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BACKGROUND OF THE | NVENTI ON.Field of the Invention: The preseng ¢ﬂve
relates to an objective | ens and an optical  pickup apparatus h % ‘&H@
objective |l ens and arranged to read and wite an information S|gnal to and
froman optical recording medium such as an optical disk, a

magnet o-opti cal disk or an optical card. Description of Related Art:
Hitherto, optical recording nmediuns, suchjas optical disks, nagneto-optical

di sks and ﬁﬁtical cards; have_been mndely used to store data of dynam c
i mge info n tion and data for conputers because the
optical Te6R5RLAgvECHENISARBOBRTLAY BECRBAUABBARARESCT and the cost can be

reduced. In recent years ere 1's nore need raisrng the density of
i nformati on signals, which can be recorded, and enlarging the capacity

owning to raEid Brogress of ths

Field of the I tion:

The present invention relates to an objective lens and an
optical pickup apparatus having the objective lens and arranged
to read and write an information signal to and from an optical
recording medium, such as an optical disk, a magneto-optical
disk or an optical card.

Description of Related Art:

Hitherto, optical recording mediums, such as optical
disks, magneto-optical disks and optical cards, have been
-widely used to store data of dynamic image information, voice
information. and data . for computers because the optical
recording mediums can easily be manufactured of and the cost
can be reduced. In recent years there is more need for faising
the density of information signals, which can be recorded, and
enlarging the capacity owning to rapid progress of the
information society.

To raise the density of information signals, which can be
recorded on an optical-recording medium of the foregoing type,
shortening of the wavelenéth of the laser beam for reading the
information signal and raising of the NA {(that is, use of an
objective lens having a high NA (the number of apertures)} of
the objective lens for converging the laser beams onto the

optical recording medium are effective means. The reason for



information society. To raise the density of information signals, which can
be recorded on an optical recording mediumof the foregoing type, .
shortening of the wavel ength of the |aser beam for reading the information
signal and raising of the NA ((that is, use of an objective Iens having a
hi gh NA (the nunber of apertures)} of the objective lens for converging the
| aser beans onto the optical recording nmediumare effective means. The
reason for 2 this lies in that the mninumsize of a beam spot, which is
formed by converging the | aser beans, canndt be reduced to [err] ([err]:
the wavel englrhsoliedeini ghetbehe) miniamml sdéze Bd Shaydamn dgwva Wawglangth of
the | aser bga bl ue | aser diode, a blue SHG | aser and a green SHG | aser
have been d&/&’%}gé’&. CON¥ATEIRE otliferlas&dd beamgi sEaBN@E Rehereddacetl ther/NA

(r: the wavelength of the light beam) or smaller.

To shorten the wavelength of the laser beam, a blue laser
diode, a blue SHG laser and a green SHG laser have been
developed. On the other hand, raising of the NA of the
objective lens has been.attempted by making the NA of the
objective lens of a so-called "digital video disk (DVD)" (a
digital optical disk adapted to a video signal) having a
recording density higher than that of a so-called "compact disk
(CD)" (digital optical disk adapted to an audio signal or
computer data) to be 0.6 in comiarison to the NA of the
"comﬁact disk (CD)" which is 0.45. The objective lens of the
optical disk is formed into an aspheric single lens (a monocyte
aspheric lens) made of a synthetic resin material or a glass
material.

To eliminate influence of a coma aberration occurring
because of an inclination of the "digital video disk (DVD)",
the substrate of the "digital video disk (DVD)" has a thickness
of 0.6 mm which is half of that of the substrate of the
"compact disk"" and that of the magneto-optical disk.

In order to'further raise the density of information
signals, which can be recorded, as compared with the density
realized by the Jdigital video disk (DVD)", an objective iens
having an NA higher than 0.6 is required.

However, to manufacture an objective lens having an NA not



' ive | ens has been attenpted by meking the NA of the objective I ens of
gbgg?ialled “digital video disk (DVD)" (a digital optical disk adaptFF Bo a
video signal) having a recording density higher than that of a so-c? e
"conpact disk (CD)" (digital optical disk adapted to an ?udlo si gna korCD )
conputer data) to be 0.6 in conparison to the NA of the "conpact disk (CD)
which is 0.45. The objective lens of the optical disk is formed into an
aspheric single lens (a nonocyte aspheric3l ens) made of a synthetic resin

berration
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signal's, Whiave Cane fig dsfecgrgi@@m@&d&@mr é/‘%th,éptelcdﬁ“%ot weal ized by
t he "digital vi deo di sk (DVD)",. an objective
takes place when the environmental temperature is changed).

Since the conventional monocyte objective lens has an NA whlch
is not higher than 0.6 with which chromatic aberration is not
generated considerably, the lens of the foregoing type can be
made of optical glass, the Abbe’s-nﬁmber of which is 50 or less
and which therefore has relatively high diffusion and high
refractivity. Since the cost of the optical glass, having high
dlffu51on and frequency, can be reduced, the foregoing optical
glass can satisfactorily be mass-—-produced. Therefore, the
foregoing material has been widely used.

However, high NA objective lenses of a type having an NA
of 0.7 or higher encounter great chromatic aberration if the
foregoing objective lens is made of high diffﬁsion optical
glass. In this case excessive defocus takes place on the
surface of an optical disk on which a signal is recorded.
Therefore, chromatic aberration must be ﬁrevented by using
low-diffusion optical glass.

Since the major part of the low-diffusion optical glass
has a low refractivity, the curvature of the surface is
sharpened excessively if an objective lens having a short focal
distance and a high NA is manufactured. In this case, a mold
for mgnufacturing the lens cannot easily be machined. The

present level of the technique for machining the aspheric



[ hi gher than 0.6 is required. However, to manuf acture an
ggrgggisg Pgns gaving an NA not q3 | ower than 0.7, various requirenments
nust be satisfied. An objective |ens having a high NA suffers from
chromatic aberration which is generated attributable to change in the
wavel ength of a sem conductor l|aser (vertical-node hop_mhlch t akes plﬁce
when the environmental tenperature is changed). Since the convenplonah. ]
nonocyt e obj ective | ens has an NA which is4not higher than 0.6 with iC
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refractivity. Since the cost of the optical glass, having hi [

and frequengyphenic minfedecedd &heldms g@IPEHAIRLIER! to the optical axis
is larger than 50 degrees (according to a report satisfactory
lenses have been obtained when the angle 8 is about 55 degrees

or smaller).

However, the objective lens having a short focal distance
and a high NA is usually designed to have the above—-mentioned
angle 8 which exceeds 55 degrees. 1In this case, permissible
decentering for the distance between two sides of the lens when
the mold or the lens is manufactured is reduced excessively.
Thus, the manufacturing efficiencfudeteriorates excessively.

It might therefore be considered feasible to employ a
doublet lens structure to distribute the curvature to thg four
surfaces. However, even the doublet lens attempted to maintain
a satisfactorily long working distance invoives excessively
sharp curvature of the surface. Moreover, permissible
decentering between the surfaces of the lens and the
permissible angle of field to be reduced when thé lens is
manufactured. Thus, thé manufacturing efficiency deteriorates
excessively. To reduce the aperture of an objective lens, that
is, to reduce the diameter of an objective lens is an important
fact because the reduction enables the size of the optical
pickup apparatus to be reduced and thus an economic advantage
can be realized. To mainﬁain a sufficiently long working

distance is an important factor to prevent contact between the



gl ass can satisfactorily be mass-produced. Therefore, the foregoing
material has been widely used. However, high NA objective [ enses of a type
having an NA of 0.7 or higher encounter great chromatic aberration if the
foregoi ng objective lens is made of high diffusion optical glass. In this
case excessive defocus takes place on the surface of an optical disk on
which a signal is recorded. Therefore, chromatic aberration nust be
prevented by using |owdiffusion optical g ass. Since the major part of the

I di f f usi ; tcal S a rrefractivity, the curvature of the
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di stance andpeetti gh NA is manufactured. In this case, a nold for

manuf acturing the | ens cannot easily be machi ned. The present |evel of
t he techniqug f ofREREANS - nGhe ndowklfHedbgective lens must comprise a lens

having a gentle curvature of the surface without deterioration
in the manufacturing efficiency.

Although the curvature of the objective lens can be made
to be gentle and thus the manufacturing efficiency of the
objective lens can be improved if the aperture of the objective
lens is enlarged, the weight of the rortion including the
objective lens is enlarged. In this case the size of the
optical pickup apparatus cannot be reduced. Moreover, the
performance of the actuator (a2 mechanism for driving the
objective lens) for moving the objective lens to follow the
optical disk must be improved. 1In this case, the size and cost
of the optical pickup apparatus cannot be réduced.'

If the objective lens having a high NA is* employed, there
arises another problem in that the RF signal deteriorates even
with a small amount of disk skew and the signal cannot easily
be ‘reproduced from the optical disk because the
coma-aberration, which is generated attributable to the skew

of the optical disk, is enlarged in proportion to the cube of
the NA.

SUMMARY OF THE INVENTION
In view of the foregoing, an object of the present
invention is to provide an objective 1lens which has a

sufficiently large number of apertures (NA) which is capable



4 surface cannot accurately manufacture a nold by using a dianmond bite if
the angle [err] made between the contact surface of the aspheric surface
“and a plane perpendicular to the optical axis is |arger than 50 degrees
(according to a report satisfactory I enses have been obtained when the
angle [err] is about 55 degrees or snuller). However, the objective |ens
having a short focal distance and a high NA is usually designed to have the
above-nentioned angle [err] which exceeds;55 degrfes. !3 thl? fﬁseiens hen
erm ssi bl nteri for the distance between two sides of the
Phe motd of (harenent ey nfhes ALt thed 1 P Rt AP RBEESAV AN Whrgd, cepe
manuf act urdaxd 16f fieC imAMGY adR@LPELOr at es excessively. It m ght therefore be
considered feasible to enploy a doublet lens structure to distribute the
curvature to tAaotbar shitatesf tosvawessereveimtdret inublsettd e vadieerpt ed to

oot PR G A Tl TR R S
to the present invention and arranged to be capable of
satisfactorily writing and reading an information signal to and
from an optical recording medium.

In order to realize the above-mentioned objects, the
present invention is structured such that the chromatic
aberration of a doublet lens having a high NA (the number of
apertures) is prevented by using low-diffusion optical glass
having an Abbe’s number of 40 or more to manufacture the two
lens elements. To reduce the diameter of the aperture or to
obtain a satisfactorily long working distance, a first means
is ari‘anged in such a way that a lens having a sharper
curvature is made of optical glass having a refractivity which
is higher fhan the refractivity of optical glass for making a
lens having a gentler curvature. Thus, the curvature can be
made to be gentle and the deterioration in the manufacturing
efficiency can be prevented. Since the optical glass for
making the lens having the sharper curvature encounters great
diffusion of wavelength in this case, a somewhat disadvantage
is realized in view of correcting the chromatic aberration.
A second means is arranged such that the aperture is limited
to be 4.5 mm or smaller to reduce the aperture and the size of
the optical pickup apparatus. While employing the aperture of

4.5 mm or smaller, the preferred ranges for the NA (the number



decentering between the surfaces of the lens and the permssible
angle of field to be reduced when the lens is manufactured. Thus, the
manuf acturing efficiency deteriorates excessively. To reduce the aperture
of an objective lens, that is, to reduce the diameter of an objective |ens
is an inportant fact because the reduction enables the size of the optical
pi ckup apparatus to be reduced and thus an econon c advantage can be
realized. To maintain a sufficiently | opg working distance is an

| mport ant J; vent , C e th 2. 0biective lens and the
opri cal | dicek i She € £y e CANLAELe f éﬁﬁgﬁe TRersvEr cdhinehdoupFbens
obj ecti ve distamustaronptmbeed tengréavhtgtRe J6RLEP eUEVature. of This,

surface wi thout deterioration in the manufacturing efficiency.

eterioration in the manufacturing efficiency can be prevented.
The above-mentioned lenses have the curvature of the surface,
the tilt (inclination) and the permissible decentering which
satisfy the range with which the lens can be manufactured. A
thus-obtained lens is able to have optimized distribution of
the refracting power of the two lens elements of the doublet
lens. The distribution of the refracting power can be
optimized because the manufacturing tolerance for the lens can
be enlarged significantly if the ratio F,/F of the focal
distance F, of the lens adjacent to the object (adjacent to the
light source) and the focal distance F of the overall system

satisfies the following relationship:
1.7 < (F,/F) < 2.5.

The optical pickup apparatus (a high-NA lens system)
having the high-NA objective lens is arranged to correspond to
an inclination (disk skew) of an optical'recording medium by
reducing the thickness of a transparent substrate (the disk
substrate) to prevent generation of coma-aberration.

According to one aspect of the present invention, there
is provided an objective lens comprising two lens elements made
of optical glass having an Abbe’s number of 40 or greater on
a d-line and having a doublet structure, wherein at least

either surface is formed into an aspheric surface and the



Al though the curvature of the objective |ens can be made to be gentle and
thus the manufacturing efficiency of the objective |ens can be inproved if
the aperture of the objective lens is enlarged, the weight of the portion
i ncluding the objective lens is enlarged. In this case the size of the
optical pickup apparatus cannot be reduced. Mor eover,  the performance
of the actuator (a mechanismfor driving the objective Iens) for noving
the objective lens to follow the optical @ sk nust be inproved. In this

case, the gigse AN ﬁésjﬁ{]rmre@QSOFbt.if%k Rio¢up apparatus cannot be reduced.

If the objective |le aving a high I's" enpl oyed, there arises another
probl emin thatAn hepREcalgnalcklat eapps ah €8s e\éeid owdli Aga ﬁdralthearm@@tengf di sk
skew and t he signal cannot easily be r epr oduced from the opti cal

di sk  bechU¥et1ehelg ot rUBERFSEI SHchnHinat | sheyehbat dnamberbafabihe t o
the skew of

L he skew 0bpt f16s PPLI £81 fhSiend Sl BLO°fhAd HGRAES b Iéhe MR 1GHRS 1o the
60 or greater and the number of apertures is made to be 0.8 or
more.

An objective lens according to the present invention is
structured such that when an assumption is made that the
refractivity of optical glass for forming either lens element
in which an angle made between a tangential plane of a plane
in the periphery of the lens element and a plane perpendicular
to an optical axis is larger than the angle of the other lens
element is n, and the refractivity of the optical glass forming

the other lens element is n,, the following relationship is

satisfied:

An objective lens according to the present invention is
structured such that when an assumption is made ‘that the

. diameter of an incidental laser beam is BW, the working
distance is WD and the number‘of apertures is NA, the following

relationships are satisfied:

if 1.0 £ BW < 4.5, 0.05 < WD and 0.7 < NA ¢ 0.8, then

WD < 0.25676BW + 0.039189,

if 0.8 < NA < 0.9, then WD < 0.14054BW - 0.064865, and



In view of the foregoing, an object of the present invention is to provide
an objective I ens which has a sufficiently large nunber of apertures (NA)
whi ch i s capable 6 of sufficiently correcting chromatic aberration and
which can easily be manufactured. Another object of the present invention
Is to provide an optical pickup apparatus having the objective |ens
according to the present invention and arranged to be capabl e of
satisfactorily witing and readgng an inf rnatiﬁn ngngln;ﬁt?gﬁeLrgg}ggts

ical recordict i ,In_order to realize the above- : ,
?E; gresent invggtggg ?ghétrﬁg?ﬁrﬁﬁ SuBnOPRdt OBie chréttfi4% aberration of a
doubl et |l ens having a high NA (the nunber of apertures) is prevented by
usi ng lowdiffusion optical glass

An objective lens according to the present invention is
structured such that ratio F,/F of focal distance F, of the
lens disposed on the side on which a laser beam is made

incident and focal distance F of the overall system of the lens

satisfies the following relationship:
1.7 < (F,/F) < 2.5.

An objective lens according to the present inventioﬁ is
structured such that the aberration of the objective lens is
corrected to correspond to thickness T of a transparent
substrate of an optical recording medium disposed on a signal
recording surface and supporting the signal recording surface

'

and the objective lens satisfies the following relationships:

if 0.7 £ NA (the number of apertures) < 0.8, then
T < 0.32 mn,
if 0.8 < NA < 0.9, then T < 0.20 mm, and

if 0.9 < NA, then T < 0.11 mm.

According to another aspect of the present invention,
there is provided an optical pickup apparatus according to the

present invention comprising a light source; and an objective



having an Abbe's nunmber of 40 or nore to manufacture the two Iens_FIeregts.
To reduce the dianmeter of the aperture or to obtain a satlsfactor: y long .
wor ki ng distance, a first neans is arranged :n fuch ﬁa&?xgtgaﬁe?rag??vity
[ [ f optical glass :
having a sharper curvature is nmade o | ' vt
[ [ [ f optical glass for nmaking a
which is higher than the refractivity o &
' ture can be made to be gentle
ing a gentler curvature. Thus, the curva e (
gﬁg tﬁe dgterioration in the nanufacturlnguBff|C|ency can be prevented.

aS curvature
Since the opensatog|anfdiingaki 19 0% 8D A13Y atgg,ﬁ narpel Fouree
encounters great diffusion o wavel engt C
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ranges for the NA (the nunber .
a doublet structure, at least either surface is formed into an
aspheric surface and the nuﬁber of apertures is 0.7 or more.
An optical pickup apparatus according 'to the present
invention is structured such that the Abbe’s number of the
optical glass forming the two lens elements on the d-line is
60 or greater and the number of apertures is made to be 0.8 or
more.
Other objects, features and advantages of the invention
will be evident from the following detailed description of the

preferred embodiments described in conjunction with the

attached drawings.

BRlEE_DESQEIEIHmiJHLJIELDRAEIHQS
FIG. 1 is a vertical cross sectional view showing an
optical pickup apparatus according to the present invention and
made of optical glass having an Abbe’s number of 50 or smaller;
FIG. 2 is a graph showing distortion of the objective lens

shown in FIG. 1;

FIG. 3 is a graph showing astigmatism of the objective
lens shown in FIG. 1;

FIG. 4 is a graph showing spherical aberratlon of the
objective lens shown in FIG. 1;

FIG. 5 is a graph showing lateral aberration (angle of



7 of apertures), the dianmeter of the aperture and the morklng_dlfhance are
limted to prevent the sharp curvature. Thus, deterioration hnl e ¢ have
manuf acturing efficiency can be prevented. The above-nentione e_nse_bIe
the curvature of the surface, the tilt (inclination) and the perm ssi
decentering which satisfy the range with which the lens pandbg_ Cbuti o
manuf actured. A thus-obtained lens is able to have optim ze |s|n

of the refracting power of the two |lens el enents of the doublet |ens.

