-5) In the structure desgrjbed in Item1-7, the sane effect as
that in either one of Item1l-1 - Item1l-6 can be obtai ned. The structure
described in Item1-8 is represented by the optical pickup device descri bed
in either one of Item1-1 - Item1-7 wherein the first plastic |lens has a
first flange portion on a peripheral portion that is outside the optical
functional portion and the second plastic |lens has a second 18 fl ange
porti orciRihqedestdieral porid ofaibglatsaopy sAseat he9pii cal 3guncyi onal
portion, and the first plastic |ens and the second plastic |lens are

i nt egr at sqlidly by joinin part of the first flange portion and a part
of ¢ he b ond 1 At pirt | S Bt S et et St ¢y ST ESeht o an
outsi de dianmeter of the first plastic lens including the first flange

por t i ok a2 qrrgoneprarsieht et amotf sone dbencteionfmehsusedonddprastic

| ens including the second flange portion, the follow ng expression (1-6) is
sat i sf itdek anchdihel dn ndiend asie cchamnse | 6f heddpbyasubebdi acthattisndihven by
the actuator. D1 > D2 (1-6) In the structure described in Item1-8, the

sane efdfirCtomeddiate iTef thefoie @6 bhd eihla lsrat iy 7s€ape benobt ai ned,
and in the so-called objective lens with high NA of a twogroup structure

that i by conbining t tic.l es e is_generally a tendency
t hat aégﬁgﬁghgcﬁe%Qﬁgéﬁqék %ﬁZéﬁf@ ?%%S§$§ gF%%ﬁgi fﬁ%ﬁg%%%ﬁso? t he second
plastic lens. Therefore, for inproving the precision of driving the

obj ect i%E ey PR Gk \ARDFLat 107 sCYrReleeabf eOf ovase BHPREh t he

rel ati onship between the first flange portion of the thirst plastic |ens
and t halsageid di arpesped ivndef the cerdhdiphashéce| ens chandatofhe
expression (1-6) may be 19 satisfied, and to make the thirst plastic |ens
to be helntbdnathires hiiddmibd i drhi sn case, obvhect 1vst 1 phasbécohenst dshar r anged
at the position that is closer to the focusing coil and the tracking coi

whi ch geney i@ theda Mhet e OPtAed ot CKURLELYE GEe | S£OPSs@Li ng, which
causes troubl es that uneven tenperature distribution tends to be caused in
t he objective,| Ver, 1 ' i P ' f first
enbodi nment , ?Pcﬁsﬁ%ggslagi I'e tcya@%%‘%ofp%%nﬁég%agd 0 s%dsg?%lﬁ%&a%%mti on
caused unevenness .of t erature distribution in the objective lens to
bo. Sl e Taries AL TTET TS Chreat™ f KL HERTEE Sratthahigens
because _t he objﬁftive | ens is designed so that the expression (1-1) is

sati sf iRt AuLPS A% YRl dthgt reproduti Fy R r 2 HEE? neR3 e cBR be
conducted for high density optical discs. The optical information recording
and r epiidduct dy lappariat & delsk mdresliementepdint $ sobgll ppedt W $@et he

optical pickup device described in either one of Item1-1 - Item 1-8, and
can corfdyct €dt. | east one of recording information on the optical

i nformati on recordi ng nedi um and reproducing information recorded on the
optical i nformeticemtzacer,divighadidgact #Z0 ahei§l rdetine wascidbed in Item
1-10 is an objective lens for an optical pickup device conposed of at | east
two pl agiHes il QNS @%d N DG Sndd s c R%@S&éﬁeh%‘ﬁt NAYL NG POSHLT Ve~
refracting power and a second plastic Iens having positive refracting

pover | JGLELD, L0 ) SEL NG, | s, SALLSLL R0k NEs T Sk oM. 10, exgtessi on (1-1)

when ~ represe
while, “-" means an occasion where the correction is
insufficient (under).

Further, focal length f (mm) of the cbjective lens for

a light flux having wavelength A is assumed to be a focal




of change of the tertiary spherical aberration of the objective lens in the
case where tenperature of the total objective |lens is changed evenly, and f
(mm) and mrespectively represent a focal |ength of the objective lens for
the light flux having wavel ength ~ and,magnification of an optical system
and thereby, a change of spherical abéfrration in the case where anbient
tenperature of the optical pickup device is changed is controlled, under
the condition that tenperature distribution in the objective lens is
changed to be uneven by heat generated when energizing the actuator that
drives the objective lens. -0.0004 < ~3SA/ (NM f - (1 - m) < 0.0004
(1-1) | denhehsbbietitee desesiighethdasudeamnl Whdadyy wesigmiingt he obj ective
| ens so that expression (1-1) may be satisfied, it is possible to control
det eri orabera@lirepber ixeal- aberration on an information recording surface
of an optical 21 information recording nediumin use to be small, and to
conduct Stabl #EeAOLS! AL RLACUTLO0 BG LAf QBN Ok Bigh deasliy
optical discs, even w th an optical pickup I'ce enpl oyi'ng an objective
| ens consti.tuted.with a plasti.c l.ens conposed of at |.east t roups. The
Struct UPREABS FRBE P PrenBELEE ) S OB eet ek TR Rad (41 t em
1-10 wherein_the follow ng expression (1-7) is satisfied. -0.0003 < A3SA /
(NA . fas p1high fersdtyooptiresd) digdhéhamau@ng JigesedbePiirak em 1- 11,
the sane effect as that in Item 1-10 can be obtained, and it is possible to
cont r ol dasechangd pdetectdrvat ek doasphatiichnedserafataout @ Hergmal | in the
case where tenperature in the optical pickup device is changed under the
condi ti enplbgtintthe fdodsitngecadidor@ud toie ltarsaaKingmoidowrce: enengi zed with
hi gh current. The structure described in Item1-12 is represented by
wavelength of about 400 nm and an objective lens whose

numerical aperture NA is raised to about 0.85, and an optical
disc with protective base board thickness of about 0.6 mm
employing a violet semiconductor laser light source with
wavelength of about 400 nm and an objective lens whose
numerical aperture NA is raised to about 0.65.

In the structure described in Item 1-1, by designing
the objective lens so that expression (1-1) may be satisfied,
it is possible to control deterioration of spherical
aberration on an information recording surface of an optical
information recording medium in use to be small, and to
conduct stable recording/reproducing of information for high
density optical discs, even with an optical pickup device

employing an objective lens constituted with a plastic lens

composed of at least two groups.




t he objective lens described in Item1- 10 or Item 1-11 wherein at | east
one of ITAl > 1.0, ITR11 > 0.3 and ITR21 > 0.3 is satisfied when TA (O
represents tenperature distribution in the optical axis direction of the
objective lens in the course of energiyzi ng the actuator, and each of 22
TR (C) and TR2 (C) represents tenperature distribution in the radial
direction. The structure described in Item1-13 is represented by the
objective lens described in either one of Item1-10 Item 1-12 wherein
nunerical aperture NA on the inmage side is made to be 0.8 or nore. In the
structure described in Item 1-13, the sane effect as that in either one of
ltem 1- 10 - | flamitiet® addy ,bel tohitsaipresf eraaisl ¢ heo fdesigrerdroditendt ioan be used
properly for a high density optical di sc having protective base board

thi ckneserf @Pea0.Jg rgp@ENd 4%’8 A MigRh et §egi‘3°'}ﬁ'PFt9r Gl Ihégyg

source with mavelength of about nmand an obj ective Iens avin

numeri c R f 85 an the | I The structure
descri b%§ as Slegﬁeé\lA4(‘)[ s%llb"éﬁr E&8fred oy rP@S(?Sﬁ%Jﬁ itPe Q8L Hederi bed in
ei ther one of Iten11 10 Item 1-13 wherein the follow ng expressions (1-2)

- (1- 4) BRRSSatisedd G ANLIET it et s &OF atrheiriehhnfeeota &9t act i ve

index of the first plastic lens for tenperature changes, 4NL2 represents a
rate of idhddge coce efers itemparisuwy irhears emnital astdloun etesvice is
tenperature changes, and fB (mm) represents a back focus of the objective
l ens.  C2Bng2dXx ub@cyr /the< AL tdor? thalD-d foddir) Gd<l QMR 4 ONL1 <
1.5(1-3)0.1< (O\NL2/ ~NL1) . fB/ (f . (1 - m) <0.2(1-4) In the structure

descri bedaidk inieMoli-1l4rd hesafm&f figiatn asi dlatyd il ther one of Item 1-10
- Item 1-13 can be obtained, and it is possible to obtain an objective |ens

satisfying t hﬁsahﬁ%%@%mt'eﬁl%@}a@ﬁ&ree 1@kt 'gjhdn by, designing jthe first

pl astic |l ens and the second pl astlc ens so

lens, there are given, for example, temperature distribution
in the optical axis direction, temperature distribution in
the radial direction that is rotation-symmetrical about an
optical axis, and temperature distribution wherein the
aforementioned temperature distributions are combined.

The structure described in Item 1-2 is represented by
the optical pickup device described in Item 1-1 wherein the
objective lens satisfies the expression (1-1) stated above to
control spherical aberration changes in the case where
ambient temperature of the optical pickup device is changed
in the course of energizing the actuator.

The structure described in Item 1-3 is represented by
the optical pickup device described in Item 1-1 or Item 1-2
wherein at least one of |TA| > 1.0, |TR1| > 0.3 and {TR2| >

0.3 is satisfied when TA (°C) represents temperature



back focus fB of the objective |ens constituted by conbining the first
plastic lens and the second plastic lens may satisfy the expression (1-4)
for optical systemnmagnification m The structure described in Item1-15 is
represented by the objective | ens mhe&gin the foll owi ng expressions (1-8)
(1-10) are satisfied. -15 x 10-5/ C<"4NL1 < -S x 10-5/ C(1-8) 0.7 <
ONL2 / ~NLI < 1.4 (1-9) 0.12 < (4NL2 / ONL1) . fB/ (f . (1 - m) < 0.18
(1-10) In the structure described in Item 1-15, the sanme effect as that in
Item 1-14 can be obtained, and it is possible to control a change
(deterioration) to be small for spherical aberration in the case where

t enper atldsé rilbvutthien 124 wopt ioged i du Ickipl eV e d Sore hethggtk @ypcd ivd he case
where an amount of energizing for the focusing coil and the tracking coi

grows gneakerin the SlAMGUSE 886 8Ghd tHd efpdadGd S L18Pr&septsd by the

objective |l ens described in either one of Item1-10 1tem 1-15 wherein the
fol | oW fBg1eXRRESSIHAN TRY oS | sfd \ﬂk %f%#[?@ € s a foca
| engt h of the ?irst plasﬁic)len f%{1§%% %3% ux ﬁ%fﬁ%gﬁﬁgégﬁgﬁﬁ%h ~, ml
represepis an og;i%gl %¥§ten1nagnification of the first plastic lens, f2
(nm) represants d¢a-1"Ehgt h of the second plastic lens for the |ight
fl ux having vel ength ~ and n2 represents an optical system magnification
of the secon\(lj\%BPa%FBCFBﬁ? dgssribed in ftemygly4 igf reprepentgd by 5.8
(1-5) In the structure described in Iteml|-16, the same effect as that in
ei ther Bhe ePticem Pithup Kearhck MBscan el dbt aitddkr T stf udtam -1
described in Item1-17 is represented by the objective | ens described in
ei ther enételm Lt8nwhel@inl hemelité IWeeregiturtchelzsegontheliasiges diehs d5 a
meni scus that is convex toward the first plastic lens. In the structure
descri bedel Bbhtemitellenkh8sSadBle to be 0.8 or more.
In the structure described in Item 1-4, the same effect

as that in either one of Item 1-1 - Item 1-3 can be cobtained,

and an optical pickup device can be applied properly on a

high density optical disc having protective base board

thickness of about 0.1 mm employing a violet semiconductor

laser light socurce with wavelength of about 400 nm and an

objective lens having numerical aperture NA of about 0.85 on

the image side.

The structure described in Item 1-5 is represented by

the optical pickup device described in either one of Item 1-1

- Item 1-4 wherein the actuator is provided at least with a

coil for focusing and a coil for tracking, and at least one

of the coil for focusing and the coil for tracking is

arranged to be positioned so that its center of gravity may



effect as that in either one of Item1-10 - Item 1-16 can be 25 obt ai ned,
and in the objective lens with high NA of the so called two-group structure
whi ch is conposed by conmbining two plastic lenses, if its formis designed
so that the expression (1-4) is satis{ped, coma caused on a final surface
(an optical surface that is closest to an optical information recording
medium is large in general, when a light flux having a field angle enters
t he objective I ens, which nmakes a tol erance for positional adjustnent of a
| ight source to be severe. Therefore, by meking the formof the second
plastic lens to be a neniscus that is convex toward the first plastic |ens,
occurr eheepobitomaedancbéer edoced ard the dighancerare mésirt itdeal adj ust ment
of a light source can be relaxed. The structure described in Item1-18 is
repr esentadeblycthgrabiieet bre thens cdeser iieddin aiddierisone of Item 1-10
[tem 1-17 wherein the first plastic lens has a first flange portion on a
peri pher al pothi0Bcifidtubs AHLeLEgelnenoRtiGal fUnG! Lepalspatklonyand the

second plastic |lens has a secon ange portion on a peripheral portion

that is t si e .cal; f ti |_.pargi.on, . the fir | asti.c | ens
and thetggc%hggg%gspggk}‘léngeggg%i ﬁ%%% &?%gt S0l ie&%;i/ll%bryqinc% r%fzgt%mpgr t1 of the
first flange portion and a part of the second flange portion together, and
when D17( mriﬁ%e gﬁf§l§nt ezéog&pyp@g FRAECETEP tHe Fi rstlipidstic | ens
including the first flange portion and D2 (mm) represents an outside

di amet earef sehésféednahphadiild kreps cseclitsdiangattee cfecdwaohofd arfge portion

the followi ng expression (1-6) is satisfied and the first plastic lens is
hel d byrafbebbiiftet hatieks odr irven iy stthe1aetuat QensPkor BéripbrBlure

changes,
ANL2 represents a rate of change of refractive index of the

second plastic lens for temperature changes,

and fB (mm) represents a back focus of the objective lens.

-20 x 107° / °C < ANL1 < -2 x 107° ; °oCc (1~2)
0.6 < ANLZ / ANL1 < 1.5 (1-3)
0.1 <« {ANLZ2 / ANLL1) - fB / (f - (1 - m)) < 0.2 {(1-4)

In the structure described in Item 1-6, the same effect
as that in either one of Item 1-1 - Item 1-5 can be obtained,
and it is possible to obtaln an objective lens satisfying the
expression (1-1) by designing the first plastic lens and the
second plastic lens so that the rate of change ANL1 of
refractive index of the first plaétic lens for temperature
changes and the rate of change ANL2 of refractive index of

the second plastic lens for temperature changes may satisfy



In the structure described in Item1-18, the sane effect as that in either
one of Item1l-10 - Item 1-17 can be obtained, and in the so-called
objective lens with high NA of a two-group structure that is made by
conbining two plastic |enses, there ig—generally a tendency that a vol une
of the first plastic lens is greater than that of the second plastic |ens.
Therefore, for inproving the precision of driving the objective lens by the
actuator, it is preferable to establish the relationship between the first
flange portion of the thirst plastic |l ens and the second flange portion of
the second plastic lens so that the expression (1-6) nmay be satisfied, and
t o nake HefPaHi FR 1yl Ese iexperssionbél b2l dahg the &obbéssiém (hi$) case, the
first plastic lens is arranged at the position that is closer to the

f ocusi nguebido artdhit Neadk afpdkiwng €®i bf Whh€ holgpaet are hens wbepoibe opti cal

pi ckup device is 27 operating, which causes troubles that uneven

tenper atdied fOi:sdy igid O RS 483 ben&aysegnd Npi A8t PB) B64S ViRay €NS. However,
it is possible to control changes of spherical aberration caused by

unevenness: ole) AMEIAIKE LI 8L T [ DL Ofl A De 9b) geLhyes fenpol qybe s |

when tenperatudres 1n 't 0 p1 ckup ice are ng ecause the
objective lens,is designed sp that the expressij (1-1) is satisfied, thus,
stabl e recor ditig rsgﬁt” i etﬁcjilh:fei#]rﬁf %W%Jn%é%o?ﬁ%ﬁﬁ%%ltfﬁ Y gh
density tical, discs. The objective lens, the optical pickup device and
the optid4d AH GBI GHUR G TR WREFERDdiRi FEtppadle ual | itehel -1
invention which are applicable to the first and second enbodi nents will be
expl ai ned &£ diHowdenaiferiticngt e blawinarempngssich g{ 1451 sia schemati ¢
di agram of optical pickup device PU of the present enbodi nent, and the
opti cal spitclaipiedbwileen £1 (mm) represents a focal length of the first
plastic lens for the light flux having wavelength A, ml
represents an optical system magnification of the first

plastic lens, f2 (mm) represents a focal length of the second
plastic lens for the light flux having wavelength Aand m2
represents an optical system magnification of the second
plastic lens.

3.5<f1 + (1L -ml) / (£2 - (1 - m)) < 5.8 {1-5)

In the structure described in Item 1-7, the same effect
as that in either one of Item 1-1 - Item 1-6 can be obtained.

The structure described in Item 1-8 is represented by
the optical pickup device described in either one of Item 1-1
- Item 1-7 wherein the first plastic lens has a first flange

portion on a peripheral portion that is outside the optical

functional portion and the second plastic lens has a second




PU is conposed of violet sem conductor |aser LD representing a |light source
emtting a light flux with wavel ength pol arized beam splatter BS,
collimator CL, 1/4 wavel ength plate WP, di aphragm ST, objective | ens OBJ,
bi axi al actuator AC, cylindrical lens,gY, concave lens NL, and
phot o-detector PD. Incidentally, in t%e foll ow ng expl anation, the
direction running parallel with the optical axis direction 28 toward a
| i ght source is sonetines expressed as "front" for convenience' sake, and
the direction toward an optical information recording nmediumis expressed
as "the rear". A divergent light flux with wavelength ~ emtted fromthe
vi ol et $éangendoctdon asek B ripHaranls Pdrtedr Meugh 4 e tpdlay itzed beam
splitter BS, and after becomng a circularly polarized collimated |ight
flux theogugbalheueelkhicMalondrenerCl ARd tHA prave! i%_ﬂ%té?:i@ aleg B di amet er
of the light flux is regulated by the diaphragm ST, and the [ight flux
becones S r t bj.ect i. I i t . recordi ng
sur f ace L TRF S BrSrast foBa Syer e Tieon Soandsy Bheraa i & o A
reflecte ight flux.nmodulated by inf.ormation pits on the information
recordif rtugEaE%eRﬁlﬁggsg aPﬂFo%ﬁﬁtﬁﬁE'éﬁfbétﬁ@étléﬁét%QLSQ999 i aphr agm
ST, 1/4 wavel ength plate WP_and collimator lens CL again to becone a
conver gEU2PEEhPOFLERR tREREDEET | d6Ced Ry Dle (FE)arCPEESEELM Sl i tter BS,
and passes through the cylindrical lens CY and concave lens NL to be given
ast i gnaPisfiidandipyetenyvefgeticod itrse pheist-idetlentsorinPDudiimgs thenf or mat i on
recorded on optical disc OD can be read by the use of output signals of the
phot o- dét estof 1 BRgeAposhdwn andFDE. (Zun)t hepekisesttsver enss@BE has a
function to converge a | aser beamemtted fromthe violet 29
sem condushetekaser thD gacbRtiopTakkar neeer dnkg BuHaeeRscobrli gh density
optical disc OD through its protective |layer PL. The objective lens OBJ is
P} ast EeahgBspOl rachwor AEOBITLIHELIER KRG 60MMASRY 91, Llisl Alastic | ens
arranged 't

L1 having positive power (refracting power 0 be 'closer to the

vi ol et 1 duyg I .LLD.and second .pl asti ns havi n ositive
power a%ﬁghggg ?%Egé Eiggé%ct&eﬁﬁgﬁsdgﬁgﬁt yoBt%@é l&igéaéD}Sa iVihge- si de
nunericgl gﬁerture NA obt ai ned by conbi ning the aforenmentioned two plastic
| enses P¥ bi@sactuator.

D1 > D2 (1-6)

In the structure described in Item 1-8, the same effect
as that in either one of Item 1-1 - Item 1-7 can be obtained,
and in the so-called objective lens with high NA of a two-~
group structure that is made by combining two plastic lenses,
there is generally a tendency that a volume of the first
plastic lens is greater than that of the second plastic lens.
Therefore, for improving the precision of driving the
objective lens by the actuator, it is preferable to establish
the relationship between the first flange portion of the
thirst plastic lens and the second flange portion of the

second plastic lens so that the expression (1-6) may be



I ncidental ly, as objective lens OBJ used in the first enbodinment, it has
only to be of a plastic lens structure with at |least two groups, and it is
not limted to the structure with only two groups shown in the present
enbodi ment. Further, first plastic |lepg L1 and second plastic |lens L2 both
have respectively first flange portion FL1 and second fl ange portion FL2
each being forned solidly with an optical functional portion, on a

peri pheral portion rather than the optical functional portion (hatched
portion in Fig. 2), and the first plastic lens L1 and the second plastic
lens L2 are integrated solidly by joining a part of the first flange 30
portionSEtisdigda padt tof matke Sdvondiftemgel aorid drerl 2 o jlod tieigl for tion M
in Fig. 2 (b)) together. Qutside dianeter D1 (mm of the first plastic |lens
L1 i ncl utenppobolvanf.i rst flange portion FL1 is greater than outside dianeter
D2 (mm) of the second plastic lens L2 including the second flange portion

FL2, to satisfiy EHQseéBé@SStEQ 18k Eﬁ%%%QE?Qe%@Oﬁ% a@%%nb%d?%ksth% vol une
of the first plastic lens L1 arranged to be closer to the I'ight source is

t I , d
Cposi ti 8%?%8lé?litﬁﬁ%%ytﬁﬁyﬁ%%%ﬁitt%r Ref C‘?“%*@iﬁ%@ L T e

state of b bb n ved tated l.ater. Figs. 3
(a) and“8*t ?b &F @Féflg& bﬁ@%lﬁ§§QI¥q %SQﬁtR}ék 3G9 ens 0BJ.
The objective . lens OBJ is held by bobbin B driven by biaxial actuator AC
when t hEPEEAELTEI alge Cho CRUSRSFIHL cpiolEfe s s Vst iLEeRaFR e ouches.

I ncidental |y, explanation of operations of the biaxial actuator ACwll be
om t t edIhEEE ibucagse tengly &ce benowniswicdelry . theurathiect ittee lsynsbol MG
represents a magnet. In general, fromthe viewpoint of securing a working
distancéowévebLedhivhelep&i@ﬁl,ﬁﬂmhmﬁ rgwied JFCtand ftiraaking 31 coil TC
are arranged to be front of the rear end of objective Iens OBJ (plane of
ener genegboliimbetrseaend sphaskii®ikens ledrdrdiherRiant rehedieey) in many
cases, and the center of gravity GC of the focusing coil is p05|t|oned at a

poi nt. | BrbBeatlehnkhyisel e pentehnals 3 fﬂgra Sl Rt i

I 'ongi tudi nal direction, e center o the tracking coi

is positlo t,in th i Cini center of a Ien th of that
coi | |nELlhtQlﬁ\lﬁongljf%ug(‘)LIV 1§PFe5§|§ éﬁe?’ fgﬁFgFQHF & avi ty*Josi ti ons
G&C and GC pectively of the focusing coil FC and _t he tracklng coil TC
are posPPFE)ﬁ@Z P&C%chﬁﬁéfércet RAR FEF@“@@Q e PEFRUSRAREy PFHSALIFE G Sf t he
second plastic lens L2 to violet sem conductor laser LD. In the course of
oper at i 6fisA8Flgpericar phekuphgereeepyiorenperldt ure seft isbjiecti Féisens OBJ
ri ses under an influence of heat generated fromthe focusing coil FC and

t he tragkbhdecoeboT@ingrdeperpacanyr @ for rtflemperigrheraal beorcttngimared he

pl ane of incidence of the first plastic | ens L1 becones higher than

t enper aturehiight Henvieiynbby iehladieptsi.cal axis on the plane of energence of
the second plastic | ens L2) because the focusing coil FC and the tracking

coil TC are arnanggditQ1benkreRht9bnt beceea9Ag Bhastberbansikg, thus,
apparatus described in Item 1-9 is equipped with the ocptical
pickup device described in either one of Item 1-1 - Item 1-8,
and can conduct at least one of recording information on the
optical information recording medium and reproducing

information recorded on the optical information recording

medium.