' ' ; ref i . r an be, opti m _zed bec_ayse t he
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ratio [err] of tfH&.f 6calk disrapneshewtigoihéhpa¢@$§legﬂéyygg-gda(%Qet ?ject
(adj acent to.tme Q Q‘t squrce) and the focal distance F of the overa ]
system satisii%s & heq’feolqbd\ﬁcrfg“’reelléﬂisoﬁbﬁm: in FIG.(Fferr]/F) < 2.5. The
optical pickup anpar abusiéa ahl ggé% lsefpésWiSf}lgSt ﬁ"pﬁ‘ (Modulation Transfer

Function) of the objective lens shown in FIG. 1:

FIG. 8 is a graph showing PSF of the objective lens shown
in FIG. 1;

FIG. 9 is a vertical cross sectional view showing the
structure of a lens element of the objective lens according to
the present invention having sharper curvature;

FIG. .10 is a graph showing distortion of the objective

lens shown in FIG. 9;

FIG. 11 is a graph showing astigmatism of the objective
lens shown in FIG. 9;

FIG. 12 is a graph showing spherical aberration of the
objective lens shown in FIG. 9;

FIG. 13 is a graph showing lateral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 9;

- FIG. 14 is a graph showing the lateral aberration (on the
axis) of the objective lens shown in FIG. 9;

FIG. 15 is a verticallcross sectional vieﬁ showing the
structure of the structure showing the upper limit of the
objective lens accqrding to the present invention;

FIG. 16 is a graph showing distortion of the objective

lens shown in FIG. 15;

FIG. 17 is a graph showing astigmatism of the objective

lens shown in FIG. 15;



havi ng the high-NA objective lens is arranged to correspond to an

I nclination (disk skew) of an optical recordi ng nedi um by reduci ng the

t hi ckness of a transparent substrate (the disk substrate) to prevent
generation of conm-aberration. According to one aspect of the present

I nvention, there is provided an objective |lens conprising two | ens el enents
made of optical glass having an Abbe's nunber of 40 or greater on a d-line
and having a doubl et structure, wherein at2l|east either surface is forned

| nto an aspher ieggsunfsace andg {4 sh@nm‘é*bﬁﬁhé’ﬁ i APETLYL £5 { Sor0- ofOEhémre

An optical pickup apparatus according to e present 1 nvention
st ruct ur edtsigctt itvieatl elise sAble’ $nnBbbker18f the optical gl ass forn1ng the two

| ens el ements %3 the d-line is 60 or greater and the nunmber of apertures is
made to be 0.8 is a graph showing lateral aberration (angle of

view: 0.5 degree) of the objective lens shown in FIG. 15;

FIG. 20 is a graph showing the lateral aberration (on the
axis) of the objective lens shown in FIG. 15;

FIG. 21 is a graph showing mode hop in a single mode laser
diode;

FIG. 22 1is a graph. showing preferred ranges of the
direction of the beam, the working distance and NA (in a case
where NA = 0.7);

FIG. 23 is a graph showing preferred ranges of the
direction of the beam, the working distance and NA (in a case
where NA = 0.8);

FIG. 24 is a graph showing preferred ranges of the
direction of the beam, the working distance ahd NA (in a case

where NA = 0.9);

FIG. 25 is a graph showing distribution of size of dust
on an optical disk; |

FIG. 26 is a histogram of the ratio F,/F of the focal
distance in an example of design in which the design tolerance
is considerably large;

FIG. 27 is a graph showing the wave surface of a beam spot
when the disk skew of a DVD (Digital Video Disk) is 0.4 degree;

FIG. 28 is a graph showing the fhickness of a disk
substrate of an optical disk which generates the wavefront

aberration which is the same as that generated in FIG. 27;



nore. An objective lens according to the present invention is structured
such that when an assunption is nade that the refractivity of optical glass
for formng either lens elenment in which an angl e nade between a tangenti al
pl ane of a plane in the periphery of the lens elenent and a pl ane

perpendi cular to an optical axis is larger than the angle of the other |ens
elenment is nlferr] and the refractivity of the optical glass formng the
other lens elenent is n[ferr], the followi pg relationship is satisfied:

[err] An objectikyg |egs; gcgoglcyeng,% gﬁg‘fp{‘ﬁse@tegs@{ﬁ thIBor% gkrggt red

such that when an assunption i e dianeter an “inci dent al

| aser beamoipst iB\A/1 tpiec ki ke pich rditaisanee oirdl iNR ard thie :ﬁ*érﬁbalt Qhvapeibyres i s
NA, the follomﬁn% rel ationships are satisfied: if 1.0 [err] BW< 4.5, 0.05
[err] WD and 0. 71fer?9 WA & 398, ViRwnskeyring dn @sE56LEBW ROTL RO P the

structure of a first embodiment of the objective lens according

to the present invention;

FIG. 31 is a graph showing distortion of the objective
lens shown in FIG. 30;

FIG. 32 is a graph showing astigmatism of the objective

lens shown in FIG. 30;

FIG. 33 is a graph showing spherical aberration of the
objective -lens shown in FIG. 30; |

FIG. 34 is a graph showing lateral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 30;

FIG. 35 is a graph showing the lateral aberration (on the
axis) of the objective lens shown in FIG. 30;

FIG. 36 is a graph showing MTF (Moddlation Transfer
Function) of the objective lens shown in FIG. 30;

FIG. 37 is a graph showing (Modulation Transfer Function)
of the objective lens shown in FIG. 30;

FIG. 38 is a vertical cross sectional view showing the
structure of a second embodiment of the objective lens
according to the present invention;

FIG. 39 is a graph showing distortion of the objective
lens shown in FIG. 38;

FIG. 40 is a graph showing astigmatism of the objective

lens shown in FIG. 38;

FIG. 41 is a graph showing spherical aberration of the



[ < 0.9, then WD [err] 0.14054BW- 0.064865, and 9if 0.9
igr?jBB&fr{LeEAMD [err] 0.09642gBMI- 0.244640. An objective lens ?c?ord:ng
to the present invention is structured such that ratlo_F[err}/F o] . Oﬁ?is
di stance F[err] of the |ens disposed on the side on which a ﬁse[ ea

made incident and focal distance F of the overall system of t i egs ctive
satisfies the following relationship: 1.7 < (Flerr]/F) < 2.5.h ntﬁ je

| ens according to the present invention i %structured such t hat e

d to thickness T
aberration ] ens.is correc ed to correspon
of a transpgﬁeﬁggsgg ?ra eSB?w%nl%p§¥%aJ % ecordi ng nedi um di sposed on a

ce and
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the objective lens satisfies the followmng re P ong

view: 0.5 degree) of the objective lens shown in FIG. 38;

FIG. 43 is a graph showing the lateral aberration (on the

axis) of the objective lens shown in FIG. 38;

FIG. 44 is a vertical cross sectional view showing the
structure of a third embodiment of the objective lens according
to the present invention;

FIG. 45 is a graph showing distortion of the objective
lens shown in FIG. 44 ;

FIG. -46 is a graph showing astigmatism of the objective
lens shown in FIG. 44; -

FIG. 47 is a graph showing spherical aberration of the
objective lens shown in FIG. 44 ;

FIG. 48 is a graph showing léteral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 44;

FIG. 49 is a graph showing the lateral aberration (on the
axis) of the objective lens shown in FIG. 44;

FIG. 50 is a vertical cross sectional view showing the
structure of a fourth embodiment of the objective 1lens
according to the present invention:

FIG. 51 is a graph showing distortion of the objective
lens shown in FIG. 50;

FIG. 52 is a graph'showing astigmatism of the objective
lens shown in FIG. 50;

FIG. 53 is a graph.showing spherical aberration of the

objective lens shown in FIG. 50;



i Tlerr] 0.32 mm if

: rr] NA (the nunber of apertures) < 0.8, then
beO[ZrEf NL < 0?9, then T [err] 0.20 mm and if 0.9 [err] NA then T [err]
0.11 mm According to another aspect of the present invention, there is
p%ovided an optical pickup apparatus according 28 fhe p;gfeggnbgygpabog

| Si a light source; and an objective | ens \
fggg;'gggg1enit9ted fromthe |ight source on}o a ﬁlgn?I cho;dgrgnzﬁ[Laﬁgde

[ [ [ in the lens has two | en
of an optical recording medi um wherein nes t ens elements m
[ | ass Vi ng be S . nunber 40 or greater

ﬁ;v?ﬁglgagogbletFQ?ructur% %b a@ﬁsf“@ﬁ?ﬁgr1§GFF&éeaP§Fréﬁhed (mpolancf

cal
aspheri ¢ surfizoe amdsthegmuabebﬁoth@p@55g5@§véslghg'§HOJ§N§% F%E Optt
atus _according to the present
pirckup appar FIG. 55 19 @ graph showing the lateral aberration (on the

axis) of the objective lens shown in FIG. 50;
FIG. 56 is a vertical .cross sectional view showing the
structure of a fifth embodiment of the objective lens according

to the present invention;

FIG. 57 is a graph showing distortion of the obJectlve
lens shown in FIG. 56;

FIG. 58 is a graph showing astigmatism of the objective
lens shown in FIG. 56;

FIG. 59 is a graph showing spherical aberration of the
objective lens shown in FIG. 56;

FIG. 60 is a graph showing lateral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 56;

FIG. 61 is a graph showing the lateral ab%rration (on the
axis) of the objective lens shown in FIG. 56;

FIG. 82 is a vertical cross sectional view showing the
structure of a sixth embodiment of the objective lens according

to the present invention;

FIG. 63 is a graph showing distortion of the objective
lens shown in FIG. 82;

FIG. 64 is a graph showing astigmatism of the objective
lens shown in FIG. 62;

FIG. 65 is a graph showing spherical aberration of the

objective lens shown in FIG. 82;

FIG. 66 is a graph showing lateral aberration (angle of



i nvention is structured such that the Abbe's nunber of the optical glass
formng the two lens elements on the d-line is 60 or greater and the nunber
of apertures is made to be 0.8 or nore. Qther objects, features and
advantages of the invention will be evident fromthe follow ng detailed
description of the preferred enbodi ments described in conjunction with the
attached draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a vertical
cross sectional view show ng an optical ppgkup apparatus according to the

present. i nueiiy 0n Gl dBIR <O o2PhGaLygka3e,aYLNY BRoARDE, S, pumher, of 50

or smaller; FIG 2|sagraphsow|ng FStorti on of Jec

shown in FIG 1FIG. G87315 52 ag AP sHNaNENYhast & goPd | B rdl@nokbRCkhye
lens shown in FIG_ 1; FIG. 4 is a_graph show ng spherical -aberration of the

obj ective ¥ 5Rfuthe oBi@ctive lens shown in FIG. 62;
FIG. 68 is a vertical cross sectional view showing the
structure of a seventh embodiment of the ‘objective lens

according to the present invention;

FIG. 69 is a graph showing distortion of the objective
lens shown in FIG. 68:

FIG. 70 is a graph showing astigmatism of the objective
lens shown in FIG. 68;

FIG. -71 is a graph showing spherical aberration of the
objective lens shown in FIG. 68;

FIG. 72 is a graph showing lateral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 68;

FIG. 73 is a graph showing the lateral aberration (on the
axis) of the objective lens shown in FIG. 68;

FIG. 74 is a vertical cross éectional view showing the
structure of an eighth embodiment of the objective lens
according to the present invention;

FIG. 75 is a graph'showing distortion of the objective
lens shown in FIG. 74;

FIG. 76 is a graph showing astigmatism of the objective
lens shown in FIG. 74;

FIG. 77 is a graph showing spherical aberration of . the

objective lens shown in FIG. 74;

FIG. 78 is a graph showing lateral aberration (angle of

view: 0.5 degree) of the objective lens shown in FIG. 74;



I 5 is a graph showing lateral aberration (angle of 11 view 0.5
gegiee) of tge gbjectiveglens shown in FIG 1; FIG 6 is a graph show ng _
the lateral aberration (on the axis) of the objective Iens shown in FIG 1;
FIG 7 is a graph showing MIF (Mdul ation Transfer Function) of the
obj ective lens shown in FIG |; FIG 8 is a graph showing PSF of the
objective lens shown in FIG 1; FIG 9 is a vertical cross sectional view
showi ng the structure of a | ens el ement 3% the objective |lens according to
the present inv &io havi ng sharper cur ure; FIG 10 is a graph show ng
di stortion of tﬁg ob?%c‘tsl Ve BT@RE SROWANE ntilg Gat®ral| @bettratsom tompthe

showi ng askikgsht bMeAt bBFeOPi€Et1¥8s shown in FIG. 74:

FIG. 80 is a vertical cross sectional view showing the
structure of a ninth embodiment of the objective lens according

to the present invention;

FIG. 81 is a graph showing distortion of the objective
lens shown in FIG. 80;

FIG. 82 is a graph showing astigmatism of the objective

lens shown in FIG. 80;

FIG. 83 is a graph showing spherical aberration of the
objective -lens shown in FIG. 80;

FIG. 84 is a graph showing 1a¥era1 aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 80{

FIG. 85 is a graph showing the lateral aberration (on the
axis) of the objective leﬁs shown in FIG. 80;

FIG. 86 is a vertical cross sectional view showing the
Structure of a tenth embodiment of the objective lens according

to the present invention;

FIG. 87 is a graph showing distortion of the objective
lens shown in FIG. 86;

FIG. 88 is a graph showing astigmatism of the objective
lens shown in FIG. 86;

FIG. 89 is a graph showing spherical aberration of the
objective lens shown in FIG. 86;

FIG. 96 is a graph showing lateral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 88;

FIG. 91 is a graph showing the lateral aberration (on the



|l ens showmn in FIG 9; FIG 12 is a graph show ng spherical aberration of
the objective lens showmmn in FIG 9; FIG 13 is a graph show ng | ateral
aberration (angle of view 0.5 degree) of the objective lens shown in FIG
9; FIG 14 is a graph showing the |lateral aberration (on the axis) of the
objective lens shown in FIG 9; FIG 15 is a vertical cross sectional view
showi ng the structure of the structure show ng the upper limt of the

obj ective lens according to the present i g@ntion FIG 16 is a graph

showi ng dlgkggs ?? of, tgg $£eﬁe|ve Ie nNs shawn J. FleG. 15, FIG 17 Is a

graph show ng as 0 Jec I've l'ens s omn in FIG 15; 12
FIG. 92 is a vertical cross sectional view showing the

structure of an eleventh embodiment of the objective lens
according to the present invention;

FIG. 93 is a graph showing distortion of the objective

lens shown in FIG. 92;

FIG. 94 is a graph showing astigmatism of the objective

lens shown in FIG. 92;

FIG. 95 is a graph showing spherical aberration of the
objective lens shown in FIG. 92;

FIG. -96 is a graph showing lateral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 92;

FIG. 97 is a graph showing the lateral aberration (on the
axis) of the objective lens shown in FIG. 92;

FIG. 98 is a vertical cross sectional view showing the
structure of a twelfth embodiment of the" objecti?e lens
accordihg'to the present invention;

FIG. 99 is a graph showing distortion of the objective
lens shown in FIG. 98;

FIG. 100 is a graph showing astigmatism of the objective
lens shown in FIG. 98;

FIG. 101 is a graph showing spherical aberration of the
objective lens shown in FIG. 98;
_ FIG. 102 is a graph showing lateral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 98;

FIG. 103 is a graph showing the lateral aberration (on the

axis) of the objective lens shown in FIG. 98;



FIG 18 is a graph show ng spherical aberration of the objective lens
shown in FIG 15; FIG 19 is a graph showing lateral aberration (angle of
view 0.5 degree) of the objective Iens shown in FIG 15 FIG 20 is a
graph showing the | ateral aberration (on the axis) of the objective |ens
shown in FIG 15; FIG 21 is a graph showi ng node hop in a single node

| aser diode; FIG 22 is a graph showing preferred ranges of the

di rection of the bean1 t he wor ki ng di stan and NA (in a case where NA =
0.7); FIG qraph showi ng preferred ranges of the direction of
the beam the woFILan 8|4st1&né‘e"&ﬁdlml(FﬁoaScasetMBaé Kiew Oh8ying| the 24

the ction of . the beam the
wor ki 50 i sTaneu eI (4 B rEBONER eBbpaiBEnto T e O5it e ey hpns

showi ng di stacichutdiiag ob shéepﬁésdﬂﬁtlnventlon.

FIG. 105 is a graph showing distortion of the objective
lens shown in FIG. 104;

FIG. 106 is a graph showing astigmatism of the objective
lens shown in FIG. 104;

FIG. 107 is a graph showing spherical aberration of the
objective lens shown in FIG. 104;

FIG. 108 is a graph showing lateral aberration (angle of
view: 0.5 degree) of the objective lens shown in FIG. 104; and

FIG. 109 is a graph showing théllateral aberration (on the

axis) of the objective lens shown in FIG. 104.

Embodiments of the present invention will now be described

with reference to the drawings in the following sequential

order.
1. Schematic structure of objective lens
2. Lens of a type using low-diffusion optical glass

which has Abbe’s number vd not smaller than 40 (vd 2 40) on

d-line as optical glass of two lens elements.

3. Lens satisfying n;, > n, on an assumption that the
refractivity of a lens having a sharper curvature is n, and the
refractivity of a lens having a gentler curvature is n,.

4. Lens having beam diameter BW and working distance WD



on an optical disk; FIG 26 is a histogramof the ratio Flerr]/F of the
focal distance in an exanple of design in which the design tolerance is
considerably large; FIG 27 is a graph show ng the wave surface of a beam
spot when the disk skew of a DVD (Digital Video Disk) is 0.4 degree; FIG
28 is a graph showi ng the thickness of a disk substrate of an optical disk
whi ch generates the wavefront aberration which is the sane as that
‘generated in FIG 27, 13 FIG 29 is a sjide view showi ng an essenti al

portion of optical pickup apparatus acc%?ding to the present invention;
FIG 30 is gp%fg%dv?%mﬁé g an essential portion of the structure of a

first enbodi ment of the objective I ens according to the present invention;

if 1.0 < BW < 4.5, 0.05 < WD and 0.7 < NA (the number of
apertures) < 0.8, then

WD < 0.25676BW + 0.039189,

if 0.8 < NA < 0.9, then

WD < 0.14054BW - 0.064865, and
if 0.9 < NA, then

WD < °'0.096429BW - 0.244640

4-1 Upper limit of the diameter of the Beam
4-2. Lower limit of the working distance
4-3 Upper limit of the working distance

5. Lens in which the ratio (F,/F) of focal distance F,
of the lens adjacent to an object (adjacent to the light
source) and focal distance F of the overall system satisfies
1.7 < (F,/F) < 2.5. |

6. Lens corrected to correspond to thickness T of a

transparent substrate of an optical recording medium as

follows: *
if 0.7 < NA (the number of apertures) < 0.8, then

T £ 0.32 mnm,

if 0.8 < NA < 0.9, then



| i [ [ ' [ | ens shown in FIG
[ aph showi ng distortion of the objective | (
EBQIF?E.Igzaigrapgraph shgmﬁng astignatlsn1or tBe ob{gghlgﬁ Lﬁgsozrgg?fbg
’ [ i heri cal aberrati : _
FIG 30; FIG 33 is a graph show ng sp _ o T e o
: i ; h show ng | ateral aberra (ang
lens shown in FIG 30; FIG 34 is a grap _ petration (ang
[ ' | ens shown in FIG 30; F
of view 0.5 degree) of the objective _ pe 3% Fle 35S
| the lateral aberration (on the axis) .o ~obj
ngaE ?20212? 30; FIG 36 is a graph showing MIF (Mdul ation Trapzfﬁr
chovi ng. (Nodul at FoR 57 23sRBr “Fifcti o) of the obj ective Iens shown in FIG
show ng (Nbdulatlon rans ctio A | ve Lens shown 1n FI S
a_vertical cross sectional view show ng
ggcoEgGangd:ﬁen% fof-2he Bhj ethénve | ens according to the present invention;
FIG 39 is a graph showi ng distortion of the objective
T < 0.11 mm.

7. Structure of optical pickup apparatus
8. Modification
1. Schematic Structure

The objective lens according to the present invention is
a doublet lens (two elements in two groups) having at least
either side formed into an aspheric surface, as shown in FIG.
1 and Table 1, the objective lens“according to the present
invention being a high-NA (the number of apertures) obaectlve
lens having an NA of 0.7 or more. That is, the objective lens
accordlng to the present invention comprlses a first lens 3
disposed adjacent to an object (adjacent to the light source)
and a second lens 4 disposed adjacent to an image (an optical
recording medium). A parallel flat plate 5 corresponding to
a transparent of an optical recording medium is provided for
the objective 1lens according to the present invention at a
position adjacent to the image.

The objective lens according to the present invention is
a2 so-called infinite lens having an object point (OBJ)(1light
source) positioned at an infinitely distant position. A light
beam emitted from the object point is formed into a parallel

beam, and then allowed to pass through a stop (STO) 2 so that



lens shown in FIG 38, FIG 40 is a graph showi ng astigmatismof the
objective lens shown in FIG 38, FIG 41 is a.graph show ng spherical
aberration of the 14 objective lens shown in FIG 38; FIG 42 is a graph
showi ng lateral aberration (angle of view 0.5 degree) of the objective
lens shown in FIG 38, FIG 43 is a graph showing the |ateral aberration
(on the axis) of the objective lens shown in FIG 38, FIG 44 is a vertical
cross sectional view showing the structurg of a third enbodi nent of the

obj ective | ens according to the present_l%%entlpn; FIG 45 is a graph

showi ng di $th6rt 1BAe5f eem obf edraidee immbdembwoni nf F#<G 4drface S1  (an

incidental surface of the first lens 3). The laser beam is
then emitted from second surface S2 (an emission surface of the
first lens 3), and then made incident on third surface S3 (an
incidental surface of the second lens 4). The laser beam is
then emitted from fourth surface S4 (an emission surface of the
second lens 4), and then made incident on fifth surface S5 (an
incidental surface of the parallel flat plate 5). The laser
beam is then imaged on an imaging point (IMG) on a sixth

surface S6 (an emission surface of the parallel flat plate §5).

(Table 1]
Surface RDY THI GLA
(Curvature (Thickness) (Name of
Radius) Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 2.41728 . 1.920128 731.405
K:-0.098342

A:—-.335213E~-02 B:-.612803E-03 C:-.167781E-03
D:-.786690E-04 E:0.145905E-04 F:-.103594E-04

s2 6.10659 0.381566

K:-5.5674578
A:0.266412E-02 B:-.160850E-02 C:-.152011E-02
D:-.183517E-02 E:0.275197E-03 F:0.258063E-03

s3 1.135 1.268447 731.405

K:-0.113115
A:0.564267E-02 B:-.239467E-02 C:0.536980E-02
D:-.139509E-01 E:-.831405E-02 F:0.194854E-02

s4 2.22598 .0.2




FIG 46 is a graph show ng astigmati smof the objective |lens shown in FIG
44; FIG 47 is a graph show ng spherical aberration of the objective |ens
shown in FIG 44; FIG 48 is a graph showing |ateral aberration (angle of
view. 0.5 degree) of the objective lens shown in FIG 44; FIG 49 is a
graph showing the lateral aberration (on the axis) of the objective |ens
‘shown in FIG 44; FIG 50 is a vertical cross sectional view show ng the
structure of a fourth enbodi nent of the objective | ens according to the
present invention;, FIG 51 is a graph showing distortion of the objective

| ens shownj in FIG |50;-3 .G97943 s a graph showi ng astigmati sm of the

obj ective Jens sho 111H11344E}00FBGD 5377$1§+?ﬂa hO s ©i&9k t?herical
aberr at i on|_of : 9 §zsﬁbﬂn1@ﬁ°ﬁﬁ§? :0.951503E~-17

s5 Infinity CG
sb Infinity 0.0
IMG Infinity 0.0

Equation of Aspheric Surface

TR
1+{1-(1+K) (¥/R)*}'?

X=

+AY*+BYS+CY*+DYV+EY 2+ FY

depth from vertex of surface

: height from optical axis

: paraxis R

cone constant }

aspheric coefficient of term Y*
aspheric coefficient of term Y®
aspheric coefficient of term Y®
aspheric coefficient of term Y'°
aspheric coefficient of term Y!?
aspheric coefficient of term Y™

EPD 2.928
(Diameter of ’
Entrance Pupil (mm))

o O O 0 B 3R 0

WL (Wavelength (nm)) 635.0

Refractivity/
Abbe’s Number

Name of Glass

731.405 1.727 / 40.5
cG 1.533
F : 1.83

. {Focal Distance
of Overall System)

F, 4.5136
(Focal Distance of :

Lens adjacent to Object)




4 is a graph showing lateral aberration (angle of view 0.5
égng:a(Cai) (5)f t he ogj e(F:)tive lens shown in FIG 50; FIG 55 is ahgraph SE?V(\E{ ng
the lateral aberration (on the axis) of the objective Iens shown in 'S
50; FIG 56 is a vertical cross sectional view show ng the structure of a
fifth embodi ment of the obj ective lens according to the present i nyenFlI o
FIG 57 is a graph showi ng distortion of the objective | ens shown Ln S
56; FIG 58 is a graph show ng astigmatismof the objective |ens E_om?_ve
FIG 56; FIG 59 is a graph show ng spher|3‘él aberration of the objecti

. " - . ' ngl e

lens shown in FACersph $Hdwirfz0diistargieRho shaw Q)%.JL@:!_‘F%Q' %%Pserarcactolrgri]nga g

of view 0.5 degree) of the objective |lens shown in ;
to the present invention is shown in FIG. 2, that showing
astigmatism of the same is shown in FIG. 3 and that showing
spherical aberration of the same is shown in FIG. 4. A graph
showing the lateral aberration (angle of view: 0.5 degree) is
shown in FIG. 5 and that showing the lateral aberration (on the
axis) is shown in FIG. 6.

2. Lens of a type using low-diffusion optical glass

which has Abbe’s number vd not smaller than 40 (vd > 40) on

d-line as optical glass of two lens elements

Since' the objective lens according to the Present
invention responds to change in the wavelength of the
semiconductor laser, which is the light source, because the
objective lens according to the present invention has a high
NA, correction of the chromatic aberration must be considered.
The chromatic aberration is aberration which is generated
because the refractivity of the optical glass becomes different
according as the wavelength of light. The position and size
of the image become different according as the wavelength.

Since the conventional objective lens having a low NA for
use in an optical disk, such as the conventional CD (Compact
Disk), or a laser beam printer does not generate a large
quantity of the chromatic aberration, optical glass (having an
Abbe’s number smaller than 40) is widely used. The reason for
this lies in that the above-mentioned optical glass can e#sily

be manufactured and thus mass production is permitted.



FIG 61 is a graph showing the lateral aberration (on the axis) of the
objective lens shown in FIG 56; FIG 62 is a vertical cross sectional view
showi ng the structure of a sixth enbodi ment of the objective |ens according
to the present invention;, FIG 63 is a graph showing distortion of the

obj ective lens shown in FIG 62; FIG 64 is a graph show ng astigmatism of
the objective lens shown in FIG 62; FIG 65 is a graph show ng spheri cal
aberration of the objective | ens shown in EIG. 62; FIG 66 is a graph

showi ng | ateral aberration (angle of 18 view 0.5 deg_ree) of the

obj ective | ens diosiRYeirn pihe lBns Eiysteg7 has & igherh reffeaicngntheokvatesal

aberration {OENE on to the NA and thus the chromatic aberration takes
place considerably attributable.to change in the refractivity
occurring when the wavelength has been changed. Moreover, the
chromatic aberration takes place considerably in a long focal
distance system.

On the other hand, the semiconductor laser encounters mode
hop as shown in FIG. 21 according as the change in the
temperature of the laser diode and thus the output wavelength
is rapidly changed. If chromatic aberration is generated in
the objective lens, defocus occurring attributable to the mode
hop cannot be followed and removed by a biaxial actuator for
moving the objective lens.

Accordingly, the lens must be made of low-diffusion
optical _glass -to, prevent generation of the chromatic
aberration. The obﬁective lens designed as described above,
as shown in FIG. 1 and Table 1, comprises the first and second
lenses 3 and 4 both of which have an Abbe’s number vd of 40.5
and a refractivity of 1.73. When the degree of opening is
limited by the stop 2, defocus with respect to changé in the
wavelength of a + 5 nm semiconductor laser is 0.478 um when the
NA is 0.8.

An MTF (Modulation Transfer Function) in the direction of
the optical axis when the spatial frequency is 80/mm is shown

in FIG. 7, and PSF (Point Strength Function) is shown in FIG.
8.



axis) of the objective lens shown in FIG 62; FIG 68 is a vertical cross
sectional view showi ng the structure of a seventh enbodi ment of the

obj ective lens according to the present invention; FIG 69 is a graph

showi ng distortion of the objective lens shown in FIG 68, FIG 70 is a
graph showi ng astigmati smof the objective I ens shown in FIG 68; FIG 71

i s a graph showi ng spherical aberration of the objective |ens shown in FIG
68, FIG 72 is a graph showing lateral aberration (angle of view 0.5
degree) of the objective | ens shown in FI&6 68, FIG 73 is a graph showi ng
the lateral abertfatd digtofd Rbigeitéyeolenheaddpbabiectdens spmwival niiKG

FIG 74._] ' C s sectional,.view show ng the structure of.an
gisight h enbo?j%r?r%%?gg;é% ﬁgkob‘fpgilﬁa\‘/le FERSTALREr IS YD BRAeFREESNtAqfiRfalst i on:

FIG 75 is grgiepn txhewiongosi gk ailiic®n i8f nb e P @6 1M a1 depth of 0.992
pm when the wavelength of the semiconductor laser has been
changed by P-P10 nm (f 5 nm), the beam spot on the signal
recording surface of the optical disk cannot complétely be
stopped. When the wavelength has been changed by P-P10 nm (i
5 nm), the lens made of the optical glass shown in FIG. 1 and
having the Abbe’s number vd of 40.5 generates defocus of
0.475 pum which is substantially the permissible defocus.
Therefore, the present invention is structured such that the
lower limit of the proper Abbe’s number vd of the optical glass
for making the lens is made to be 40 in order to prevent
chromatic aberration. It is preferable that the upper limit
of the Abbe’s number vd be a large value,to prevent the
chromatic aberration. Therefore, the present invention is
structured such that the range of the Abbe’s number vd of the
optical glass for manufacturing the lens having the NA of 0.7
or more is determined to be 40 or larger to effectively prevent
the chromatic aberration.

In a first embodiment to be described later, an example
of an objective lens made of optical glass having a larger
Abbe’s number (vd = 61.3) will be described. In this case, the
chromatic aberration can be prevented even if the focal
distance is elongated or the NA is enlarged.

3. Lens satisfying n, > n, on an assumption that the



lens shown in FIG 74; FIG 76 is a graph showi ng astigmatismof the
objective lens shown in FIG 74; FIG 77 is a graph show ng spheri cal
aberration of.the objective Iens shown in FIG 74; FIG 78 is a graph
showi ng | ateral aberration (angle of view 0.5 degree) of the objective

| ens shown in FIG 74; 17 FIG 79 is a graph showi ng the | ateral _
aberration (on the axis) of the objective lens shown in FIG 74; FIG 80 is
a vertical cross sectional view show ng thgzstructure of a ninth enbodi ment
of the objectjve |lens according to the present invention; FIG 81 is a
graph show FQf SAStigrittYoRfof RS oM s we Shemgeshewnvayurd Gs 80;and the

refractivity of a lens having a gentler curvature is n,.

Even if the chromatic aberration is prevented by using the
above-mentioned low-diffusion optical glass, there arises the
following problem: the curvature of the lens is sharpened
excessively to manufacture the lens if the low-diffusion
optical glass having a low refractivity is used because large
refracting force is required for the optical glass for
manufacturing the objective lens having a high NA. In this
case, the optical glass must be changed to raise the
refractivity and to make the curvature to be gentle.

In this case diffusion in tﬁé available optical glass
however deteriorates. Therefore, the two lenses must be made
of optical glass having the Abbe’s number of 40 or larger. 1If
optical glass héviﬁg a larger Abbe’s number is employed to
manufacture the lens having a gentle curvature and if the
optical glass having a smaller Abbe’s number (however not less.
than 40) is employed to manufacture the lens having sharper
curvature, deterioration in the chromatic aberration can be
prevented most significantly.

The state where the curvature is tdo sharp to manufacture
the lens is a state where the angle 6 made between a tangent
(a tangential plane) of the surface of a lens at a position,
on which a laser beam which has the largest height among the
incident laser beams is made incident, and a perpendicular (a
plane perpendicular to the optical axis) to the optical axis

exceeds 55 degrees (65 degrees in the case shown in FIG. 9) on



FIG 82 is a graph showi ng astigmatismof the objective | ens shown in FIG
80; FIG 83 is a graph show ng spherical aberration of the objective |ens
shown in FIG 80; FIG 84 is a graph showing lateral aberration (angle of
view 0.5 degree) of the objective Iens shown in FIG 80; FIG 85 is a
graph showing the |l ateral aberration (on the axis) of the objective |ens
shown in FIG 80; FIG 86 is a vertical cross sectional view show ng the
structure of a tenth enbodi nent of the objz&tiée Iens_acco;diﬂg tg'tgf've
[ i on. FI 87 is_a graph show n istortion o e objecti
Pens. sho m{"?‘rr%t ﬁﬁéfa%%;G“ﬂﬁ‘e o8 iign atp*m &HFes I’fg\mwmlg iasFilgna®i smaofng hene

| ens shown i _
; ; . : : : |
obj ective ls®aspeR@WrdiyfithGe 88 sH a graph _show ng spherica
abgrrationsof t he objecfiye Ienssgﬁganqgn?ﬁPG.g86;?EI&§1§Og?§£a.%ﬂﬁbhi
showi ng | atf@ral namefsatuming anyke fafregoing lens cannot accurately be

manufactured. The designed values of the objective lens shown

in FIG.

9 are as shown in Table 2.

{Table 2]
Surface RDY THI GLA
(Curvature (Thickness) (Name of
Radius) Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 0.65323 0.471733 FCD1
K:—-0.143186
A:—=.239735E+00 B:-.409752E+00 C:-.277114E+00
D:-.167201E+01 E: .337892E+01 F:-.405421E+02
s2 -6.89267 0.002068
K:~490.930053 ’
A:0.188677E-01 B:0.377014E-01 C:-.110654E+01
D:0.199457E+01 E: .181894E+02 F:0.288857E+02
s3 0.36152 0.451734 FCD1
K:~0..024229
A:0.152164E+00 B:0.250036E+01 C:—-.916245E+01
D:0.348714E+02 E:0.146318E-03 F:0.299313E-03
s4 0.90849 0.05
K:-192.038095
A:0.160336E+02 B:-.113008E+04 C:0.384911E+05
_ D:-.487143E+06 E:0.873041E-11 F:0.321727E-11
s5 Infinity 0.1 CG
s6 Infinity 0.0
IMG Infinity 0.0




view 0.5 degree) of the objective lens shown in FIG 86; FIG 91 is a
graph showi ng the lateral aberration (on the 18 axis) of the objective
lens shown in FIG 86; FIG 92 is a vertical cross sectional view show ng
the structure of an eleventh enbodi ment of the objective |ens according to
the present invention; FIG 93 is a graph showi ng distortion of the
objective lens showmn in FIG 92; FIG 94 is a graph show ng astigmati sm of
t he objectlve lens shown in FIG 92; FIG 285 is a graph showi ng spheri cal
aberr at i on—ef—the—objiect+ve—tens shewA—-A—FLG Q2. El G 96 is a graph
showi ng Iatlfe%leﬁtlaberqfat‘\anhe(ramglselrdfacm ew. 0.5 degree) of the Obj ectiye
| ens show in FIG 92;

2
X= TR +AY*+BYS+CP +DY P +EF 2+ Fy 14
1+{1-(1+K) (Y/R)?}2

depth from vertex of surface

: helght from optical axis

: paraxis R

cone constant

aspheric coefficient of term Y*
aspheric coefficient of term Y®
aspheric coefficient of term Y?®
aspheric coefficient of term Y!°
aspheric coefficient of term Y!?
aspheric coefficient of term Y

HEROQP R

_ EPD . 0.977
(Diameter of

Entrance Pupil (mm))
WL (Wavelength (nm)) 835

Refractivity/
Abbe’s Number

Name of Glass

FCD1 1.494122 / 81.8
CcaG 1.533
: 0.5747
(Focal Distance
of Overall System)
1.2331

F
(Focal Diétance of
Lens adjacent to Object)

A graph showing distortion of the foregoing objective lens
is shown in FIG. 10, astigmatism of the same is shown in FIG.
11 and spherical aberration of the same is shown in FIG. 12.

A graph showing the lateral aberration (angle of view: 0.5



FIG 97 is a graph showing the lateral aberration (on the axis) of the
objective lens shown in FIG 92; FIG 98 is a vertical cross sectional view
showi ng the structure of a twelfth enbodi ment of the objective |ens _
according to the present invention; FIG 99 is a graph show ng distortion
of the objective Iens shown in FIG 98; FIG 100 is a graph show ng
astigmati smof the objective lens shown in FIG 98; FIG 101 is a graph
showi ng spherical aberration of the objegfyjve | ens shown in FIG 98; FIG
102 is a graph showi ng lateral aberration (angle of view 0.5 degree) of
the obj ect (A& N%s ShotPyh M E1®g; 1¥| &rd 1838reph ghepinghové nha téiea |

| at eral ab%ﬁ@%&%QQoSQQoBh@héxLils?f1§h§h89$efﬁiyﬁ;}Qﬂf_Sho““ in FIG 98;
As described above, the curvature of the lens is made to
be gentle to satisfy the range with which the lens can be
manufactured while satisfactorily preventing the chromatic

aberration so that the efficiency of manufacturing the lens is

effectively improved.

An objective lens designed as described above will be

described in a second embodiment.

4, Lens having beam diameter BW and working distance WD

limited as follows:

if 1.0 < BW < 4.5, 0.05 < WD and 0.7 € NA (the number of
apertures) < 0.8, then

WD < 0.25676BW + 0.039189,

if 0.8 < NA < 0.9, then

WD < 0.14054BW - 0.064865, and
if 0.9 < NA, then

WD < 0.096429BW - 0.244640

The doublet objective lens attempted to be adaptable to
an optical recording medium, such as an optical disk, is next
required to have a reduced aperture (a shortened fécal
distance) in order to reduce the size and cost of the optical

pickup apparatus. Since the objective lens according to the



19 FIG 104 is a vertical cross sectional view showi ng the structure of a
thirteenth enbodi nent of the objective |lens according to the present
invention; FIG 105 is a graph showing distortion of the objective | ens
shown in FIG 104; FIG 106 is a graph show ng astigmatismof the objective
lens shown in FIG 104; FIG 107 is a graph show ng spherical aberration of
the objective lens showmn in FIG 104; FIG 108 is a graph show ng | ateral
aberration (angle of view 0.5 degree) of_ the objective | ens shown in FIG
104; and FIG 109 is a graph show ng the 3hteral aberration (on the axis)
of the objeztésent dmyesltown iin Ebfpoded. o DETvA L Bbh OESGERREY ON 1@ uRREBERRED
EVMBODI MENTS, E dlnents of .the present invention will now be described with
reference tH'tHF GPHKtHEE 5 ?rhe“'fp(ﬂ']téwt §askqueths d1eagrgefor this lies

in that the weight of the foregoing lens is enlarged as
compared with a single-element lens if the aperture is large.

If the aperture of a lafge—diameter lens is simply
reduced, the working distance WD is undesirably shortened. 1In
actual, the reduction cannot sometimes be performed as desired
because at least a working distance of 50 um must be provided
to prevent contact between the objective lens and dust on the
surface of the optical recording medium. If provision of a
satisfactorily long working distance is attempted, the quantity
of correction of the spherical” aberration is enlarged
excessively. In this case, the aspheric coefficient is
enlarged and the curvature of thg surface is rapidly sharpened.
As a result, the manufacturing efficiency deteriorates.

The . 1imit for reducing the aperture ais made to be
different depending upon the NA, as well as the working
distance. The reason for this lies in that the quantity of
correction of the spherical aberration varies depending upon
the NA of the lens.

In viewpoints of designing and manufacturing a lens, a
lens having improved performance can easily be manufactured
when the aperture is large. '

Therefore, ranges of the diameter of the beam, the working
distance (WD) and NA suitable to manufacture the doublet lens
will now be described with reference to FIGS. 22 to 24.

4-1. - Upper Limit of Diameter of Beam



hematic structure of objective lens 2. Lens of a type using
%6m#d??fﬁsion optical glass which has Abbe's nunber vd not smaller than 40
(vd [err] 40) on d-line as optical glass of two lens el ements. 3. fLenls
satisfying n[err] > n[err] on an assunption that the refractivity o ha | ens
having a sharper curvature is n[ferr] and the refractivity of a lens having
a gentler curvature is n[ferr]. 4. Lens haV|ng beam di anet er BW and 05
wor ki ng di stance WD 20 limted as folh if 1.0 [err] BW< 4.5, 0.

r

EAR ST AR TR SRR PG

0.064865, aMait of the diameter of the beam is determined. If the
diameter of the diameter of the beam is large, the size of the
optical pickup apparatus cannot be reduced and the weight of
the objective lens and that of the lens barrel (the lens
holder) are enlarged. In this case, the actuator for
performing focus servo must have improved performance
disadvantageously in the economic viewpoint.

For example, an objective lens shown in FIG. 15 having an
effective beam diameter of 4.5 mm and comprising two lens
elements has a large weight of about 250 mg. The weight of the
objective lens adaptable to the'CD“(Compact Disk) or the DVD
(Digital Video Disk) is about 200 mg including the lens
housing. Since a relationship as f = k/2m (m: mass, k:
spring constant and f: resonant frequency) is satisfied in
consideration of the performance of the biaxiai actuator, f is

_enlarged in inverse proportion to the weight of the objective
lens preferably for servo control because f is brought to a
position outside the focus servo. If the preferred overall
weight of the 6bjective lens including the lens housing is made
to be 500 mg or smaller, a lens having a weight of 500 mg or
smaller including the lens housing cannot easily be designed
because a lens heavier than the objective lens having an
effective diameter of 4.5 mm and shown in FIG. 15 has a weight
of 250 mg. In this case, the biaxial actuator must have
improved performance and the manufacturing cost is raised

excessively for practical use. Therefore, it is preferable



If 0.9 [err] NA then WD [err] 0.096429BW - 0.244640 4-1. Upper |imt
of the dianeter of the beam 4-2. Lower limt of the working distance
4- 3. Upper Iimt of the working distance 5. Lens in which the ratio
(F[err]/F) of focal distance F[err] of the |lens adjacent to an object

(adj acent to the light source) and focal distance F of the overall system
satisfies 1.7 < (F[err]/F) < 2.5. 6. Lens corrected to correspond to
thickness T of a transparent substrate @f§ an optical recordi ng nedium as

follows: 1fRat ERELrNBctiDE BHEREEe o APRIS SN Grdhs W1EY T b LIO- 32
mm if 0.8 [err] NA < 0.9, then

smaller.

Design data for the objective lens shown in FIG. 15 is
shown in Table 3. A graph showing distortion of the foregoing
objective lens is shown in FIG. 16, astigmatism of the same is
shown in FIG. 17 and spherical aberration of the same is shown
in FIG. 18. A graph showing the lateral aberration (angle of
view: 0.5 degree) is shown in FIG. 19 and a graph showing the

lateral aberration (on the axis) is shown in FIG. 20.

[Table 3]
Surface RDY " THI GLA
(Curvature (Thickness) (Name of
Radius) Glass) -
OBJ Infinity Infinity
STO - . Infinity 0.0
s1 2.46917 - 3.042666 * FCD1
K:-0.177274

A:-.353215E-02 B:~.452433E-03 C:-.556160E-05
D:-.991159E-05 E:-.128023E-07 F:-.159371E-06

s2 -12.58525 0.491772

K:-13.032252
A:0.307368E-02 B:0.799138E-04 C:0.242782E-03
|D:~.981829E-04 E:-.324027E-04 F:0.162258E-04

s3 1.25000 1.481326 BK7
:0.0 '
A:0.0 B:0.0 C:0.0
:0.0 E:0.0 F:0.0
s4 Infinity 0.1
0.0
A:0.0 B:0.0 C:0.0
0.0 E:0.0 F:0.0




21 T [err] 0.20 nm and if 0.9 [err] NA then T [err] 0.11 mm 7. Structure
of optical pickup apparatus 8. Modi fication 1. Schematic Structure The
obj ective lens according to the present invention is a doublet lens (two

el enents in two groups) having at |east either side fornmed into an aspheric
surface, as shown in FIG 1 and Table 1, the objective lens according to
the present invention being a high-NA (the nunber of apertures) objective

| ens having an NA of 0.7 or nore. That i t he objective |lens according to
the present invention conprises a first Iéhs 3 di sposed adjacent to an

obj ect (adjace to[the Tight, source) anya second—tenrs4—di-spoesed—adjacent
to an i mage (a%gcpt 4;¥__LegBEH? bynpdilj A p&rdllel flat pla&@c 5

correspondiing $& a {ranspargpinptyan opt|cal recgrding frediumis provijded
for IMG Infinity 0.0

Equation of Aspheric Surface

YR
1+{1-(1+K)(¥/R)*} 2

X=

+AY*+BYS+CY + DY+ Ey 12, py ¢

depth from vertex of surface

: height from optical axis

: paraxis R

cone constant

aspheric coefficient of term Y*
aspheric coefficient of term Y®
aspheric coefficient of term Y®
aspheric coefficient of term Y
aspher;c coefficient of term Y!?
aspheric coefficient of term Y

e s we

HEHOQWD RO

EPD
(Diameter of 45000

Entrance Pupil (mm)) )
WL (Wévelength (nm)) 635

Refractivity/
Abbe’'s Number

Name of Glass

FCD1 1.494122 / 81.86
BK7 1.515014
CG 1.533
(Focal gistance 2-3684
of Overall System)
4.4767

F
(Focgl Diétance of
Lens adjacent to Object)

4-2. Lower Limit of Working Distance



the objective lens according to the present invention at a position

adj acent to the image. The objective | ens according to the present .
invention is a so-called infinite | ens having an object point (OBJ)(Iight
source) positioned at an infinitely distant position. Alight beamemtted
fromthe object point is formed into a parallel beam and then allowed to
pass through a stop (STO 2 so that 22 the laser beamis made incident
on first surface S1 (an incidental surfacg of the first lens 3). The |aser
beamis then enitted from second surface 5 (an enission surface of the
first lens 3), dte tleegrnddeitnefdene work ing d surdrace WSS isadeitBendgad al

surface of e, liens. 4). . The | aser begamis then emtted fromfourth
surface $4 %gn lg%ggsgiqgﬁ swu’rt;%cg 3$‘°1}"He WbcbhtSt ede 450 &Ad t hehngmdehe

i nci dent onqiiadtitpubfac®r¥2ctd®n of the spherical aberration can be
reduced in proportion to the working distance, the lens can
easily be manufactured. In a viewpoint of actual use, a
certain working distance must be provided in order to prevent
a collision between the objective lens and an optical recording
medium, for example,'an optical disk, which is being rotated
at high speed, when focus search is performed or contact
between dust on the surface of the optical recording medium and
the objective lens when focus servo is started.