32 uneven tenperature distribution is caused in the objective | ens OBJ.
However, in the optical pickup device PUrelating to the first enbodi nent,
even when tenperature in the optical pickup device PU is changed under the
condition that uneven tenperature distyg bution is caused in the objective

| ens OBJ, changes in spherical aberration can be controlled to be small
because the objective lens OBJ is designed to satisfy the expression (1-1),
t hus, stable recording/reproducing of information can be conducted for high
density optical disc OD. Specifically, it is possible to design an

obj ective lens satisfying the expression (1-1) by designing objective |ens
OBJ so that tH&%eghassiwis dJesibeq 1im)l ey Gats o eehd adieiv@assuni ng
that ONL~1 represents a rate of change of the refractive index for

t enper atlars changs aipthea T ipstkynb ad¢vicd ensmbdsed MNP seplesentswa rate of
change of the refractive index for tenperature change of the second plastic

l ens L2 pngifid (ledssepiresesng Packrd©ChBast NE Uend ahdvyingtpbsipreterabl e
to design objective lens OBJ so that the expression (1-5) nmay be satisfied

when assWinGdihad SobvdmmAnd r§@@@ﬁ§j€%§%§%ﬁg¥ﬁﬂ€tﬁb fndhSodifple 33

plastic lens L1 for a light flux wt represents optical

system ifl I the first plastic |lens f2 represents a
focal |eng ﬁdotf%q{dng%s“gécro’n p%%s Te een%blpzctf%‘fe ;f?lil%h%élﬁg&l%\%)tﬁlgvavel engt h
~ and nR represents optical system nmagnification of the second plastic |ens

L2. Fur hrloWing £mieassian o1 ol dagigm SbfRciARNS) arrpicBRnts a rate

of change of the tertiary spherical aberration of the
objective lensg in the case where temperature of the total
objective lens is changed evenly, and £ (mm) and m
respectively represent a focal length of the objective lens
for the light flux having wavelength A and magnification of
an optical system, and thereby, a change of spherical
aberration in the case where ambient temperature of the
optical pickup device is changed is controlled, under the
condition that temperature distribution in the objective lens
is changed to be uneven by heat generated when energizing the
actuator that drives the obkjective lens.

-0.0004 < A33A / (NA* . £ . (1 - m)) < 0.0004 (1-1)

In the structure described in Item 1-10, by designing
the objective lens so that expression (1-1) may be satisfied,
it is possible to control deterioration of spherical

aberration on an information recording surface of an optical



so that -0.0003 < 03SA/ (NA4. f . (1 - m) < 0.0003 (expression (1-7)) may
be satisfied, and to design so that 15 x 10-5/ C< ONL1 < -5 x 10-5/ C
(expression (1-8)), 0.7 < ~NL2 / ONL1 < 1.4 (expression (1-9)) and 0.12 <
(ONL2 4NL1) . fB/ (f . (1 - m) < 0.18 (expression (1-10)) may be
satisfied. In this case, it is possible to control changes in spherical
aberration to be small even in the case where an anount of energi zi ng of
actuator AC is increased and an anount of heat generated fromthe actuator
is increased. In the objective lens in the present enbodi nent, the second
plastic lens L2 is a nmeniscus that is convex toward the first plastic |ens
L1. | n gehkparationtHecebiényi vediensimmdeeotopbastimalhavang hbgh NA of a
two-group structure, if its formis designed so that the expression (1-4)

i s satistémdlcosealohesedcondangy naprsgutang 6aniapbiratisur fagenigh4 that
is closest to an optical information recording medium is large, in

gener al ,daeicd dpghdall @xsB3Yi 80e4 §iehdaAngheiBAL ek QB eEL! ve | ens,
whi ch nakes a tol erance for positional adjustnment of a |ight source to be
severe. Jdiqwewes i o} f L astc .1.2.10 _be a
meni scus that i%gg%%32§ﬁ§%a£¥ %%%Qf?éggtgﬁgggﬁcﬁﬁgﬁséLR#ggiéér%%%Ee of the
cona ca C nd, tolerance for positional adjustnment for the |ight
source gg%ﬁ%%ﬁggfigé%F ¥%§§%e$voigr?gp ossible to obtain an opti cal
information r %§£d%£gland re rodupkgg apparatus which is provided with the
optical pi cku§ VTS PYL S S5t PR | 14 nE vt okl thatamot ke dptveal
information recordjing_nedium OD rotatably and a control device that

cont r ol sL&t§ isFlofbethel v af b usl db¥ i Weereiat thie aboltowang eopdess soat | east
one of recording of information for optical information recording medi um GD
and reproduti nigs ofatiidiaedht i on recorded on optical information recording
medi um OD. Next, a specific exanple (Exanple) of the objective

-0.0003 < A3sA / (NA* . f - (1 - m)) < 0.0003 (1-7)

In the structure described in Item 1-11, the same
effect as that in Item 1-10 can be obtained, and it is
possible to control a change (deterioration) of spherical
aberration to be small in the case where temperature in the
optical pickup device is changed under the condition that the
focusing coil and the tracking coil are energized with high-
current.

The structure described in Item 1-12 is represented by
the objective lens described in Item 1- 10 or Item 1-11
wherein at least one of |TA| > 1.0, |TR1| > 0.3 and [TR2| >
0.3 is satisfied when TA (°C) represents temperature
distribution in the optical axis direction of the objective

lens in the course of energizing the actuator, and each of



| ens appropriate as the objective |lens OBJ nentioned above will be
expl ai ned by conparing it with a conparati ve exanple. Lens data of a
plastic lens with NA of 0.85 designed so that a val ue of the expression
(1-1) may be zero are shown in Table 431 as Exanple 1-1, lens data of a
plastic lens with NA 35 of 0.85 designed so that a value of 03SA / (NAZ .
f . (1 mM) my be 0.0004, nanely, the expression (1-1) nmay not be
satisfied, are shown in Table 1-2 as Conparative Exanple 1-1, and | ens data
of a plastic lens with NA of 0.85 designed so that a value of ~3SA / (NA4
f . (1- m) my be -0.0004, nanely, the expression (1-1) may not be
satisfi €8l &Fe) shednTRE T8Bl ergpBesenConpenpeirasubBeadpiséribtion3anTabl e
1-1 NA=0.85, 7~ =405nm( f = 1.765mm, m= 0 Paraxial data

Sur f acetltemyadna) N3ivd®eranksNo. Li ght 0- ~- - sour cel

12.145442. 450001. 5246956. 5Fi r st pl ast i ¢c28. 085030. 050001 | ens30. 866171. 100001.

5246956. 5Secorgd - ructure described in Item 1-13 is represented by
26984pl astic. |l ensS~0. 100001. 6195030. OProt ecti ve6~---1 ayer Aspheric surface

coef fi cf,at ! u e rtac {

ot e R B e s IR0 026,08 T5585322035. 126463E- 00
A@O.Zl3§@%§13%9 9 g58E-030.98§21 E- 02A8- 0. 2 275E-320“117802E-010.178879E—
00A100. gBE 03050751 18T 152 828BFEENERAND . 605 BS43E5680518%605E- 010i
Al140. 4762 7E—0ﬁ$0ﬁ%6-0.122362E—0400 37 Table 1-2 NA = 0.85, 7~ = 405nm,
f = 1. %° s - Parhxiafedat a

Sur facer (nm d( mm) N~, vdRemar ksNo. OLi ght - ~--sourcel2. 233192. 450001. 5246956. 5F
i rst211. 054250 CBB00H E4e el endsoc8sioadiinonoen . 524%956h6 Seanad4~D. 29705p! a
sticl ens5~D. 100001. 6195030. OProt ecti ve6~---1| ayer Aspheric surface

coef fi ceerrctriasttisar f areSechad soefatelThinr d-s0r farekm01284027Zn1Ba315724
-0.802652A4- 0. 536749E- 02-0. 514298E-02

0. 123182k HOAED, 21B 20 0R0r 2/ 36MBEIOdent can be used properly for a
0. 172605E- 02A8-0. 238797E- 020. 146219E-01 ,

0. 154424 £51004:00; QpA250E- 98- 91 2544965017 i
-0.798437E-01A12J%52 8115E-030.850195é905r85326?231???%-Bﬁ%r?
0A16‘O-Qﬁgéﬁﬁgééygkcébout 0.1 mm and using a violet semiconductor

laser light source with wavelength of about 400 nm and an

objective leng having numerical aperture NA of about 0.85 on

the image side.

The structure described in Item 1-~14 is represented by
the cbjective lens described in either cne of Item 1-10 -
Item 1-13 wherein the following expressions (1-2) - (1-4) are
satisfied when ANL1 represents a rate of change of
refractive index of the first plastic lens for temperature
changes, ANL2 represents a rate of change of refractive

index of the second plastic lens for temperature changes, and

fB (mm) represents a back focus of the objective lens.




38 Table 1-3 NA =0.85, ~, = 405nm, f = 1.765m, m= 0 Paraxial data
Surface No. r(nmd(m) N~, vdRenmar ksO- - - Li ght

sourcel?. 045332. 450001. 5246956. 5First 2 7.41179 0. 05000pl astic

| ens30. 860771. 100001. 5246956. 5Second4-8. 23512pl astic

| ensS~0. 100001. 6195030. OProt ecti veC 6~l ayer Aspheric surface coefficient
First surfaceSecond surfaceT h ird surfacex-0.24273022. 889161

- 0. 759406A4- 0. 382647E- 020. 459846E- 020. 131962E- 00A60. 223673E- 020. 249760E- 020
. 169630E- 01A8- 0. 232367E- 020. 814558E- 020. 186854E- 00

' ~A100. 953693E- 03- 0. 317463E- O1- 0. 950598E- 01

~| A12- 0. 276669E0030.11832669%= 04 0AUHB0. 39626QF1 0Z00ALE- 0. 942655E- 05002 For any
plastic lens, focal length f for wavel ength ~ (405 nm is 1.765 mm optical
system magni fixcat i_o S ach .of. rate of change ONL1 of the refractive
i ndex of the PF?SF %ﬂgﬁiﬁgﬁwgi;ij}T%w t enper at ure changes and H&fg)of
change ~NL2 of the refractive index of the second plastic 39 lens L2 for
t enperat ure clRadges (ATL21Y ANIG)5 ¢ B outlsidel di-ametler< DL Df t he-£ir st
plastic lens L1 including first flange portion FLI is 4.8 nm and outside

di aneter D2 ofint hdesecamd tRir@stdesdransed 4 naddding seagnd ddrange portion
FL2 is 3.8 mm In |lens data shown in Table 1-1 - Table 1-3, NA represents a

numer i calf FaRAr by Ghatl WY d e Mavelengtly | f0m) 19pf esentsea focal
| ength, mrepresents an
cbtained, and it is possible to obtain an objective lens
satisfying the aforementioned expression (1-1), by designing
the first plastic lens and the second plastic lens so that
back focus fB of the objective lens constituted by combining
the first plastic lens and the second plastic lens may
satisfy the expression (1-4) for optical system magnification
m.
The structure described in Item 1-15 is represented by
the cbjective lens wherein the following expressions (1-8) -
(1-10) are satisfied.
-15 x 107 / °C < ANL1 < -5 x 107 / oC (1-8)

0.7 < ANL2 / ANL1 < 1.4 (1-9)

0.12 < (ANL2 / ANL1) - fB / (f « (1 - m)) < 0.18 (1-10}

In the structure described in Item 1~15, the same
effect as that in Item 1-14 can be obtained, and it is
possible to control a change (deterioration) to be small for

spherical aberration in the case where temperature in the




optical systemmagnification, r (m) represents a radius of curvature, d
(nmm represents a distance between surfaces, N/~ represents a refractive

i ndex in the design wavel ength, and vd represents Abbe's nunber in d line,
and an aspheric surface is expressed by the follow ng Nuneral 1 when X (nm
represents an anount of deformation froma plane that is tangent to the
aspheric surface at its vertex, h (nm represents a height in the direction
perpendi cular to the optical axis and r (mM) represents a radi us of
curvature, wherein x represents a conic constant and A2; represents an
aspheric surface coefficient. Further, in Exanple 1, focal length fI (mm
of the fARSHCH axiqkup edpvide fis changdd, féven hivi tige weved ewtgéthe 7ani s 4. 87
nm optical systemmagnification nl of the first plastic 40 lens L1 is O,
focal | engiintf 21 amenfitihey seeonthl Bstheihgnsol? 404 @nédiahictimx having
wavel ength ~ is 1.65 mm and optical systemmagnification n2 of the second
pl asti c degins dedwss fradfterSi Mlarly, in Conparative Exanple 1, focal length
f1 (mM) is 4.H7 mm optical systemmagnification mL is 0, focal length f2

() is 1.70 AR ard i.cal ﬁyﬁtl ifJ cat. ( P is 0.3S, .and.in

Conpar at i ve Exanpl e E?Qﬁ‘é‘c%;d engjt%{wgﬁq?ng%&?sl ?IL%ESEIQs ep&peﬁéc%ecgﬁ't em
magni fi gatl . i.s. 0,5 foc length f2 (m),  is 1.64 and optical system
magni f | o g’%]:?ftilé’ .48 ﬁﬁﬁ%lg“re%l&-erﬂéﬁr ©one tem Y180 h2lr 1n the
plastic _|ens, qccurrence of tenperature distribution in the lens is

equi val ént™ d dec iiredrdd! dhe ditld@W i isreRsesh 5 i blutGlonie rraties Tl Fi g.
4 shows results obtained through sinulation of tenperature characteristics

wher ei nY“PéeRr &dt i (W) rgeradiesttys utfcors lo dreresponedi nohe o trerperlatatris
distribution in the optical axis direction caused in objective | ens OBJ by

heat gendemnat €dri mHeOQUSHRY QRN Hae el WhACK N IE O | lC e rHeh 4 &R
plastic | ens of each of Exanple 1 and Conparative Exanples 1 and 2. In this

si mul at iQR ; i r r.ad. di strd huti erein, . 41 tenperature
falls glroggt}glglly Sig}%%teﬂ%e gla]r égtjil%ﬁ: rnonc%flt %glq iof;lt']rﬁ\tl\s,q%%acsetlsq éleeqsd t'tfe opti cal
di sc si ihs_assuned. as a nodel .of tenperature distribution in the optical
axi s di 100 SRITEREORE R Behe L The i GeCaRSLIma ith TG EAP
tenperature at a vertex (P2 in Fig. 6) of the optical surface on the

opt i cal t8eséighge fatxx heviagomaviellasigtd Aemsd LE2 i sefResdmcFign 4, "no
energi zi ng" corresponds to an occasi on where uneven tenperature

di st ri bubtapails speteaausgt 1ifA cabjiest iore thensdBha Nddamparaiure of the

total objective

3.5 < f1 - (1L ~ml) / (f2 - (1 - m)) < 5.8 (1-5)

In the structure described in Item 1-16, the same
effect as that in either one of Item 1-10 - Item 1~15 can be
obtained.

The structure described in Item 1-17 is represented by
the objective lens described in either one of Item 1-10 -
Item 1-16 wherein the second plastic lens is a meniscus that
is convex toward the first plastic lens.

In the structure described in Item 1-17, the same

effect as that in either one of Ttem 1-10 - Item 1-16 can be



|l ens OBJ rises evenly. Therefore, values of the tenperature distribution TA
in the optical axis direction and of the tenperature distributions TRL and
TR2 in the radial directions are all zero, and none of the aforenentioned
three conditions (Rl) - (R3) is satisfged. Further, "tenperature

di stribution 1" corresponds to an occasion wherein tenperature falls by 1C
for a length of 1 mmfromthe light source side to the optical disc side.
Since the lens thickness on the optical axis in Exanple 1-1 and in

Conpar ative Exanples 1-1 and 1-2 excluding an air distance of 0.05 mm
between the first plastic lens L1 and the second plastic lens L2 is 3.55
mm  t enpt B ined di aRdr Bpacehg iobearenet daper al thehaghaNgeofexhéPéoin Fi g.
6) of the optical surface on the light source side of the first plastic

l ens L1 caledridie-eppeumt siteuatute Vehiex {E2cbRpbtda By bmbigiAgt t #8!
surface on the optical disc side of the second plastic lens L2 iS 3.55.

Ther ef ong)adtie: rednses | Ver | DdexretmPls i ok o¥BLat Ban t P2 by 39.05 x
10-5. Incidentally, values of tenperatur% d?%tri%gtF%%eTiﬁ%n the optica

axi s di regitsidy " r ' Ebut " of tepperature
distribJ?ﬁ%ns iéﬂ%hgpﬂgﬁi€§L%ﬁ?£%?%%%é ﬁégga% u$§§ arecr %%@t?@%ﬁ?c%.SS,
1. 225 an . ~RuUrt he "t erature distribution 2" corresponds to an
occasioﬁ%%ﬁe&m|$%iﬂ%é§€EQﬁeﬁﬁ%hI%§b STForta FRnghl ol 11 FRF Phe

| i ght squrce ide to the optical disc side, and tenperature difference TA
bet ween tEIPEHALMELHUY it (Brga Bt 9ereHpti ceberr fhtghonfiwe | i ght
source i%gf of the first plastic lens L1 and tenperature at a vertex P2 of
t he opt MCAILTELS ddeloh ansl o mriteatts dilve hikecnive hkersecortdiqh asikes |#ns L2
is 7.10. Therefore, the refractive index at P1 is |lower than that at P2 by
78. 1 x Iolzranws dent aldsjtivalalesadfudtammer ajfire THgit i dsii@n JA Ba t he
optical axis direction at "tenperature distribution 2" and of tenperature
di stribwevens.in the radial directions TRL and TR2 are respectively 7.10,
2.45 and 4.65. On the other hand, Fig. 5 shows results obtained through

simulation of ThemBenabur 8,chRiAgkeral Iciher Gl A Linagtiye | ndex
u |

di stribution corresponding to tefiperature distribution in=the radial
directionpcayseds B ARACH N H8NS is convex toward the first plastic

lens, occurrence of coma can be reduced and a tolerance for
positional adjustment of a light source can be relaxed.

The structure described in Item 1-18 is represented by
the objective lens described in either one of Item 1-19 -
Item 1-17 wherein the first plastic lens has a first flange
portion on a peripheral portion that is outside the optical
functional portion and the second plastic lens has a second
flange portion on a peripheral portion that is outside the
optical functional portion, and the first plastic lens and
the second plastic lens are integrated solidly by jeining a
part of the first flange portion and a part of the second

flange portion together, and when D1 {mm) represents an



OBJ by heat generated in focusing coil FC and tracking coil TCis given to
a plastic lens of each of Exanple 1-1 and Conparative Exanples 1-1 and 1-2.
In this simulation, secondary tenperature distribution in the radial
direction wherein tenperature rises gpadually in the direction fromthe
optical axis to the peripheral portion (which is rotational symetry about
an optical axis) is assuned as a nodel of tenperature distribution in the
optical axis direction, and the axis of abscissas in Fig. 5 represents
tenperature on the optical axis of the objective lens. In Fig. 5 "no
energi zi ng" corresponds to an occasi on where uneven tenperature

di st ri b@Utetdes Hemedqsadf itheod]iaat welastnisc 3BXs amt hwhivey dtha e of t he
total objective lens OBJ rises evenly. Therefore, values of the tenperature
di stri bétliten TFAanye meraptdrc@ndXis din e atdmre stk Ofar et eiper at ur e
distributions TRL and TR2 in the radial directions are all zero, and none

of the dfiemement icdnetd e repRdiddons (R mdRA:idF Sl isddgy Further,
"tenperature distribution 1" corresponds to an occasion wherein the

secondamya@g@fbbyﬂy@h;mjﬁpqygn%hwﬂg(g%? ddwstdon 4 gt hey radizale dig ection

is -3.82 x 10-5, and 44 this corresponds to an occasion erein

t enper a e ut er. t siti.gn osi.tiaon.at .di aneter 4.8) .of the
first p%ggt itggl gﬁgsﬁlbﬁﬁ%ﬁ 351 ﬁ%nfsl r'st h%qe?;é)é’ rﬁaor}%qtbg?%r}:@qﬁi i V&han
tenperaggr% aQn %he %ptical axis by 2C. Nanely, the refractive index at each
of P3 - P6 - [!§e8FFG 8y is Iower than that in each of PL and P2 by 22.0 x
10-5. Incidentally, values of the tenperature distribution TAin the
optical axis BitracPPon and of the t enper dflafe distributions TRL and TR2 in
the radial directions are respectively 0, 2 and 2, and all of the

af or enent i onednt hheestonditirendesR)ibed( RB) Tarer Satiigsf ithe. same

effect as that in either one of Item 1-10 - Item 1-17 can be
obtained, and in the so;called objective lens with high NA of
a two-group structure that is made by combining two plastic
lenses, there is generally a tendency that a volume of the
first plastic lens is greater than that of the second plastic
lens. Therefore, for improving the precision of driving the
objective lens by the actuator, it is preferable to establish
the relationship between the first flange portion of the
thirst plastic lens and the second flange portion of the
second plastic lens so that the expression (1-6) may be
satisfied, and to make the thirst plastic lens to be held by
the bobbin.

In this case, the first plastic lens is arranged at the
position that is closer to the focusing coil and the tracking

coill which generate heat when the optical pickup device is




Further, "tenperature distribution 2" corresponds to an occasi on wherein
the secondary coefficient of tenperature distribution in the radial
direction is -7.64 x 10-5, and this corresponds to an occasi on wherein
tenperature on the outernost positionsgposition at dianmeter 4.8) of the
first plastic lens L1 including first flange portion FL1 is higher than
tenperature on the optical axis by 4C. Nanely, the refractive index at each
of P3 - P6 is |ower than that in each of P1 and P2 by 44.0 x 10-5.

I ncidentally, values of the tenperature distribution TAin the optical axis
direction and of the tenperature distributions TRl and TR2 in the radi al

45 di r eOPFERS 180e MESsECdarslep G rohbdm 4 hasndireeroft ditpes raftarreent | oned
three conditions (Rl) - (R3) are satisfied. In this case, there is assuned
an occasliishribatéon arndzbicentod enpeyeat Ure tofe ejiccali vl akiyy device PU s
25C at the start of recording/reproducing in optical pickup device PU

equi pperowktbrt N 0Bk ghiva t1ans (OBbriviy fix Rlgels badridhsChipar at i ve
Exanple 1-2 (therefore, tenperature at vertex P2 on thé optical surface on
the opty [ Sj e l.astd ¢ lens L2 is 25C .and.tenperature
distribu??gﬁg%%gﬁnbgﬁgggp%?bg%%g%%%e%? §§:gf?mb%gkyé§b§$5%393u%ﬁqurtex P2
on the tigal rface on the optical disc.side of the second plastic |ens
L2 at cgﬁpF§§i8§g8 %%ggoﬁgpﬁgfpebﬁoéﬂﬁﬂ&gW¢§n6§éppﬁﬁqgﬁﬁeﬁgl@p&ﬁea rise in
anbient tenperature for the optical pickup device PU, and tenperature

di stri bBPFgEa' nptlﬁg‘JBpfiP(‘,’éFeaﬁi@ greegeron bgicaaisep et elpecstiviee Lens
distribution 2" in Fig. 4 is caused in objective lens OBJ by an influence
of heatl§efiBFagnef 6p abkRtatbe AGpressisnurnderst dedsatriemibdy. thukc), that
an anount of change of wavefront aberration at conpletion of

recor di Agabéer ndackdgrniigrephativat nghe fstiarbraf tieeordinngkr ephaddeisdg i s
about 0.04 ARMS in the objective lens in Conparative Exanple 2 that does
not satfstyhexpresssony(dpticaandiynderstood, fromFig. 4 (a), that an

The objective lens, the optical pickup device and the
optical information recording and reproducing apparatus in
the invention which are applicable to the first and second
embodiments will be explained as follows, referring to the
drawings.

Fig. 1 is a schematic diagram of optical pickup device
PU of the present embodiment, and the optical pickup device
PU is composed of vioclet semiconductor laser LD representing
a light source emitting a light flux with wavelength A,
polarized beam splitter BS, collimator CL, 1/4 wavelength
plate WP, diaphragm ST, objective lens OBJ, biaxial actuator
AC, cylindrical lens CY, concave lens NL, and photo-detectoer

PD. Incidentally, in the following explanation, the

direction running parallel with the optical axis direction




46 amount of change of wavefront aberration at conpletion of
recordi ng/ reproducing for that at the start of recording/reproducing is
controlled to be as small as about 0.03 ARMS or less in the objective |ens
OBJ in Exanple 1 that satisfies expression (1-1). Further, there is assuned
an occasi on wherein an anbi ent tenperaBure of optical pickup device PUis
25C at the start of recording/reproducing in optical pickup device PU

equi pped with the objective lens in Exanple 1 and in Conparative Exanple 1
(therefore, tenperature on the optical axis of the objective lens is 25C,
and tenperature distributions in the radial direction TRl and TR2 are

zero), and_t ecature on the ,optical .,axis of objective lens is 65C,

fol | owi 8W85§g3a5%9§§ YL et SO U %Qiaﬁﬁniﬁ% ntgi d%p devi ce
PU, and tenperature distribution in the radial direction given by

"t enper APUYBRAPEER bgRkEen 214G AbE ¢llreqid agn e nich arhershicédt i ve | ens by
an influence of heat generation of actuator AC. It is understood, fromFig.
5 (b), thapraatapoumecofddhngngeddfumvease fepgnte ezt mat i“aieatreaotpl et i on of
recordi ng/ reproducing for that at the start of recording/reproducing is

about 0. 04 AR&/Bdwe&@@nebhﬁg—hEV%1ux4zrilcﬁn§zak;@1@ﬁgeﬁr At bxerExamphenl that
does not satisfy expression (1-1), and understood, fromFig. 5 (a), that an

anount c o] r berrati at. caqnpl et.i_ on_.of

recordig%?rgggg 5c%ﬁ§§¥§%d$%29%éﬁaﬁ%%-iﬁhﬁ? %F3F5g8F Fﬁ@ﬁ?%ﬁP@@béPﬁb IS
controlled to b s smal |l ,as about 0.03 ARMS or less in the objective | ens
OBJ in @g%ﬂéeg {%ﬁéf“ SRSt ds B@xp@@ésiagﬁe(rl%ﬁc.owgslaaFéicé’g@\F Yin the
objective_ lens OBJ in Exanple 1, it is understood that a change of

spheri cBPlaberprdt FoAliBageat Léohéd floxbabhienion tded QoRdi@adod g ded

sufficient functions as an objective lens used in an optical pickup
CL and 1/4 wavelength plate WP, a diameter of the light flux

is regulated by the diaphragm ST, and the light flux becomes
a spot fermed by the objective lens OBJ on information
recording surface RL through protective layer PL of high
density optical disc 0OD.

A reflected light flux modulated by information pits on
the informaticn recording surface RL passes through the
objective lens OBJ, the diaphragm ST, 1/4 wavelength plate WP
and collimator lens CL again to become a converged light
flux, then, reflected by the polarized beam splitter BS, and
pagses through the c¢ylindrical lens CY and concave lens NL to
be given astigmatism, and is converged on the photo-detector
PD. Thusg, information recorded on optical disc OD can be
read by thé use of output signals of the photo-detector PD.

As shown in Fig. 2, the objective lens CBJ has a

function to converge a laser beam emitted from the violet



device for a high density optical disc for which an all owabl e range for
wavefront aberration of objective lens OBJ is severe, even in the case
where anbi ent tenperature for optical pickup device PU is changed under the
condition that uneven tenperature distribution in the objective lens OBJ is
caused by an influence of heat genera&Pon of actuator AC. Incidentally, in
the objective lenses in Exanple 1 and Conparative Exanples 1 and 2, only
changes in refractive index caused by tenperature distribution and

t enperature changes were taken into consideration, when calculating 43SA in
expression (1-1). 48 Next, specific two exanples of the objective |lens
suitable for t f orementi d objective | ens OBJ resented. An
obj ect i Sse H]lgr%flr%ﬁ? ﬁﬁseefz%ﬁ A r e o %&P‘—? r?'ulﬁ% 95 a

pl astic_l.ens having NA of 0.85 that is designed so that a val ue of ~3SA /
(Nag ~ f1ig%y fenghtimgpiealp gt Carid il oked PEMRFE ¥V orax@idtlengt h ~
(405 nm is 1.765 nm optical systemnmagnification mis 0, rate of change
ONL1 of refra8bievebiegédvel LansstOBdl dst iac oilewss dcl Yeors tcé“rwerta\tqr@fccimnges
is -11 x 10-5/C, rate of change ONL2 of refractive index of second plastic
| ens L2 sftondtengertatps eatiaiges ¢S £5%s¢ I G o oldrsd del dhaanigiger D1 of

first plastic lens L1 including first flange portion FL1 is 4.8 nm and

out si de pisamater JoReaf Seoand: F&uéx@n%{ﬂ{?aﬂ Luii r}ﬂe eI fﬂ@nge
portion FL2 is 3.8 mm 49 Table 4 NA = ~ = 405nm , = 1.765mMm

,2. ?32635.?%{)0001 egg%tgg%%%q%{l rst 51( asti CW%\@Mﬁ% t%g} O'Le-rfs_ Ezad cel |
s R e LR e

"First surf.aceSecond surfaceThird
sur f aceRRGLE ?11@&51: $332881 I@POss e MEE7sa b ARSI R 020. 112611E+00

A60. 945798E- 030. 168099E- 010. 417206E- OLA8- 0. 129177E- 02- 0. 570907E- 020. 911378E
- 01A100 SF1GEI6E. B3- COISRA0YTE O MPIZBTR 01N (:v86 ERE- 02 (0. 706 7E- 020A1
40. 315790E- 0500A16- 0. 591123E- 0500 Further, objective lens OBJ in Exanple
1- 3 whose [0efS .

Incidentally, as objective lens OBJ used in the first
embodiment, it has only to be of a plastic lens structure
with at least two groups, and it is not limited to the
structure with only two groups shown in the present
embodiment.

Further, first plastic lens L1 and second plastic lens
L2 both have respectively first flange portion FL1 and second
flange portion FL2 each being formed solidly with an optical
functiocnal portion, on a peripheral portion rather than the
optical functional portion {(hatched portion in Fig. 2), and
the first plastic lens L1 and the second plastic lens L2 are

integrated solidly by joining a part of the first flange



data are shown in Table 1-5 is a plastic I ens having NA of 0.85 that is
deS|gned so that a value of a3SA/ (NAM . f . (1 - m) may be -0.0001, and
its focal length f for wavelength (405 nn) is 1.765 mm optical system
magni fication mis 50 0.089, rate of change ONL1 of refractive index of
first plastic lens L1 for tenperature3ghanges is -11 x 10-5/C, rate of
change ONL2 of refractive index of second plastic lens L2 for tenperature
changes is -9 x 10-5/C, outside dianmeter D1 of first plastic lens L1
including first flange portion FL1 is 4.8 nm and outside dianeter D2 of
second plastic |ens L2 including second fl ange portion FL2 is 3.8 mm 51
Table 1-5 NA = 0. 85 ~ f = 1.765mm , = -0.089 Paraxial data
8urfaceP?HﬁiaPnﬁ%%a@é‘Rénﬁﬁ@N@fu FERPNS0 CIENI RS PIOFAZ72. 500001, 524
6956 5Fi rstplastic2l 5. 760580. 050001 ens30. 969211. 100001. 5601356. 0Second

' pl asti é4e0n38g7RorEAss M im0FiQO0CL.(B19503%0Prent.ect i vebr- -1 ayer Aspheric
surface coefficient First surfaceSecond surfaceThird
surfaceK_-0. 00199548. 09868e6. 89148h) of the first plastic lens L1l
A4- 0. 824904E- 020. 264456E- 010. 101555E+00A60. 281942E- 04- 0. 138684E- 010. 293358E

- 02A8~- Ond 948625 ORE. 248894E318408288496n0bN101iQ (18362 Q3Q: 274969E- 01- 0.
514588E- O A12- 0. 327089E- 030. 779I88E- 020A140. 755572E- 0400A16- 0. 164000E- 0400

|nC'denBﬁEE¥§CL|éﬁﬂgt8 tinkgy '%&StﬁéJse?fﬁggEﬂ%Et§%@T@ & }»2 and Exanpl e

1- 3, when ca ting |n expression tenperature

st e Lepeng ﬁﬂ%f‘%@?% | FASHLASkYe kades £avsed b domerarur e changes
length LLp gg%ion {1-6) mentioned above.

Due tc this, a volume of the first plastic lens L1
arranged to be clogser to the light scurce is greater than
that of the second plastic lens L2, and driving accuracy
(positioning accuracy) by actuator AC fo; cbjective lens OBJ
that is in the state of being held by bobbin B can be
improved, as stated later.

Figs. 3 (a) and 3 (b) are detailed drawings in the
vicinity of obijective lens OBJ.

The objective lens OBJ is held by bobbin B driven 19)%
blaxial actuator AC when the first flange portion FL1 of the
first plastic lens L1l touches. Incidentally, explanation of
operations of the biaxial actuator AC will be omitted here
because they are known widely. Further, the symbol MG
represents a magnet.

In general, from the viewpoint of securing a working

distance of objective lens OBJ, focusing coil FC and tracking



5.38 mm optical systemmagnification nl is O, focal length f2 (mm is 1.60
and optical systemnmagnification n2 is 0.33, while, in the Exanple 3, focal
length fI (nm is 3.89 mm optical systemmagnification mL is -0.11, focal
length f2 (m) is 1.73 and optical systemnmagnification n2 is 0.41. Since
bot h objective | enses OBJ respectivel §1in Exanples 1-2 and 1-3 are designed
so that the expression (1 1) may be satisfied) even when tenperature in
optical pickup device PUis changed in the state where tenperature
distribution is caused in objective | ens OBJ, spherical aberration change
is small, and the objective lens OBJ has sufficient power as an objective
lens in th tical pickup device for a high density optical .disc for which
an 2l | ofdbte afcs POFAHAPST FonDeat i i (O OB e Ao RO IO 18
severe. Incidentally, in lens data in Tables 1-4 and 1-5, NA represents a
nuner i c&PRgpERdur®lans o) epergedesi gf wlirelsamprdl Hlagwic repsedentis: a
focal length, mrepresents an optical system magnification, r (mm

r epr esefitie preaeints cobodumeattur én dhafymcarseyy, esent $he diesttaEnce bet ween
surfaces, N~ represents a refractive index in the design wavel ength, and

53 Vd r gpaesent scAblfe'thendoes ing ¢&dillng.s it il casEherd & gaimdcdn s
expressed by the follow ng Nuneral 1 when X (nmm) represents an anount of
def or mathanf ek &y Pbane nthdleric 1t %ﬁg%ntletr%tthh%f?‘%@ﬁ%r i qurfrage At its
vertex, h (mm represents a height in the direction perpendicular to the
Opt'call@ﬁbitﬁ@qnﬁl(gHEeE%HE%PEQk§;%h%a%éﬁ%(y é%“@ﬁ%%fé@(ﬁ@e%? Qﬂé
represents-a conic constant arnd ; represeﬁis an “aspheri ¢ surfacé
coefficient, .The fi.rst enbodi nent makes it ,possible to.,ohtain an optical

pi ckup 88 ESNhEPEin 1GePESHEriRIoh 35f % pRdFiTc iR &%@r MaGiot HYs Sdmdii®  and

stabl e recordin%/reproducin of L ) .
' center of a length of that coil in its longitudinal

direction.

Therefore, center of gravity positions GC and GC°
respectively of the focusing coil FC and the tracking coil TC
are positicned to be closer than the center of gravity
positicn GL2Z of the second plastic lens L2 to viclet
semiconductor laser LD.

In the course of operations of optical pickup device
PU, temperature of objective lens ORJ rises under an
influence of heat generated from the focusing coil FC and the
tracking coil TC, and temperature on the peripheral portion
on the plane of incidence of the first plastic lens L1
becomes higher than temperature in the viecinity of an optical
axis on the plane of emergence of the second plastic lens L2,
because the focusing coil FC and the tracking coil TC are

arranged to be front of the second plastic lens L2, thus,



i nformation can be conducted for high density optical discs even when
tenperature in the optical pickup device is changed in the state in which
uneven tenperature distribution is caused in an objective | ens conposed of
two plastic lenses. In particular, it is possible to obtain an optical

pi ckup devi ce wherein an anount of cha@ge of spherical aberration in the
case of tenperature change in an optical pickup device is small, and stable
recordi ng/ reproduci ng of informati on can be conducted for high density
optical discs even when an amount of energizing for a focusing coil and a
tracking coil grows great, and to obtain an opti cal 54 information

recordi ang r 0 'ng P t enpl oyi af or.ement i oned opti cal
pi ckup Eglw ce. l%t%plegﬂ%ceur ZC?J‘%%%SI#{%?leg;?ol%b@%ﬁlérlggnl%b?ré%t%%e$%}1%gt hat is

conposed of t plastic lenses to be suitable as an objective lens for an
opticalqﬁ?ﬁi Ytevi ce for hi gh density optical discs, and is excellent in
recordi ng/ reproducing, even in the case where tenperature in the optical

pi ckup devi ce Ho¥eyigangad ithe ko tsitGitle BT rsviere tRrpetlatineg dist ri buti on
is caused in the objective | ens. [ SECOND EMBODI MENT] In the second

enbodi névite, Flursdy embicehiperret Urevah sthébut ergmdr ateans imathevhent dravi ng an
actuator (not shown) (when energizing a coil), under the assunption that T1

(O reprrsdnirs deanpey aturies afharefd@xaliedf cidecdhd st i surfiage (wavopt i cal
surface on the light source side of the first plastic lens L1), T2 (O

repr esentegdempend Wissofingriax 2 ofudde fouwid sy dace d anaptdsal

surface on the optical recording nediumside of the second plastic |ens
Fetpect Ve B b D S e Yhdre GOt SRAT e 1L That passes
of the FIPGL pPRSe R d G’ AT S PN E A S SA oL TR i 15 1500 s and
line CLEhe expression (1-1), thus, stable recording/reproducing of

information can be conducted for high density optical disc

OD.

Specifically, it is possible to design an objective
lens satisfying the expression (1-1) by designing objective
lens OBJ so that the expressions (1-2) - (1-4) may be

satisfied, when assuming that ANL]l represents a rate of
change of the refractive index for temperature change of the
first plastic lens L1, ANLZ represents a rate of change of
the refractive index for temperature change of the second
plastic lens L2 and fM {mm) represents a back focus.

Incidentally, it is preferable to design objective lens
OBJ so that the expression (1-5) may be satisfied when

assuming that £1 (mm) represents a focal length of the first



55 representing the line CL rotated by 90 intersect an outer circunference
of the first flange portion FL1, and when TH represents the hi ghest
tenperature anong T3 - T6, TL represents the | owest tenperature and TC
represents an average tenperature of Tl and T2, if the follow ng two
condltlonal expressions (2-3) and (2-83 are satlsfled it is defined that
"uneven tenperature distribution is caused in the objective lens” TP = I TH
- TLI > 0.5 (2-3) TR=1TH- T > 0.5 (2-4) Further, "tenperature
distribution in the objective lens is even" means an occasi on where both
expressions (2-3) and (2-4) are not satisfied sinultaneously. Further, al
t hese te eratur S are. assuned_to _be ﬁhose obt ai ned t hr ough neasurenent
after changes of ?%ﬁpg} fﬁ?ead}egprG PEnvYihit HevebpeEEPvA | Bhs becone to
be the steady state. In the present specification, "changes of tenperature
di stri b EReClobl el i vestensnpgnditcabibs phetbeeddysst plestieans the
state wherein an absolute value of a rate of change of tenperature is
0. 1C/ mi nlems all, pb2 ntmmpf r&iresPhtsl a SophdsleagtBNsfwehh BegbnflA of a
two-group structure, a height of passing of marginal ray of light for the

first Plamideid enmariangss atyihec| Ok A9ULCRaSLeEaken 1,58 b1 gher than

that for the second pl astlc ens” arranged on 't of mati on

recor di di um si de. refore, ht mnth NA of 0.85 is easily
af f ect ew T bcﬂmjo‘ﬁ ﬁf%%’f%ﬁﬂ?%ﬁﬁﬁ%&lg’al PowFig SpERIEchpaFaltre
distribution._ In the structure described in Item2-1, it is possible to
reduce éﬁq%ﬁq wence of refractive index changes follomﬁng upon tenperature
distribution which is exerted on a ray of light with NA 0.85, by designing
an obj ective Fardhsy t hdt iﬁ\pﬁaﬁﬁxﬁbkﬂlﬁoideeb@nexmj@ssimEIIéhé)ommy be

| ess than the upper limt thereof, and therefore, it is possible to

di m ni shscdastHimato sondhat A;g;g}gene(m,,ed when @ focysing Qo?bognd a tracking
coil are energized, even in the optical pickup device enploying an

obj ectiv d | ast | en osed of at, | east two
gr oups. meveﬁghﬁi %e val %Weﬁgd??ﬁ § %éd @ n@%%l%%af? tR3nsTtivity
for eccentricity error between ogtlcal urfaces in the first plastlc | ens

beconesjﬁbdcﬂﬁbh / Thier ef 8FEL sy-8skabPishi F§ tesamsesrian nilt-20f) .dI9f7 to be
0.6, it is possible to reduce sensitivity for eccentricity error of the

first plasme |ensend thes ebyxpfeeohance a9y atengfoyigl d {AyRss
production. Next, the preferable structures in the second enbodi nent is

expl ainggy 1, 57 ¢y (f - (1 -m)) < 0.18 (expression (1-10)) may be
satisfied. In this case, it is possible to control changes
in spherical aberration to be small even in the case where an
amount of energizing of actuator AC is increased and an
amount of heat generated from the actuator is increased.

In the objective lens in the present embodiment, the
second plastic lens L2 is a meniscus that is convex toward
the first plastic lens L1. In general, in the objective lens
made of plastic having high NA of a two-group structure, if
its form is designed so that the expression (1-4) is

satisfied, coma caused on a final surface (an optical surface




The structure described in Item2-2 is the optical pickup device according
to ltem2-1, wherein the follow ng expression (2-1') is satisfied. 0.6 <
dl/f <0.92 (2-1') First, tenperature distribution in the objective lens in
t he present specification will be defined as follows. As shown in Figs 5
(a) - 5 (c), first plastic lens L1 and4econd plastic lens L2 both
constituting objective | ens OBJ have respectively first flange portion FLI
and second flange portion FL2 each being formed solidly with each opti cal
functional portion, on the peripheral portion that is outside the opti cal
functional portion (hatched portionin Fig. 5), and the first plastic lens

L1 and t econ |lastic lens L rated solidl joining a part
of t he f@g% 1T ang S%%?t?%na%nﬂp Bﬁft % gﬂ@tégﬁoﬁﬁc@Féh@% E%@%PB%
(joining, portion Min Fig % together. | ncidentally, iS nore

prefer ab}g k- drmeln h%e%%%”%ﬂs ofilem/ & L{ng]% fl e "ﬂa'allrlﬁngefb%l@x@lrl@é@l on
(2-1'"). The structure described in Item2-3 is an optical pickup device
havi ng t$erish e igriecbiveelenat whitk makegha tolerantd fiewel ength ~, an
objective |l ens made up of at least two plastic lenses including a first

pl asti ¢ tasis: fand hoady wohdn eo f ef r atdhvespones endha seeend. pl astic |ens
58 having a positive refractive power and an actuator that drives the

obj ecti vewans:, Wherneiinfgal SSRRTSE ochd nsé@@n&O%f[é@t?é f(%ﬁ%gii" bhe
0 ens to

actuat or makes tenperature distribution in the objective e uneven,

Toca TR SRS Sl R LI (e
et by Lot oncenens cfoen et AL e secind
positional adjustment for the light source can be relaxed.

Further, it is possible to obtain an optical
information recording and reproducing apparatus which is
provided with the optical pickup device PU, a rotary driving
device that holds optical information recording medium OD
rotatably and a control device that controls driving of the
various devices stated above, and conducts at least one of
recording of information for optical information recording
medium OD and reproducing of information recorded on optical
information recording medium OD.

Next, a specific example (Example) of the objective
lens appropriate as the objective lens OBJ mentioned above
will be explained by comparing it with a comparative example.

Lens data of a plastic lens with NA of 0.85 designed so
that a value of the expression ({(1-1) may be zerc are shown in

Table 1-1 as Example 1-1, lens data of a plastic lens with NA




2.2 <fl . (1 - R)/ (f2 ~(1 - R)) <4.2 (2-2) The structure descri bed
inltem2-4 is the optical pickup device described in Item 2-3 wherein the
foll owi ng expression (2-2") is satisfied. 2.2 <f1 . (12 - ~1) / (f2 . (1 -
~2)) < 4.0 (2-2') In the structure described in Item2-3, it is possible to
reduce an influence of refractive indgx changes foll ow ng upon tenperature
distribution which is exerted on a ray of light wwth NA 0.85, by making the
relationship of f1, pl, f2 and R2 to be |l ess than the upper limt of the
expression (2 2), and therefore, it is possible to dimnish astigmatism
that is caused by uneven tenperature distribution of the plastic |ens
generated when a focusing coil and a trackin 59 coul are energi zed, and
t her eby®f o0 sBeufes agnafif Fei Ehetwdr Keagediost A36& vhil@B avofds ah -
interference with an optical disc by making the relationship of f1, al, f2
and a2 mp) beagrbat er 0than hhechoyerhki rixbrekstibe gXPIessisen o2 He
Incidentally, it is nore preferable to nake the relationship of fl, al, f2

and R2 sgrbervedhi ara £apga oh expNessionak2cdmbarbhte vl EuGh1@ degcri bed
inltem2-5is the optical pickup device according to either one of Itens

2-1 - 25 ehlR Lt kS,p Lbl; optral .Aastl =S aused
ahen t o BOeF oAt PE e PR S RS bR acti 05 PAnD BocorsatiRgya in the
course of energizing thg actuator, when the objective |ens satisfies the
af or esaf aEx%rggiF%nOFZ-iﬁﬁ (2 A8y - (B-2) (br— (2l b mav|Ret ne-8PPhecture
described in Item2-S, it is possible to control astigmati sm changes even
when t engeedy ur ehdi skpirbasiion i(A-fthemalj ecti be lsend sidednes renehewrmwhen
energi zing the actuator. Incidentally, in the structure, as uneven

t enper ainreadist 1+ Bukbovonphiraedvei ERagxpeessions (2-3) and (2-4) that



causes astigmati sm changes of the objective |ens,

exanpl e,

second power of height h froman optical

non-rot ati onal

Item 2-6 is the optical

TP(O)

-symmetry about the optical
pi ckup devi ce3according to either one of
2-5, wherein the follow ng expressions (2-3) and (2-4} are satisfied when
represents tenperature distribution in the circunferenti al
of the objective lens in the course of energizing the actuator,

tenperature distribution which changes in

there is
60 pr

axis and is in

axi s.

The struct

gi ven, for
oportion to the

ure described in
ltens 2-1

direction
and TRC(C)

represents tenperature distribution in the direction perpendicular to the

opti cal

structu
ei t her one of

R A

ltens 2-1 -

TP = I TH -
Hbed in |

TLI
tem 2-

> 0.5 (2-3) TR=1TH - TC
7 is the optical
2-6, wherein the foll ow ng expressions (2-5)

>
pi ckup devi

0.5 (2-4) The
ce according to
is

sati sfi é& whén 6312 ﬂepré§énm5.afﬂrsﬂaﬁéénmebmmen=ﬂhe first plastic |lens and

the second plastic lens on the optical

ax

i S.

structumrgrdesenileda n Item2-8 is the optica

pi ckup devi

either one of Itenms 2-1 - 2-7, wherein inage-side nunerica
the objettifiedENS 1S5 mgde o bej0-8 or re. 61 the
descri bedjn Tteny 2u8; thellpti cal pikkup deﬂlce RamabbSus
hi gh deﬁSwabiﬂT+fﬁﬂ—1ﬁffrﬂM th—arproeteective—a
0.1 mm|enplooyi ng a vi ol et se# conductor |laser v Bl en
nm and fan—-gbjective | ens whose i page-side nuned] r~§|ou§r¢§rf|
0.85. il 2.14544 [ 2.45000 [ 1.52469 | 56.5 First
2 8.08503 | 0.05000 plastic
_ lens
3 0.86617|1.10000|1.52469 | 56.5 Second
4 0o 0.26984 plastic
lens
5 oo 0.10000 [1.61950| 30.0 { Protective
6 oo - - - layer

Aspheric surface coefficient

0.1 <dlz/f <0.4 (2-5) The

ce according to
aperture NA of
structure

ed properly for a
i ckness is about
gt h of about 400
re NA i s about

First surface | Second surface | Third surface
x| -0.253147 18.319342 -0.777817

Ad | -0.387420E-02 -0.532954E-03 0.126463E-00

A6 0.213490E-02 0.973058E-03 0.988215E-02

AB | -0.235275RE-02 0.117802E-01 0.178879E~00

Al0 0.959593E-03 ~-0.273116E-01 | -0.928546E-01
A12 | -0.276243E-03 0.101605E-01 0
Ald 0.476237E-04 0 0
Ale | ~0.122362E-04 0 0




The structure described in Item2-9 is the optical pickup device according
to either one of Itens 2-1 - 2-8, wherein the actuator is provided wth at

| east a coil for focusing and a coil for tracking, and at |east one of the
coil for focusing and the coil for tracking is arranged so that the coi

may be positioned to be closer in terAd8 of the center of gravity to the

|l i ght source than the second plastic lens. In the structure described in
Item 2-9, the two-group structured lens is in a tendency wherein a vol une
of the first plastic lens is larger, and the center of gravity of the

t wo- group-structured lens is closer to the Iight source than that of the
second @a%ﬂé _bens, t hus, focusing and tracking can be conducted stably by
maki ng the centér of gravity of the focusing coil and that of the tracking
coil to be closer to the center of gravity of the second plastic |ens. 62
The str &%t gr & -dSsor itbed 405 emB2-<1Q %S Sk opti<dl pi ckup devi ce according
to either one of Itens 2-1 - 2-9, wherein the first plastic lens has a
first flPangeipdrtdaam on a peripheral portion that is outside the optical

functional portion and the second plastic | ens has a second flange portion
on a perprer@l| portion That TS optside tne optical functignal portion, and
the first gl astli cTI{&8AS and A {HEsecondpl ast ivl | ensRemarksit dgrated solidly
by joi mmg—a part—of theTfirst—ft+angeportion—and of{ t he second
f1 ange |por i on t ogether, andewhen| D1 €mm) |represents an’outlsi de di ameter of
the first Hlasti” Fens inﬁ!“ﬂiqr he Ei{ct fange §8P5F§n nd D2 (nm
r epr ese f . 0 _ihg_égﬁrréﬁiﬁzﬁniEFW%%s iincl udi ng the
second ort i@zt he foeJdogem ng expression (293635'%350 sdtisfied and the
first plastic llens is held by a bpbbin that is ¢rivd8%y the actuator. DI >
D2 (2-6) 18 thel 8tB8CLare ldédXibpl.PhdbPerh®-50, &etbadge iis provi ded on
the periphgral |portion t1%p£§5§§nside t he p%iiijc

5 oo 0.100C0 {1.61950| 30.0 | Protective

) oo - - - layer

Aspheric surface coefficient

First surface | Second surface ! Third surface
ki -0.284027 -10.315724 -0.802652

Ad | -0.53674%E-02 -0.514298E-02 0.123184E-00
A6 0.241820E-02 0.273672E-02 0.172605E-02
A8 | -0.238797E-02 0.146219E-01 0.154421E-00
AlQ 0.954259E-03 -0.254496E-01 | -0.798437E-01
AlZ2 | -0.268115E-03 0.850195E-02 0
Ald 0.481111E~-04 0 0
Al6e | -0.141790E-04 0 0




optical functional portion of the plastic lens, and a two group-structured
lens is formed by joining the flanges, which is better in terns of cost and
easi ness of assenbling a two group-structured |l ens than naking newy the
parts for joining. Further, the optical functional portion of the 63
first plastic lens is greater than tB& of the second plastic |ens, and
therefore, the center of gravity of the objective lens is positioned to be
closer to the first plastic lens than to the second plastic |ens.