Sizes (diameters) of dust on the surface of the optical
recording medium allowed to stand in an environment of a room
are usually 50 pym or smaller, as shown in FIG. 25. Therefore,

the working distance must be 50 uym or greater.

4-3 . Upper Limit of Working Distance

The quantity of the spherical aberration, which can be
corrected by the doublet lens, with respect of a certain NA and
the diameter of the beam depends on the working distance. In
the present invention, various lenses are designed in
consideration of the curvature (the angle 6 is 55 degrees or
more), the permissible decentering (+ 10 pm or more) and
permissible angle of view (1 degree or more). Examples of the
upper limit of the wo;king distance realizing 'the
above-mentioned permissible ranges are as indicated with points

1 to 9 shown in FIGS. 22 to 24. If the working distance



I ncidental surface of the parallel flat plate 5). The |l aser beamis then
I mged on an imaging point (I M3 on a sixth surface S6 (an em ssion surface

of the parallel flat plate 5). [Table 1] Surface RDY

THI GLA (Curvature (Thi ckness) (Nanme of Radi us)
d ass). OBJ Infinity Infinity STO Infinity
0.0 sl 1 2.41728 1.920128 731.405 K:-0.098342
A:-.335213E-02 B:-. 612803E-03 C.-. 167781E-03 D:.-. 786890E- 04

E: 0. 145905E-04 F:-.103594E-04 s2 36 6.10659 0. 381566
K: - 5. 57457 & x&e@d2664 h2E- @BoBe-mdAOB6REd 02upe r 15P0ilds 02 the . $8R527Ea 92
E: 0. 275197E- 03 F: 0. 258063E-03 s3 1.135 1.268447
731. 405 aberration is enlarged excessively and therefore the curvature

of the lens is sharpened exceSsively. Therefore, if the design
is performed in such a way that the working distance is not
included in the regions indicated with diagonal lines shown in
FIGS. 22 to 24, the lens canhot easily be manufactured or the
lens cannot be used with the optical recording medium. The
preferred ranges are expressed with linear approximation

pérformed on the basis of the designed examples, as follows:

If 1.0 < BW < 4.5, 0.05 < WD and 0.7 £ NA < 0.8, then WD

£ 0.25676BW + 0.039189 (see FIG. 22).

If 0.8 < NA < 0.9, then WD < 0.14054BW — 0.064865 (see

FIG. 23).

If 0.9 < NA, then WD < 0.096429BW - 0.244640 (see FIG.

24).

The permissible decentering (£ 10 wym or more) is a value
determined on the basis of the accuracy when the lens is
manufactured by injection molding using a mold. .The
permissible angle of view (1 degree or more) is a value
determined on the basis of the mounting accuracy aboup

inclination of the doublet lens from the optical axis.



K:-0.113115 A: 0.564267E-02 B:-.239467E-02 C: 0. 536980E-02 D:-. 139509E-01

; 598 .0.2 23
E: -. 831405E-02 F: 0. 194854E-02 s4 2.22 .
Ki-34.597713 A -.172244E+00 B: 0. 317741E+00 C: 0. 543683E+01 D.-.2937?1E+02
E: 0. 127036E- 15 F: 0. 951503E-17 s5Infinity o :
CG s6Infinity 0.0 I MG Infinity

0.0 Equation of Aspheric Surface [err] X_ depth fromvertex of surface Y
hei ght fromoptical axis 37

Objective lenses satisfying the above-mentioned conditions
shown in FIGS. 22 to 24 will be described such that the
objective lens corresponding to point 2 shown in FIG. 22 will
be described in an eighth embodiment, that corresponding to
point 3 shown in FIG. 22 will be described in a ninth
embodiment and that corresponding to point 9 shown in FIG. 24
will be described in a tenth embodiment.

5. Lens in which the ratio (F,/F) of focal distance F,
of the lens adjacent to an object (adjacent to the light
source) and focal distance F of the overall system satisfies
1.7 < (F,/F) < 2.5 _

The above-mentioned lens is aiiéns designed to optimally
distribute the refracting power of the two lens elements to
realize a satisfactory_manufacturing efficiency of the lens,
that is, the curvature of the surface, the permissible
decentering aﬁd the permissible angle of viewrin the range in
which the lens can be manufactured. When the state of
distribution of the refracting bower, which is expressed with
the ratio (F,/F) of the focal distance F, of the first lens
(the lens adjacent to the object) 3 and the focal distance F

of the overall system satisfies the fdllowing range,

1.7 < (F,/F) < 2.5,

satisfactory great manufacturing tolerance for the lens can be
obtained and the refracting power can be distributed optimally.

The foregoing fact indicates a fact that the optimum power



R :

[ [ i ci ent of term[err] B
araxis R K cone constant A aspheric coefficient
asphgric coefficient of term[err] C aspheric coefficient of term[err]
aspheric coefficient of term[err] E aspheric coefficient of term/[err]

i ci 2.928
aspheric coefficient of termf[err] EPD
(DFaneter of Entrance Pupil (mm) W (Wavel ength (nm)
635.0 Refractivity/ Abbe's Nunber Nanme of d ass 731. 405

1.727 | 40.5 CG

1.83

1.533 F
38

distribution is performed when the power of the first lens

(lens adjacent to the object) 3 is about % of the power of the

6vera11 system.

If (F,/F) < 1.7, the focal distance F, of the first lens

(the 1lens adjacent to the object) 3 is short, that is, the
power is great. In this case the curvature, the permissible
decentering and the permissible tilt for the first lens (the

lens adjacent to the object) 3 are made to be strict. If 2.5

< (F,/F), the focal distance F, of the first lens (the lens

adjacent to the object) 3 is elongated and the power is
reduced. However, the power of the “second lens (lens adjacent
to the image) 4 is enlarged. 1In this case, the curvature, the
permissible decentering and the rermissible tilt are made to
be strict.

When only the manufacturing tolerance ¥or the lens is
considered, the above-mentioned range is sometimes widened
according as the NA, the effective diameter of the beam and the
working distance. As a result of design and investigation of
various lenses and manufacturing tolerances, a histogram about
the lens which permitted great manufacturing tolerance was
obtained, as shown in FIG. 26. That is, the power distribution
can be performed optimally and the manufacturing tolergnce can

significantly' be widened if the following relationship is

satisfied:

1.7 < (F,/F) < 2.5.

D
F



(Focal Distance of Overall System) F[err] _ 4.5136
(Focal Distance of Lens adjacent to Object) 24 A graph show ng
distortion of the objective Iens according to the present invention is
shown in FIG 2, that showi ng astigmatismof the sane is shown in FIG 3
and that showi ng spherical aberration of the sane is shown in FIG 4. A
graph showing the |ateral aberration (angle of view 0.5 degree) is shown
in FIG 5 and that showing the lateral aberration (on the axis) is shown in
FIG 6. 2. Lens of a type using | ow di f¥usion optical glass which has

Abbe’ s number v nbénsned ¢ 5ryiian Gk (Mbd&imdn ADndd relationship will.
be described in a third embodiment.
6. Lens corrected to correspond to thickness T of a

transparent substrate of an optical recording medium as

follows:

if 0.7 £ NA (the number of apertures) < 0.8, then

T < 0.32 mm,

if 0.8 < NA < 0.9, then T < 0.20 mm, and

if 0.9 < NA, then T < 0.11 mm,

The optical recording medium, for example, the optical
diék. for use in the optical pidkup apparatus to which the
objective lens according to the present invention is applied
has a transparent substrate (the disk substrate) having a
thickness of 0.1 mm which is significantly smaller than 1.2 mm
which is the thickness of the conventional CD (Compact Disk)
and 0.8 mm which is the thickness of the DVD (Digital Video
Disk). The reason for ‘this lies in that the skew margin
equivalent or superior to the skew margin realized by the
conventional structure by reducing the coma-aberration which
is generated attributable to the skew of the optical recording
medium. Since the quantity of the coma—-aberration, which is
generated attributable to the disk skew, is enlarged in

proportion to the cube of the NA, a little disk skew rapidly



d-line as optical glass of two I ens elenents Since the objective |ens
according to the present invention responds to change in the wavel ength of
the sem conductor laser, which is the Iight source, because the objective

| ens according to the present invention has a high NA correction of the
chromatic aberration nust be considered. The chromatic aberration is
aberration which is generated because the refractivity of the optical glass
beconmes different according as the wavel ength of light. The position and
size of the image become different accor4f ng as the wavel ength. Since the

convent i onale why isxtd ves | s RRAWHRG & |sgMA fidr SR vy akiapt ARk gALEK.
such as the conventignal CD (Conpact Disk), or a |aser beam printer does
not genereﬂ%?%fqgﬁﬁﬁblﬁﬁ§ntity of the chromatic aberration, optical glass
(having an Abbe's nunber smaller than 40) is widely used. The reason for
this lies in that the above-nentioned optical glass can easily be

manuf act ured antf,f RUTESRS PrOfUsiiabc bSoPEf (B t{Bd- sin’es)(s/2))
s (T (n® - 1)NA%s)/(2n%)

where n: refractivity of transparent substrate, T: thickness

of transparent substrate and 6s: angle of skew.

As can be understood from the above-mentioned equation,
the coma-aberration is enlarged in proportion to the thickness
T of the transparent substrate. Therefore, reduction in the
thickness T of the transparent substrate is an effective means
to overcome the skew. -An objective lens (NA = 0.6) adapted to
the'DVD (Digital Video Disk) (comprising th% disk substrate
having a thickness of 0.6 mm) generates wavefront aberration
of about 0.043 rms on the imaging surface as shown in FIG. 27
when a skew (a radial skew) having a skew angle 0s = 0.4 degrée
exists. When a skew (a radial ékew) of 8s = 0.4 degree exists
when NA is enlarged to exceed 0.6, the wavefront aberration on
the imaging surface is made to be 0.043 rms by making the
thickness of the transparent substrate to be about 0.32 mm in
a case where the NA is 0.7, about 0.20 mm in a case where the

~NA is 0.8 to 0.9 and about 0.11 mm in a case where the NA is
0.9, as shown in FIG. 28. If the thickness of the transparent

substrate is smaller than the above-mentioned values, the



25 However, the lens system has higher refracting power in proportion to
the NA and thus the chromatic aberration takes place considerably
attributable to change in the refractivity occurring when the wavel ength
has been changed. Moreover, the chromatic aberration takes place
considerably in a long focal distance system On the other hand, the

sem conductor |aser encounters node hop as shown in FIG 21 according as
the change in the tenperature of the laser diode and thus the output
wavel ength is rapidly changed. If chronaﬁﬂc aberration is generated in the
obj ecti ve | ¢p%ef behbcabe pcation noprat fiud dhstraire be trlkaueede hop cannot be
fol |l owed and renpved a bi axi al actuator for noving the objective |ens.
Accordingly, the'len ehﬂﬁtqﬁf RddOrsfcrdnPérkanshppaoptisal glass to

prevent gener atpg oQEicE@epﬂgyuynﬂﬂﬂiratus according to the present

invention may be an apparatus for reproducing an optical disk
12, as shown in FIG. 29. The optical pickup apparatus has the
objective lens according to the present invention.

A linearly polarized 1light beam emitted from a
semiconductor laser (not shown) which is a light source, made
to be a parallel light beam and having a wavelength of 635 nm
is allowed to pass through a polarizing beam splitter (PBS) 7
and a A/4 (1/4-wavelength) plate 8 so as to be brought- into a
circularly polarized state. The Eircularly polarized laser
beam is allowed to pass'through the bbjective lens and the disk
substrate 5 so as to be converged on the signal recording
surface of the optical disk 12. The disk substrate 5 is a thin
substrate having a thickness of 0.1 mm. The foregoing
objective lens is a lens formed by combining two aspheric
lenses 3 and 4 and having an NA of 0.7 to 0.95.

The ﬁbove—mentfoned optical disk 12 is a single-layered
or a multilayered disk manufactured by bonding a glass plate
having a thickness of 1.2 mm to reinforce the strength of the
disk substrate § having a thickness of 0.1 mm.

The laser beam reflected by the signal recording surface
is returned through the original optical path, and then allowed
to pass through the A/4 plate 8. Thus, the laser beam is made

to be linearly polarized laser beam rotated by 90 degrees from



[ jective |lens designed as descri bed above, as shown in
EPE;r?tggg.T;BFeo?{ conprises the f?rst and second Ign;es 3 and 4 botc%of
which have an Abbe's nunber vd of 40.5 and a refractivity of 1.73. t en
t he degree of opening is limted by the stop 2, defocus with resgect om
change in the wavel ength of a + 5 nm semi conductor laser is 0.47 d[err%_
when the NAis 0.8. An MIF (Modul ati on Transfer.Functlon) in the 'Irgfciog
of the optical axis when the spatial frequency is 80/mmis sh?mm Ln oS
and PSF (Point Strength Function) is shobhd in FIG 8. 26 If a hig

obj ective | ens faewdabl Bidda Ay 058 1 £ 2l G SR NMIJHD asrhh%n lg%teir?%le]aheﬁgrdl ng
medi um gener at es defocus -greater than 0.496 e[rrﬁ which 1s half o
f ocal depthr%#lqEQQQZby the linearly polarizing beam splitter 7, and then

allowed to pass through a focusing lens (a converging lens) 13
and a multilens 14 so as to be detected as an electric signal
by a photodetector (PD) 15.

The multilens 14 has an incidentél surface formed into a
surface of a cylinder (a cylindrical surface) and an emission
surface formed into a concave shape. The multilens 14 realizes
astigmatism for enabling a focus error signal to be detected
from the incidental laser beam by a so-called astigmatism
method. ‘The photodetector 15 is a photodiode having six
elements arranged to output electrié“signals for performing the
focus adjustment by the astigmatism method and the tracking
adjustment by a so-called 3-beam method.

8. Modification

The objective lens according to the pres;nt invention is
not limited to the lens of the so-called infinite system having
an object point (the light source). The objective lens may be
designed as a finite-system lens structured such that the

object point (the light source) is positioned for a finite

distance.

Embodiments

Embodiments of the objective lens according to the preéent
invention will now be described. In the foregoing embodiments,
the material for manufacturing the transparent substrate 5 is

CG (having a refractivity of 1.533 when the wavelength is 635



[err] mwhen the wavel ength of the sem conductor |aser has been changed by
P-PLOnm( 5 nm, the beam spot on the signal recording surface of the
optical disk cannot conpletely be stopped. Wen the wavel engt h has been
changed by P-PIO nm ([err] 5 nm, the I ens nade of the optical glass shown
in FIG 1 and having the Abbe's nunmber vd of 40.5 generates defocus of
0.475 [err]mwhich is substantially the perm ssible defocus. Therefore,
t he present invention Is structured such ggt the lower Iimt of the proper
Abbe' s nunbegf vd %?% rré"Hcal | ass for king the lens is made to be 40
in order to prevent g éB r WaVP4RNELD |8 @$@f@mhble t hat the upper
limt of the Abbe's nunber vd be a |large value to prevent the chromatic
aberration. Therefore, the present invention is structured such that the
range of thél&ﬁi;ﬁmhnﬁﬂmmuNd of the optical glass for manufacturing the

| ens having the gﬁt or nmore is determned to be 40 or larger to
effectively prev ?hée%ﬁ+6%aﬁﬁﬁsamQQQﬁqkﬂ$ 0 4hfsr smbedtiodnteriad oabe

described | atFucUreEXAIPWRich the lenses 3 and 4 are manufactured by
low-diffusion optical glass (BACD5) having an Abbe’s number vd
of 61.3 on the d-line and a refractivity of 1.589.

An optical path is shown in FIG. 30. A graph showing
distortion of the foregoing objective lens is shown in FIG. 31,
astigmatism of the same is shown in FIG. 32 and spherical
aberration of the same is shown in FIG. 33. A graph showiné
the lateral aberration (angle of view: 0.5 degree) is shown
in FIG. 34 and a graph showing the lateral aberration (on the
axis) is shown in FIG. 35.

When the NA is made to be 0.8 by limiting the opening by
using the stop 2, defocus with respect to change in the
wavelength of the + 5 nm semiconductor laser is 0.331 um. The
MTF (Modulation Transfer Function) when the spatial frequency
in the direction of the optical axis near the imaging point is
80/mm is shown in FIG. 36 and PSF (point image intensity
function) is shown in FIG. .37. As can be understood from FIG
36, the peak of the degree of modulation is shifted and
defocused from the focus prosition 0.0.

The conditions of the design are as shown in Table 4. The
lens according to this emSodiment is able to satisfactorily

prevent chromatic aberration even if the focal distance is



of an objective | ens nade of optical glass having a | arger Abbe's nunber

(vd =61.3) will be described. 1In this case, the chromatic aberration can
be preventéd even if the focal distance is elongated or the NA is enl arged.
3. _ Lens satisfying n[err] > n2 on an assunption that the 27

refractivity of a |l ens having a sharper curvature is n[err] and the
refractivity of a |lens having a gentler curvature is n[err]. Even if the
chromatic aberration is prevented by using the above-nentioned

| ow-di ffusion optical glass, there arised44he follow ng problem t he
curvat ure cfldnedesn®d i 2 vehanipensd RAC§§SEM?L¥g%9,nanufacture the lens if
the lowdiffusion optical glass having a low refractivity is used because
| arge refracting force is required for the optical glass for nmanufacturing
t he objective lens having a high NA. In this

[Table 4]
Surface RDY THI GLA
(Curyature (Thickness) (Name of
Radius) Glass)
OBJ Infinity Infinity
STO ' Infinity 0.0
sl 2.20755 1.936777 BACDS
E:—Oéél3185 '
- 2973E-02 B:—-.927936E-03 C:-.279329E-03
D:-.444713E-04 E:-.158207E-05 F:—-.142540E-04
s2 7.47812 0.173618
§:0.799767
:0.402205E-02 B:—-.177572E-02 C:-.169497E-02
D:-.116911E-02 E:~.260040E-03 F:0.313890E-03
s3 1.07898 1.398201 - BACDS
ﬁ:-0%089540 ’
:—-.767323E-04 B:0.278212E~02 C:—-.471041E-02
D:-.133615E~02 E:0.114466E-02 F:-.523864E-02

s4 6.15302 0.200
K:-1022.954450

A:0.352446E+00 B:-.575917E+00 C:0.111774E+01
D:0.174499E+01 E:0.203429E-12 F:0.12891E-13
s5 Infinity 0.1 CG.
s6 Infinity 0.0

IMG Infinity 0.0




case, the optical glass nust be changed to raise the refractivity and to
make the curvature to be gentle. In this case diffusion in the available
optical glass however deteriorates. Therefore, the two | enses nust be nade
of optical glass having the Abbe's nunber of 40 or larger. If optical glass
having a | arger Abbe's nunber is enployed to manufacture the | ens having a
gentle curvature and if the optical glass having a smaller Abbe's nunber
(however not |l ess than 40) is enployed to nanufacture the | ens having
sharper curvature, deterioration in the 4&hromatic aberration can be

prevented nmpst siLgniTicantly. Jhe. state where the—curvatture—+s—+toeo—shanp to
manuf act ur e ?ﬁgafgﬂg Pg %§E¥%EEFV§Hﬁ§PQ%e angle [err] made between a
tangent (a yangential plane) of the surface of a lens at a position, or
whi ch a | aser beam whi ch haslhng | ar gest hei ght anong the incident |asqgr
beans i s nmafle i nci dedt=z —and—a—perpendt eAlf ‘aBy(®a qyitapg 'perpendieul ar to tlhe
optical axi$) to the opttidall eiER¥}eeds 55 degrees (65 degrees in thg
case shown {n FIG 9) on
X : depth from vertex of surface
Y : height from optical axis
R : paraxis R
K : cone constant
A : aspheric coefficient of term Y*
B : aspheric coefficient of term Y®
C : aspheric coefficient of term Y®
D : aspheric coefficient of term Y
E : aspheric coefficient of term Y'?
F : aspheric coefficient of term Y
_ EPD 2.928
(Diameter of
Entrance Pupil (mm))
WL (Wavelength (nm)) 635.0
Refractivity/
Abbe’s Number
Name of Glass
BACD5 1.587007 / 61.3
e 1.533
F ' 1.83
(Focal Distance '
of Overall System)
F 4.6974
(Focal Distance of
Lens adjacent to Object) z
Second Embodi I

An objectivellens according .to this embodiment has a
structure in which the lenses 3 and 4 are manufactured by

optical glass (FCD1) having an Abbe’s number vd on the d-1line



. [ [ 9) having the sharpest
he surface lane S3 in the case shown in FIG :
gﬁrbature as shgan in FIG 9. In this case, a nold for manufacturing th?
foregoing |l ens cannot accurately be nanufactured. The designed v?lugs o]
the objective Iens shown in FIG 9 are as shown in Table 2. [Table 2]

Surface . RDY THI GLA (Curveét ure )
i1 cKness) (N?WF 0TtRagiTuos) Infinity oags)sl
i ni i ni )
Iomés{lsglzgy 0. 271733y FCOAS K: - 0. 143186 A: -. 239735E+00
B: -. 4097524008 C:6 . 87T 1d#EHON glass (BACDS) having an Abbe's number vd
of 61.3.