Therefore, by establishing a formof the first flange portion and a form of
the second flange portion so that the expression (2-6) may be satisfied,
and therghy, {hy nmaking the first plastic lens to be held by the bobbin
focusi ng and tracki ng can be conducted stably. In this case, there is
caused_a traoubl e that uneven tenperature distribution tends to be caused in
the fif%t DI%dd o Merrs ¥edBuse & ive ¥i7&p|.adt i< Qens is arranged to be
closer to the focusing coil that serves as a heat source in the course of
oper at Pamaxdfalt ldatept i cal pi ckup device. However, in the optical pickup
device of the second enbodi ment, astigmati smoriginated from unevenness of

t enpen atufacd stributidn i n thejobjectiVie Ten§ can be conrrolled smal |,
because the obj eEtTVe ety desi gied so Ydhat| t ReN@kpfesisi on (2-1),
(2-1'), (Z-2)7or (2-27) may be satisfied. The fescribed in Item
2-11 is tRe opticat pigkupedevi ¢ce according ta I tel wherein the
f ol | owng-expressipnsta—7 ) 4 S5Satt+stied wﬁgﬁ—{: esents an 64
ef f ect L ?*?gg?gt.&fﬁi%gg gﬁé?é§§CEUD‘%p ce of the first
plastic lens. |7.41179 | 0.05000

3 0.86077 |1.10000|1.52469|56.5 Second

4 . 0.23512 plastic

lens
5 o 0.10000 |1.61950| 30.0 | Protective
6 oo - - - layer

Aspheric surface ccefficient

First surface | Second surface | Third surface
k! -0.242730 22,.889161 -0.759406
Ad | -0.382647E-02 0.459846E-02 0.131962E-00
A6 0.223673E~-02 0.249760E-02 0.169630E-01
A8 | -0.232367E-02 0.814558E-02 0.186854E-00
Al 0.953693E-03 -0.317463E-01 | -0.950598E-01
Al2 | -0.276669E-03 0.132669E-01 0
Ald 0.396269E-04 0 0
Als | -0.942655E-05 0 0
For any plastic lens, focal length £ for wavelength A
(405 nm) is 1.765 mm, optical system magnification m is 0,

each of rate of change ANL1l of the refractive index of the

first plastic lens L1 for temperature changes and rate of

change ANL2 of the refractive index of the second plastic




0.4 < E1/D1 < 0.65 (2-7) In the structure described in Item 2-11, making E1
and DI to be smaller than the upper limt of the expression (2-7) neans
that a ratio of an effective dianmeter to an outside dianeter of the
objective lens is made to be small, and unevenness of tenperature
distribution in the optical functional9portion is reduced. In the optical
pi ckup device of the second enbodi nent, therefore, astigmatism changes
caused by uneven tenperature distribution can be controlled effectively by
satisfying expressions (2-1) and (2-7) or expressions (2-2) and (2-7). It
is further possible to prevent that an outside dianmeter of the objective
| ens becones_togo |arge. The structure described in_4t -12 is provided
with t oS8R FEaop: LRTBCABGHEE BEeHERngS: 610 el oo S ITER-B 5 - 511,
and is capable of conducting at |east one of recaording of information on
t he optféarera¥ oPtmPfoRlBeédF8EnglABELGMIERE LepAagdeiigdof 1dftor mati on
recorded on the optical information recording medium The structure
descri bédangel| pent 2002Fhbhkés At S8powsiablke oug shdeuiddemgiteropi odl tihwf or mat i on
recordi ng and reproduci ng 65 apparatuses having the effects in either one
of Itensedoild Bi1ddtidtheenkr ugt iheldesan bedond Iflemg2- HdritsdcanFallj deti ve
| ens for an optical pickup device conposed of at |east two of the first
pl asti c3| gngmhavi ng positive refracting power and the second plastic |ens
havi ng positive refracting power, wherein the follow ng expression (2-1) is
satisfied mhefnfléﬂg@ £€$r§ﬁgaﬁsiﬁ &85?5 hg?thng Ehg_gbjﬁ tive |l ens and
d= (mMm) represents a gls ance on the optical axis %etmeeh the
| i ght -source-side optical surface of the first plastic | ens and the optical
sur f aceTBRERBRBP PCHMTPREEPAREPEA tHECor i T mel tn 4§ FE™ and t her eby, it
is possible to control astigmati smchanges that is cause when tenperature
di stri bwavehehgthhefolhjnm¢t repreersties amddeatlo leaatheven repriesantgener ati on
in the course of energizing the actuator that drives the objective |ens.
optical system magnification, r (mm) represents a radius of

curvature, d (mm) represents a distance between surfaces, NA
represents a refractive index in the design wavelength, and
vd represents 2Abbe’s number in d line, and an aspheric
surface is expressed by the following Numeral 1 when X (mm)
represents an amount of deformation from a plane that is
tangent 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 K represents a conic constant and A;; represents an
aspheric surface coefficient.

Further, in Example 1, focal length £l (mm) of the
first plastic lens Ll for a light flux having wavelength A is

4.87 mm, optical system magnification ml of the first plastic



0.6 <di/f <1.2 (2-1) The structure described in Item2-14 is the optical
pi ckup device according to Item 2-13, wherein the foll ow ng expression
(2-1'") is satisfied. 0.6 < di/f <0.92 (2-1') In the high NA plastic |ens
of a two-group structure, a degree of transm ssion of a marginal ray of
l'ight is higher 66 in a first plastidd lens arranged to be closer to a

| i ght source than in a second plastic lens arranged to be closer to a
optical information recording nedium Therefore, a ray of light with NA
0.8S tends to be affected by a distribution of refractive index caused by
tenperature distribution in the first plastic |lens. The structure described
inltem2-12 kes It possible to reduce an influence of refractiye index
changes %%ﬁ%égﬁbvgt%hp ?%ﬁ%r e%ﬁé@rfﬁuf@%ﬁ ﬁtdEpemﬁ?Eﬂn%h@f?ﬁ§leY??@ht
with NA 0.85 cones) by designing the objective | ens so that expression
(2-1) iy o a i bigkd. L verkedorrey wveal éngthel opsi tafs phokuandevi ce

enpl oyi ng an objective |lens nade up of a plastic lens that is conposed of
at | eastodticagl Gups; erdShid @it 1 Sat ChangBSoPntile sa8Fendahi 98t 1€cpsds ng2
surface of an optical information recording nmediumin use can b

e
control lied,g and r gqglriciia&q&r,e@.rrp@éqriﬁa&aqjidé*fﬂeﬂa&l:é;rl :‘ gﬁqéalgfmé}m ty

optical discs can be conducted stably. Incidentally, I's nore preferable
to make @an u f f to i, thi nge _of -expressi o 2-1') in ltem
2-14. Thfzi s(;ﬁ%ltlj)cﬁuér)eé‘ '%eicﬁ’be%&"#%?e%%%@ %g%hf]o%%)%ﬁ?ﬁlv%{llj(e s&f or optical
pi ckup ¢ sed of .at_]east two plastic lenses inpcluding a first plastic

| ens ha\ﬁ%quseintq% ﬁ'ﬂef&%@t iy goa@rm&nf%gs%@Bhﬁabl%%g?@“l ens havi ng
positive 67 refracting power, wherein the follow ng expression (2-2) is
sati sf i PR G (GRS et dseht s and ol CompREat bre t Feamp et 2 pl £8¢RE | ens,

Rl represents a magnification of the first
length £1 (mm) is 4.65 mm, optical system magnification ml is

0, focal length f2 {mm) is 1.64 mm, and optical system
magnification m2 is 0.36.

{Numeral 1)

X

R/ 8 Ny
= + 2 AhT
1+ 1=+ 0k /1 Z;'

In the plastic lens, occurrence of temperature
distribution in the lens is eguivalent to occurrence of
refractive index distribution in the lens. Fig. 4 shows
results obtained through simulation of temperature
characteristics wherein refractive index distribution
corresponding to temperature distribution in the optical axis
direction caused in objective lens OBJ by heat generated in
focusing coil FC and tracking coil TC is given to a plastic
lens of each of Example 1 and Comparative Examples 1 and 2.

In this simulation, a linear temperature distribution wherein



plastic lens, f2 (nm represents a focal |length of the second plastic |ens
and ~2 represents a magnification of the second plastic |ens, and thereby,
there are controlled astigmati sm changes which are caused when tenperature
distribution in the objective lens is nade to be uneven by heat generated
in the course of energizing an actuat4tr that drives the objective lens. 2.2
<fl. (1- -~/ (fz. (1 - ~2)) < 4.2 (2-2) The structure described in
Item 2-16 is the objective lens according to Item 2-15, wherein the

foll owing expression (2-2') is satisfied. 2.2 <fl ~ (1 - p1) / (fz . (1 -
~2)) < 4.0 (2-2') In the structure described in Item2-15, it is possible
to reduce an influence_ of refractive index ¢changes faqll ow 0
tenperaF%W@eH?EPF?bg?iéﬁ ﬂﬁP@Haﬁgye%Qngﬁ Qﬁrgcgéﬁno rPWgﬁE%WEEHHNA 0. 85,
by making the relationship of fI, Rl, f2 and ~2 of the two-group_objective
| ens toS@erfessidaahot hBeuppeichilnflisef side éspresvimed @2-2) mogdad of
therefore, it is possible to dimnish astigmatismthat is caused when a

68 focusémgerattirandiatribokiog doi thar epenerdi zeds dndertibs,pessible to
secure a sufficient working distance by nmaking the relationship of f1, Ri,

f2 and fR2tlfrébpetvorgr eHp gRiecbifvavkensske he grgat er thapetrheukewer
limt of the expression (2-2). Incidentally, it is nore preferable to make

the rel i j f iR 62 andoE32Kt0 | Wi b hi n expressi on
(2-2") o? ?Pﬁ§$5?§6fﬁ%héﬁ2%%%ctg?eogegg%iggglﬁﬁﬁngﬁ?%?%7g?seﬁﬁe obj ective

| ens ac ' i Lk e of ns .2-13 :.2- rei,n_the follow n
express?%%g&%g-gﬁsgnégﬁé-ﬁg ng éé??%ﬁi@éaﬁﬁéﬁ #%Fﬁyegeﬁﬁeggnts tenpera?ure
distribution in the circunferential direction of éhe objective lens in the
course of enerisihy the BCLTATEY | AHH TRECTTFERPRSENtS PBrpErat ine

where uneven temperature distribution 1s not caused in
objective lens OBJ, and temperature of the total objective
lens OBJ rises evenly. Therefore, values of the temperature
distribution TA in the optical axis direétion and of the
temperature digtributions TR1 and TR2 in the radial
directions are all zero, and none of the aforementioned three
conditions (R1} - (R3) is satisfied,.

Further, “temperature distribution 17 corresponds to an
occasion wherein temperature falls by 1°C for a length of 1
mm from the light source side to the optical disc side.

Since the lens thickness on the optical axis in Example 1-1
and in Comparative Examples 1-1 and 1-2 excluding an air
distance of 0.05 mm between the first plastic lens L1 and the
second plastic lens 1.2 is 3.55 mm, temperature difference TA
between temperature at a vertex (Pl in Fig. 6) of the optical

surface on the light source side of the first plastic lens L1



distribution in the direction perpendicular to the optical axis. TP = I TH -
TLI > 0.5 (2-3) TR=1TH - TA > 0.5 (2-4) The structure described in Item
2-18 is the objective lens according to either one of Itenms 2-13 - 2-17,
wherein the foll owi ng expressions (2-5) is satisfied when dlz 69
represents a distance on the optical 4kis between the first plastic |ens
and the second plastic lens. 0.1 < diz/f < 0.4 (2-5) The structure
described in Item2-19 is the objective |l ens according to either one of
[tems 2-13 - 2-18, wherein nunerical aperture NA on the imge side is nmade
to be 0.8 or nore. In the structure described in Item2-19, it is possible

to use opjective lens _for_an_optical .pickup vi_ce proper.|. or a high
densityg%%t?%%P E?ggrﬁa§Fna geﬁFggeé%?véRI§§gr %ﬂtﬁ%atﬁﬁi Pﬁéé?ﬁof about
0.1 nnltha% uses a violet sem conductor laser light source with a

wavel engthidfe apButRgo8PhaTahddafiCobjeet P¥e then§SRPPA PAaGELSI d€TFuneri cal
aperture NA of about 0.85. The structure described in ltem2-20 is the

obj ectiVé iens. akeordignpiorei thee vaErattiventnded3at Pl19s Wheeei n each
of the first plastic |lens and the second plastic lens is a neniscus that is

convex thaardhéabeati phtbgoBbces5 andofhe fakhdenngléxpreadiiessof2-8) is
satisfied when rl represents a paraxial radius of curvature of the

|'i ght - sesifiser st dee 0pt b€al pEHLEACEAOf nt RBeS @%@ﬁ'@a&! astkCdieastand A
represents a paraxial radius of curvature of the information-recording

nedi um s derOPLEGRAL SYEERACBurioA01% Qng 6%2témb%}aéugézdisEEEbﬁt&oEs(2'8)
in the radial directions TR1 and TR2 are respectively 3.55,
1.225 and 2.325.

Further, “temperature distribution 27 corresponds tc an
occasion wherein temperature falls by 2°C for a length of 1
mm from the light source side to the optical disc side, and
temperature difference TA between temperature at a vertex Pl
of the optical surface on the light source side of the first
plastic lens L1 and temperature at a vertex P2 of the optical
surface on the optical disc side of the second plastic lens
L2 is 7.10. Therefore, the refractive index at Pl is lower
than that at P2 by 78.1 x 107°. Incidentally, values of
temperature distribution TA in the optical axis direction at
“temperature distribution 2% and of temperature distributions
in the radial directiong TR1 and TR2 are respectively 7.10,
2.45 and 4.65.

On the other hand, Fig. 5 shows results obtained

through gimulation of temperature characteristics wherein



In the structure described in Item 2-20, each of both surfaces of the
second plastic lens is nade to be a neniscus that is convex toward the

| ight source, and it is possible to correct spherical aberration caused on
the optical surface on the recording nediumside of the second plastic |ens
and coma for a ray of light outside th® optical axis, by making the
paraxial radius of curvature thereof to be greater than the lower Iimt of
the expression (2-8), and it is possible to make manufacturing of the
second plastic lens to be easy and to dimnish deterioration of wavefront
aberration caused by novenent in the direction perpendicular to the optical

axi s of d. stl en b maki ng the paraxial radius of curvature
t her eof %Eg%ggﬁggs g fi %kﬁégBF %F %ﬁgo Bgt&PetEEQEF &% n Item
2-21 is_ the objective | epns accor to ei t her one of ltens 2-13 - 2-20,
mherelndfﬁEr¥$$§%OEIé@tFEelEﬁélﬁg dITELELPTY CaNGEpaFt P ﬁeGHlXepéﬁpﬁhera
portion that is outside the optical functional portion and the second

pl asti cOPénky hagah gererndtrangefpousiod enld pér ppHetzRcpongi epitthat is
outside the optical functional portion, and the first plastic I ens and the
second Prassigivenstare phasegiat @édnsobifdewnchy cifoEremgla padt aafl the first
flange portion and a part of the second flange portion 71 together, and

when DICémpdraepreSERbGpaasout si dagdnanet ernofhides fhisde pbastic |ens
including the first flange portion and D2 (nn) represents an outside

di anet ege0bn&he, SEERPErREASE elge@%heg? gﬂg ﬁgle ﬁgagamdd&!f@@a@oaort i on,

the followi ng expression (2-6) Is satis Irst plastic lens is

el 04,50 DeblBEAL 8 1 YRS UL LRF51 V0L 2 BE 8 b bnitle
port'Onoé@?éaisagyésﬁgetﬁe peripheral portion (which is rotational
symmetry about an optical axis) is assumed as a model of
temperature distribution in the optical axis direction, and
the axis of abscissag in Fig. 5 represents temperature on the
optical axis of the objective lens.

In Pig. 5, “no energizing” corresponds to an occasion
where uneven temperature distribution is not caused in
objective lens 0BJ, and temperature of the total objective
lens OBJ rises evenly. Therefore, values of the temperature
distribution TA in the optical axis direction and of the
temperature distributions TR1 and TR2 in the radial
directions are all zero, and none of the aforementioned three
conditions (R1) - (R3) is satisfied.

Further, “temperature distribution 1” corresponds to an

occasion wherein the secondary coefficient of temperature

distribution in the radial direction is -3.82 x 107°, and




optical functional portion of the plastic lens, and a two group-structured
lens is formed by joining the flanges, which is better in terns of cost and
easi ness of assenbling a two group-structured |l ens than naking newy the
parts for joining. Further, the optical functional portion of the first
plastic lens is greater than that of 4%e second plastic |lens, and
therefore, the center of gravity of the objective lens is positioned to be
closer to the first plastic lens than to the second plastic |ens.

Therefore, by establishing a formof the first flange portion and a form of
t he second flange portion so that the expression (2- 6) nay be satisfi ed,

and t he E % ¥ maki n the first E}astlc | ens to be he by th% bobbi n,
focusiné aRd“? 58EPRB EahCh8RcOhGacted Yhshryn FﬁmPﬁF§t85§eont Bfe i's
caused a troubl e that uneven 72 tenmperature distribution tends to be
caused PRUEHECEFrBPSpEASH ¢PPEAS 1BBCats 8iEREtRLT 4t 8P| 88t tEe AESts arranged
to be closer to the focusing coil and the tracking coil that serve as a
heat sobteetia idwscbir $scofidoper dtirens fdRngke poptiical Fpilcisphdehiere.
However, in the optical pickup device of the second enbodi nent, astigmatism
changesthahgtempeﬂatu@e1uneVBane@sicélteﬁﬁgrayuaecdismam@yyiOﬂhén t he

obj ective lens can be controlled to be snall, because the objective lens is

desi gnegdespathatet hadexpaesshen 62 b, (2sl'(heel 212). @) 3 ZowewdY be
satisfied. The structure described in Iten12 22 is'the objective | ens

accor di pahOchLEMm 2 Zdenher ghnabhesboblosng exppess! o0 (EeAl gy saliof ed

when represents an e ctive di ér of the |ight-source-sid
opti cal rface.of. th i.rst Iastlc E1l/ 0,65 In the
structu¥§fa%sc?.béae ﬁeWPSHFE Rt I oS U BT LR
upper liimt of exg SSSIOH -7) nmeans to nake a ratio of an effective
dianete@l¥%cah0%u Sfdeldf-Bret 8FPEFAfHECOBT ECE I PECRORS TB1bETEARY, 18nd

unevenness of tenperature distribution in an optical functional portion is
the radial directions are respectively 0, 2 and 2, and all of

the aforementicned three conditions (R1} — (R3) are
satisfied.

Further, “temperature distribution 27 corresponds to an
occasion wherein the secondary coefficient of temperature
distribution in the radial direction is -7.64 x 107°, and
this corresponds to an occasion wherein temperature on the
ocoutermost position (position at diameter 4.8) of the first
plastic lens L1 including first flange portion FL1 is higher
than temperature on the optical axis by 4°C. Namely, the
refractive index at each of P3 - P6 is lower than that in
each of P1 and P2 by 44.0 x 10°°. Incidentally, values of the
temperature distribution TA in the optical axis direction and

of the temperature distributions TR1 and TR2 in the radial



| ownered. In the objective lens for the optical pickup device of the second
enbodi nent, therefore) it is possible to 73 control effectively
astignmati sm changes whi ch are caused by uneven tenperature distribution, by
satisfying expressions (2-1) and (2-7) or expressions (2-2) and (2-7). It
is also possible to prevent that an oH side di aneter of the objective |ens
becones too large, by nmaking themto be |arger than the lower limt. The
best node of the second enbodinment is explained. In a detailed view in the
vicinity of the objective lens OBJ shown in Fig. 3(a) and Fig. 3(b), the
first plastic lens L1 is |ocated closer to a focusing coil FC and a
trackiqg,coil,TC than the second plastic lens L2. Accordingly, when an
opt i cal ThF KPR \RER ?%ﬁP%CRbVﬂiﬂg?'tﬁeaﬂ@nﬁeréﬂﬁréléfOﬁhghébjective | ens
OBJ raises in receipt of the influence of heat caused fromthe focusing
coi | FGacendret iozedi ngreei cof@lt Asnshoéh) i n FRY) Sressatésthedf ocusi ng
coil FC and the tracking coil TC are arranged closer to the first plastic

| ens L1 than Irhe:lsierargkse] asidéte | Bhsadsuned 40 unteds oy mieéretaldy in terns
of rotation around the optical axis of the objective |lens, asymetri cal
teﬁperfémﬁféﬂtEﬁémﬁé%é@@rénofg%gﬁiéﬁlr9lékh9ndéﬁ958dpﬁh§s0@§b@aétax'5 I'S
caused in the objective |lens (especially, in the first plastic |ens).
74 Ho vl i . pl ' PU. o e i nent,
bt P R T R Rt R S T AT
in the gbjective lens_.c be controlled to soal because.the.objective
| ens iéﬂgé§?bﬁ%gﬁid”%ﬂ%?g?%eogiﬁ?%gg?oﬂe %-ng %5-#*?Wp§§-gflo?n?21 ") may
be satisfied. As a result, recording/reproducing information can be
conduct @Y RALRH YV S P A B ght densFR§TBPPTRal LERBRTEBITEn2E VST EBANBEt i on, it

may be preferable to design the
on the optical surface on the optical disc side of the second

plastic lens L2 is 25°C, and temperature distribution TA in
the optical axis is zero), and temperature on vertex P2 on
the optical surface on the optical disc side of the second
plastic lens L2 at completion of recording/reproducing is
65°C, following upon a rise in ambient temperature for the
optical pickup device PU, and temperature distributicon in the
optical axis direction given by “temperature distribution 27
in Fig. 4 is caused in objective lens OBJ by an influence of
heat generation of actuator AC.

It is understood, from Fig. 4 (c¢), that an amcunt of
change of wavefront aberration at completion of

recording/reproducing for that at the starxrt of
recording/reproducing is about 0.04 ARMS in the objective

lens in Comparative Example 2 that does not satisfy

expression (1-1), and understood, from Fig. 4 (a), that an



first plastic lens L1 and the second plastic lens L2 so as to satisfy the
expressions (2-6) and (2-7), when El represents an effective dianeter of a
| i ght source side optical surface of the first plastic lens L1, Dl is an
outer diameter of the first plastic lens L1, and D2 is an outer dianeter of
the first plastic lens L2. Further, id6the objective lens in this

enbodi nent, each of the first plastic lens L1 and the second plastic |ens
L2 is a nmeniscus | ens being convex toward a violet sem conductor |aser

side. Cenerally, in an objective lens which is structure in two groups with
a high NA and is made of a plastic, if its shape is designed so as to be
smal | er I r. limt of the expression (2-8)., when a light flux
havi ng éﬁﬁﬁﬁaigﬁ%ﬁf%gﬁ%ﬁ(éﬁﬁﬁ@Y?ﬁ%P?%e %ﬁ%%?} ?%n%?m%ﬁﬁ%?on7§9aberration
generated in the final place (an optical surface closest to an opti cal

i nf or matiSrPh /cﬁ'e?%“ﬁ@b?ﬂ?ﬁ feeorkat adfgerte sgtart bl t, an all owabl e
difference in the positional adjustment for the |ight source becones nore
severe. TOFARE ISt Ebihsing is scaapel 1&d desilgmedls sonakl tas bebewtl | er
than the upper limt of the expression (2-8), the deviation of the second
plastic d.es ARMA ofi rledd oh Ueld i edtoi ddel O ieRt BXiSxadBd 1 Sthah
assenbling process for two plastic | ens becones nore severe. However, when

t he secgﬁQﬂgfﬁ%ig?&gg%gfhﬁi{i?ﬂﬁpus | ens being convex toward the viol et

sem conduct or e ‘and designed so as to satisfy the expression
(2-8), the generatiaon a camma aberration can reduced and an all owabl e
PR bgec i

difference fo ¢y it e 3 b i © At Us t St he | ght
source aggythe assenbl i ng process of the objective | ens can q§ eased.
Fur t her PPRYFSuGFSHPTATWE 2k i 1R bRiTE deviRR st Hos3THI@tt o obtain
the abovementioned optical pickup device, a rotating driving device to hold
rot at i offdld yiat ol cscqmioravarsredeciongi iy emidicad andclare ope v teg
i nformation recordi ng reproduci ng apparatus which i ncorporates an contr ol
devi ce tRY cantipgleddmimg-heaardloisct wpesl eis davi esnpsind Tamd@onduct at | east
one of recording

Comparative Example 1 ({(therefore, temperature on the optical

axis of the objective lens is 25°C, and temperature

distributicns in the radial direction TRl and TR2 are zero),

and temperature on the optical axis of objective lens is

65°C, follewing upon a rise in ambient temperature for the

optical pickup device PU, and temperature distribution in the

radial direction given by “temperature distribution 2" in

Fig. 5 is caused in the objective lens by an influence of

heat generation of actuator AC.