An optical path is shown in FIG. 38. A graph showing
distortion of the foregoing objective lens is shown in FIG. 39,
astigmatism of the same is shown in FIG. 40 and spherical
aberration of the same is shown in FIG. 41. A graph showing
the lateral aberration (angle of view: 0.5 degree)'is shown
in FIG. 42 and a graph showing the lateral aberration (on the
axis) is shown in FIG. 43. The conditions of the design are
as shown in Table 5; The objective lens according to this
embodiment is structured in such a manner that the optical
glass having a higher refractivity is employed to manufacture
the second lens (the lens adjacent to the image) 4 as compared
with that of the first lens (the lens adjacent to the object)
3. Thus, the chromatic'aberration is prevented satisfactorily
and the curvature of the second lens (tﬁe lens'adjacent to the

image) 4 is made to be géntle so that machining of the lens is

performed easily.

[Table 5]
Surface RDY THI GLA
(Curvature (Thickness) (Name of
Radius) Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 2.15182 2.085603 FCD1




D -.167201E+01 E: 0. 337892E+01 F:-.405421E+02 s2 - 6. 89267
0. 002068 K:-490.930053 A:0.188677E-01 B:0.377014E-01 C. -.110654E+01

’ + :-.181894E+02 F: 0. 288857E+02 s3 0. 36152
8:25%32257E oL E FCD1 K:-0.024229 A:0.152164E+00 B: 0. 250036E+01
C. -.916245E+01 D: 0. 348714E+02 E: 0. 146318E-03 F: 0. 299313E- 03 s4
0.90849 0.05 K:-192.038095 A:0.160336E+02 B:-.113006E+04
C: 0. 384911E+05 D:-.487143E+06 E: 0.873041F;11 F:0.321727E-11 s5
Infinity 0.1 S6 Infinity
0.0 IM5 it 109 Ly3333) 0. U

w
1

A:-.396302E-02 .136579E-02 C:-.269158E-03
D:-.140877E-04 E:0.130101E-05 F:-.148648E-04

s2 8.28264 0.311261
K:-3.211588
A:0.307942E-02 B:-.169672E-02 C:-.152057E-02
D:-.710548E~03 E:-.165983E-03 F:0.261243E-03
' s3 1.08326 1.436933 BACDS
K:-0.090747
A:-.933930E-03 B:-.405559E-02 C:-.606131E-02
D:-.497401E-02 E:-.318784E-02 F:~.784888E-02
s4 -4.03999 0.2000
K:-1932.300730
A:0.180398E+00 B:—.249508E+00 C:-.392373E+00
D:0.245165E+01 E:0.203472E-12 F:0.124909E-13
s5 Infinity - 0.1 cG
s6 Infinity , 0.0
IMG Infinity 0.0

Equation of Aspheric Surface

X= TR
1+{1-(1+K) (TIR)*}'?

+AY*+BYS+CY*+DY O+ EY 2+ Fy 14

: depth from vertex of surface

: height from optical axis

: paraxis R

: cone constant

: aspheric coefficient of term Y*
: aspheric coefficient of term Y°®
: aspheric coefficient of term Y®
: aspheric coefficient of term Y!°
: aspheric coefficient of term Y!?
: aspheric coefficient of term Y

EPD 2.928
(Diameter of

Entrance Pupil (mm))

TEHOQWP RIS

WL (Wavelength (nm)) 635.0




tion of Aspheric Surface [err] X :depth fromvertex of surface Y :
ﬁziSE?afron1opticgl axis R: paraxis R K :cone constant A: aspher|9
coefficient of term[err] B : aspheric coefficient of_tern1[err]_C
aspheric coefficient of term[err] D: aspheric coefficient of term/[err]
aspheric coefficient of term[err] F : aspheric coefficient of termJ[err]

EPD

0.977 (D aneter of Entrance Pupil (mm)

(Wavel ength (nm) 6305

Refractivity/
Abbe’s Number

Name of Glass

FCD1 1.494122 / 81.8
BACDS 1.587007 / 61.3
ce 1.533
| 1.83

(Focal Distance
of Overall System)

F, 5.2884
(Focal Distance of

Lens adjacent to Object)

Third bodi !
An objective lens according to this embodiment has a
structure in which the lenses 3 and 4 are manufactured by
optical glass (FCD1) having an Abbe’s number vd of 81.6 and
optical glass (BACDS) having an Abbe’s numbe; vd of 61.3.

An optical path is shown in FIG. 44. A graph showing
distortion of the foregoing objective lens is shown in FIG. 45,
astigmatism of the same is shown in FIG. 48§ and spherical
éberration of the same is shown in FIG. 47. A graph showing
the lateral aberration (angle of view: 0.5 degree) is shown
in FIG. 48 and a graph showing the lateral aberration (on the
axis) is shown in FIG. 49. The conditions of the design are
as shown in Table 6. The objective lens according to this
embodiment satisfies the above-mentioned conditions as 1.7 <

(F,/F) < 2.5. Therefore, the design according to this

WL

E



Refractivity/ Abbe's Nunber

1.494122 /| 81.6 CG o .
Di stance o era _ _
D stance of Lens adjacent to Object) A graph show ng

0. 5747 (Focal
1. 2331 (Focal

distortion of the foregoing objective Ihens iis shown in FIG 10,
f the sane is shown in FIG 11 and spherica .
ghovvn in FIG 12. A graph showing the |atgral aberration (angle

0.5

Name of d ass FCD1
1.533 F

Systen) Flerr]

aberration of the

astigmati sm
sane i s
of view

embodiment enables the power distribution to be made optimally

and the manufacturing tolerance for the lenses 3 and 4 to be

enlarged.
[Table 6]
Surface RDY THI GLA
(Curvature (Thickness) (Name of
Radius) Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 1.90838 1.567111 FCD1
K:-0.192781
A:—.584096E-02 B:—-.154354E~-02 C:—.224902E-03
D:-.150574E-03 E:0.499346E-04 F:-.163557E-04
s2 -47.77042 0.535335
K:—-1884.180827
A:0.206660E-02 B:~-.614175E-03 C:0.604320E-04
D:-.157033E-03 E:0.678618E-04 F:0.497349E-04
s3 1.1174 1.350482 ° BACDS
K:-0.121891
A:0.240825E-02 B:-.204726E-02 C:0.143610E+01
D:~-.299080E-01 E:0.623946E-02 F:-.297252E-02
s4 -13.11538 0.1
K:-564.236007
A:-.116656E+00 B:—-.143241E+01 C:0.855851E+01
D:0.797153E+02 E:-.477310E-14 F:-.161325E-15
s5 Infinity 0.1 CcG
s6 Infinity 0.0
IMG Infinity 0.0




30 degree) is shown in FIG 13 and a graph show ng the | ateral aberration
(on the axis) is shown in FIG 14. As described above, the curvature of the
lens is made to be gentle to satisfy the range with which the |ens can be

. manufactured while satisfactorily preventing the chromatic aberration so
that the efficiency of manufacturing the lens is effectively inproved. An
obj ective | ens designed as descri bed above will be described in a second
enbodi ment. 4. Lens havi ng bean1dianetso BW and wor ki ng di stance WD
limted as follows: if 1.0 [err] BW< 4.5, 0.05 [err] Wb and 0.7 [err] NA
(the nunben RfuadRent Wire 0. 25676BW + 0. 039189, 108
ferr] NA <682 re, 45D ﬁ%grﬁ??lg sho29et . 0. 064865, and if 0.9 [err] NA
t hen

2
X= Y IR +AY +BY+CY + DY+ EY 2+ FF 14
1+{1-(1+K) (F/R)*)'2

: degth from vertex of surface

: height from optical axis

: paraxis R

cone constant

aspheric coefficient of term Y*
aspheric coefficient of term Y®
aspheric coefficient of term Y®
aspheric coefficient of term Y
aspheric coefficient of term Y%
aspheric coefficient of term Y"

MEO QRO

EPD 3
(Diameter of 1000

Entrance Pupil (mm))

WL (Wavelength (nm)) 635

Refractivity/
Abbe’s Number

Name of Glass

FCD1 1.494122 / 81.6
BACDS 1.587007 / 61.3

CcG 1.533
1.7240

F
(Focal Distance
of Overall System)

F 3.
(Focal Diétance of 753

Lens adjacent to Object)

Eourth Embodiment
An objective 1lens according to this embodiment has a

structure in which the lenses 3 and 4 are manufactured by



WD [err] 0.096429BW - 0.244640 The doubl et objective lens attenpted to be
adaptable to an optical recording nedium such as an optical disk, is next
required to have a reduced aperture (a shortened focal distance) in order
to reduce the size and cost of the optical pickup apparatus. Since the

obj ective |l ens according to the 31 present invention is conposed of two
| ens el enents, reduction in the aperture is an inportant fact. The reason
for this lies in that the weight of the foregoing lens is enlarged as
conpared with a siggle- | ement lens if Pre aperture is large. If the
aperture 6P 9%dr §35FakELR} ) IRAiE ngs agi APPg § ciwmRelr Yhe fudikibngnditbeance

VD | desir.ahl h : t duct i t ti b
por f or mod e Rt R SRE EEEE o LsS TPon BRI 76 't REE & GRn T oer Pl s

be provideg . 3.

An optical path is shown in FIG. 50. A graph showing
distortion of the foregoing objective lens is shown in FIG. 51,
astigmatism of the same is shown in FIG. 52 and spherical
aberration of the same is shown in FIG. 53. A graph showing
the lateral aberration (angle of View: 0.5 degree) is shown
in FIG. 54 and a graph showing the lateral aberration {on the

axis) is shown in FIG. 55. The conditions of the design are

as shown in Table 7.

[Table 7]
Surface RDY THI GLA
(Curygture (Thickness) (Name of
Radius) . Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 1.90713 1.572909 FCD1
K:-0.197701
A:-.651357E-02 B:-.160952E-02 C:-.178084E-03
D:-.123607E-03 E:0.560740E-04 F:-.153752E-04
s2 -56.67697 0.536935
K:-2844.414929 _
A:0.214002E-02 B:-.604610E-03 C:0.185228E~-03
D:~.215933E-04 E:0.120640E-03 F:-.108143E-04
s3 1.11205 1.351409 BACDS
K:-0.111875
A:0.734171E-02 B:~.120890E~-03 C:0.156028E-01
D:-.300969E-01 E:0.367300E-03 F:-.297252E-02
s4 -9.43955 0.1




to prevent contact between the objective | ens and dust on the surface of

the optical recording nmedium If provision of a satisfactorily |ong
wor ki ng di stance is attenpted, the quantity of correction of the spherical
aberration is enlarged excessively. In this case, the aspheric

coefficient is enlarged and the curvature of the surface is rapidly
sharpened. As a result, the manufacturing efficiency deteriorates. The
limt for reducing the aperture is nade520 be different dependi ng upon the
NA, as well as the working di stance. The reason for this lies in that the
gquantity of correct Ep_ggatggsgfgerlcal aberratron varres depending upon

the NA of {he |ens.|hkn-vpesposH §1Oé:ﬂeﬁéigﬁfﬁkdﬁ“é-WEQQB%%&%RBQQ alerns, a
1

| ens havi ng i nprove{iDper D8 4RRE €0 £ ap: €267 1Y1 X6- mAruf-aqteursed pugn t he
aperture i $ Targe. [herefore,.ranges of [ne dgrameter of] tiebeam—t

wor Ki ng di 4§ nd Rﬁfkpﬂ't’ ble t ol manuf leure I dOUb|C& | ens jwil |
now be des¢ribsél wi{h refelehigity Fl GS.| 22 to0g24.

IMG Infinity 0.0
Equation of Aspheric Surface

¥= TR
1+{1-(1+K) (T/IR)*}'"

+AY*+BYS+CY +DY " +EY 24+ Fy 14

: depth from vertex of surface

: height from optical axis

: paraxis R

cone constant

aspheric coefficient of term Y*
aspheric coefficient of term Y
: aspheric coefficient of term Y®
: aspheric coefficient of term Y'°
: aspheric coefficient of term Y!?
aspheric coefficient of term Y

. EPD 3.000
(Diameter of .

Entrance Pupil (mm))

O QPRI

WL (Wavelength (nm)) 635

Refractivity/
Abbe’s Number

Name of Glass

FCD1 1.494122 / 81.6
BACDS 1.587007 / 61;3
CG ' 1.533
F 1.724

(Focal Distance
of Overall System)

?, 3.7674
(Focal Distance of '

Lens adjacent to Object)




4-1. Upper Limt of D aneter of Beam 32 As indicated with A shown
in FIGS. 22 and 24, the upper |[imt of the dianeter of the beamis

det er m ned. If the diameter of the dianeter of the beamis large, the
size of the optical pickup apparatus cannot be reduced and the wei ght of
the objective lens and that of the lens barrel (the |lens holder) are

enl ar ged. In this case, the actuator for performng focus servo
nmust have i nproved performance disadvantg?eously in the econom c viewpoint.
For exanple, an objective | ens shown in G 15 having an effective beam
di anmeter of 4.5 mmand conprising two |lens elenents has a | arge wei ght of

about 250 n@m; ' f the objective |ens adaptable to the CD (Conpact
Di sk) or the DVI grtal Video Disk) is about 200 ng including the Ilens
An objective lens according to this embodiment has a
structure in which the lenses 3 and 4 are manufactured by
optical glass (694.532) having an Abbe’'s number vd of 53.2 on
the d-line.

An optical path is shown in FIG. 56. A graph showing
distortion of the foregoing objective lens is shown in FIG. 57,
astigmatism of the same is shown in FIG. 58 and spherical
aberration of the same is shown in FIG. 59. A graph showing
the lateral aberration (angle of view: 0.5 degree) is shown
in FIG. 60 and a graph showing the~iatera1 aberration {(on the

axis) is shown in FIG. 61. The conditions of the design are

as shown in Table 8.

[Table 8]
Surface RDY THI
GLA
(Curqature (Thickness) (Name of
Radius) Glass)
OBJ Infinity _ Infinity
STO Infinity ' 0.0
sl 2.41517 - o 1.922989 694.532
K:-0.110174 '

A:-.378893E~02 B:-.541195E~03 C:—.960116E-
D:-.386475E-04 E:0.280669E-04 F:-.434129E—gg

' s2 7.15010 0.437551
§:64:435096
:0.333331E-02 B:-.512249E-03 C:—.206223FE-03
D:-.496133E-03 E:0.663443E~03 F:0.211130E-03




housi ng. Since a relationship as f = k/2m (m mass, Kk: spring constant
and f: resonant frequency) is satisfied in consideration of the
performance of the biaxial actuator, f is enlarged in inverse proportion to
t he weight of the objective lens preferably for servo control because f is
brought to a position outside the focus servo. If the preferred overal

wei ght of the objective lens including t | ens housing is made to be 500
ng or smaller, a lens having a wei ght of O nmg or smaller including the

| ens housi pg—cannot—easily be designed because a |ens heavier than the

obj ective | ensshavipg an efif eeBiave di aneter 1of2843959rrm qnd sé‘gm/wsjzn FI 5 15
has a wei ght of 250 %hg |s case,  tihe praxra dbL§aLUI AtSt i '$

i mproved pgrformance a@ %%% turl 1%%?% %.02L3§ Ogéce55|ve y|for
practical pse. Therg oxe141 32§_@f er%q B89E- % F:-.682353E-02

s4 4.20130

K:-85.005628
A:-.181969E+00 B:~.702663E+00 C:—.81470TE+01
D:0.549823E+02 E:0.318668E-16 F-—.315831E~17

sd Infinity 0.1 CcG
s6 Infinity 0.0
IMG Infinity 0.0

Equation of Aspheric Surface

: 20,
X= TR +AY*+BYS+CY +DY W+ EY 12+ Fy ¢
1+{1-(1+K) (¥/R)*}'7

: depth from vertex of surface

: height from optical axis

: paraxis R

: cone constant

aspheric coefficient of term Y*
aspheric coefficient of term Y®
aspheric coefficient of term Y?
aspheric coefficient of term Y
aspheric coefficient of term Y!?
aspheric coefficient of term Y

. EPD. : 2.928
(Diameter of

Entrance Pupil (mm))

MEO QWP RT N

WL (Wavelength (nm)) 635

Refract1v1ty/
Abbe’s Number

Name of Glass

694.532 1.691156 / 53.2
CG 1.633




that the effective dianeter of the doublet |ens be 4.5 nmor snaller.
Design data for the objective lens showmn in FIG 15 is shown in Table 3. A
graph showi ng distortion of the foregoing objective lens is shown in FIG
16, astigmatismof the same is shown in FIG 17 and spherical aberration of
the sane is shown in FIG 18. A graph showing the |ateral aberration (angle
of view. 0.5 degree) is showmn in FIG 19 and a graph showi ng the | ateral
aberration (on the axis) is shown in FIG520. [Table 3] Surface

RDY __THI G.A (Curvature (Thi ckness
(Nanme of Rgdi us) F A ass) OBJ g3 Infipity
Infinity STO (FocallnPiigitapce 0.0 sl 2. 4691y
3. 042666 ofPyerall Sysmem) A -. 353215E-02 B:-. 452433E-03
C. -.556160H- 05 F, 4.5256
(Focal Distance of
Lens adjacent to Object)
Sixth Embodi

An objective lens according to this embodiment has a
structure in which the lenses 3 and 4 are manufactured by
optical glass (FCD1) having an Abbe’s number vd of 81.6 on the
d~line.

An optical path is shown in FIG. 62. A graph showing
distortion of the foregoing objective lens is shown in FIG. 63,
astigmatism of the same is shown in FIG. 64 and spherical
aberration of the same is shown in FIG. 65. .A graph showing
the lateral aberration (angle of view: 0.5 Hegree) is shown
in FIG. 66 and a graph showing the lateral aberration (on the

axis) is shown in FIG. 67. The conditions of the design are

as shown in Table 9.

[Table 9]
Surface ’ RDY THI GLA
(Curvature . (Thickness) (Name of
Radius) . Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 1.20427 1.079421 FCD1




D
0.
D
1
E
B
I n

4

OO0 i~

. 991159E-05 E:-.128023E-07 F:-.159371E-06 s2

-12. 58525

91772 K:-13.032252 A:0.307368E-02 B: 0. 799138E- 04 C:0.2421835688
. 981829E-04 E: -.324027E-04 F: 0. 162258E-04 53 : 0.0 D 0.0
81326 BK7 K:0.0 A:0.0 o B:0.0 1 KO0 ADD
0 F:0.0 s4 Infinity . 0. 34 <5
0 C:0.0 D:0.0 5 F0.0
inity 01
K:-0.151750
A:-.351418E-01 B:-.170891E-01 C:-.360726E-02
D:0.744766E-03 E:-.170337E-02 F:-.108452E-01
s2 16.78714 0.196694
K:49.948
A:0.930169E~02 B:~-.352835E-02 C:0.169634E-01
D:-.293743E-01 E:-.210303E-01.F:0.282409E—01
s3 0.71596 0.877974 FCD1
K:-0.158917 )
A:0.127791E+00 B:-.293900E-01 C:0.152007E+00
D:-.713059E~01 E:-.407821E+01 F:-.421999E-06
s4 -1.50236 0.1
K:~-653.584610
A:-.871780E+00 B:-.139204E+01 C:0.142400E+03
D:—-.886033E+03 E:0.139585E-12 F:0.139480E-13
s5 Infinity T 0.1 cG
s6 Infinity 0.0
IMG Infinity 0.0
Equation of Aspheric Surface

&7 3

X—

: depth from vertex of
: height from optical a
: paraxis R

: cone constant

1+{1-q1 +K) (YIR)?}\2

surface
Xis

+AY*+BYS+CY + DY O+ EY 124 py 14

aspheric
: aspheric
: aspheric
: aspheric
aspheric
aspheric

HEHO QWP R

coefficient
coefficient
coefficient
coefficient
coefficient
coefficient

of
of
of
of
of
of

term
term
term Y*®
term
term
term

EPD
(Diameter of
Entrance Pupil (mm))

2.000

WL (Wavelength (nm))

635




i Infinity
Infinity 0.0 I MG _
360 Equati on of Aspheric Surface [err] X : depth fron1vertex of ﬁurface Y :
héight fromoptical axis R: paraxis R K : cone constant A : asp gr{c
coefficient of term[err] B : aspheric coefficient of term/[err] : -
aspheric coefficient of term[err] D: aspheL|c_coeff;?!gpgn?fo}egglhf{glr]
' I Ci of term[err] F : _aspheric coeffi .
EP%fpherIC coetticrent 5.50%0 (3zaneter of Entrance Pupil (mm) W
(Wavel engt i~ 635
Refractivity/
Abbe’s Number

=

Name of Glass

FCD1 1.494122 / 81.6
cG ' 1.533
F ' 1.15
(Focal Distance
of Overall System)
2.5667

F
(Focal Diétance of
Lens adjacent to Object)

sSeventh Embodiment

An objective lens according to this embodiment has a
structure in which the lenses 3 and 4 are manufactured by
opticallglass (FCD1) having an Abbe's number vd of 81.6 on the
d-line. | |

An optical path is shown in FIG. 868. A graph showing
distortion of the foregoing objective lens is shown in FIG. 89,
astigmatism of the same is shown in FIG. 70 and spherical
aberration of the same is shown in FIG. 71. A graph showing
the lateral aberration (angle of view: 0.5 degree) is shown
in FIG. 72 and a graph showing the lateral aberration (on the

axis) is shown in FIG. 73. The conditions of the design are
as shown in Table 10.



Refractivity/ Abbe's Nunber
1.494122 |/ 81.6 BKY

1.533 F

2. 3684 of Overall _
D stance of Lens adjacent to Object) 4-2.

D st ance 35 The lower Iimt of the vvorské ng di stance WD i s determni ned

Systen) Ft

2. 3684 (Focal

Nane of d ass FCD
1.515014 CG
D st ance

4.4767 (Focal
Limt of Wbrking

Lower

[Table 10]
Surface RDY THI GLA
(Curvature {Thickness) (Name of
Radius) Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 2.78048 2.499596 FCD1
K:-0.217514
A:-.931418E-03 B:~.254650E~-03 C:0.874176E-05
D:-.426555E-05 E:0.0 F:0.0
s2 -26.70920 0.368815
K:-268.285588
A:0.370816E~02 B:-.238371E-03 C:-.249985E-03
D:0.517264E-04 E:0.0 F:0.0
s3 1.51391 2.137504 FCD1
K:-0.424397
A:0.141105E~01 B:0.538826E~-02 C:0.239631E-02
D:-.448922E-03 E:0.0 F:0.0
s4 -9.00 0.1
K:0.0 .
A:0.0 B:0.0 C:0.0
0.0 E:0.0 F:0.0
sb Infinity .1 CcG
s6 Infinity
IMG Infinity




as indicated wwth B shown in FIGS. 22 to 24. Since the quantity of
correction of the spherical aberration can be reduced in proportion to the
wor ki ng di stance, the |l ens can easily be manufactured. In a viewpoint of
actual use, a certain working distance nmust be provided in order to
prevent a collision between the objective | ens and an optical recording
medi um for. exanple, an optical disk, which is being rotated at high speed,
when focus search is performed or cont ac5%et ween dust on the surface of

t he 0pt|ca+—|ae-ee+-d-|—|q.g_|q:e.d.|_u.m_a_pd the nhl ective | ens when focus servo is
started. Sl@@%ﬁ%kﬁ&ﬂﬁﬁeﬁs@haﬁicdam&f@ﬂethe surface of the optical recofding
medi um al [jowed to stand in an environnent of a roomare usually 50 [efr]m
or smaller|, as shown in FIG _25. Therefore, the morking di stance nusi be
50 [err] mjor greatege_4-3. /R Upper, Ir""%k‘ oél }/‘? g ,stapce The
quantity df the spheriicgi-@lgyra npn Y ecfgd by the dpubl et
| ens, w th respect of a certaln NA and the di aneter of t he beam depengds on
t he wor Ki ng, d di sc}

from vertex of surface
helght from optical axis

: paraxis R

cone constant

aspheric coefficient of term Y*

aspheric coefficient of term Y*

aspheric coefficient of term Y*

aspheric coefficient of term Y!°

aspheric coefficient of term Y!?

aspheric coefficient of term Y!*

EPD |
(Diameter of 443
Entrance Pupil (mm))

mMEOQW R R

WL (Wavelength (nm)) 680

Refract1v1ty/
Abbe's Number

Name of Glass

FCD1 1.494122 / 81.6
CG 1.5769
F .
(Focal Distance 2.5
of Overall System)
5.2551

F,
(Focal Distance of
Lens adjacent to Object)

Eighth Embodi :
An objective lens according to this embodiment haé a
structure in which the lenses 3 and 4 are manufactured by

optical glass (FCD1) having an Abbe'’s number vd of 81.6 on the



the present invention, various |lenses are designed in considerapLFn of the
curvature (the angle [err] is 55 degrees or nore), the perm ssi i dear ee
decentering ( 10 [err]mor nore) and perm ssible angle of view ( eg

im Ki ng di stance
e). Exanpl es of the upper limt of the wor g :
?;ar?;i%g tﬂg above-menti oned perm ssible ranges are as indicated m%%h
points 1 to 9 showmn in FIGS. 22 to 24. I f the working distance

exceeds the above-nentioned upper linmts,6@he spherical aberration is

' i L ens i s sharpened
debiie/ed cher gigLe ryaigne of the |
gglcgggue\?e% Theref%dr imilf thg desi gér}ﬁ?@pér%fvérnﬁeanlé gﬁcﬁ BURRST tyeato ft he

[ [ [ [ [ [ i ndi d with diagona
$hnte is not included in the regions i ndi cate
rfﬁzénghgkﬁ in FIGS 22 to 24, the |ens cannot easily be manufactured or
the | ens cannot ﬁﬁe%géﬂcﬁﬂtﬁaﬁhelépﬁhnﬂnrmnxftnng7ﬁed|umgrggmeshowing

distortion of the foregoing objective lens is shown in FIG. 75,
astigmatism of the same is shown in FIG. 76 and spherical
aberration of the same is shown in FIG. 77. A graph showing
the lateral aberration (angle of view: 0.5 dégree) is shown
in FIG. 78 and a graph showing the lateral aberration (on the
axis) is shown in FIG. 79. The conditions of the design are
as shown in Table 11. The objective lens according to this
embodiment is an objective lens satisfying the ranges of the
diameter of the beam, the working distance (WD) and the NA

shown in FIGS. 22 and 24, the objective lens according to this

embodiment corresponding to point 2 shown in FIG. 22.

[Table 11]
Surface RDY THI GLA
(Curvature (Thickness) (Name of
Radius) Glass)
OBJ Infinity . Infinity
STO ~ Infinity 0.0
sl : 2.46928 1.176806 FCD1
K:—~0.093789

A:-.335472E-02 B:0.152884E-03 C:0.707504E-04
D:0.148633E-04 E:0.553064E-05 F:-.174217E-05

s2 '316.20027 0.020092

K:51211.981179

A:0.773695E-02 B:0.147280E~02 C:0.290308E-03
D:-.124348E-04 E:-.831848E~04 F:0.271640E-04




referred ranges are expressed with |inear approximtion perforned on the
Basis of the gesigned exanples, as follows: If 1.0 [err] BW< 4.5, 0.05
[err] WD and 0.7 [err] NA < 0.8, then WD [err] 0.25676BW + 0.039189 (see
FIG 22). If 0.8 [err] NA< 0.9, then W [err] 0.14054BW- 0.064865 (see
FIG 23). If 0.9 [err] NA then WD [err] 0.096429BW- 0.244640 (see FIG
24). The perm ssible decentering ([err] éﬁ [err]mor nore) is a value
determ ned on the basis of the accuracy en the lens is manufactured by

i njection [MOIAiNg JUusimg—a —nott: fre—perri-ssible—angleof view (1
degree or frore§°is h_val ueldé88PRi ned on t he 0899 6of tlhe noBaCHHg acquracy
about inclination ofkthe gosbiet lens fromthe optical axris. 37

A:-.706457E-03 B:0.219957E-03 C:-.209120E-02
D:-.411553E-03 E:0.133140E-02 F:-.164287E-02

s4 '2.58980 0.8

K:-8.513851
A:—-.196541E-01 B:-.252808E-01 C:0.649868E-02
D:0.166035E-01 E:-.920880E-02 F:0.328621E-10

s5 Infinity 0.1 CG
s6 Infinity 0.0
IMG Infinity 0.0

Equation of Aspheric Surface

’ 2
X= IR +AY*+BY+CY + DY+ EY 2+ FY ™
1+{1-(1+K) (¥Y/R)*}2 _

: depth from vertex of surface

: height from optical axis

: paraxis R :

cone constant

aspheric coefficient of term Y*
aspheric coefficient of term Y®
aspheric coefficient of term Y®
aspheric coefficient of term Y'°
aspheric coefficient of term Y2
aspheric coefficient of term Y

EPD 3.000
(Diameter of

Entrance Pupil (mm))

HEO QWD R

WL (Wavelength (nm)) 835

Refractivity/
Abbe’s Number

Name of Glass
FCD1 1.494122 / 81.8
BACDS 1.587007 / 61.3

CG 1.533




i i [ ditions shown in FIGS
' [ satisfying the above-nentioned con _
ggjfgtgzem;Frng descri%edgsuch that the objective |lens CﬁLrgspOR?In?hg?
int 2 shown in FIG 22 will be described in an elghth_e do_hng ninth
Egrresponding to point 3 shown in FIG 22 will be deSCL:Ef 22 Lt
nbodi ment and that corresponding to point 9 shown in _ Hert 1/ B of
Sescribed in a tenth enbodi nent. 5. Ljﬁ:;ln Mh'CBjégf Egé}gcént'to L)
i j ace to an o acer |
Tpcﬁ{ dls?gnfeaﬁge:gid?fd??eahezsragiafhn overal | svsten1sag|sf|estl.7 ry
e = | ens deshgggd to optrna
Y ntioned lens|is a S (
(F[errL/f) hg ?e{?ggabo R ¥ the two | ens elenents.to realize atLre
dlf};;agtgry HuHU|£u U VSte@%n\ he lens, that is, the curva
Sa LUI | ll \.,

bre angt f
erm §si bl e decenterlng and the pgrgyLssl

o suLfafg o (F pﬁﬁ Bhstenee péns cah be nmanufacfure Wien the
g{:r;|n0$ 3 E?sn+?QAaRFthBOrQPiﬁetinq power, which is expressed W t

/\

Ninth Embodj !

An objective lens according to this embodiment has a
structure in which the lenses 3 and 4 are manufactured by
optical glass (FCD1) having an Abbe’s number vd of 81.6 on the
—-line and optical glass (BACDS5) having an Abbe’'s number vd of
61.3. ’

An optical path is shown in FIG. 80. A graph showing
d1stort10n of the foregoing objective lens is shown in FIG. 81,
astigmatism of the same is shown in FIG. 82 and spherical
aberration of the same is shown in FIG. 83. *a graﬁh showing
the lateral aberration (angle of view: 0.5 degree) is shown
in FIG. 84 and a graph showing the lateral aberration (on the
axis) is shown in FIG. 85. The conditions of the design are
as shown in Table. 12. The objective lens according to this
embodiment is an objective lens satisfying the ranges of the
diameter of the beam, the working distance (WD) and the NA
shown in FIGS. 22 and 24, the objective lens according to this

embodiment corresponding to point 3 shown in FIG. 22.



the ratio (F[err]/F) of the focal distance F[err] of the first lens (the

| ens adjacent to the object) 3 and the focal

system sati sfies the foll ow ng range,
great manufacturing tol erance for the | ens can be obtained and the

refracting power can be distributed optimally. The foregoing fact
38 distribution is perforned when the

a fact that the optinum power
| ens (lens adjacent tgdhe object) 3 is about [err] of

of the first

power

di stance F of the overal
1.7 < (F[err]/F) < 2.5,

t he power cﬁTg & qﬁﬁrall system ‘If (F[err]/F) [err] 1.7, the focal

di stance F[err

short, that gs%fglge poOwWer 15 _gr.eat. tmthtrs—ecase—t+he—eurvat--e,—the
per mi ssi bl ¢ decértet i ng a@gugﬁgiggéniSSi)|%T%Lﬂglf0r)th3 firscLhens (t
l1CcKness
Radius) Ny (giggs?f
OBJ Infinity Infinity
STO Infinity 0.0
sl 0.95940 0.292788 FCD1
K:-0,230993
:~.878862E-01 B:0.140833E+00 C:0.348581E-01
D:-~.149134E+01 E:-.327087E+01 F:0.954103E-01
s2 2.80442 0.0
K:—7.470389
:0.164931E+00 B:0.1686114E+00 C:0.579542E+00
D:-.747670E+01 E:-.417068E+02 F:0.170241E+03
s3 0.46942 0.407387 BACDS
K:—0i133476
:=.122398E+00 B:—-.254028E+00 C:-.363976E+01
D:-.253712E+02 E:0.828936E+01 F:-.515431E+03
s4 5.03874 ' 0.30
5:61228.332634 .
:0. 4966E+00 B:0.304699E+00 C:—.632742E+02
D:0.477110E+03 E:—-.584725E+03 F:~.295638E+04
s5 Infinity 0.1 CG
s Infinity 0.0
IMG Infinity 0.0

satisfactory

i ndi cat es

of the first lens (the lens adjacent to the object) 3 is

he



| ens adj acent to the object) 3 are nade to be strict. If 2.5 [err]
(F[err]/F), the focal distance F[err] of the first lens (the | ens adjacent
to the object) 3 is elongated and the power is reduced. However, the power
of the second lens (lens adjacent to the image) 4 is enlarged. In this
case, the curvature, the permssible decentering and the permssible tilt
are nmade to be strict. Wien only the manufacturing tolerance for the |Iens
is considered, the above-nentioned range % soneti nes w dened accordi ng as
t he NA t hp—effective—dareter—oi—the beam and the worki ng di stance. As a
result of pEShM@hiamdof nderhegieiSuridcesari ous | enses and manuf acturl—ﬁ

tol erances| a hi stogram about the I ens which permtted great manufactiiri ng
tol erance pas obtained, as shown in FIG 26. That is, the power
di stributipn can beX&mj ar ndd®pt i nal Ly QIHSLE? ;erubf ,yrl;fg tol eran¢e can
significanfly be w denﬁqll-tltmgy/kpl}imw ng rel ati onshi atisfied: 1.7 <
(F[err]/F)|< 2 5.

: depth from vertex of surface

: height from optical axis

: paraxis R

cone constant

aspheric coefficient of term Y*
aspheric coefficient of term Y®
aspheric coefficient of term Y®
aspheric coefficient of term Y!°
aspheric coefficient of term Y'?
aspheric coefficient of term Y

EPD 1
(Diameter of : 000

Entrance Pupil (mm))

TEO QWP R T

WL (Wavelength (nm)) 635

Refractivity/
Abbe’'s Number

Name of Glass
FCD1 1.494122 /7 81.6
BACD5S _ 1.587007 / 61.3

ce '1.5769
0.704

F
(Focal Distance
of Overall System)

F
(Focal Diétance of - 28041

Lens adjacent to Object)

Tenth Embodiment
An objective lens according to this embodiment has a

structure in which thQ lenses 3 and 4 are manufactured by



tisfying the above-nentioned relationship will be described in
ggtﬁiLSnZn;gdine%t.QG. Lens corrected to correspond to thlcknes§ Tfog ?
transparent substrate of an optical recording nedium as folloms._} 0 é
[err] NA (the nunber of apertures) < 0.8, then T [err] 0.32 Hn1 % £
[err] NA < 0.9, then T [err] 0.20 mm and if 0.9 [err] NA t er d'[Er ¥or
0.11 mm The optical recording nedium for exanple, the optica S ’d'
use in the optical pickup apparatus to whé&h the objective | ens according

' | j ' he di sk
h e : Ve n |ied has a transparent substrate (t
gabgtfagg)%ﬁgéfhg 39%%?c&ﬁéggpo 2HE AR iHI RS § QUBbET MACARt Ehe sdral ime t han

1.2 mm of 81.3 and optical glass (BACDS) having an Abbe's number vd
of 61.3.

An oPtical path is shown in FIG. 867 A graph showing
distortion of the foregoing objective lens is shown in FIG. 87,
astigmatism of the same is shown in FIG. 88 and spherical
aberration of the same is shown in FIG. 89. A graph showing
the lateral aberration (angle of view: 0.5 degree) is shown
in FIG. 90 and a graph showing the lateral aberration (on the
axis) is shown in FIG. 91. The conditions of the design are
as shown in Table 13. The objective lens according to this
embodiment is an objective lens sa%isfying the ranges of the
diameter of the beam, the working distance (WD) and the NA
shown in FIGS. 22 and 24, the objective lens according to this

embodiment corresponding to roint 9 shown in_FIG. 24.

[Table 13]
Surface RDY THI GLA
“(Curvature (Thickness) (Name of
Radius) Glass)
OBJ Infinity Infinity
STO Infinity ' 0.0
sl . 1.97285 1.666846 FCD1
K:-0.136564
A:-.102065E~01 B:-.105703E-02 C:—-.205627E-03
D:-.102022E-03 E:-.167207E-04 F:-.847017E-05
s2 101.83827 0.4389861"




ich is the thickness of the conventional CD (Conpact Disk) and 0.6 mm
&ﬂigh is the thickness of the DVD (Digital Video Disk). The reason for
this lies in that the skew margin equivalent or superior to the skew margin
realized by the conventional structure by reducing the cona-aberration
which is generated attributable to the skew of the optical recording
medi um Since the quantity of the coma-aberration, which is generated
attributable to the disk skew, is enlargé® in proportion to the cube of the

NA, a littl pidly 40 deteriorates the RF when a signal is
read by usilng a hig;KNAsabLeqsbsa

lens. [err] where n:

refractivity og
transparent substrajé:0T237B7¢ERE3SBOF. 10893pR ENtCSUDSIgRiqg-ad Cs: angle
of skew. D:-.431489E-03 E:0.166565E-03 F:0.843038E-05
s3 1.11740 1.513776 BACDS
K:-0.065262
A:0.329554E-01 B:-.147812E-01 C:0.299582E-01
D:-.165416E~-01 E:-.161770E-01 F:0.177083E-01
s4 -1.09291 0.05
K:-860.033414
A:0.540356E+00 B:0.690883E+01 C:0.445748E+03
D:~.100405E+05 E:0.842897E-21 F:-.149771E-21
s5 Infinity 0.1 CG
s6 Infinity 0.0
IMG Infinity 0.0

TED QWD 5

Equation of Aspheric Surface

X—

Y%R

aspheric
aspheric
aspheric
aspheric
aspheric
aspheric

1+ 1-( R R

coefficient
coefficient
coefficient
coefficient
coefficient
coefficient

of
of
of
of
of
of

: depth from vertex of surface
: height from optical axis
: paraxis R
: cone constant

term Y*
term Y®
term Y®
term Y
term Y!?
term

+AY*+BYS+CY + DY+ EY 12, py 14

EPD
(Diameter of
Entrance Pupil (mm))

WL (Wavelength (nm))

3.000

635




As can be u
I s enl arged
Ther ef or e,

nderstood fromthe above-nentioned equation, the coma-aberration
I n proportion to the thickness T of the transparent substrate.
reduction in the thickness T of the transparent substrate is an

effective neans to overcone the skew. An objective lens (NA = 0.6) adapted

to the DVD

(Digital Video Disk) (conmprising the disk substrate having a

t hi ckness of 0.6 nm generates wavefront aberration of about 0.043 rns on

t he i magi ng
a skew angl

surface as shown in FIG 27 wh a skew (a radial skew) having
o—Cs—6—%4 degrcc exi-sts. \When a skew (a radi al SkEW) of G =

0.4 degree
aberration
t hi ckness ¢
the NA is (
0.11 mMmin
t hi ckness ¢
val ues, thd

exi sts whedirmatigienVarged tolexceed 0.6, the wavefront

on the iﬁﬁBFnﬁ NumbgEe is nad¢ to be 0.043 rns by neking the

f the trggsRagen strate t9 be about 0.32 mmin a case where
. 7, about %EZB?n%%gﬁga case wpere the NAis 0.8 to 0.9 and fabout

a case where Rdpa NA is 0.9, a$ shown 'in4§£&%ﬁ;3.8|f t he
e Sy

f the transparent substrate i$ smaller 't e- nentifoned
* BACDS 1.587007 / 61.3
cc 1.533
(Focal Distance 1.65
of Overall System)
F .
(Focal Distance of 4.0487

Lens adjacent to Object)

Eleventh Embodiment

An objective lens according to this embodiment has a

structure in which the lenses 3 and 4 are manufactured by

optical glass (FCD1) having an Abbe’s number vd on the d-line
[

of 81.6 and optical glass (BK7) having an Abbe’s number vd of
64.1.

An optical path is shown in FIG. 92. A graph showing
distortion of the foregoing objective lens is shown in FIG. 93,
astigmatism of the same is shown in FIG. 94 and spherical
aberration of the same is shown in FIG. 95. A graph showing
the lateral aberration (angle of view: 0.5 degree) is shown
in FIG. 96 and a graph showing the lateral aberration (on the

axis) is shown in FIG. 97. The conditions of the design are
as shown in Table 14. .