It is understood, from Fig. 5 (b), that an amount of

change of wavefront aberration at completion of

recording/reproducing for that at the start of

recording/reproducing is about 0.04 ARMS in the objective




76 optical information for an optical information recording nedium OD and
reproduci ng i nformation recorded in the optical information recording
medi um OD. Next, an objective lens suitable as the aforesaid objective |ens
wi |l be explained. First, |enses designed to satisfy the expression (2-1),
(2-1'), (2-2) or (2-2') are shown in ¥dbles 2-3 as Exanples 2-3, and an

obj ective | ens designed not to satisfy expressions (2-1), (2-1'), (2-2) and
(2-2") is shown in Table 2-4 as a conparative exanple. Val ues of the
expressions for the Exanples 1 - 3 and the Conparative Exanple are shown in
Tabl e 2-S. 77 Table 2-1 Exanple 2-1 NA=0.85, 7~ = 405nm ( f = 1.765mm

, m= 04Paraxia i .Surfacer( d( N~ vd, ~n/.OT Re s~No . Li ght 0-~--
sourcel ?g§8éT1§8%&%%f$§ _¢E%?WQ#%3¥4§RR§(QPQ§ ngt sath§}

pl asti c210.23870. 05l ens31. 24761. 631. 524756, 4 Secondpl astic -1.1E-04

' 43156. BFPE6°83PPend50 . 1 BE% PFESSE 5 98t e d6-L - > | @/er TRGFhé™ ¢ surface
coefficient First surfaceSecond surface Third surfaceK-2. 0085E-012. 2603E+01
- 1. 1930EF00A%1 055 9HETGS] OF2 BRE-SFX O7. 13 ZVHIIGHAGY 586 ZOEL0R 2. 78 A0E- 02

1. 2770E- 02A84. 7230E- 042. 8469E- 02 7. 9840E- 03A101. 4866E- 03- 1. 3370E- 02

- 2. 1255EeQoAf2 ngy/ 12406031 194 TOE- @hal. GO00E0G: tHakt4 »H580E- 040. 0000E+00

0. O000E+00 1 A16-6. 9900E- O50. 0O0O00E+00 0. 0000E+00 78 Table 2-2 Exanple 2-2

NA = 0. 88cpraing /4ebrvduding Ls/Gamhrolled @ Paterdalsn@dtia sSurdiaear (nm
d(m) N7~vd ~n/ ~TRemar ksNo. | Li ght 0- ~_-sourcell. 8640 ~

1. 831 SA76) 406 £S5 kB3R AS L G2 1984 10425 P53 208 e 1 thac

satisfies expression (1-1).

As stated above, in the cbhjective lens OBJ in Example
1, it is understood that a change of spherical aberration is
controlled to be small, and there are provided sufficient
functions as an cbjective lens used in an optical pickup
device for a high density optical disc for which an allowable
range for wavefront aberration of cobjective lens CBJ is
severe, even in the case where ambient temperature for
optical pickup device PU is changed under the condition that
uneven temperature distribution in the objective lens OBJ is
caused by an influence of heat generation of actuator AC.

Incidentally, in the objective lenses in Example 1 and
Comparative Examples 1 and 2, only changes in refractive

index caused by temperature distribution and temperature
changes were taken into consideration, when calculating A3SA

in expression (1-1).




| . 261. 524756. 4Second- 1. 1E- 04pl asti c48. 9979 0. 24| ens5~
0.101. 619530. OProt ecti ve6~ ---1ayer Aspheric surface coefficient First
sur f aceSecond surfaceThird
surfaceK-2.2130E-017. 0328E+00- 8. 6402E- O1A4- 2. 1846E-032. 2052E-021. 0103E-01A6
-9. 5322E-04- 2. 2281E- 023. 8530E- 02A8- 7. 4®285E- 042. 4090E- 021. 8246E- 02A109. 3317E
-04-1. 7744E- 022. 8938E- 02A12- 8. 4617E- 043. 7710E- 030. OOOOE+00A143. 1866E- 040. 00
00E+000.0000E+00A16-5.6885E—050.0000E+000.0000E+00 79 Table 2-3 Exanple
2-3 NA=0.8, ~, =405nm, f = 1.765mm, m= 0 Paraxi al data
Sur facer (nm) d( nm N~, vd n/ ~TRenar ksNo. 0-~--L|ghtsource11 59341. 101. 524756. 4F
irst 2 8.252 0- 4pl iclens3l. 09 101,524 56 4Secqnd
43 18- 04pl aiTEZ0. Sl ote %1@%%838809 othE, Phaact2bearER N pher i ¢
surface coeff] nt Fi rst surfaceSecond suyrfacgeThird
sur f aceRHAS %]%% L1 2t 5532 EQORNENH565E%0 PRI SE LaY S EeFS8 OBI7¥ELd3 02 3969E- 03A
6-2.5111E- 04- 2.3113E—03 5. 5209E- 02A8- 1. 3788E-032. 7676E- 044. 9216E- 02A10- 3. 73
12E- 04-Pra98BEed3- ABSHIE ORI - hend 30E- Bsampba 0F- 910s90beEs08aA143. 0537E- 08
0. OO00OE+QOD0. 0000E+00A16- 4. 4887E- 050. 0000E+000. 0000E+00 80 Table 2-4
Conpar adfgeslExanpie 2abAe=10485s, a~plast@sniensf having6bimmof M.850 Par axi a
dat a
Sur f acegam a6 MmNy sVeanEOTRaARN ks 1 hbgRtrOA3TasQurg@d2, 09662, H501. 524756. 4F
irst-1. 1E—04p|ast|c%6 29000. 051 ens30. 88801. 1 1 5 0156 7Second 9. OE- 05pl ast i
c4~0. 26l ens5~0. 101. 619530. OPrqt ecti ve6~---1 ayer Aspherlc surface
coef fi cRe tm?YrE? s@r@9@%8e€8§d1§ﬁrﬁ&Eé%hﬂ@Hgth for wavelength A
surfacex-1. 6811E- 014. 8625E+00- 8. 0927E- 01A4- 4. 6830E- 03- 2. 2200E- 031. 16_94E- 01
AG6. 11108994Mm 7543 EL 0225 88TM4E0DRABa9. 4760ENO%hagnSTAQELA3Nh. B745E001A102. 3380
E- 04- 1. 7950E- 02- 8. 7730E- 02A12- 1. 5600E- 048. 9880E- 030. 0000E+00A146. 6400E- 050.
CODOE+0DQ: S09PE+RRALE- AnBIOBE" B0+ 800052000 8000E+09 5:BL1Tabke 2-5 Val ues
of expressions in anpl es an Cowparatlve Exanpl e Conparati vekExanpl e
1Exanpl
1.7651. g%%x%pkﬁﬁ %ﬁggﬁﬁ %’68 %?Pﬁeﬁﬁsziéls&l&f/z?'3§?t§4é’f081 5910000(
320. 430. 420. 50. 35D14. 84. 84. 84. 2D23. 83. 83. 83. 3E13. 03. 03. 03. OExpr essi on0. 681.
040. 621Ch212e 138pr eEsFehtack) 320280853044 S86ERPr Pd8istAC. 8805636. 630. 71(2-6
) Expression (2-7)11. 2511Expr essi on(2-8) 0. 030. 030. 340. 03

for temperature changes is -9 x 10°°/°C, outside diameter D1

of first plastic lens L1 including first flange portion FL1
is 4.8 mm and outside diameter D2 of second plastic lens L2

including second flange portion FL2 is 3.8 mm.



0.6 <dl/f <1.3 (2-1) 2.2 <fl - (1 - (31) [/ (fz . (1 - ~2)) < 4.4 (2-2)
0.4 <EI/D1 <0.6 (2-6) 1.O<(r2+7r1)/ (r2-r1) <1.7 (2-7) diz/ f
(2-8) In the Tables 2-1 - 2-4, NA represents a nunerical aperture, ~, (nm
represents a design wavelength, f (m) represents a focal |length, m
represents a magnification of 82 thestotal objective lens system r (mm
represents a radius of curvature, n represents a refractive index at 25C
for the design wavel ength, vd represents Abbe's nunber in d line and dn/~T
(1/C) represents tenperature-dependence of the refractive index of the

pl astic lens, and an aspheric surface is expressed by abovenenti oned
Nunmeral 1 when X (nm represents an anount of change froma plane that is
tangent?éblﬁolfﬁe aspheric surface at its vertex, h (€M) represents a

hei ght in the direction perpendicular to the optical axis and r (nmm
represeNAs=alr 86i ysAokt ¢0bwat ur & =whefébmmK, r epeedents a coni c constant and
A2~ represents an aspheric surface coefficient. Next, there will be

expl ai npgdyaxshmukatLon nethod for astigmati smchanges in the case where
tenperature distribution that is non-rotational -symetry about the optical

axis i ngggggtcd r—ea-tens—-for—obrectiveyrenses i the—aforesai d Exanpl es
2-1 - P- Conpdmat)i ve Exanpl e| 2. Wenper atdir ¢ dhshatkhsitijon caused in a
pl asti 1 HRs can be descibed byt eplacing—withrefractive—i ndex
distripution. IIn Fig. 5 (b), .under the assunpti¢n tH¥2huge heat sinks
(each porresponding ta alcoil in operation of opti ERUIEECkup
1 b 2.23667 ] 2.50000|1.52465 | 56.5 First
2 6.62678 | 0.05000 pllaStlc
ens
3 0.88192 | 1.10000{1.56013|56.0 Second
4 27.61914 | 0.29757 plastic
lens
5 oo 0.10000{1.61950| 30.0 | Protective
6 oo - - - laver

Agspheric surface coefficient

First surface | Second surface | Third surface
k! ~0.157134 -1.033298 -0.821555

24| -0,461875E-02 -0.617302E-02 0.112611E+00
A6 0.945798E-03 0.168099E-01 0.417206E-01
A8 -0.129177E-02 -0.570907E-02 .911378E-01
Al0 0.370796E-03 -0.162041E-01 | -0.401250E-01
AlZ | -0.863413E-04 0.740067E-02
Al4 0.315790E-05 0

Ale | -0.591123E-05 0

OO0 IC

Further, objective lens 0OBJ in Example 1-3 whose lens

data are shown in Table 1-5 is a plastic lens having NA of
0.85 that is designed so that a value of A3SA / (At - fF - (1
- m)) may be -0.0001, and its focal length f for wavelength A

(405 nm) is 1.765 mm, optical system magnification m is -



device PU) are present at the upper side and the | ower side 83 (outside
of P3 and P4) of objective lens OBJ, refractive index distribution N1 (h)
generated in the first plastic lens L1 and refractive index distribution Nz
(h) generated in the second plastic Iens L2 are expressed by the follow ng
expressions, as a function of h repreSénting a height froman optical axis
in the direction running parallel to CL. NL (h) = Noi + Nns hz (A Nz (h)
= Noz + Nhz hz (B) In this case, Nol and Noz are refractive indexes
(equivalent to n in Tables 2-1 - 2-3) respectively of the first plastic

|l ens L1 and the second plastic lens L2 in a plane (h = 0) including CL' and
an optical axis, while, each of Nnl and Nhz is a rate of refractive index
change PoPBRei §REChOLr Sheageoptildal faief rias tdaeh iaideshe  ifdststpl astic | ens
L1 and the second plastic lens L2, and its sign is negative. Nanely,

refract bvestndeXedbsiii ot cempeeamenrat whardisst ridutlilon) 1eXpressed by each
of expressions (A) and (B) is a distribution wherein the refractive i ndex

(temer akuced i pneash alyonesl oataphastl o s dd gaseaqnd pl astic

| ens L2 becones snm (higher) in proportlon to t sec pomer of

hei ght fro an optical _axis identally, refractlve i ndex
dlstrlbuF E? %gﬁchegpefﬁéuFFr§Ea69§§tFé I§n§ ﬂf andk ¢ HLekdnd plastic
| ens 4 L2 on a_plane (h = 0) including CL' and an optical axis is
unifornglémﬁtﬁF 1, of2firstapdastireprasenti dgalawiadatiires fdagestivel y of
P1, P2, P5 and P6 in Fig. 5 are the sane. Therefore, TH in each of the
expressp@ﬁélpg B}hlahd 6284mm|5ndh@u$aadeaﬁiﬁ&eaﬁd‘I@ rceprsesemd ng
tenperatures at P3

rlastic lens L2 including second flange portion FLZ is 3.8

mim .



and P4, TL is the sane as each of T5 and T6 representing respectively
tenperatures at P5 and P6, and TC is the sane as each of Tl and T2

representing respectively tenperatures at P1 and P2. In Fig. 7, the axis of
absci ssas represents a difference (= TR) between each of T3 and T4
representing tenperatures at P3 and P8land a tenperature (= Tl = T2 = T5
T6) in a plane (h = 0) including CL' and an optical axis, and tertiary
astigmati smfor each tenperature difference is plotted, in connection with
objective lenses in Exanples 1 3 and Conparative Exanple, in the nodel of
refractive i ndex distribution as stated above. Incidentally, in the nodel
refr% %Eve i dex distribution in the present sinulation) tenperature
dlstrlb £rof %P in the circunferential direction is the sane as tenperature
distribution TR in the direction perpendicular to the optical axis. 85
Fig. 7 YhowsOtBat ,ai andO/tmof, tfert ilargSast i,gmati sih.g8%erated is reduced in
the Exanples 2-1 - 2-3 where expressions (2-1) and (2-2) are satisfied,
conpar egawhihzCopparat i ve Exanpl e. where there is generated tertiary
astigmati smwherein an anount of generated astignatisn1exceeds 0. 07 ARMS

repres ?hk@gcg rechal-—s gritertom gnder thepconditionr tiat TR is 2C In
particuy aﬁo I'n |Exartpire 2-/3 wHemei n |exprkssi pngd( 2 1Bema¢352) and (2-8) are
sat i sf Fredi—an—greunt-—of—t-ertary—ast-grat-smgenrerat-ed % regduced to a half
or |ess, conparled wi-th Conparapbge |Exampl e. Incidentgﬂg mnih regard to
expressi-ons. (Al and (B) _specific punericallvalues |$9 h 1 are as
fol | ows__Sitnce tPﬁpgpéﬂﬁre-8@5@@88ré¢3§ﬁ6iﬂﬁéi5refrﬁéﬁﬁ&e i1dex of the
first plastic lleng bEokg - 1glBspof,| When TR is 2@, p%FSth
ens
3 0.96921 1.10000(1.56013| 56.0 Second
4 0o 0.33479 plastic
lens
5 oo 0.10000]|1.61950| 30.0 | Protective
6 oo - - - layer

Aspheric surface coefficient

First surface | Second surface | Third surface
x| -0.091995 19.909808 -0.891431
Ad | -0.824904E-02 0.264456E-01 0.101555E+00
Ab 0.281942E-04 ~-0.138684E-01 0.293358E-02
A8 -0.194862E-02 0.248894E-01 0.828845E-01
AlQ 0.778565E-03 -0.274969E-01 | -0.514588E-01
AlZ | -0.3270BSE-03 0.779188E-02 0
Ald 0.755572E-04 0 0
Al | -0.164000E-04 0 0
Incidentally, in the objective lens OBJ in each of

Example 1-2 and Example 1-3, when calculating A3SA in

expression {1-1), only temperature distribution and a change
of refractive index caused by temperature changes were taken

into consideration.



refractive index NL (h = 2.4) at P3 and P4 (h = 2.4) is 1.5247 - 1.1E - 4 x
2 = 1.52448. Therefore, rate of change of refractive index Nhl for height h
fromthe optical axis turns out to be Nni = -3.82E 5 from 1.52448 = 1.5247
+ Nhl - 2.4z. After calculation of the second plastic lens L2 in the sane
way as in the foregoing, tenperature-82pendency Vin/ 0T 86 of refractive
i ndex of the second plastic lens L2 is Nhz = 3.82E - 5, because it is the
sanme as that of the first plastic lens L1. Judging fromthe foregoing, it
is possible to state positively that each of objective | enses in Exanpl es
2-1, 2-2 and 2-3 is one wherein an anount of changes of astigmatismis
controlled t o_be .even when uneven re distri utlon i s caused
in the objectFVE ﬁ%ﬁs b ﬁgstE§@W@3&t§a2 Qﬁa ﬁ@&gﬁh fﬂy i 4fyi ng
expre55|on (2-1), éz 1'), (2-2) or (2-2'), and sufficient properties as an
obj ect i ve3PelE, oPPAACARt SYAILeHi Slegiddwiatd dromlniigh Iderfsioa) dsmiaddl di scs
are provided. The second enbodi nent nmakes it possible to obtain an opti cal
pi ckup @evilma)wher &i. 6 Oanndnopitcefl clystges mefgrastiicgEicrsm2 sssal33.in the
case where tenperature distribution that is non-rotational-symretry about

an opti whlilaxi $ni shgemgraied i3n theaabjlecigrre diensmoonposedsofmt,wo pl astic
| enses, and to obtain an optical information recording and reproducing

appar at 4p Rl 0¥l 88 ehhfagharevarti-pned qRt igal 1pi %&%ld%n%%h ko i's further
possibl e to obtain an objective lens that is composed of two plastic

:jg\r/‘isgz T{@@‘?h%hi%%a%ﬁ 35t 9PISSINE 2GRS 438L 1 3R QRUicah pi ckup

Since both objective lenses OBJ respectively in
Examples 1-2 and 1-3 are designed so that the expression (1-
1} may be satisfied, even when temperature in optical pickup
device PU is changed in the state where temperature
distribution is caused in objective lens OBJ, spherical
aberraticn change is small, and the objective lens OBJ has
sufficient power as an objective lens in the optical pickup
device for a high density optical disc for which an allowable
range for wavefront aberraticon of objective lens OBJ is
severe.

Incidentally, in lens data in Tables 1-4 and 1-5, NA

represents a numerical aperture, A (nm) is a design

wavelength, £ (mm) represents a focal length, m represents an

optical system magnification, r (mm) represents a radius of
curvature, d (mm) represents a distance between surfaces, NA

represents a refractive index in the design wavelength, and




87 density optical discs, wherein changes of astigmatismare small and
operations of recording/reproducing are excellent even when uneven

tenperature distribution is caused in the objective |ens. 88 What is
clainmed is: 1. An optical pickup device, conprising: a |light source to emt
a light flux having wavel ength ~; an BBjective lens including at |east two

plastic lenses of a first plastic | ens having positive refractive power and
a second plastic lens having positive refractive power, wherein the first
plastic lens and the second plastic lens are arranged in this order from
the light source side; and an actuator to drive the objective |lens; wherein
the objective lens satisfies the follow ng expression (1-1): -0.0004 < ~3SA
| (NA4 VOf represengs) Abbg ' goowner] inneld ng3SATCARVSRSREdsent s a rate of
change of a third order spherical aberration of the objective | ens when the
t enper asurdack ams empres skddyoyoftteh e caljceditriar éldensa urli fudrar W chariges, f
(nmm represents the focal length of the objective lens for the light flux

havi ng wayekeegtlh an anduit F erehHhdtie i £l afhdthe obj ective
| ens. 89 2. The optical pickup device of claim1l, wherein tenperature

di stri byt N ¢t bj i n : N+ h ctuator is
‘Ebh@f%rl‘t ﬁfo ¢ habl8EHYE J ens MRCONRS 1%%6@3% eﬁr e(?rgr%

ener gi zed. The optical pickup device of t he objective

| d. al” prckup dev o obj ec
o ol r SERRASTRT NG EBAG nae i e TR PN e B THE ot i pi chup

device fluctuates.in the course of ener%jzingraye act uat or .
optical axis and r (mm) represents a radius of curvature,

wherein K represents a conic constant and 2,; represents an
aspheric surface ccefficient.

The first embodiment makes it possible to obtain an
optical pickup device wherein deterioration of spherical
aberration is small, and stable recording/reproducing of
information can be conducted for high density optical discs
even when temperature in the optical pickup device is changed
in the state in which uneven temperature distribution 1is
caused in an objective lens composed of two plastic lenses.

In particular, it is possible to obtain an optical
pickup device wherein an amount of change of spherical
aberration in the case of temperature change in an optical
pickup device is small, and stable recording/reproducing of
information can be conducted for high density optical discs
even when an amount of energizing for a focusing coil and a

tracking coill grows great, and to obtain an optical



4. The optical pickup device of claim1l, wherein at | east one of the

follow ngs expressions is satisfied: ITAl > 1.0, ITR1I1 > 0.3 ITR21 > 0.3
where TA (C) represents tenperature distribution in the optical axis
direction of the objective |l ens and each of TR1L (C) and TR2 (C) represents
tenperature distribution in the radi ak direction when the actuator is

energi zed, and TA, TR1 and TR2 are defined by the foll ow ng expressions: TA
=T1 - T2 (C TRL = (T3 + T4 +T5 +7T6) / 4 - Tl (C TR2 = (T3 + T4 + T5 +
6 ) / 4 - T2 ( C) 90 where when the actuator is energized, Tl (C
represents tenperature on a vertex of a light source side optical surface

of the,first pl.astic Ie Igé g esents erature on a v§ﬁ{ex of an
opti caldPIBaLial &eL ”tgh@ Cﬁué%’ﬁ% JRRLatES  @PLlopAndothers (o
and T6 (C) represent tenperatures respectively at points where a first line
whi ch pdesesensionghl @nwigale RIoikMp ¢ievddeens thickness of the first
plastic lens on an optical axis and is perpendicular to the optical axis
and |ines whithieepuesbeti pgskiibés albt abred by okgteictd viehé ehisstthizitne by 90
around the optical axis intersect with an outer circunference of the first
pl asti dsl ensparedld it ewhb pake tiRaslyRkAftiehd ke itterier atdurem di stribution
fluctuation in the objective | ens becones a stable condition when the

act uat %ljb%tqw 9iczed .o alN@RRidMal, RIGHH AR L & A rﬁgfii Mchs Wier ei n the
e

nunerica aperture NA on the inmage S|de t he objective ns is 0.8 or
nor e. opt:i.cal K Vi |_ai at or
conpri s t-[lagflo?t&sﬁ&%q c'n%l i %‘?{éet Fac t'| %&Pcrgc{lqr an? éﬁé&@ﬁ%{% of the

focu5|n coi.l the tr ckln% coil is arnanq&l to beé£PS|t|oned so t hat
its ceﬁt@P ksl gﬁgvp@feiy ere Temperature in 2 optic pick

device is changed in the state where uneven temperature
distribution is caused in the objective lens.
[SECOND EMBODIMENT]

In the second embodiment, “uneven temperature
distribution” means that when driving an actuator (not shown)
(when energizing a coil), under the assumption that Tl (°C}
represents temperature of vertex Pl of the first surface (an
optical surface on the light source side of the first plastic
leng L1}, T2 (°C} represents temperature of vertex P2 of the
fourth surface {an optical surface on the optical recording
medium side of the second plastic lens L2), and T3 (°C), T4
(°C), TH (°C) and Té6 (°C) represent temperatures respectively
at peints P3, P4, P5 and P6 where optiocnal line CL that
prasses through the middle point of a lens thickness
(thickness on an optical axis) of the first plastic lens Ll

and is perpendicular to the optical axis and line CL’




91 positioned to be closer to the light source than the center of gravity
of the second plastic lens. 7. The optical pickup device of claim1,
wherein the foll owi ng expressions (1-2) - (1-4) are satisfied: -20 x 10-5 /
C<ONL1 <-2x 10-5/ C(1-2) 0.6 < ~NL2 / ~NL1 < 1.5 (1-3) 0.1 < (~NL2 /
ONL1) . fB/ (f - (1 - m) <0.2 (1-495where ~NL1 represents a rate of
change of refractive index of the first plastic lens for tenperature
changes, ONL2 represents a rate of change of refractive index of the second
plastic lens for tenperature changes, and fB (mm) represents a back focus
of the objective lens. 8. The optical pickup device of claim1l1, wherein the
follomﬁng exgression él-S% is satisfied: 3.5 S fl . %1 - nm) / (f2 . (1 -
nm2)) < 5CRreEeByihPelRef L1RfnfLr EpFasent BYa PScaRtRERGER 6F PHESE r st
plastic |lens for the light flux having wavel ength ~, nl represents the
magni f i ea¥Fenferenne ofrshepfassrcilense pRredwp Fépresadt yhenf 88al | ength
of the second plastic lens for the 92 light flux having wavel ength , and
n2 represenesethe thgnhigbastonenbetrheusecandnpl a8t -cThen§L 9. The opti cal
pi ckup device of claim1l, wherein the first plastic lens has a first flange

porti onr@Prés@et s pheeat opesti eBmpbahtligeothsi de tBerepkheal shuncti onal
portion and the second plastic | ens has a second flange portion on a

per i phesaby p0cti OfpLbatuls Ut 24 danhhe 00t ircahof ¥R LAAAL BAELion. and the

first plastiT |l ens and the second plastic [ens are integrated i nto one body
by bringing. a. irst £lange_portion an art.aof. th cond
fl ange %%$ }gﬁgﬁéic%% %%?S%#?ﬁ égc ?ogﬁgrfga%& %ﬁgrgﬁﬁlF%éggblﬁgwﬁﬁg
defined that *“uneven temperature distribution is caused in
the objective lens”.

TP I TH - TL| > 0.5 (2-3)

TR |TH - TC| > 0.5 (2-4)

Further, “temperature distribution in the ocbjective
lens is even” means an occasion where both expressions {2-3)
and (2~4) are not satisfied simultaneously.

Further, all these temperatures are assumed to be those
obtained through measurement after changes of temperature
distribution in the objective lens become to be the steady-
state. In the present gpecification, “changes of temperature
distribution in the objective lens become to be the steady-
state” means the state wherein an absolute value of a rate of
change of temperature is 0.1°C/min at all points of Pl - P6.

In a plastic lens with high NA of a two-group
structure, a height of passing of marginal ray of light for

the first plastic lens arranged at the light source side is



expression (1-6) is satisfied and the first plastic lens is held by a
bobbin that is driven by the actuator: DI > D2 (1-6) where D1 (nmm
represents an outside dianmeter of the first plastic |Iens including the
first flange portion and D2 (m) represents an outside dianmeter of the
second plastic lens including the secaond flange portion. 10. An optical

i nformation recordi ng and reproduci ng apparatus for conducting at |east one
of recording information on the.optical information recordi ng nedi um and

93 reproducing information recorded on the optical information recording
medi um conprising: the optical pickup device described in claiml1l. 11. An

obj ectiye ns, f or e ip_an tical Rpickup_device, conprising: | east

t wo pIé%%?%é%e%%%% gﬁaﬁ ??FSFH§|§§F98 IgiggﬁégihanﬁogFggggegegPaEvae power
and a second flastic | ens having positive refractive power, wherein the
first pPRlsti@! | PASCHAAC AR E8EORA1pTaBEfeuNefddar e Y TERGRIE i R tHA% or der
fromthe |ight source side; wherein the objective |lens satisfies the

fol | owidfy bkahrlession YA-af: 0.850004exsiBBAaffempad. by digtribufjor 0. 0004
(1-1) where ~3SA (ARMB) represents a rate of change of a third order

spheri caf =bErsation bfidéhefobjeeihyeubenstuhiparaberteapetatbueion. an
entire body of the objective lens uniformy changes, f (mm represents the

focal length mf die obhestive dessriwegthe tiaht2£] uxihavi ngoyavsi ength ~,

and mrepresents the magnification of the objective |ens.
to reduce an influence of refractive index changes following
upon temperature distribution which is exerted on a ray of
light with NA 0.85, by designing an objective lens so that a
value cf di/f in the expression (2-1) may be less than the
upper limit theredf, and therefore, it is possible to
diminish astigmatism that is generated when a focusing coil
and a tracking coil are energized, even in the optical pickup
device employing an objective lens that is made up of a
plastic lens composed of at least two groups. However, if
the value of di/f is made to be too small, sensitivity for
eccentricity error between optical surfaces in the first
plastic lens becomes too high. Therefore, by establishing
the lower limit of d;/f to be 0.6, it is possible to reduce
sensitivity for eccentricity error of the first plastic lens
and thereby to enhance a rate of yvield in mass production.

Next, the preferable structures in the second

embodiment is explained.



94 12. The objective lens of claim1l, wherein tenperature distribution in
t he objective | ens becones uneven when an actuator is energized. 13. The
obj ective lens of claim11l, wherein the objective |lens satisfies the
foll owi ng expression (1-7): -0.0003 < ~3SA/ (NM - f - (1 - m) < 0.0003
(1-7) 14. The objective lens of claimd]l, wherein at | east one of the
foll ow ngs expressions is satisfied: I'TAl > 1.0, ITR1I1 > 0.3 ITR21 > 0.3

where TA (C) represents tenperature distribution in the optical
direction of the objective lens and each of TRL (C) and TR2 (C

axi s
represents

tenperature distribution in the radial direction when the actuator is

energi zed, and TA, TR1 and TR2 are defined by the foll ow ng expressions: TA
=Tl - T2 (O THA stdSturd4desdbibed6in/Idem T12 (R TR sptidatr T4 + T5 +
T6) / 4 - T2 (C) where when the actuator is energized, Tl (C) represents

tenper atpi €&@h @ewpEd CxcObraihlobb $OMRCS-31 dgnapkifatne 93134k
first plastic lens), T2 (C) represents tenperature on a vertex o

age of the
f "an

opti cal é&ﬁfiiégﬁ%ﬁ?gifcﬁ {Qesggggggea[astic lens, T3 (O, T4 (O, T5 (O

and T6 (C)

tenperatures respéctively at points where a first line

whi ch passes through, fntg%lgggogzé ?L gelggﬁﬁéﬁjckness of the first

plastic lens on an optical “a

and |ines mhi%p representing |ines obtained by rotating the fist

110 b SR SRET e t 46 R InL R bRl ef D cihe o e ehbee ofensie first

around t he opt
plastic Jens and T1 to T6 are neasured after the

in the present gpecification will be defined as follows.

ular to the optical axis

line by 90

As

shown in Figs 5 (a) - 5 (c), first plastic lens L1 and second

plastic lens L2 both constituting objective lens OBJ have

respectively first flange portion FL1 and second flange

portion FL2 each being formed solidly with each optical

functional portion, on the peripheral portion that is outside

the optical functional pertion (hatched portion in Fig.

5),

and the first plastic lens L1 and the second plastic lens L2
are integrated solidly by joining a part of the first flange
portion and a part of the second flange portion {(joining
portion M in Fig. 5 (b)) together.

Incidentally, it is more preferable to make the value
of di/f to be within a range of expression (2-17).

The structure described in Item 2-3 is an optical
pickup device having therein a light source that emits a
light flux with wavelength A, an objective lens made up of at
least two plastic lenses including a first plastic lens

having a positive refractive power and a second plastic lens



tenperature distribution fluctuation in the objective | ens becones a stable
condi tion when the actuator is energized. 15. The objective lens of claim
11, wherein the nunerical aperture NA on the inage side of the objective
lens is 0.8 or nore. 16. The objective lens of claim1l, wherein the
followi ng expressions (1-2) - (1-4) atg satisfied: -20 x 10-5/ C < ~NL1 <
-2 x 10-5/ C(1-2) 0.6 < ONL2 / ~NL1 < 1.5 (1-3) 0.1 < (ONL2 / ~NL1) - fB
/[ (f . (1-mM) <0.2 (1-4 96 where ~NL1 represents a rate of change of
refractive index of the first plastic lens for tenperature changes, ~NL2
represents a rate of change of refractive index of the second plastic |ens
for tenperature changes, and fB (mm represents a back focus of the

obj ecti evlirgsa Positheeoledchicre vieepowelr alndl mnlGctwadoe nhiatie f ol | ow ng
expressions (1-8) - (1-10) are satisfied: -15 x 10-5/ C < ONL1 < -5 x 10-5

/| C (1-8Yifed €heNeBjbcOikt fehed (hedeid heat (AMeZabe@Nid) thefB / (f - (1
- m) <0.18 (1-10) 18. The objective lens of claim1ll, wherein the

fol | ow pg r es$si - i at,i-sf, f ( ) [ (f2 . (1 -
m) < Blu?§85§§wﬁg§g§%z§%g'%h%egfzggﬁﬁg gmﬁg%at%ngﬁgﬁﬁugglthe first

pl aSt'CdSyS§1£8£ bhe st gy Ofﬁ&gg (g yaveleRat sy i Fg@f% gnts an

opti cal em magni plastlc ens, represents
a focal ﬁggth of the second % ti,c Iens faor th qﬁﬁ x havi ng
wavel en§P yﬁﬁgnﬁxp€ﬁﬁéé8ﬁt§ a 06§|§§I1§§§F@h1ﬁﬁﬁh A on of the second
pl astic |ens. 97
represents a focal length of the first plastic lens, Pl
represents a magnification of the first plastic lens, £2 (mm)
represents a focal length of the second plastic lens and f2
represents a magnification of the second plastic lens.
2.2 < £1 - (1 - PL) / (£2 - (1 - B2)) < 4.2 (2-2)
The structure described in Item 2-4 is the optical
pickup device described in Item 2-3 wherein the following
expression (2-27) is satisfied.
2.2 < f1 - (1 - BLY / (f2 - (1 - B2}) < 4.0 {(2~2")
In the structure described in Item 2~-3, it is possible
to reduce an influence of refractive index changes following

upon temperature distribution which i1s exerted on a ray of

light with NA 0.85, by making the relationship of f1, B1,

and B2 to be less than the upper limit of the expression (2-
2), and therefore, it is possible to diminish astigmatism
that is caused by uneven temperature distribution of the

plastic lens generated when a focusing coil and a tracking




19. The objective lens of claim1l, wherein the second plastic lens is a
meni scus lens that is convex toward the first plastic |lens. 20. The
objective lens of claim1l, wherein the first plastic lens has a first

fl ange portion on a peripheral portion that is outside the optical
functional portion and the second plasigc |lens has a second flange portion
on a peripheral portion that is outside the optical functional portion, and
the first plastic lens and the second plastic lens are integrated into one
body by bringing a part of the first flange portion and a part of the
second flange portion in contact wth each other) and wherein the foll ow ng
expression (1-6) is satisfied and the first plastic lens is held by a
bobbi n tdwmtl iarairéneng byed heamdt tla¢neby Dlo >s@Rutéd- 8) swhéiei®it (mm
represents an outside dianeter of the first plastic |lens including the

first flvangemprdismaeed 2i ¢imive efs eseniscanfevestdevwdinnghespoichhe
second plastic lens including the second flange portion. 21. An opti cal

pi ckup v/ . a |.ight . e | i ght u in el engt h
~; an ogf%%f?Jengﬁé H%%%dﬁ%%ygfg?%§§§n%§o§%la@ ic%%e%%gg%%ﬂgﬁ %rst
pl astic |ens hangg}p sitjve refractive power and a_second%PIastic | ens

a

havi ng OF5%% & ¢ vEOWRet 1M the? Bi HRe nexpYes8ignatet2) tens and the

second plastic lens are arranged in this order fromthe |ight source side;

and an act uat dniglegtiade v hel tobjedidnme praifserathes ei g make fidie owi ng

expression (2-1) is satisfied: 0.6 <d=/f < 1.2 (2-1) where f (mMm

repr esentesl st foaeglip engtin offt heephirettfyecd 8RS within a range of
expression {2-2'),

The structure described in Item 2-5 is the optical
pickup device according to either one of Items 2-1 - 2-4,
wherein it is possible to control astigmatism changes caused
when temperature distribution in the objective lens becomes
uneven in the course of energizing the actuator, when the
objective lens satisfies the aforesaid expression (2-1}, (2-
17), (2~2) oxr (2-27).

In the structure described in Item 2-5, it is possible
to control astigmatism changes even when temperature
distribution in the objective lens becomes uneven when
energizing the actuator.

Incidentally, in the structure, as uneven temperature

distribution defined with expressions (2-3} and {(2-4) that

causes astigmatism changes of the obijective lens, there is

given, for example, temperature distribution which changes in




for the light flux having wavel ength ~, and dl (mm) represents a distance
between a |ight source-side optical surface of the first plastic |lens and
an optical information recording medi umside optical surface the first
plastic lens on the optical axis. 22. The optical pickup device of claim
21, wherein the foll ow ng expression (éﬁ]l) is satisfied. 0.6 < di/f < 0.92
(2-1") 99 23. The optical pickup device of claim2l, wherein the
objective lens satisfies the expression (2-1) or (2-1') so that an
astigmati sm change caused when tenperature distribution in the objective

| ens becones uneven in the course of energizing the actuator is refrained.
24. The optical pickup device of claim2l, wherein the foll ow ng

expr essiponspd?: B)n and {Re 43c0b0dSpbweti 68 hdPgRt!| AHf rohLhn>oPt 5ch2-3) TR =
ITH- TG > 0.5 (2-4) where TP(C) represents tenperature distribution in
the circupferontipd ohreshion 9fibhe1obiRALLYe LRS! PhbhgoeouLge of
energi zing the actuator, and TR(C) represents’ tenperature 8IStrIbUtI0n in
the diregtion perpendicular to the optical axis, and when Tl (C) represents
tenperature on a vertex of a light source side optical surface of the first
plastic lens), T2 (Q represents tenperature on a vertex of an optical disc
side surface tHE étc%‘fﬁf%%scf?%cq%n& e qﬂg(é)’,th@ 51eHE T6 (C)
represent tenperatures respectively at points where a first |ine which
passes thtOtgh FE VAR ACHF NG ta eehBer hprrRneEsIbemEhe-Lirs2-blastic | ens
on an optical axis and is perpendicular to the optical axis and |Iines which
r epr eserigigin ndse obvhl metndyexpressions (2-3) and (2-4) are

satisfied when TP(°C) represents temperature distribution in
the circumferential direction of the objective lens in the
course of energizing the actuator, and TRC(°C) represents
temperature distribution in the direction perpendicular to
the optical axis.

TP |ITH — TL| > 0.5 (2-3)

ft

TR ITH — TC| > 0.5 (2-4)

The structure described in Ttem 2-7 is the optical
pickup device according to either one of Items 2-1 - 2-6,
wherein the following expressions (2-5) is satisfied when di:
represents a distance between the first plastic lens and the
second plastic lens on the optical axis.

0.1 < di2/f < 0.4 (2-5)

The structure described in Item 2-8 is the optical
pilckup device according to either one of Items 2-1 - 2-7,

wherein image-side numerical aperture NA of the cbjective

lens is made to be 0.8 or more.




100 rotating the fist line by 90 around the optical axis intersect wth an
outer circunference of the first plastic lens and Tl to T6 are neasured
after the tenperature distribution fluctuation in the objective |ens
becones a stable condition when the actuator is energized, TH represents

t he hi ghest tenperature and TL is the égmest tenperature anong T3 o T6 and
TC is an average tenperature of Tl and T2. 25. The optical pickup device of
claim 21, wherein the follow ng expressions (2-5) is satisfied: 0.1 < dl z/f
< 0.4 (2-5) where diz represents a distance between the first plastic |lens
and the second plastic lens on the optical axis. 26. The optical pickup
device of claim?2l, wherein the nunerical aperture NA on the imge side of
t he obj ective lrenshe ssOr8conrevdesc2ibedhenoptémal -pi ckup devicelof clai m
21; wherein the actuator conprises at |east a focusing coil and a tracking

coil, angiakupeastviosecah bBeubequsipgeedi/] rapdat Reghr aekkngycoptikbgl
arranged to be positioned so that 1ts center of 101 gravity is positioned

to be clasgs &Qtﬁhg_b&a@égéQFéCEagggngtheC€ﬂg8§F8ESgg%yg§%uefotae econd

plastic lens. 28. The optical pic evice o arm erern the first

pl astic a. fi I tion_o eripheral portion that is

out si de %ﬁéf%%?ﬁ%a? ?%ﬁ%?%o%§ﬁ§%§§?Fgﬁogn a?ﬁg ¥é§§nHaBPg§P?EB|8 s has a
second f].ange tion on a peripheral portiopn that is outside the optical
function%?6€5r¥¢@n?maiﬁ t fig ?E?é?thﬁsEFESI@ 9SEndMREE-SLEBNEUBERLERE | ens
are integrated into one body by bringing a part of the first flange portion
and a padReBFLEIRBetdndPrBNGeBPortion in contact with each other) and
wherein the follow ng expression (1-6) is satisfied and the first plastic

| ens i s hel d WShen dobbitmtdadescr dreédemn bytéhe2 agt Uat oe @it bedP

pickup device according to either one of Items 2-1 - 2-8,
wherein the actuator is provided with at least a coil for
focusing and a coil for tracking, and at least one of the
coil for focusing and the coil for tracking is arranged so
that the coil may be positioned to be closer in terms of the
center of gravity to the light source than the second plastic
lens.

In the structure described in Item 2-9, the two-group-
structured lens 1s in a tendency wherein a volume of the
first plastic lens is larger, and the center of gravity of
the two—group—structuredVlens is c¢loser to the light socurce
than that of the second plastic lens, thus, focusing and
tracking can be conducted stably by making the center of
gravity of the focusing coil and that of the tracking coil to

be closer to the center of gravity of the second plastic

lens.



(2-6) where D1 (nm represents an outside dianmeter of the first plastic

|l ens including the first flange portion and D2 (nm represents an outside
di aneter of the second plastic |lens including the second flange portion.

29. The optical pickup device of claim28, wherein the follow ng expression
(1-6) is satisfied: 0.4 < E1/Dl < 0.6p,(2-7) 102 where E1 (nm) represents
an effective dianeter of the |ight source-side optical surface of the first
plastic lens. 30. An optical information recording and reproducing
apparatus for conducting at |east one of recording information on the
optical information recording nmedi um and reproducing i nformation recorded
on the optical information recording nedium conprising: the optical pickup
devi ce describkd strotaupe2desdtibAd apt Tcam Ri-cRupsdehieceptdespri sing: a
light source to emt a light flux having wavel ength ~; an objective |ens

i ncl udi pgcatpl 8agt ckwWacebasting kensesnefr arld Io¥t Mgt izc1l eng havi ng
positive refractive power and a second plastic |ens having positive

refraCt%ﬁ%rQ@ﬂeEgeW@ﬁEﬁknpﬁg chid SRl 884 ¢ qu%taQQaﬁgghzﬁﬁQﬂ Plgstic

| ens are arranged in this order fromthe 1ight source ; and an act uat or

to driv he.ohjective |lens; rein _the.foll ow ng expression.(2-2) is

sati sfi §d_£>e5_1§ﬁér§} POEEJLPHREW?"? (F2OutELde TR O%t&."%l( %f“’z")‘:tl%f@é where f1
(mm represents a focal length of the first plastic lens for the light flux
havi ng ygp@ﬁggﬁdhphelS@gﬁpgs@g@§téc lens has a second flange

pertion on a peripheral portion that is outside the optical
functional portion, and the first plastic lens and the second
plastic lens are integrated solidly by joining a part of the
first flange portion and a part of the second flange portion
together, and when D1 (mm) represents an outside diameter of
the first plastic lens including the first flange portion and
D2 (mm) represents an outside diameter of the second plastic
lens including the second flange portion, the following
expression (Z2-6) 1ig satisfied and the first plastic lens is
held by a bobbin that is driven by the actuator.

D1 > D2 (2-6)

In the structure described in Item 2-10, a flange 1is
provided on the peripheral portion that is outside the
optical functional portion of the plastic lens, and a two-
group-structured lensg is formed by joining the flanges, which
is better in terms of cost and easiness of assembling a two-
group-structured lens than making newly the parts for

joining. Further, the optical functiocnal portion of the




magni fication of the first plastic lens, f2 (i) represents a focal |ength
of the second plastic lens for the |light flux having wavel ength ~ and 132
represents a nagnification of the second plastic |lens. 32. The opti cal

pi ckup device of claim 31, wherein the follow ng expression (2-2") is
satisfied. 2.2 <fl - (1 - 131) / (f243(1 - a2)) < 4.0 (2-2") 33. The
optical pickup device of claim31, wherein the objective lens satisfies the
expression (2-2) or (2-2') so that an astigmati sm change caused when
tenperature distribution in the objective | ens becones uneven in the course
of energizing the actuator is refrained. 34. The optical pickup device of
claim31, wherein the follow ng expressions (2-3) and (2-4) are satisfied:
TP = | THirgtiphagt b (e TR greédter Tan>tBab 62- dhe s&064ndhpiesTPeC)
represents tenperature distribution in the circunferential direction of the
obj ecti Veedensand tiherebirse ofic efehoezi 88 Ghevacyuatotheand RO G2
represents tenperature distribution in the direction perpendicular to the

opti cal wis s andhahelodds (€ KePEesest scherper gtuce plagcveriexsof a |ight

source side optical surface of the tfirst plasti
represer}%ﬁaﬁ enpenat e n t c? disc sid rface the
second plastic Iensﬂggg %;?fiéﬁféjféag'( i Gﬁ?( Yr%é%iﬁiﬁéhlng
tenmperatures respectively at_points where a first _|ine which passes through
a mddl & ST GF e e T hi ERees RETtHerardiapfaEhi el B 3RCanCopti cal
axis and.is perpendjcular to the optical axis and |ines which representing
li nes obt @RS BRE F I hg- e FRSte¥PRRSHYORO(Ar dLnday Hee opat tafiedi s
intersect wth an outer circunference of the first plastic lens and Tl to
T6 are rgubdrieralfv.erby ealt onpetlae uf Brefif sptabut ¢ ohefis uce uad i lomld nby he
obj ective | ens becones a

the bobbin, focusing and tracking can be conducted stably.

In this case, there is caused a trouble that uneven

temperature distribution tends to be caused in the first

plastic lens because the first plastic lens is arranged to be

closer to the focusing coil that serves as a heat source in

the course of operations of the optical pickup device.

However, in the optical pickup device of the second

empodiment, astigmatism originated from unevenness of

temperature distribution in the objective leng can be

controlled small, because the objective lens is designed so

that the expression (2-1), (2-1'), (2-2) or (2-2') may be

satisfied.

The structure described in Item 2-11 is the optical

pickup device according to Item 2-10, wherein the following

expression (2-7) is satisfied when El (mm) represents an




stabl e condition when the actuator is energized, TH represents the highest
tenperature and TL is the | owest tenperature anong T3 o T6 and TC is an
average tenperature of Tl and T2. 105 35. The optical pickup device of
claim 31, wherein the follow ng expressions (2-5) is satisfied: 0.1 < dlz/f
< 0.4 (2-5) where dlz represents a di gf,ance between the first plastic lens
and the second plastic lens on the optical axis and f (m) represents a
focal length of the objective lens for the Iight flux having wavel ength ~.
36. The optical pickup device of claim 32, wherein the nunerical aperture
NA on the inmage side of the objective lens is 0.8 or nore. 37. The opti cal
pi ckup device of claim32, wherein the actuator conprises at |east a

f ocusi ng:fofEdt jared i drieaokd NQE Cthd |, 1 Byite adoheasts D o 1bel foeupsang coil
and the tracking coil is arranged to be positioned so that its center of

gravity ds daesitdi@ned t:d08- claser to the light source than the center of
gravity of the second plastic lens. 38. The optical pickup device of claim

32, wherein the  fi asti ns has a first fl,ange portion on a
peri pher al popfﬁoﬁrtjé?hi§;éﬁf%fde t he opti cal #&ﬁ@gional portion and the

por 1 on't hat 18 GUEs P i gy oA Tk b Mot b Mo e M P
plastic |l ens and the second plastic lens are integrated into one body by
bri ngi ngla fart® e iThan ik qoRRF 118k aref o PR T HEOB 6O f | ange
portlonmeans that a ratio of an effective diameter to an ocutside

diameter of the objective lens is made to be small, and

unevenness of temperature distribution in the optical

functional portion is reduced. In the optical pickup device

of the second embodiment, therefore, astigmatism changes

caused by uneven temperature distribution can be controlled

effectively by satisfying expressions (2-1} and (2-7) or

expressions (2-2) and {(2-7). It is further pessible to

prevent that an outside diameter of the objective lens

becomes too large.

The structure described in Item 2-12 is provided with

the optical pickup device according to either one of Items 2-

1 - 2-11, and is capable of conducting at least one of

recording of information on the optical information recording

medium and reproducing of information recorded on the optical

information recording medium.