41 wavefront aberration can furthernore be reduced. 7. Structure of
Optical Pickup Apparatus The optical pickup apparatus according to the
present invention nay be an apparatus for reproducing an optical disk 12,
as shown in FIG 29. The optical pickup apparatus has the objective |ens
according to the present invention. A linearly polarized Ilight beam
emtted from a sem conductor |aser (not_shown) which is a |light source,
made to be a paral l el |ight beam and havi%@ a wavel ength of 635 nmis
allowed to ?ﬁth%?igh a polarizing beamsplitter (PBS) 7 and a [err]/4

-(1/4-mave| te 8 so as to be brought into a circularly polarized
state. ThS'ETTEUTEFIy potarized—taser—eam+s—attonet t he
obj ective | EN8TAAR®the di s sibttrate 5 qo as {Bibe conderged(HMAthe silgnal
recordi ng sprface off the o ngéL;ﬁ?%k 12. T'Ehﬁ?%%e%%bstratéN?mPsoé t hifn
ass
QBJ Infinity Infinity
STO Infinity 0.0
sl 2.46917 3.042666 FCD1
K:-0.177274
A:—-.353216E-02 B:-.452433E-03 C:-.556160E~05
D:-.991159E-05 E:~.128023E~07 F:~.159371E-06
s2 -12.58525 0.491772
K:-13.032252
A:0.307368E-02 B:0.799138E-04 C:0.242782E-03
D:-.981829E-04 E:-.324027E-04 F:0.162258E-04
s3 1.25000 1.481326 BK7
K:0.0
A:0.0 B:0.0 C:0.0
D:0.0 E:0.0 F:0.0
s4 Infinity. 0.30
K:0.0 [
A:0.0 B:0.0 C:0.0
D:0.0 E:0.0 F:0.0
s Infinity CcG
sb6 Infinity
IMG Infinity




substrate having a thickness of 0.1 nm The foregoing objective
lens is a lens forned by conbining two aspheric | enses 3 and 4 and having
an NA of 0.7 to 0.95. The above-nentioned optical disk 12 is a
single-layered or a multilayered di sk manufactured by bonding a glass plate
having a thickness of 1.2 nmto reinforce the strength of the disk
substrate 5 having a thickness of 0.1 nm The |aser beamreflected by the
signal recording surface is returned thrggigh the original optical path, and
then allowed to pass through the [err]/4 plate 8. Thus, the |laser beamis

made to be EFG§§{L¥ gplggéggyﬁé 8l peam rotated by 90 degrees from 42
l y [
y

the forwar I near polari ze rection. The | aser beamis refl ected]|by
the |inear pol ari zing beamsplitter 7, and then all owed to pass threugh a
focusing |l ens (a cogxgrging,hgps) 13

+AY*+BYS+CY +DY O +EY 2+ FY !
1+{1-(1 +K) (F/R)*)'2

depth from vertex of surface

: height from optical axis

: paraxis R

: cone constant

aspheric coefficient of term Y*
aspheric coefficient of term Y¢®
aspheric coefficient of term Y®
aspheric coefficient of term Y!°
aspheric coefficient of term Y!?
aspheric coefficient of term Y

HEIMOQWP> RT XN

' EPD 3.7894
(Diameter of

Entrance Pupil (mm)) “

WL (Wavelength (nm)) 635

Refractivity/
Abbe’s Number

Name of Glass

FCD1 - 1.494122 / 81.6
BACDS 1.515014

e | 1.533

F 2.3684

(Focal Distance
of Overall System)

F, 4.4767
(Focal Distance of

" Lens adjacent to Object)

Iwelfth Embodiment
An objective 1lens according to this embodiment has a

structure in which the lenses 3 and 4 are manufactured by



and a multilens 14 so as to be detected as an electric signal by a
phot odetector (PD) 15. The nultilens 14 has an incidental surface forned
into a surface of a cylinder (a cylindrical surface) and an em ssion
surface fornmed into a concave shape. The nultilens 14 realizes astignmati sm
for enabling a focus error signal to be detected fromthe incidental |aser
beam by a so-called astigmati smnethod. The photodetector 15 is a '
phot odi ode having six el enents arranged 9 output electric signals for
perform ng the fqcus adjystnent by the astigmati sm nethod and the tracking
adj ust nent IRF1&3308 éFFezF§DBéaH?HéPﬁoﬂﬂ fbbe ' spefimbentidoenTheeobj-echeve
| ens accor g t sent inventi ls,not limted to the lens of the
so-cal | ed Sﬁ?%&??egggspégfﬁgéiﬁgaﬁﬁ Sgﬁgithﬁb}%g 3R HPRG Ghinwgrcedt. oThe
obj ective lgang .may be designed as a finite-systemlens structured such that
the object point (the light source) is positioned for a finite distance.
An' optical path is shown in FIG. 98. A graph showing

distortion of the foregoing objective lens is shown in FIG. 99,
astigmatism of the same is shown in FIG. 100 and spherical
aberration of the same is shown in FIG. 101. A graph showing
the lateral aberration (angle of view: 0.5 degree) is showﬁ
in FIG. 102 and a graph showing the lateral aﬂerration {(on the

axis) is shown in FIG. 103. The conditions of the design are

as shown in Table 15.

[Table 15]
Surface |. RDY THI ' GLA
(Curvpture (Thickness) (Name of
Radius) . Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 2.42115 2.6000 FCD1
K:-0.346742

A:—.244830E-02 B:

285636E-03 C:-.146599E-
D:-.503982E-05 E: o

0 F:0.0

o |

s2 -13.23414 0.946290

K:23.517622
A:0.319611E-02 B:0.260898E~03 C:-.104377E-03

D:0.264903E-04 E:0.0 F:0.0
s3 1.25 ) 1.4 . BK7
K:0.0
A:0.0 B:0.0 C:0.0
D:0.0 E:0.0 F:0.0

s4 Infinity 0.075




Enbodi ment s Enbodi nents of the objective | ens according to the present

i nvention will now be described. In the foregoing enbodi nents, the materi al
for manufacturing the transparent substrate 5 is CG (having a refractivity
of 1.533 when the wavelength is 635 43 nm and 1.5769 when t he wavel ength
Is 680 nm. First Enbodi nent An objective | ens according to this enbodi nent
has a structure in which the Ienses 3 and 4 are nmanufactured by

| ow-di ffusion optical glass (BACD5) havinglan Abbe's nunber vd of 61.3 on
the d-1line L VI ' ' in Fl G

30. A graph show njgkdpsgortion of the foregoing objective lens is shown in

FIG 31, aptigmatisjAod.@he sane i Bghawn in FI G c32.and spheri cal
D:0.0 E:0.0 F:0.0
s5 Infinity 0.1 CG
sb Infinity
IMG Infinity

Equation of Aspheric Surface

2
X= IR +tAY*+BY*+CY"+DY ' +EY'?+FT "
1+{1- (LK) (TIRY*}*

: depth from vertex of surface

: height from optical axis

: paraxis R

: cone constant

: aspheric coefficient of term Y*
: aspheric coefficient of term Y®
: aspheric coefficient of term Y®
aspheric coefficient of term Y
aspheric coefficient of term Y'?
aspheric coefficient of term Y

O QP R

EPD 3.9571
({Diameter of .

Entrance Pupil (mm))

WL (Wavelength (nm)) 680

Refractivity/
Abbe’s Number

Name of Glass

FCD1 : - 1.493009 / 81.6
BACDS | 1.513615 / 64.1
ce 1.5769
F ' 2.4732

(Focal Distance
of Overall System)

: F, 4.3923
(Focal Distance of

Lens adjacent to Object)




aberration of the sane is shown in FIG 33. A graph showi ng the |ateral
aberration (angle of view. 0.5 degree) is shown in FIG 34 and a graph
showing the | ateral aberration (on the axis) is shown in FIG 35. Wen the
NA is made to be 0.8 by Iimting the opening by using the stop 2, defocus
with respect to change in the wavel ength of the + 5 nm sem conductor | aser
Is 0.331 [err]m The MIF (Mdul ati on Transfer Function) when the spati al
frequency in the direction of the optical axis near the imging point is

80/mmis showmn in FIG 36 and PSF (poi i mage intensity function) is
shown in FIG 37. As can be understood fromFI G 36, the peak of the
degree of dul ati.gnds shifted and defocused fromthe focus position 0.O.
The condit e as shown in Table 4. The |l ens according to

this enmbodi mentard So8hket i e SAleinsl atd Y id thePr e¥erhiGhr&mBdd meARer hasi Qn even
i f the focal distance is
structure in which the lenses 3 and 4 are manufactured by
optical glass (FCD1l) having an Abbe’s number vd of 81.3 on the
d-line and optical glass (BACDS) having an Abbe’'s number vd of
61.3.
An optical path is shown in FIG. 104. A graph showing
distortion of the foregoing objective lens is shown in FIG.
105, astigmatism of the same is shown in FIG. 106 and spherical
aberration of the same is shown in FIG. 107. A graph showing
the lateral aberration (angle of view: 0.5 degree) is shown
in FIG. 108 and a graph showing the lateral aberration (on the

axis) is shown in FIG. 109. The conditions of the design are

as shown in Table 16.

[Table 16]
Surface RDY THI GLA
{Curvature (Thickness) (Name of
Radius) Glass)
OBJ Infinity Infinity
STO Infinity 0.0
sl 2.87688 2.571836 FCD1
K:-0.1014886
A:-.199187E-02 B:-.236129E-03 C:-.317683E-04
D:—.174187E-06 E:-.824255E-06 F:0.0
s2 30.591¢99 0.450272




44 el ongated or even if the NAis enlarged. [Table 4] Surface RDY

THI GLA (Curvature (Thi ckness) (hbnEIO;iE??;US)
Infinity Infinity STO In

81852? o 2. 20755 1.936777 BACD5 K:-0.1131§E o5

A -.352973E-02 B:-.927936E-03 C: -.279329E- 03 D:b.igggigEkpg 5957%?820 -

F:-.142540E- 04 s2 7.47812 : - 0.

A: 0. 402205E-02 B:-. 177572E-02 C.-. 169493E-02 D:.-.116911E- 2 208201

E;-.260040: 03—F-0.313890FE-03 s3 1. 07896 1.

BACD5 K:94.410598

A:0.151777E-02 B:

-507697E-04 C:-.850070E~-04

D:-.178174E-04 E:0.425877E-05 F:0.0
s3 1.665155 2.0465186 BACDS
‘K:~-0.196808
A:0.281473E-02 B:0.168084E-02 C:-.205195E~03
D:0.402182E-03 E:-.867889E~-04 F:0.0
s4 14.89061 0.3
K:0.0
A:0.0 B:0.0 C:0.0
D:0.0 E:0.0 F:0.0
s5 Infinity ' 0.1 CcG
s6 Infinity
IMG Infinity

Equation of Aspheric Surface

T’R
1+{1-(1+X)(¥/R)*}'?

X=

+AY*+BYS+CY +DY W+ gy 12, gy 14

: depth from vertex of surface

: height from optical axis

: paraxis R

: cone constant

: aspheric coefficient of term Y*
: aspheric coefficient of term Y®
: aspheric coefficient of term Y®
: aspheric coefficient of term Y
: aspheric coefficient of term Y!?
: _aspheric coefficient of term Y™

EPD 4.5
(Diameter of
Entrance Pupil (mm))

TBEO QWP R

WL (Wavelength (nm)) 635




K:-0.089540 A:-.767323E-04 B:0.278212E-02 C. -.471041E-02 D:-. 133615E-02

: - :-.523864E-02 s4 6. 15302 : 0. 200
K 1022 954450 A O 363446E+00 Br . 575917E+00 GO, 111774E+01 Dr 0. 174499E+01
E: 0. 203429E- 12 F: 0. 12891E- 13 s5 Infinity 0.1
CG s6 Infinity | M5 Infinity 0.0 45
Equati on of Aspheric Surface [err] X depth fromvertex of surface Y
hei ght from optical axis 74

Refractivity/
Abbe’s Number

Name of Glass

FCD1 _ 1.494122 / 81.86
BACDS 1.587007 / 61.3
CG . 1.533
F 2.647
(Focal Distance
of Overall System)
6.235

F
(Focal Diétance of
Lens adjacent to Object)

As described above, the present invention is structured
such that the objective lens having a number of apertures (NA)
of 0.7 is realized by a doublet lens including an aspheric
surface and the opticél pickup apparatﬁs‘ comprises the
foregoing objective lens so that an optical recording medium
exhibiting a high information recording density is used
practically.

That is, the objective lens according to the present
invention is made of the optical glass having the Abbe’s number
of 40 or more so that chromatic aberration is prevented even
if the NA is enlarged. If a semiconductor laser is employed
as the light source, the tolerance for the change in the
wavelength of the semiconductor laser can be enlarged and thus
the manufacturing yield can be improved.

Since the objective lens according to the present



R paraxis R K cone constant A aspheric coefficient of te-r.m [err]4 B
aspheric coefficient of term[err]6 C aspheric coefficient of termf[err]
D aspheric coefficient of term[err] E aspheric coefficient of term
[err] F aspheric coefficient of term[err] EPD .
2.928 (Dianeter of Entrance Pupil (mm) W. (Wavel ength (nn))
635.0 Refractivity/ Abbe's Nunber Nane of G ass BACD5
1.587007 / 61.3 CG 75 L1.533 F
1.83 invention is structured such that the refractivity of the lens
having a sharper curvature is raised, the curvature can be made
to be gentle and the lens can easily be manufactured.

Since the objective lens according to the present
invention is structured such that the diameter of the beam, the
NA and the working distance are limited, the size of the
optical pickup apparatus can be reduced, the focal distance can
be shortened and the lens.having a high NA can easily be
manufactured. Sine the objective lens according to the present
invention has a small size, the size of the biaxial actuator
for moving the objective lens can be reduced.

Since the objective 1lens ;écording to the present
invention has the proper focal distance, the power distribution
of the two lens element can be performed optimally. Thus, each
lens element can easily be manufactured and the performance of
the same can easily be improved, thus }esulting in a
satisfactory manufactufing vield.

That is, the present invention is able to provide an
objective lens which is capable of satisfactorily correcting
the chromatic aberration although it has a sufficiently large
number of apertures (NA), the weight of which can be reduced
and which can easily be manufactured.

The optical pickup apparatus according to the present
invention, having the above-mentioned objective lens and
adapted “to the optical recording medium comprising the

transparent substrate, the thickness of which is specified, is

able to coma-aberration. As a result, the optical recording



(Focal Distance of Overall System F|err] 4.6974
(Focal Distance of Lens adjacent to Object) Second Enbodi nent An objective
| ens according to this enbodi nent has a structure in which the | enses 3 and
4 are manufactured by optical glass (FCD) having an Abbe's nunber vd on
the d-1ine 46 of 81.6 and optical glass (BACD5) having an Abbe's nunber
vd of 61.3. An optical path is showmn in FIG 38. A graph show ng
distortion of the foregoing objective lepg is shown in FIG 39, astigmatism
of the Sam?ne'd%u%uh%% Iegslizllg';L béomgggfgcrz)pgrr‘égél
Although the invention has been described in its preferred

form with a certain degree of particularity, it is understood

that the present disclosure of the preferred form can be

changed in the details of construction and in the combination

and arrangement of parts without departing from the spirit and

the scope of the invention as hereinafter claimed.



aberration of the same is showmn in FIG 41. A graph show ng Hmmmllgml _ _
aberration (angle of view. 0.5 degree) is shown in FIG 42 & ""I"""
showi ng the lateral aberration (on the axis) is shown in FIG *43% The® s =
conditions of the design are as shown in Table 5. The objective |lens
according to this enbodinent is structured in such a manner that the

optical glass having a higher refractivhéy i s enployed to manufacture t he
second lens (the lens adjacent to the i d@) 4 as conpared with that of the

first lens e len di acent to the object) 3. Thus, the chromatic

aberration Raf actorily and the curvature of the second | ens

(the lens adjacgnt tgnthg;blROG F-' 5@@#} : AN & S Q1 teha ¢hiini ng

of the lens is perforﬁed %ag??y. %%%Ie %i#ﬁ%ce ens hﬁgamade_

THI of optida (Alwssthawing an Abbeg Bimkiess)of 40 or( Maewtel Badi us)
: I nfinit Infinit

@ ass) OBJa d-line andlhavghg a doublet struceare. wherein at least

either surface is formed into an aspheric surface and the

number of apertures is 0.7 or more.

2. An objective lens according to claim 1, wherein the
Abbe’s number of the optical glass forming the two lens
elements on the d-line is 60 or greater and the number of

apertures is made to be 0.8 or more.

3. An objective lens according to claim 1, wherein when
an assumﬁtion is made that the refractivity of optical glass
for forming either lens element in which an angle made between
a tangential plane of a plane in the peripﬁery of the lens
element and a plane perpendicular to an optical axis is larger
than the angle of the other lens element is n, and 'the
refractivity of the 'optiqal glass forming the other lens

element is n,, the following relationship is satisfied:

n, > n,.

4. An objective lens according to claim 1, wherein when
an assumption is made that the diameter of an incidental laser
beam is BW, the working distance is WD and the number of

apertures is NA, the following relationships are satisfied:



STO Infinity 0.0 sl 2.1518

- A -.396302E-02 B: -.
2. 085603 FCD1 47 K:-0.133331 . ]
C -.269158E-03 D:-.140877E-04 E: 0.130101E-05 F:-.148648E-04 s

WA

8. 28264 0. 311261 K -3.211588 A:0.307942E-02 B:-. 169672E-02 C:.-.

152057E-02 D: -. 710548E-03 E:-. 165963E-03 F: 0. 261243E-03 s3

1. 08326 1. 436933 BACD5 K:-0.090747 A:-. 933930E-03

B: - . 405559E-02 C. -. 606131E- 02 D:-.238Z)4QJBE-02 E: - . 318784E- 02
. ] 0.
s4 40P < Bw < 4.5, 0.05 < WD and 0.7 < NA < 0.

WD < 0.25676BW + 0.039189,

F:-.784888E-02

8, then

if 0.8 < NA < 0.9, then WD S 0.14054BW - 0.064865, and

if 0.9 < NA, then WD < 0.096429BW - 0.244640.

5. An objective lens according to claim 1, wherein ratio

F/F of focal distance F, of the lens disposed on the side on

which a laser beam is made incident and focal distance F of the

overall system of the lens satiéfies the following
relationship:

1.7 < (F,/F) < 2.5.

6. An objective lens according to claim 1, wherein the

aberration of said objective lens is corrected to correspond

to thickness T of a transparent substrate of an optical

recording medium disposed on a signal recording surface and

supporting said signal recording surface and said

lens satisfies the following relationships:

objective

if 0.7 < NA (the number of apertures) < 0.8, then

T < 0.32 mm,

if 0.8 < NA < 0.9, then T < 0.20 mm, and

if 0.9 < NA, then T < 0.11 mm.



K: - 1932. 300730 A: 0. 180398E+00 B: - . 249506E+00 C: - . 392373E+00 b
E: 0. 203472E-12 F: 0. 124909E- 13 s5 Infinity IR T I
CG's6 Infinity 0.0 I MG Infinityy ¢ L m s % -

0.0 Equation of Aspheric Surface [err] X : depth fromvertex of surface Y :
hei ght fromoptical axis R: paraxis R K : cone constant A : aspheric
coefficient of term[err] B : aspheric coefficient of term[err] C:
aspheric coefficient of term[err] D: heric coefficient of term[err] E

aspheri ¢ coef {4 ci enln @8Rl bTkklo"appd?RESh SofgeldLcient of termlerr]

a light source; and

an objectivg lens for converging a laser beam emitted from
said light source onto a signal recording surface of an optical
recording medium, wherein said lens has two lens elements made
of optical glass having an Abbe’s number of 40 or greater on
a2 d-line and having a doublet structure, at least either

surface is formed into an aspheric surface and the number of

apertures is 0.7 or more.

8. An optical Pickup apparatus according to claim 7,
wherein the Abbe’s number of the opfical glass forming the two
lens elements on the d-line is 80 or greater and the number of

apertures is made to be 0.8 Oor more.



EPD 2.928 (D anmeter of Entrance Pupil (mm) W

(Wavel ength (nm) N 635.0 48 Refractivity/ Abbe's
Nunmber Nane of G ass FCDI 1.494122 |/ 81.6 BACD5
1.587007 / 61.3 CG ' 1.533 F
1. 83 (Focal Distance of Overall Systenm) F[err]
5.2884

80

OBJECTIVE LENS AND OPTICAL PICKUP APPARATUS
ABSTRACT OF THE DISCLOSURE

An objective lens having a doublet structure and a number
of apertures of 0.7 or more and an optical pickup apparatus
having the objective lens to be adaptable to a optical
recording medium having a high information recording density,
the objective lens being structured such that at least one side
is formed into a aspheric surface and the lens elements are

made of low-diffusion glass having an Abbe’s number of 40 or

greater.