The structure described in Item 2-12 makes it possible

to manufacture optical information recording and reproducing




in contact wwth each other, and wherein the follow ng expression (1-6) is
satisfied and the first plastic lens is held by a bobbin that is driven by
the actuator: D1 > D2 (2-6) where D1 (mm) represents an outside dianeter .of
the first plastic lens including the first flange portion and D2 (nm
represents an outside dianeter of the gecond pl astic lens including the
second fl ange portion. 39. The opticaﬁ pi ckup device of claim 38, wherein
the follow ng expression (1-6) is satisfied: 0.4 < E1/Dl < 0.65 (2-7) where
El (m) represents an effective dianeter of the |light source-side optica
surface of the first plastic lens. 40. An optical information recording and
repr oduci ng apparatus for conducting at |east one of recording information
- on the eptiacaltugdonmtien dHRe of fih dve: dreidi W @il orld o fF epdaghicl g -

i nformation recorded on the optical information recording nedi um

conpri sipng:y the optical pickup device described in claim32. 41. An
objective lens for use in an optical pickup device, conprising: at |east
two plastic | e irst _plastic . e hawi posi tive .refractive power
and a second gﬂés?itgfulcghls Ch&v® é‘ﬂl%)oesﬁilctlinvﬁreg]f \réla—gtgjl Ve Pone] ISHersi n t he
first plastiﬁ¥Jens and .th secgnd pl astic lens are arranged in this érder

from t he S Ls oy O& i 9 f8hES AMRR TR Xpradssisas i 2919 g
satisfied: 0.6 <dl/f < 1.2 (2-1) where f (nmm represents a focal |ength of
t he obj é&i \Fé Nsén$ lE@it itch & grisgAraviing mwmm@é@@Wg,pw ¢nd mm)
represents a di stance between a |ight source-side optical surface of the
first pltast isedomds rdmc tarr drisc daviinfop ot di tainve ecefrmi atgi megiawersi de opt i cal
surface the first plastic lens on the optical axis. 42. The objective |lens
of cl ai mhéleivhehel fdllewield @MpIESXRIress-an (& kacistisal vifdred 0.6 <
di/f < 0.92 (2-1") _
(mm} represents a focal length of the objective lens and d
(mm) represents a distance on the optical axis between the
light-source~-side optical surface of the first plastic lens
and the oplical surface on the optical information recording
medium side, and thereby, it is possible to control
astigmatism changes that is cause when temperature
distribution in the objective lens is made to be uneven by
heat generation in the course of energizing the actuator that
drives the objective lens.
0.6 < d1/f < 1.2 {(2-1)
The structure described in Item 2-14 is the optical
pilckup device according to Item 2-13, wherein the following
exXpression (2-1’) is satisfied.
0.6 < d:./f < 0.92 (2-1")

In the high NA plastic lens of a two-group structure, a

degree of transmission of a marginal ray of light is higher




108 43. The objective |lens of claim4l, wherein the follow ng expressions
(2-3) and (2-4) are satisfied: TP = ITH - TLI > 0.5 (2-3) TR=1TH - T >
0.5 (2-4) where TP(C) represents tenperature distribution in the
circunferential direction of the objective lens in the course of energizing
the actuator, and TR(C) represents te%%erature distribution in the
direction perpendicular to the optical “axis, and when Tl (C) represents
tenperature on a vertex of a light source side optical surface of the first
plastic lens), T2 (C) represents tenperature on a vertex of an optical disc
side surface the second plastic lens, T3 (O, T4 (C, T5 (C and T6 (O
represent tenperatures respectively at points where a first |ine which
passes tir ugh & trihd £ 1201 TdnHfa@rdensy thd ckoessodrtthe 41 18dnpl astic | ens
on an optical axis and is perpendicular to the optical axis and |ines which
repr esentd 188, | r I fl I &%QE e

opti cal %g}il}gb% nt ersgL(t:H[t a&{V\,i t %d oﬁ%ﬁ%?r%%r% eé%%]%ﬂéé%? ?%eﬂ?i(?jét p aEs(?i C

| ens an%'T ar sured after.the t eratur istrihution

t.0,_T6 ne . e
it aatt ot tne e GRS Vot | e Bl S oG s o wiidn Yne
actuator, ,is energized, TH 109 represents the_ hi ghesy, tenperature and TL
is the | Widpdtat e frﬁﬂfgs T‘%‘P&)qﬁagﬁcﬁr@i@aﬁ‘] %Jvce?]g%é““%%e‘?gt ure of
T1 and T2. 44. The objective lens of claim4l, wherein the follow ng
expr essifeFyI5)e jindan igFusei by tenppydture odéspilpytigerio dike
represents a di stance between the first plastic | ens and the second plastic
| ens on fistoptliacali@xiens 45. The objective lens of claim41l, wherein the
nunerical aperture NA on the image side of the objective lens is 0.8 or

nmore. 46. TheTok ettriea drensie@fcrGliaidnidl, 1 oiersi1n thgdl il towWdg iexiy essi ons
(2-8) is satisfied: 1.0 < (r2 +rl1) / (r2 - rl) <1.7 (2-8) whererl

represents 2R R i fAdidg-Ofc WIS 98 118ek | UnSOYT Cousddeoppt i cal

surface of the second plastic lens and r2 represents a paraxial radius of
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47. The objective Tens _ erern e fir plas ens has a
Funot | oifalEp SPETST 470 Gt GEaBha o A0t] S BFS Frees e Sadutd 11 ange por i on
on a expregsion (2-1) may be satisfied. Therefore, even in the
optical pickup device employing an objective lens made up of
a plastic lens that is composed of at least two groups,
astigmatism changes on an information recording surface of an
optical information recording medium in use can be
controlled, and recording/reproducing of information for high
density optical discs can be conducted stably.
Incidentally, it is more preferable to make an value of
d;/f to be within a range of expression (2-1') in Item 2-14.
The structure described in Item 2-15 is an objective
lens for optical pickup composed of at least two plastic

lenses including a first plastic lens having positive

refracting power and a second plastic lens having positive



peri pheral portion that is outside the optical functional portion, and the
first plastic lens and the second plastic lens are integrated i nto one body
by bringing a part of the first flange portion and a part of the second
flange portion in contact with each other, and wherein the follow ng
expression (1-6) is satisfied and the first plastic lens is held by a
bobbin that is driven by the actuator®7Dl > D2 (2-6) where D (rmm
represents an outside dianmeter of the first plastic |Iens including the
first flange portion and D2 (m) represents an outside dianeter of the
second plastic lens including the second flange portion. 48. The objective
| ens of claim47, wherein the foIIomIng expression (1- 6) IS satisfied 0.4

I<| 5% Diour ce% ((5%; Zg%tl calr%q ace o}?'ﬁt §| rﬁtg’ﬁ%f)gﬁ ens 11]1 A(9)f tA\Ee
bj I I Kk I
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and a second plastic Iens haV|ng positive refractive power, wherein the
first pkdssitdd densandlt mepyesend plaastaan il fbms wan arf aged imstt hi s or der
fromthe |light source side; wherein the follow ng expression (2-2) is

satisfi@dasZi2 4dnk,. 2l mml)rdpddsentd b -fod) Xerth (& Dhameseodd (mm

represents a focal |ength of the first pIastic | ens for the Iight flux

havi ng t AR pr cat.i on .of t |rst tic
| ens, f \(li Ei%?eL%Pesse%[ B% en%stn%ggta% 12% sceac%o a" Iﬂr}e 1:t ens or the
Ilght qux haV|ng mavelen th ~ and a2 represents a nagnlflcatlon of the

second PHASHIE [LE6R$ IShYectiAr g érce Jforli g o aSiHer@ thl §he

follomnnglexpreSS|on (2 2 ) is satlsfled
anges which are caused when temperature distribution in the

objective lens is made to be uneven by heat generated in the
course of energizing an actuator that drives the objective
lens.

2.2 < £1 - (1 - B1) / (£2 - (1 - B2}) < 4.2 (2-2}

The structure described in Item 2-16 is the objective
lens according tco Item 2-15, wherein the following expression
(2-27) 1is satisfied.

2.2 < £1 - (1 - B1) / (f2 - (1 - B2)) < 4.0 (2-27)

In the structure described in Item 2-15, it is possible
to reduce an influence of refractive index changes following
upon temperature distribution which is exerted on a ray of

light with NA 0.85, by making the relationship of £1, B1,

and B2 of the two-group objective lens to be less than the
upper limit of the expression (2-2), and therefore, it is

possible to diminish astigmatism that is caused when a



2.2 <fl - (1 - R/ (f2 - (1 - ~2)) <4.0 (2-2') 51. The objective Lens
of claim49, wherein the foll ow ng expressions (2-3) and (2-4) are

sati sfied: 112 TP = ITH - TLI > 0.5 (2-3) TR=1TH - TC > 0.5 (2-4)
where TP(C) represents tenperature distribution in the circunferentia
direction of the objective lens in thg course of energizing the actuator,
and TRC(C) represents tenperature dis ?ibution in the direction

perpendi cular to the optical axis, and when T1 (C) represents tenperature
on a vertex of a light source side optical surface of the first plastic
lens L1), T2 (C) represents tenperature on a vertex of an optical disc side
surface the second plastic lens, T3 (O, T4 (O, TS (C and T6 (O

r epr eserflocieriper aidirle%lﬂdes;p&.%id&@ﬂnq ado i ts aher®l Bed ) rE&ld limei svhi ch
passes through a mddle point of a lens thickness of the first plastic |ens
on an Opfy i j rpendi £ ; I i.s angd A4 nes which
repr ese%o:sﬁglblli%ﬁgg %%%éilrr\]%e%eby rotcgltLgl% V‘r{cﬁ%&ft}?‘%ﬁ?ﬁ%cb%)%é ar our%% t he
optical axis intersect, wt n quter_circ erence of the first plastic

| ens and 1rte&aféoé“rsgj%é‘s{]r§d gif]t’erﬂt Wél‘ijrﬂr?pé}fatttﬂee TSI B i on
fluctuation in the objective |ens beconmes a stable condition when the

act uat ocbjecsiaegilres, tTHhepresdras thie Hilghelstwaeniparist wfe @l TL is the

| owest tenperature anobng T3 o T6 and TC is an average tenperature of Tl and
T2. 183ph2ssihe dlyj-egt.i ve | ens of claim49, wherein the foll ow ng
expressions (2-5) is satisfied: 0.1 < diz/f <0.4 (2-5) where dlz

represents a dhgstaneeahetveen tkenldrsShriifesidn d ars e the second plastic
| ens on the optical axis. 53. The objective | ens of claim49, wherein the

numrer i cgle 13RS NA 1 NP1 MB9° SR L BR QRIGEY e e I5F 0.8 or

expression (2-2') of Item 2-16.

The structure described in Item 2-17 is the objective
lens according to either one of Items 2-13 - 2-16, Qherein
the following expressions (2-3) and (2-4) are satisfied when
TP(°C) represents temperature distribution in the
circumferential direction of the objective lens in the course
of energizing the actuator and TR(°C) represents temperature
distribution in the direction perpendicular to the optical
axis.

TP [TH -— TL| > 0.5 (2-3)

il

TR

| TH — TC| > 0.5 (2-4)
The structure described in Item 2-18 is the objective
lens according to elther one of Items 2-13 - 2-17, wherein

the following expressions (2-5) is satisfied when dis
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nore. 54. The objective lens of claim49, wherein the follow ng expressions
(2-8) is satisfied: 1.0 < (r2 +r1) / (r2 - rl) < 1.7 (2-8) where rl
represents a paraxial radius of curvature of the |ight-source-side optica
surface of the second plastic lens and r2 represents a paraxial radius of
curvature of the infornation-recordin%-nediun}side optical surface. 55. The
obj ective lens of claim49, whereint g first plastic lens has a first
flange portion on a peripheral portion that is outside the optical
functional portion and the second plastic |ens has a second flange portion
on a 114 peripheral portion that is outside the optical functional
portion, and the first plastic |l ens and the second plastic |lens are

i Nt egr atreghridHemm tANe ROBE MeHrdiU MY GpPaFd1 Hxidenddwadn fpnge por tion and
a part of the second flange portion in contact with each other, and wherein

t he fol Ipq\ggggbce@%rnﬁss%'ﬂ&g t(é_ge @eéﬁéﬁiﬁéfg Al the first plastic lens is

hel d by a I n that Iven e actuator: DL > D2 (2-6) where D1
(mm) represents.an qutside diameter of the first plastic | ens including the
first flange éo}tfoﬁlﬁﬁé'Txékégo represents an outsﬁ%@§hianeter of the
second plastic_ _lens including the second flange portion. 56. The objective
lens of clai MBS, SHEECEUE S FESCHHBM Ag Shstbesilch iE e iPIef5isis ed: 0. 4
< El/D < 0.65 (2-7) where El (nmm represents an effective dianeter of the
| i ght sd@nceasicpadopd dal ssiitferceors ahalfenst2-plhst i - 1nwheng Ne

/ N4/ N4/ NL/ Nc / Nd/ Nmi N4/ NP/ N/ N / N4/ N/ N4/ NPD/ NO/ NP/ N4J/ NOcd/ NO/ NP/ N4/ N4/ N/ Ndc
/ Nml NP, fNmid4]i%a4 a@d4dire NA on the image side is made to be 0.8 or

more.

In the structure described in Item 2-19, it is possible
to use an objective lens for an optical pickup device
properly for a high density optical disc having a protective
layer with a thickness of about 0.1 mm that useg a viclet
semiconductor laser light source with a wavelength of about
400 nm and an objective lens with image-side numerical
aperture NA of about 0.85.

The structure described in Item 2-20 is the objective
lens according to either one of Items 2-13 - 2-19, wherein
each of the first plastic lens and the second plastic lens is
a meniscus that is convex toward the light source, and the
following expressions {(2-8) is satisfied when rl represents a
paraxial radius of curvature of the light-source-side optical
surface of the second plastic lens and r2 represents a
paraxial radius of curvature of the information-recording-

medium-side optical surface.
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temperature distribution tends to be caused in the first
plastic lens because the.first plastic lens is arranged to be
closer to-the focusing coil and the tracking coil that serve
as a heat source in the course of operations of the optical
pickup device. However, in the optical pickup device of the
second embodiment, astigmatism changes originated from
unevenness of temperature distribution in the objective lens
can be controlled to be small, because the objective lens is
designed so that the expression (2-1), (2-17), (2-2}) or (2-
2') may be satisfied.

The structure described in Item 2-22 is the objective
lens according tc Item 2-21, wherein the following expression
(2-7) is satisfied when El1 (mm) represents an effective
diameter of the light-source-side optical surface of the
first plastic lens.

0.4 <« E1/D1 < 0.65 (2-7)

In the structure described in ITtem 2-22, making E1 and
D1 to be less than the upper limit of expression (2-7) means
to make a ratio of an effective diameter to an outside
diameter of the objective lens to be small, and unevenness of
temperature distribution in an optical functional portion is
lowered. In the objective lens for the optical pickup device

of the second embodiment, therefore, it is possible to




R& ()-V610% R& ()-4j!10% R& ()- QUEBC 10% R& ()-"10% R& ()-]10% R& ()-1!10%
R& ()-f"10% R& ()-C 10% R& () - 20- dEbC#M 10% R&' () -V 10% R& () - 10%

R& ()- @1 10% R& ()-9!10% R& ()-*10% R& () --i SAEbCV| 010% R& ()- Y. ! 10%

R& ()-6, 10% R& ()-*10% R& ()-'!10% R& ()- 9% 10% R& () - 20pqr t xmbCLOY& () -
10 R 10 R 10 R8!10% R& ()-6 10% R& () 4i ! 10% R& ()-2 10%

R& ()-t9% , dEmbC! y10%&' ()-L" 109%& () -

control effectively astigmatism changes which are caused by
uneven temperature distribution, by satisfying expressions
(2-1} and (2-7) or expressions (2-2} and (2-7). It is also
possible to prevent that an outside diameter of the objective
lens becomes too large, by making them to be larger than the
iower limit.

The best mode of the second embodiment is explained.

In a detailed view in the vicinity of the cbjective
lens OBJ shown in Fig. 3(a) and Fig. 3(b), the first plastic
lens L1l is located closer to a focusing ceil FC and a
tracking coil TC than the second plastic lens L2.

Accordingly, when an optical pickup device PU is
working, the temperature of the objective lens OBJ raises in
receipt of the influence of heat caused from the focusing
coil FC and the tracking coil TC. As shown in Fig. 3, since
the focusing coil FC and the tracking coil TC are arranged
closer to the first plastic lens L1 than the second plastic
lens L” and mounted asymmetrically in terms of rotaticn
around the optical axis of the objective lens, asymmetrical
temperature distribution in terms of rotation around the
optical axis is caused in the objective lens OBJ (especially,

in the first plastic lens).
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However, in the optical pickup device PU of the second
embodiment, astigmatism changes originated from unevenness of
temperature distribution in the objective lens can be
controllied to be small, because the objective lens is
designed so that the expression (2-1), {2-1')}, (2-2) or (2-

2’) may be satisfied. As a result, recording/reproducing
information can be conducted stably for a high density
optical disk OD.

In this connection, it may be preferable to design the
first plastic lens L1 and the second plastic lens L2 so as to
satisfy the expressions (2-6) and (2-7), when El represents
an effective diameter of a light source side optical surface
of the first plastic lens Ll, D1 is an outer diameter of the
first plastic lens L1, and D2 is an outer diameter of the
first plastic lens L2.

Further, in the objective lens in this embodiment, each
of the first plastic lens L1 and the second plastic lens L2
is a meniscus lens being convex toward a violet semiconductor
laser side. Generally, in an objective lens which is
structure in two groups with a high NA and is made of a
plastic, if its shape is designed so as to be smaller than

the lower limit of the expression (2-8), when a light flux

having an angle of view comes into the objective lens, coma
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closest to an optical information recording medium} become
larger. As a result, an allowable difference in the
positional adjustment for the light source becomesg more
severe. On the other hand, if its shape is designed so as to
be smaller than the upper limit of the expression (2-8), the
deviation of the second plastic lens in a direction vertical
to the optical axis, that is, an assembling process for two
plastic lens becomes more severe. However, when the second
plastic lens is a meniscus lens being convex toward the
violet semiconductor laser side and is designed so as to
satisfy the expression (2-8), the generation of a comma
aberration can reduced and an allowable difference for the
accuracy in the positional adjustment for the light scurce
and the assembling process of the cbjective lens can be
eased.

Further, although an illustration is omitted, it
becomes possible to obtain the abovementioned optical pickup
device, a rotating driving device to hold rotaticnally an
optical information recording medium and an optical
information recording reproducing apparatus which
incorporates an control device to control driving wvarious

types of devices and can conduct at least one of recording
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optical information for an optical information recording
medium OD and reproducing information recorded in the optical
information recording medium OD.

Next, an objective lens suitable as the aforesaid
objective lens will be explained. First, lenses designed to
satisfy the expression (2-1), (2-17), (2-2) or (2-2') are
shown in Tables 2-3 as Examples 2-3, and an objective lens
designed not to satisfy expressions (2-1), (2-17), (2-2)} and
(2-2') is shown in Table 2-4 as a comparative example. Values
of the expressions for the Examples 1 - 3 and the Comparative

Example are shown in Table 2-5.
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5nm = 1,765mm , m = 0
Paraxial data
Surface
o ¥ {mm) a (rum) NA vd An/AT Remarks
Light
O - [ete] —_ —-
source
1 1.8388 1.201 1.5247 | 6.4 First
5 10.2387 0.05 -1.1E-04 pﬂéstlc
ens
3 1.2476 1.63: 1.5247 | 56.4 Second
4 3156.6018 | 0.22 ~1.1E-04 pllaStlc
ens
5 oo 0.101{ 1.61%95 |30.0 Protective
6 oo - - - layer

Aspheric surface coefficient

First surface | Second surface | Third surface

x| -2.0085E-01 2.2603E+01 -1.1930E+0Q0
Ad 1.5590E-04 1.7258E-02 7.3227E-02
Ab6 | ~-4.8620E-03 -2.7840E-02 1.2770E-02
AB 4.7230E-04 2.8469E-02 7.9840E-03
A1Q 1.4866E-03 -1.3370E-02 -2.1255E-04
Al2 | -1.1240E-03 1.9470E-03 0.0000E+00
Al4d 3.5580E-04 0.00C0E+00 0.000CE+0D
Al6 | -6,9900E~-05 0.0000E+00 0.0000E+00

9! 10968 () -
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Example 2-2
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NA = 0.85 , A = 405nm , f = 1.765mm , m = 0
Paraxial data
Surface
Yo ¥ {rmm) d (mm) NA vd An/AT Remarks
Light
0 - oo - -
source
1 1.8640 1.83 ] 1.5247 | 56.4 First
5 7 7564 0.05 -1.1E-04 plastic
lens
3 1.0032 1.26| 1.5247 | 56.4 Second
4 8. 9979 0.24 -1.1E-04 prlastic
lens
5 oo 0.10] 1.6195 | 30.0 Protective
6 oo - - - layer

Aspheric surface coefficient

First surface | Second surface | Third surface

x| -2.2130E-01 7.0328E+00 -8.6402E-01
Ad 1 -2.1846E-03 2.2052E-02 1.0103E-01
A6 | -9.5322E-04 -2.2281E-02 3.8530E-02
AB ! -7.7285E-04 2.4090E-02 1.8246E-02
AlQ 9.3317E-04 -1.7744E-02 2.8938BE-02
212 | -8.4617E-04 3.7710E-03 0.0000E+00
ald 3.1866E-04 0.0000E+0QQ 0.0000E+00
Al6 | -5.68B85E-05 0.0000E+00 0.0000E+00
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Table 2-3

Example 2-3

NA = 0.85 , A = 405nm , £ = 1.765mm , m = 0
Paraxial data
Surface
No T (mm) d (mm} NA vd An/AT Remarks
- Light
0 - oo - -
source
1 1.5934 1.10: 1.5247 ; 56.4 First
-1.1E-04 plastic
2 8.2529 0.60 lens
3 1.6902 1.10] 1.5247 | 56.4 Second
-1.1E-0C4 plastic
4 o0 0.26 lens
5 oo 0.10¢1 1.6185 | 30.0 Protective
6 oo - - - layer

Agpheric surface coefficient

First surface | Second surface | Third surface

x| -1.4359E~01 2.5532E4+01 ~-1.0505E-01
Ad | -6.8232E-03 8.0373E-03 -2.3969E-03
At | -2,.5111E-04 -2.3113E-03 ~5.5209E-02
AB | -1.3788E-03 2.7676E-04 4.9216E-02
Al0 | -3.7312E-04 -2.1956E-03 -4 .3551E-02
212 | -4.5130E-06 4_6510E-04 0.0000E+00
Al4 3.0537E-08 0.0000E+0D 0.CC00E+00
Al | -4.4887E-05 0.0000E+0Q0 0.C0C0E+00
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Comparative Example 2
NA = 0.85 , A = 405nm , £ = 1.765mm , m = 0
Paraxial data
Surface
No. ¥ (mm) d (mm) NA vd An/AT Remarks
Light
0 - oo - -
source
1 2.0066 2.50] 1.5247 | 56.4 First
5 6.2900 0.05 -1.1E-04 plastic
lens
3 0.8880 1.10: 1.5601 | 56.7 Second
4 - 0.26 -G .0E-C5 plastic
lens
5 oo 0.10] 1.6185 | 30.0 Protective
6 oo - - - layer

Aspheric surface coefficient

First surface | Second surface | Third surface
.6811E-01 4.8625E4+00 -8.0927E-01
.6830E-03 -2.2200E-03 1.1694E-01
.1110E-04 1.7541E-02 2.8874E-02
A4700E-04 -9.5100E-03 1.2745E-01
.3380E-04 ~-1.7950E-02 -8.7730E-02
.5600E-04 8.9880E-03 0.0000E+Q0
.6400E-05 3.0000E+00 0.0000E+0QD
.B900E-05 0.0000E+00 0.00C0E+QOD
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10968&' ()=)-2j-1s109%6& ()-s 10968 ()-s 1098 EBiiili Za@Q0l 10s
109%& ()-)2i 15 100&& ()1s76Dumr ()1 <7670 5 ZAbCOl 10s
10968 ()-) 2] 12 1096& ()0 850968 ()088510%&' (-85 10%& ( P-i85<j uj jj *k| [: bCO
1 10%A" & () - FI0%A" & () -4 MA0YA" & (9-23 109A" & (36 Y! 109A1&'9() - -
s6109%A"|&' () - *fleakkkkl, 1]3.380 L(10%A'® () -] OyRIADYA" & () 1.5¢$} 109A" &' () -
| "109A" & () - gQ 1109~ & () -- O] 109\ & (y Td MV | NBATOATTOA" 10A" L@B-
109A" & r)—j%im% (= p31108 By TS
109A" & O —mrtrg " AYARIH - NAD. 1109 - A& () - n g () -
&1 10%pn g () D1 4.8 4.8 4.8 4.2
D2 3.8 3.8 3.8 3.3
El 3.0 3.0 3.0 3.0
Expression 0.68 1.04 0.62 1.42
(2-1)
Expression
(2-2) 3.02 3.55 3.4 4.86
EXpression 0.63 0.63 0.53 0.71
(2-6)
Expression
(2-7) 1 1.25 1 1
Expression 0.03 0.03 0.34 0.03
(2-8)
0.6 < di/f < 1.3 (2-1)
2.2 < f1 - (1 - B1) (f2 » (1 - B2)) < 4.4 (2-2)
0.4 < E1L/D1 < 0.6 (2-6)
1.0 < (xr2 + rl) / (xr2 - rl) < 1.7 {(2-7)
di2/ £ (2-8)
In the Tables 2-1 - 2-4, NA represents a numerical
aperture, A (nm) represents a design wavelength, f (mm)

represents a focal length, m represents a magnification of
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(outside of P3 and P4) of objective lens OBJ, refractive
index distribution N: (h) generated in the first plastic lens
L1 and refractive index distribution N; (h) geﬁerated in the
second plastic lens L2 are expressed by the following
expressions, as a function of h representing a height from an
optical axis in the direction running parallel to CL.

Noy + Npz - h? (A)

z
i
I

N (h) = Npz + Npz - h? (B)

In this case, Np1 and Ny are refractive indexes
(equivalent to n in Tables 2-1 - 2-3) respectively of the
first plastic lens L1l and the second plastic lens L2 in a
plane (h = 0) including CL’ and an optical axis, while, each
of Nn; and Np; is a rate of refractive index change for height
h from an optical axis in each of the first plastic lens L1
and the second plastic lens L2, and its sign is negative.

Namely, refractive index distribution (temperature
distribution} expressed by each of expressions (A) and (B) is
a distribution wherein the refractive index (temperature) in
each of the first plastic lens L1 and the second plastic lens
L2 becomes smaller (higher) in proportion to the second power
of height h from an optical axis.

Incidentally, since refractive index distribution in

each of the first plastic lens L1 and the second plastic lens
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L2 on a plane (h = 0) including CL’ and an optical axisg is
uniform, all of T1, T2, T5 and T6 representing temperatures
respectively of P1, P2, P5 and P6 in Fig. 5 are the same.

Therefore, TH in each of the expressions (2-3) and (2-
4} is the same as T3 and 74 representing temperatures at P3
and P4, TL is the same as each of T5 and T6 representing
respectively temperatures at P5 and P6, and TC ig the sgsame as
each of Tl and T2 representing respectively temperatures at
Pl and P2.

In Fig. 7, the axis of abscissas represents a
difference (= TR) between each of T3 and T4 representing
temperatures at P3 and P4 and a temperature (= Tl = T2 = T5 =
T6}) in a plare (h = 0} including CL’ and an optical axis, and
tertiary astigmatism for each temperature difference is
plotted, in connection with objective lenses in Examples 1 -
3 and Comparative Example, in the model of refractive index
distribution as stated above.

Incidentally, in the model of refractive index
distribution in the present simulation, temperature
distribution TP in the circumferential direction is the same
as temperature distribution TR in the direction perpendicular

Lo the optical axis.
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Comparative Example .where there is generated tertiary

astigmatism wherein an amount of generated astigmatism

exceeds 0.07 ARMS representing Marechal’s criterion under the
conditicon that TR is 2°C.

In particular, in Example 2-3 wherein expressions (2-
1), (2-2}" and (2-8) are satisfied, an amount of tertiary
astigmatism generated is reduced to a half or less, compared
with Comparative Example.

Incidentally, with regard to expressions (A) and (B),
specific numerical values in Example 1 are as follows. 8Since
temperature-dependency An/ AT of refractive index of the
first plastic lens L1 is -1.18 - 4, when TR is 2°C,
refractive index Ni (h = 2.4} at P3 and P4 (h = 2.4) is
1.5247 -~ 1.1E — 4 x 2 = 1.52448.

Therefore, rate of change of refractive index Ny for
height h from the optical axis turns out to be Ny = -3.82E -
5 from 1.52448 = 1.5247 + Ny - 2.4%,

After calculation of the second plastic lens L2 in the

same way as in the foregoing, temperature-dependency An/ AT
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of refractive index of the second plastic lens L2 is Np» = -
3.82E - 5, because it is the same as that of the first
plastic leng L1.

Judging from the foregoing, it is possible to state
positively that each of objective lenses in Examples 2-1, 2-2
and 2-3 is one wherein an amount of changes of astigmatism is
contrelled to be small even when uneven temperature
distribution is caused in the objective leng by heat
generated in an actuator, by satisfying expression (2-1), {(2-
1), (2-2) or (2-2'), and sufficient properties as an
objective lens of an optical pickup device for high density
optical discs are provided.

The second embodiment makes it possible to obtain an
cptical pickup device wherein an amount of changes of
astigmatism is small in the case where temperature
distribution that is non-rotational-symmetry about an optical
axis is generated in the objective lens composed of two
plastic lenses, and to obtain an optical information
recording and reproducing apparatus employing the
aforementioned optical pickup device.

It is further possible to obtain an objective lens that
is composed of two plastic lenses, and is suitable as an

objective lens used in an optical pickup device for high
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density optical discs, wherein changes of astigmatism are
small and operations of recording/reproducing are excellent
even when uneven temperature distribution is caused in the

objective lans.
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1. An optical pickup device, comprising:
a light source to emit a light flux having

wavelengthA;

an objective lens including at least two plastic lenses
of a first plastic lens having positive refractive power and
a second plastic lens having positive refractive power,
wherein the first plastic lens and the second plastic lens
are arranged in this order from the light source side; and

an actuator to drive the objective lens;
wherein the objective lens satisfies the following expression
(1-1):

-0.0004 < A3sA / (NA* . £ . (1 -m)) < 0.0004 (1-1)
where A3SA (ARMS) represents a rate of change of a third
order spherical aberration of the objective lens when the
temperature of an entire body of the objective lens uniformly
changes, f (mm) represents the focal length of the objective

lens for the light flux having wavelength A, and m represents

the magnification of the objective lens.
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spherical aberration change is refrained in the case where
ambient temperature of the optical pickup device fluctuates

in the course of energizing the actuator.

4. The optical pickup device of claim 1, wherein at least

one of the followings expresgions ig satisfied:

|TAl > 1.0,
|[TRL] > 0.3
ITRZ2| > (0.3

where TA (°C) represents temperature distribution in the
optical axis direction of the objective lens and each of TR1
(°C) and TR2 {°C) represents temperature distribution in the
radial direction when the actuator is energized, and TA, TR1
and TR2 are defined by the following expressions:

TA = T1 — T2 (°C)

TR1 (T3 + T4 + TS + T6) / 4 - T1 (°C)

TR2

(T3 + T4 + T5 + T6) / 4 - T2 (°C)
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is 0.8 or more.

6. The optical pickup device of claim 1, wherein the
actuator comprises a focusing coil and a tracking coil, and
at least one of the focusing coll and the tracking coil is

arranged to be positioned sco that its center of gravity is
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positioned to be closer to the light source than the center

of gravity of the second plastic lens.

7. The optical pickup device of claim 1, wherein the
following expressions (1-2) - (1-4) are satisfied:
-20 x 107 / °C < ANL1 < -2 x 107® / °C (1-2)
0.6 < ANL2 / ANL1 < 1.5 (1-3)

0.1 < (ANLZ2 / ANL1) - fB / (£ - (1 - m)) < 0.2 (1-4)
where ANL1 represents a rate of change of refractive index
of the first plastic lens for temperature changes,

ANL2 represents a rate of change of refractive index of the

second plastic lens for temperature changes, and

fB (mm) represents a back focus of the objective lens.

8. The optical pickup device of claim 1, wherein the
following expression (1-5) is satisfied:

3.5 < f1 - {1 -ml) / (f2 « {1 - m2)) < 5.8 (1-5)
where fl (mm) represents a focal length of the first plastic
lens for the light flux having wavelength A, ml represents
the magnification of the first plastic leﬁs, £2 {(mm)

represents a focal length cof the second plastic leng for the
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light flux having wavelength A, and m2 represents the

magnification of the second plastic lens.

G. The optical pickup device of claim 1, wherein the first
plastic lens has a first flange portion on a peripheral
portion that is outside the optical functional portion and
the second plastic lens has a second flange portion on a
peripheral portion that is outside the optical functional
portion, and the first plastic lens and the second plastic
lens are integrated into one body by bringing a part of the
first flange portion and a part of the second flange portion
in contact with each other, and wherein the following
expression (1-6) is satisfied and the first plastic lens is
held by a bobbin that is driven by the actuator:

D1l > D2 (1-6)
where D1 {mm) represents an outside diameter of the first
plastic lens including the first flange portion and D2 (mm)
represents an outside diameter of the second plastic lens

including the second flange portion.

10. An optical information recording and reproducing
apparatus for conducting at least one of recording

information on the optical information recording medium and




L10% & ()-0 )? DNzZ: *L10L10% & ()-0 L10% & ()-0 L10% & ()-0 L10% & () -0
L10% & ()-0 )2 DNzZ: *L10"210% & ()-"210% & ()-"210% & ()- 10% & ()-L10%
& ()-0 )2 DN

x4 2%110"210% & ()-"210% & ()-"210% & ()-"210% & ()-#3i/"210% & () - 458FTab’
<*L10#3i /"210% & ()-"210% & () - "210%3 () "210% & () - #3i / ber " D*L10#3" 210% &
'()-#3i/"210% & ()-"2109% & ()-"2109% &°€)-"2109% & ()-{_?*L10#"210% & ()-"210
08 & ()-#3i/"210% & ()-"210% & ()-"210% &' ()- _?*L10#"210% & ()-"210% & ()-"2
1096 & ()-#3i/"2109% & ()-"210% & () -

_?2*L10#"210% & ()-"210% & ()-"210% & ()-"210% & ()-#3i/"210% & () -

$2467° <*L10#3i /"2109% & ()-"210% & ()-"210% & ()-"210% & () - #3i / 78n#] ~a@10"

L7 10% &e dﬁb& % @brﬁ%%fgﬁéf%dardéh Wedad Joprical i formation ,
V. 10% & ( "210 cHbAL0" F109"& ()- LI 10%"& ()- 109%"& ()-

105" & ?f)ec"if‘ﬂé% éfg ﬂm | FOVRAE LTIV aB) D 109618 () D 1096 & ()

D 10% & ()-# 10% 10% & 0% &
109 & ()R/V\XY ?|99§ﬂ>%é%%c Hoy &< #ﬁ g O iR LR &-() -# /KQ

]D10% & ()-# D10% & ()-# fjnmuvz{oS7)D lo%D 10% & ()-# D 10% & ()-# / KQ
]D 10% & ()-# D 10% & ()-# D10 & ()-# {|}~ DD 10% 109 10% & ()-# / KQ
]D10% & ()-# D10%W& ()-#
11. An objective lens for use in an optical plckup device,
comprising:
at least two plastic lenses of a first plastic lens
having positive refractive power and a second plastic lens
having positive refractive power, wherein the first plastic
lens and the second plastic lens are arranged in this order
from the light source side;
wherein the objective lens satisfies the following expression
(1-1) =
-0.0004 < A3SA / (NA* . £ . (1 - m)) < 0.0004 (1-1)

where A3SA (ARMS) represents a rate of change of a third
order spherical aberration of the objective lens when the
temperature of an entire body of the objective lens uniformly
changes, f (mm) represents the focal length of the ckjective
lens for the light flux having wavelength A, and m represents

the magnification of the objective lemns.
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12. The objective lens of claim 1, wherein temperature

distribution in the objective lens becomes uneven when an

actuator is energized.

13. The cbjective lens of claim 11, wherein the objective

lens satisfies the following expression (1-7):

-0.0003 < A3SA / (NA* - f - (1 - m)) < 0.0003 (1-7)

14, The objective lens of claim 11, wherein at least one of

the followings expressions ig satisfied:

ITal > 1.0,
ITR1|l > 0.3
ITRZ| > 0.3

where TA (°C} represents temperature distribution in the
optical axis direction of the objective lens and each of TR1
{°C) and TR2 (°C) represents temperature distribution in the
radial direction when the actuator is energized, and TaA, TR1
and TR2 are defined by the following expressions:

TA = TL - T2 (°C)

TR1

i

(T3 + T4 + T5 + T6) / 4 - T1 {(°C)

TR2 (T3 + T4 + TH + T6) / 4 - T2 (°C)

where when the actuator is energized, T1 (°C) represents

temperature on a vertex of a light source side optical
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surface of the first plastic lens}, T2 (°C) represents
temperature on a vertex of an optical disc side surface the
second plastic lens, T3 (°C), T4 (°C), T5 (°C) and Té6 (°C)
represent temperatures respectively at points where a first
line which passes through a middle point of a lens thickness
of the first plastic lens on an optical axis and is
perpendicular to the optical axis and lines which
representing lines ocobtained by rotating the fist line by 90°
arcund the optical axis intersect with an outer circumference
of the first plastic-lens and Tl to T6 are measured after the
temperature distribution fluctuation in the objective lens

becomes a stable condition when the actuator is energized.

15. The objective lens of claim 11, wherein the numerical

aperture NA on the image side cof the objective lens is 0.8 or

more.
16. The objective lens of c¢laim 11, wherein the following
expressions (1-2) - (1-4) are satisfied:
-20 x 10™° / °C < ANL1 < -2 x 107% / °C (1-2)
0.6 <« ANL2 / ANL1 < 1.5 (1-33

0.1 < (ANL2 / ANL1) - fB / (f - (1 - m))} < 0.2 (1-4)
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18, The objective lens of claim 11, wherein the following
expression (1-5) i1s satisfied:

3.5 < f1 - (1 -ml) / (£2 - (1 - m)) < 5.8 (1-5)
where f1 {mm) represents a focal length of the first plastic
lens for the light flux having wavelength A, ml represents an
optical system magnification of the first plastic lens, £2
(mm) represents a focal length of the second plastic lens for
the light flux having wavelength A, and m2 represents an

optical system magnification of the second plastic lens.
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23. The optical pickup device of claim 21, wherein the
objective leng satisfies the expression (2-1) or (2-1'}) s0
that an astigmatism change caused when temperature

distribution in the objective lens becomes uneven in the

course of energizing the actuator is refrained.

24, The optical pickup device of claim 21, wherein the
following expressions (2-3) and (2-4) are satisfied:

TP |TH - TL| > 0.5 (2-3)

it

TR | TH - TC| > 0.5 {2-4)

where TP(°C) represents temperature distribution in the
circumferential direction of the objective lens in the course
of energizing the actuator, and TR(°C) represents temperature
distribution in the direction perpendicular to the optical
axis, and when T1 (°C) represents temperature on a vertex of
a light source side optical surface of the first plastic
lens), T2 (°C) represents temperature on a vertex of an
optical disc side surface the second plastic lens, T3 ({°C),
T4 (°C), T5 (°C}) and T6 (°C) represent temperatures
respectively at points where a first line which passes

through a middle point of a lens thickness of the first

plastic lens on an optical axis and is perpendicular to the

optical axis and lines which representing lines obtained by
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distributicn fluctuation in the objective lens becomes a

stable condition when the actuator is energized, TH

represents the highest temperature and TL is the lowest

temperature among T3 o Té6 and TC is an average temperature of

Tl and T2.

25. The cptical pickup device of claim 21, wherein the
following expressions (2-5) is satisfied:

0.1 < diz/f < 0.4 (2-5)
where di; represents a distance between the first plastic

lens and the sgecond plastic lens on the optical axis.

26. The optical pickup device of claim 21, wherein the
numerical aperture NA on the image side of the objective lens

is 0.8 or more.

27. The optical pickup device of claim 21, wherein the
actuator comprises at least a focusing coil and a tracking
coll, and at least one of the focusing c¢oil and the tracking

coil is arranged to be positioned so that its center of
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gravity is positioned to be closer to the light source than

the center of gravity of the second plastic lens.

28. The optical pickup device of claim 21, wherein the
first plastic lens has a first flange portion on a peripheral
portion that is outside the optical functional portion and
the second plastic lens has a second flange portion on a
peripheral portion that is outside the optical functional
portion, and the first plastic lens and the second plastic
lens are integrated into one body by bringing a part of the
first flange portion and a part of the second flange porticn
in contact with each other, and wherein the following
expression (1-6) is satisfied and the first plastic lens is
held by a bobbin that is driven by the actuator:

D1 > D2 (2-6)
where D1 (mm) represents an outside diameter of the first
plastic lens including the first flange portion and D2 (mm)}
represents an outside diameter of the second plastic lens

including the second flange portion,

29. The optical pickup device of claim 28, wherein the

following expression (1-6) is satisfied:

0.4 < E1/D1 < 0.65 (2-7)
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where E1 (mm) represents an effective diameter of the light-

source-side optical surface of the first plastic lens.

30. An optical information recording and reproducing
apparatus for conducting at least cone of recording
information on the optical information recording medium and
reproducing information recorded on the optical information
recording medium, comprising:

the optical pickup device described in claim 21.

31. An cptical pickup device, comprising:
a light source to emit a light flux having
wavelength A;

an objective lens including at least two plastic lenses
of a first plastic lens having positive refractive power and
a second plastic lens having positive refractive power,
wherein the first plastic lens and the second plastic lens
are arranged in this order from the light source side; and
an actuater to drive the objective lens;

wherein the following expression (2-2) is satisfied:

2.2 < f1 - (1 - B1) / (f2 - (1 - B2)) < 4.2 (2-2)
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32. The optical pickup device of claim 31, wherein the
feollowing expression (2-2') is satisfied.

2.2 < f1 - (1 - B1) / (£2 - (1 - B2)) < 4.0 (2-21)
33. The optical pickup device of claim 31, wherein the

cbjective lens satisfies the expression (2-2) or (2-2') so
that an astigmatism change caused when temperature
distribution in the objective lens becomes uneven in the

course of energizing the actuator is refrained.

34. The optical pickup device of c¢laim 31, wherein the
following expressions (2-3) and (2-4) are satisfied:
TP = |TH - TL| > 0.5 (2-3)

TR

|TH - TC| > 0.5 (2-4)
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where TP(°C) represents temperature distribution in the
circumferential direction of the objective lens in the course
of energizing the actuator, and TRC(°C) represents
temperature distribution in the direction perpendicular to
the optical axis, and when Tl (°C) represents temperature on
a vertex of a light source side optical surface of the first
plastic lens L1), T2 (°C) represents temperature on a vertex
of an optical disc side surface the second plastic lens, T3
(¢C), T4 (°C), TS (°C) and T6 (°C) represent temperatures
respectively at points where a first line which passes
through a middie peoint of a lens thickness of the first
plastic lens on an optical axis and is perpendicular to the
optical axis and lines which representing lines obtained by
rotating the fist line by 90° around the optical axis
intersect with an outer circumference of the first plastic
lens and Tl to T6 are measured after the temperature
distribution fluctuation in the objective lens becomes a
stable condition when the actuator is energized, TH
represgsents the highest temperature and TL is the lowest

Lemperature among T3 o T6 and TC is an average temperature of

Tl and T2Z.
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35. The optical pickup device of claim 31, wherein the
following expressions (2-5) is satisfied:
0.1 <« diz/f < 0.4 (2-5)
where diz represents a distance between the first plastic

lens and the second plastic lens on the optical axis and f

(mm; represents a focal length of the objective lens for the

light flux having wavelength A.

36. The optical pickup device of claim 32, wherein the
numerical aperture NA on the image side of the objective lens

iz 0.8 or more.

37. The optical pickup device of claim 32, wherein the
actuator comprises at least a focusing coil and a tracking
coil, and at least cone of the focusing coil and the tracking
coil is arranged to be positioned so that its center of
gravity is positioned to be closer to the light source than

the center of gravity of the second plastic lens.

38. The optical pickup device of claim 32, wherein the
first plastic lens has a first flange portion on a peripheral
portion that is outside the optical functional portion and

the second plastic lens has a second flange portion omn a
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in contact with each other, and wherein the following

expression (1-6) is satisfied and the first plastic lens is
held by a bobbkin that is driven by the actuator:

Di > D2 (2-6)
where D1 {(mm) represents an cutside diameter of the first
plastic lens including the first flange portion and D2 (mm)
represents an outside diameter of the second plastic lens

including the second flange portion.

39. The optical pickup device of claim 38, wherein the
following expression (1-6) is satisfied:

.4 < E1/D1 <« 0.65 (2=~7)
where E1 (mm) represents an effective diameter of the light-

source-side optical surface of the first plastic lens.

40. An optical information recording and reproducing
apparatus for conducting at least one of recording

information on the optical information recording medium and
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reproducing information recorded on the optical information
recording medium, comprising:

the optical pickup device described in claim 32.

41. An objective lens for use in an optical pickup device,
comprising:

at least two plastic lenses of a first plastic lens
having positive refractive power and a second plastic lens
having positive refractive power, wherein the first plastic
lens and the second plastic lens are arranged in this order
from the light source side;

wherein the following expression (2-1) is satisfied:

0.6 < dh/f < 1.2 (2-1)
where £ (mm) represents a focal length of the cbjective lens
for the light flux having wavelength A, and d; (mm)
represents a distance between a light source-side optical
surface of the first plastic lens and an optical information
recording medium-side optical surface the first plastic lens

on the optical axis.

a2, The objective lens of claim 41, wherein the following

expression {(2-1‘) 1is satisfied.

0.6 < di/f < 0.92 (2-1")
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43. The objective lens of c¢laim 41, wherein the following
expressions (2-3) and (2-4) are satisfied:

TP

ITH - TL| > 0.5 (2-3)

TR

I TH - TC| > 0.5 (2-4)

where TP(°C) represents temperature distribution in the
circumferential direction of the objective lens in the course
of energizing the actuator, and TR(°C) represents temperature
distribution in the direction perpendicular to the optical
axis, and when Tl (°C) represents temperature on a vertex of
a licht scource side optical surface of the first plastic
lens), T2 (°C) represents temperature on a vertex of an
optical disc side surface the second plastic lens, T3 (°C),
T4 (°C), T5 (°C} and T6 (°C) represent temperatures
respectively at points where a first line which passes
through a middle point of a lens thickness of the first
plastic lens on an optical axis and is perpendicular to the
optical axis and lines which representing lines obtained by
rotating the fist line by 90° around the optical axis
intersect with an outer circumference of the first plastic
lens and Tl to T6 are measured after the temperature
distribution fluctuation in the objective lens beccmes a

stable condition when the actuator is energized, TH
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represents the highest temperature and TL is the lowest

temperature among T3 o T6 and TC is an average temperature of

Tl and T2.

44 . The objective lens of claim 41, wherein the following
expressions (2-5) is satisfied:

0.1 < di2/f < 0.4 {2-5)
where dj, represents a distance between the first plastic

lens and the second plastic lens on the optical axis.

45. The cobjective lens of claim 41, wherein the numerical
aperture NA on the image side of the objective lens is 0.8 or

more.

46. The cbjective lens of claim 41, wherein the following
expressions (2-8) is satisfied:

1.0 < (r2 + rl) / (xr2 - rl) < 1.7 (2-8)
where rl represents a paraxial radius of curvature of the
light-source-side optical surface of the second plastic lens
and r2 represents a paraxial radius of curvature of the

information-recording-medium-side optical surface.
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TR = |TH - TC| > 0.5 (2-4)

where TP(°C} represents temperature distribution in the
circumferential direction of the objective lens in the course
of energizing the actuator, and TRC(°C) represents
temperature distribution in the direction perpendicular to
the optical axis, and when T1 (°C) represents temperature on
a vertex of a light source side optical surface of the first
plastic lens L1}, T2 (°C) represents temperature on a vertex
of an optical disc side surface the second plastic lens, T3
(°C), T4 (°C), T5 (°C) and T6 (°C) represent temperatures
respectively at points where a first line which passes
through a middle point of a lens thickness of the first
plastic lens on an optical axis and is perpendicular to the
optical axis and lines which representing lines obtained by
rotating the fist line by 90° around the optical axis
intersect with an outer circumference of the first plastic
lens and Ti to Té6 are measured after the temperature
distribution fluctuation in the objective lens becomes a
stable condition when the actuator is energized, TH
represents the highest temperature and TL is the lowest

temperature among T3 ¢ T6 and TC is an average temperature of

Tl and T2.
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52. The objective lens of claim 49, wherein the following
expressions (2-5) is satisfied:

0.1 < diz/E < 0.4 (2-5)
where d;; represents a distance between the first plastic

lens and the second plastic lens on the optical axis.

53, The cobjective lens of claim 49, wherein the numerical

aperture NA on the image side cof the objective lens is 0.8 or

mnore.

54. The cobjective lens of c¢laim 49, wherein the following
expressions (2-8) is satisfied:

1.0 < (r2 + rl}y / (r2 - rl) < 1.7 (2-8)
where rl represents a paraxial radius of curvature of the
light-source-side optical surface of the second plastic lens
and r2 represents a paraxial radius of curvature of the

information-recording-medium-side optical surface.

55. The cobjective lens of claim 49, wherein the first
plastic lens has a first flange portion on a peripheral
portion that 1s outside the optical functional portion and

the second plastic lens has a second flange portion omn a
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peripheral portion that is outside the coptical functional
portion, and the first plastic lens and the second plastic
lens are integrated into one body by bringing a part of the
first flange portion and a part of the second flange portion
in contact with each other, and wherein the following
expression (1-6) is satisfied and the first plastic lens ig
held by a bobbin that is driven by the actuator;:

D1 > D2 (2-6)
where D1 {(mm} represents an outside diameter of the first
plastic lens including the first flange portion and D2 {(mm)
represents an outside diameter of the second plastic lens

including the second flange portion.

56. The objective lens of claim 55, wherein the following
expression (1-6) is satisfied:

0.4 < E1/D1 < 0.65 {(2-7)
where E1 (mm) represents an effective diameter of the light-

source-side optical surface of the first prlastic lens.