Figure 1



(Focal Distance of Lens adjacent to Object) Third enbodi nent An objective
| ens according to this enbodi nent has a structure in which the | enses 3 and
4 are manufactured by optical glass (FCDl1) having an Abbe's nunber vd of
81.6 and optical glass (BACD5) having an Abbe's nunber vd of 61.3. An
optical path is showm in FIG 44. A graph show ng distortion of the
foregoing objective lens is shown in FIG 45, astigmatismof the sane is
shown in FIG 46 and spherical aberration of the same is shown in FIG 47.
A graph showing the lateral aberration (angle of view. 0.5 degree) is
shown in FIG 48 and a graph show ng thgsbkateral aberration (on the axis)
is showmn in FIG 49. The conditions of the design are as shown in Table 6.
The objective I ens according to this enbodi nent satisfies the
above-nentioned conditions as 1.7 < (F[err]/F) < 2.5. Therefore, the
design according to this

FIG.1




49 enbodi ment enabl es the power distribution to be nmade optimally and the
manuf acturing tolerance for the lenses 3 and 4 to be enlarged. [Table 6]

Sur face RDY THI GLA (Curvature
(Thi ckness) (Name of Radi us) d ass) 0OBJ
Infinity Infinity STO Infinity 0.0 s1
1.90838 1.567111 FCD1 K:-0.192781 A: -.584096E-02
B: -.154354E-02 C:.-.224902E-03 D:-. 150574E-03 E: 0.499346E-04 F: -.
163557E-04 s2 -47.77042 2/55 0. 535335 K:-1884. 160827
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A: 0. 206660E-02 B:-.614175E-03 C: 0. 604320E-04 D: -.157033E-03 E: 0. 678618E-04

F: 0. 497349E- 04 s3 1.1174 1. 350462 BACD5
K:-0.121891 A: 0.240825E-02 B:-.204726E-02 C: 0. 143610E+OL D: -.299060E- 01
E: 0. 623946E- 02 F:-.297252E-02 s4 -13.11538 0.1
K: -54.236007 A:-.116656E+00 B:-.143241E+01 C: 0. 655851E+01 D: 0. 797153E+02
E:-.477310E-14 F:-.161325E-15 s5 Infinity 0.1
CG s6 Infinity 0.0 I MG Infinity
0.0 50 Equation of Aspheric Surface

3/55

1.00 RELATIVE
TANGENTIAL FIELD HEIGHT SAGITTIAL

0.0010 (0. 5000) 0.0010
\, o~ ANGLE OF VIEW
— : 0.5 DEGREE
-0.0010 | -0.0010
FIG.5
B ST
0.0010 (o.ooE!?HT 0.0010
ON THE AXIS
-0.0010 -0.0010
LATERAL
ABERRATION

FIG.6



[err] X depth fromvertex of surface Y

paraxis R K cone constant A

aspheric coefficient of term[err] C aspheric coefficient of termJ[err]
aspheric coefficient of term[err] E aspheric coefficient of termJ[err]

hei ght from opti cal

axis R

aspheric coefficient of term[err] B

aspheric coefficient of termf[err] EPD

(D aneter of Entrance Pupil (mm)) W. (Mavel ength (nm)

635 Refractivity/ Abbe's Nunber

Name of d ass

3. 000

MTF
LA

4/55
— ——~— DIFFRACTION LIMIT
DIFFRACTION MTF WAVELENGTH WEIGHT
AX15 640.0NM
wor FREQUENCY 80 C/MM
———————————— ——

DEFOCUSING POSITION (MM)

=0.00160 -0.00120 -0.00080 -0.00040 0.00000 0.00040 0.00080 0.00120 0.00160

FIG.7

&

: 0.01265 MM

DIMENSIONS
¥ :0.01265 MM

( WAVELENGTH
640.0NM

FIG.8

D
F



FCD1 1.494122 / 81.6 BACDS5

1.587007 / 61.3 CG 1.533 F

1. 7240 (Focal Distance of Overall System) F[err]
3.753 (Focal Distance of Lens adjacent to Qbject) Fourth Enbodi mnent An

objective lens according to this enbodi nent has a structure in which the

| enses 3 and 4 are manufactured by 51 optical glass (FCD1) having an
Abbe' s nunber vd of 81.6 on the d-line and optical glass (BACD5) having an
Abbe' s nunber vd of 5/55

(0e) (o)

m“\
P
@
<

\

0.36mm

Lp]

FIG.9
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61.3. An optical path is showm in FIG 50. A graph showi ng distortion of
the foregoing objective lens is shown in FIG 51, astigmatism of the sane
is showmn in FIG 52 and spherical aberration of the sanme is shown in FIG
53. A graph showing the lateral aberration (angle of view 0.5 degree) is
shown in FIG 54 and a graph showing the | ateral aberration (on the axis)
is showmn in FIG 55. The conditions of the design are as shown in Table 7.

[ Tabl e 7] Surface RDY THI GA
(Curvature (Thi ckness) (I\@}T%hof Radi us)
d ass) 0OBJ Infinity finity STO Infinity
0.0 s1 1.90713 1.572909 m FCD1 K:-0.197701
A -.651357E-02 B:-.160952E-02 C.-.178084E-03 &
)
Y & >
L ow W Jdw
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D: -.123607E-03 E: 0. 560740E-04 F:-.153752E-04 s2 -56. 67697
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215933E-04 E: 0. 120640E-03 F:-. 108143E-04 s3 1.11205
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- 9. 43955 0.1 52 K -963.993459 A:-.255448E-01
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S6 Infinity 0.0 I MG Infinity

0.0 Equation of Aspheric Surface [err] X : depth fromvertex of surface Y :

hei ght fromoptical axis R: paraxis R K : cone constant A : aspheric

coefficient of term[err] B : aspheric coefficient of term[err] C:

aspheric coefficient of term[err] D : aspheric coefficient of termJ[err] E
aspheric coefficient of term[err] F : aspheric coefficient of term/[err]
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(Wavel ength (nm) 635
8/55

(o]
7]

0 *

0.93mm

FIG.15

s




Di st ance of Lens

D stance of Overall
53 Fifth Enbodi nent An objective |l ens according to

1.587007 / 61.3 CG

3.7674 (Focal

1. 724 (Focal
9/55

Name of d ass FCD1

Refractivity/ Abbe's Nunber

1.494122 / 81.6 BACD5

1.533 F
thi s enbodi nent has a

adj acent to Object)

Systen) Flerr]

81014

H38Y TvYOId3IHdS
TVNIGNLIONOT

(SHILIWMTIW) SND04
€-30°L $-30°S 00 +-30°S- £-30°}-
L | I |

00°1L

L1"Old 91’9014

S3IAHUND a13Id :
JOILYINOILSY NolLHolsIa
(SH3LIWITTHN) SNJ04 NOILHOLSIA %
£30°L ¥-30'S 00 #-30'S- £-30°1- 00'k 050 00 0S0- 00|-
L1 ! ] 1 | J
ero Il- ero 4
s2'0 (- S0 -
[
|
\
80 1 8c'0 +
ogo L 050 L
(03q) (o30)



structure in which the lenses 3 and 4 are manufactured by optical gl ass
(694.532) having an Abbe's nunber vd of 53.2 on the d-line. An optical path
is showmn in FIG 56. A graph showi ng distortion of the foregoing
objective lens is shown in FIG 57, astigmatismof the sane is shown in
FI G 58 and spherical aberration of the sane is shown in FIG 59. A graph
showi ng the lateral aberration (angle of view 0.5 degree) is shown in FIG
60 and a graph showing the |ateral aberration (on the axis) is shown in
FIG 61. The conditions of the design $r95%5 shown in Table 8. (Table 8]
Surface RDY IQII GLA (Curvature

(Thi ckness) (Nanme of Radi us) d ass) OBJ
Infinity Infinity STO ' Infinity , 0.0 sl
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788
Po=7mwW
786
E R
<
= —
(zs 782 - e
H —/
E 780 —
= "
778
776
20 30 40 50

CASE TEMPERATURE Tc (°C)

FIG.21 .

1.4

1.2
1.0 <]

0.8 ’/I//
57

o ]

0.4
X
2| A .

0.0
0'0 '00 2-0 3.0 4.0 5-0
DIAMETER OF EFE\ENCTNE BEAM (mm)

FI1G.22

OORNNRNE |
TR

NA =0.7

WORKING DISTANCE WD (mm)



D: 0. 549823E+02 E: 0. 318668E-16 F:-.315831E-17 s5 Infinity

0.1 CG s6 Infinity 0.0 I MG

Infinity ~ 0.0 Equation of Aspheric Surface [err] X : depth from
vertex of surface Y : height fromoptical axis R: paraxis R K : cone
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An objective lens according to this enbodi nent has a structure in which the .
| enses 3 and 4 are manufactured by optical glass (FCDl) having an Abbe's
nunber vd of 81.6 on the d-line. An optical path is shown in FIG 62. A
graph showi ng distortion of the foregoing objective lens is shown in FIG
63, astigmatismof the sane is shown in FIG 64 and spherical aberration
of the same is shown in FIG 65. A graph showing the |[ateral aberration
(angle of view 0.5 degree) is shown in FIG 66 and a graph show ng the

| ateral aberration (on the axis) is showmn in FIG 67. The conditions of the

design are as shown in Table 9. [Table Qh/§§rface RDY
THI GLA (Curvature (Thi ckness) (Nanme of Radi us)
G ass) OBJ Infinity Infinity STO Infinity
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Sevent h Enbodi nent An obj ective | ens according to this enbodi nrent has a
structure in which the lenses 3 and 4 are manufactured by optical gl ass
(FCD1) having an Abbe's nunmber vd of 81.6 on the d-line. An optical path is
shown in FIG 68. A graph showi ng distortion of the foregoing objective
lens is shown in FIG 69, astigmatismof the sane is shown in FIG 70 and
spherical aberration of the sanme is shown in FIG 71. A graph show ng the

| ateral aberration (angle of view 0.5 degree) is shown in FIG 72 and a
graph showing the lateral aberration (on the axis) is showmn in FIG 73. The
conditions of the design are as shown ifb/'r%l e 10. 58 [Tabl e 10]
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Surface RDY THI GLA (Curvature
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C aspheric coefficient of term[err] D aspheric coefficient of term
[err] E : aspheric coefficient of term[err] F : aspheric coefficient of

term|[err] EPD _ 4.45 (D anmeter of Entrance Pupil
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Lens adj acent to Object) Eighth Enbodi nent An objective |l ens according to
thi s enbodi nent has a structure in which the lenses 3 and 4 are

manuf act ured by optical glass (FCDl1) having an Abbe's number vd of 81.6 on
t he 60 d-l1ine and optical glass (BACD5) having an Abbe's nunber vd of
61.3. An optical path is showm in FIG 74. A graph showi ng distortion of
the foregoing objective lens is shown in FIG 75, astigmatism of the sane
is showmn in FIG 76 and spherical aberration of the sanme is shown in FIG
77. A graph showing the lateral aberration (angle of view. 0.5 degree) is
shown in FIG 78 and a graph show ng tdm/9steral aberration (on the axis)
is showmn in FIG 79. The conditions of the design are
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as shown in Table 11. The objective I ens according to this enbodinent is
an objective lens satisfying the ranges of the dianeter of the beam the
wor ki ng di stance (WD) and the NA shown in FIGS. 22 and 24, the objective
| ens according to this enbodi ment corresponding to point 2 shown in FIG

22. [Table 11] Surface RDY THI GLA
(Curvature (Thi ckness) (Nanme of Radi us)

3 ass) OBJ Infinity Infinity STO Infinity
0.0 S1 2.46928 1.176806 FCD1 K:-0.093789
A: -.335472E-02 B: 0.152884E-03 C: 0. 707504E- 04 D: 0. 148633E- 04 E: 0. 553064E- 05
F:-.174217E-05 s2 316. 20027 1 0.020092 K:51211.981179
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X : depth fromvertex of surface Y : height fromoptical axis R: paraxis R
K cone constant A : aspheric coefficient of termY4 B : aspheric .
coefficient of term[err] C: aspheric coefficient of term[err] D:
aspheric coefficient of term[err] E : aspheric coefficient of termJ[err] F
. aspheric coefficient of term[err] EPD 3. 000
(D aneter of Entrance Pupil (mm) W (Wavel ength (nm)
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BACD5 1.587007 / 61.3 CG

1.533 62 F 2. 1 100 (Focal D stance of
Overall System) F[err] 5.0304 (Focal Distance
of Lens adjacent to OQbject) N nth Enbodi mnent An objective |ens according to
this enbodi ment has a structure in which the lenses 3 and 4 are

manuf actured by optical glass (FCDl1) having an Abbe's nunber vd of 81.6 on
the d-l1ine and optical glass (BACD5) having an Abbe's nunber vd of 61.3.
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An optical path is showmn in FIG 80. A graph showi ng distortion of the
foregoing objective lens is showmn in FIG 81, astigmatismof the sane is
shown in FIG 82 and spherical aberration of the same is shown in FIG 83.
A graph showing the lateral aberration (angle of view. 0.5 degree) is shown
in FIG 84 and a graph showing the lateral aberration (on the axis) is
shown in FIG 85. The conditions of the design are as shown in Table. 12.
The objective I ens according to this enbodinent is an objective |ens
satisfying the ranges of the dianeter 2gf/s5he beam the working distance
(WD) and the NA shown in FIGS. 22 and 24, the objective |l ens according to

this enbodi nent corresponding to point 3 shown fn FIG 22. 63 [ Tabl e 12]
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(Curvat ur e ( Thi ckness) (Nanme of Radi us)

d ass) OBJ Infinity Infinity STO Infinity
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A: 0.45496BE+00 B : 0. 304699E+00 C. -.632742E+02 D :0.477110E+03

" E: -.584725E+03 F: -.295638E+04 s5 Infinity 0.1

CG s6 Infinity 0.0 IMG Infinity

0.0 64 Equation of Aspheric Surface [err] X : depth fromvertex of

surface Y : height fromoptical axis R: paraxis R K :" cone constant A :

aspheric coefficient of term[err] B : aspheric coefficient of term[err] C
aspheric coefficient of term[err]

29/55

FIG.56




D aspheric coefficient of term[err] E aspheric coefficient of term
[err] F aspheric coefficient of term[err] EPD
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Lens adj acent to Qbject) Tenth Enbodi ment An objective |ens according to

thi s enbodi nent has a structure in which the lenses 3 and 4 are

manuf act ured by 65 optical glass (FCDl1) having an Abbe's nunber vd on

the d-line of 81.3 and optical glass (BACD5) having an Abbe's nunber vd of
61.3. An optical path is showm in FIG 86. A graph showi ng distortion of
the foregoing objective lens is shown in FIG 87, astigmatism of the sane
is showmn in FIG 88 and spherical aberration of the sanme is shown in FIG

89. A graph showing the lateral aberration (angle of view 0.5 degree) is
shown in FIG 90 and a graph showing the | ateral aberration (on the axis)
is shown in FIG 91. The conditions of 3h&5¥esign are
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as shown in Table 13. The objective lens according to this enbodinent is
an objective lens satisfying the ranges of the dianeter of the beam the
wor ki ng di stance (WD) and the NA shown in FIGS. 22 and 24, the objective
| ens according to this enbodi ment corresponding to point 9 shown in FIG

24. [Table 13] Surface . RDY THI GLA
(Curvature (Thi ckness) (Nanme of Radi us)

3 ass) OBJ Infinity Infinity STO Infinity
0.0 sl 1.97285 1. 666846 FCD1 K:-0.136564
A -. 102065E-01 B:-. 105703E-02 C:.-.205627E-03 D:-. 102022E-03 E:-.
167207E-04 F:-.847017E-05 s2 PE1 583827 0. 438961
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66 K:3327.215080 A:0.237871E-03 B:-.

D: -.431489E-03 E: 0.
1. 513776
C:. 0. 299582E-01 D: -.
-1. 09291

C. 0. 445748E+03 D: -.

166565E- 03 F: 0. 843038E-05 s3

BACD5 K:-0.065262 A:0.329554E-01 B: -.
161770E-01 F:0.177083E-01 s4

0. 05 K:-860.033414 A:0.540356E+00 B: 0. 690883E+01

165416E-01 E: -.
100405E+05 E: 0. 842897E-21 F: -.

Infinity 0.1 CG s6
0.0 I MG Infinity IB FEquat
[err]
?
w
[ 2
I
[ w
g8 B 2 8 @
N——N@_c_q
Q
I
| w
Q
9
P
— w
Q
0
N
w
=
© N
w
o8 .__ a Q » — S
g oo o S s
p
S
9
?
— w
.
“
8
[ =
2
oa 8 9 o S
I 1 t : g
S
—_
<

-1.00

106925E-02 C: -.

509674E- 03
1.11740
147812E-01

149771E- 21 s5

Infinity
i on of Aspheric Surface
2

o
w Juw
i 32 3
£ a4 “2
a4 28
28 O
= O
had —
o =Zu
$ or L.
o -
S 7
LL
7}
moe
T
= Zz O
3 23 (n
g,‘-’-_ow
3 <T LL
o
14
2
S = 92
ES ©
S & :
5 2 O
DQ—
¢ Q8 LL



X depth fromvertex of surface Y : height fromoptical axis R: paraxis R
K : cone constant A : aspheric coefficient of termY4 B : aspheric
coefficient of term[err] C: aspheric coefficient of term[err] D:
aspheric coefficient of term[err] E : aspheric coefficient of termJ[err] F
. aspheric coefficient of term[err] EPD 3. 000
(D aneter of 67 Refractivity/ Abbe's Nunber
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Nanme of d ass FCD1 1.494122 / 81.6 BACD5

1.587007 / 61.3 CG 1.533 F

1. 65 (Focal Distance of Overall Systen) F[err]
4.0487 (Focal Distance of Lens adjacent to Object) _ El event h Enbodi nent
An objective lens according to this enbodi nent has a structure in which the

| enses 3 and 4 are manufactured by optical glass (FCDL) having an Abbe's
nunber vd on the d-line of 81.6 and optical glass (BK7) having an Abbe's
nunber vd of 64.1. An optical path is showm in FIG 92. A graph show ng
distortion of the foregoing objective B%O%Sis shown in FIG 93,

o Sele

0.93m
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astigmati smof the same is shown in FIG 94 and spherical aberration of the
sane is shown in FIG 95. A graph showing the |ateral aberration (angle of
view. 0.5 degree) is shown in FIG 96 and a graph showi ng the |ateral
aberration (on the axis) is showmn in FIG 97. The conditions of the design

are as shown in Table 14. 68 [Tabl e 14] Surface RDY
THI GLA (Curvature - (Thi ckness) (Nanme of Radi us)
3 ass) OBJ Infinity Infinity STO Infinity
0.0 sl 2.46917 3. 64/256&'?6 FCD1 K:-0.177274
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A:-. 353215E-02 B:-. 452433E-03 C. -. 556160E-05 D:-.991159E-05 E: -.

128023E-07 F:-. 159371E-06 s2 -12. 58525 0.491772
K:-13.032252 A:0.307368E-02 B: 0. 799138E-04 C: 0.242782E-03 D: -. 981829E- 04
E: -.324027E-04 F: 0. 162258E-04 s3 1. 25000 1.481326
BK7 K:0.0 A 0.0 B:0.0 C.0.0 DO.O E:0.0
F:0.0 s4 Infinity 0.30 K0.0 A0.0 B:0.0
C.0.0 DO.0O E:0.0 F: 0.0 s5 Infinity
0.1 CG s6 Infinity 0.0 I MG
Infinity 0.0

37/55

TAN 1.00 RELATIVE '
GENTIAL fiELpDfEiGHT| — SAGITTIAL

(0.500°) 0.0010

ANGLE OF VIEW
o~ ——  :0.5 DEGREE
-0.0010 | -0.0010
FIG.72
0.0010 (o,oooe)GHT 0.0010
- - ~< ON THE AXIS
-0.0010 -0.0010
LATERAL

ABERRATION

FIG.73



69 Equation of Aspheric Surface [err] X depth fromvertex of surface Y
hei ght fromoptical axis R paraxis R K cone constant A aspheric
coefficient of term[err] B aspheric coefficient of term[err] C
aspheric coefficient of term|[err] D aspheric coefficient of termJ[err] E
aspheric coefficient of term[err] F aspheric coefficient of term{err]
EPD - 3.7894 (Di aneter of Entrance Pupil (mm))
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W (Wavel ength (nm) 635 Refractivity/ Abbe's Nunber
Name of G ass FCD1 1.494122 /| 81.6 BACD5
1.515014 CG 1.533 F

2.3684 (Focal Distance of Overall System F[err]
4.4767 (Focal D stance of Lens adjacent to Object) Twelfth Enbodi nent An

obj ective lens according to this enbodi nent has a structure in which the
| enses 3 and 4 are manufactured by
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70 optical glass (FCDl1) having an Abbe's nunber vd on the d-line of 81.6
and optical glass (BK7) having an Abbe's nunber vd of 64. 1. An optical
path is shown in FIG 98. A graph showi ng distortion of the foregoing
objective lens is shown in FIG 99, astigmatismof the sane is shown in

FI G 100 and spherical aberration of the same is shown in FIG 101. A graph
showi ng the lateral aberration (angle of view 0.5 degree) is shown in FIG
102 and a graph showing the lateral aberration (on the axis) is shown in
FIG 103. The conditions of the design are as shown in Table 15. [Table 15]

Surface RDY 4b/s5 GLA (Curvature
(Thi ckness) (Nanme of Radi us) d ass) OBJ
Infinity Infinity -

TANGENTIAL 1:00 RELATIVE
oo L FIELD HEIGHT SAGITTIAL
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STO Infinity 0.0 sl 2.42115

2. 6000 FCD1 K:-0.346742 A:-.244830E-02 B:-. 285636E-03 C. -.
146599E-04 D: -.503982E-05 E: 0.0 F:0.0 s2 -13. 23414
0. 946290 K:23.517622 A:0.319611E-02 B: 0. 260898E-03 C:.-.104377E-03
D: 0. 264903E-04 E: 0.0 F: 0.0 s3 1.25
1.4 BK7 K:0.0 A:0.0 B:0.0 C.0.0 DO0.0
E:0.0 : F:0.0 s4 Infinity 0. 075 71
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K:0.0 A0.0 B:0.0 C.0.0 DO.O E:0.0
F: 0.0 s5 Infinity 0.1 CG s6
Infinity 0.0 I MG Infinity 0.0 Equati on

of Aspheric Surface [err] X : depth fromvertex of surface Y : height from
optical axis R: paraxis R K : cone constant A : aspheric coefficient of
term[err] B : aspheric coefficient of term[err] C: aspheric coefficient
of term[err] D aspheric coefficient of term[err] E aspheric
coefficient of term[err] F aspheric igg%%icient of term[err]
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EPD 3.9571 (Dianeter of Entrance Pupil (nmm) W

(Wavel ength (nm) 680 Refractivity/ Abbe's Nunmber Nane
of d ass FCD1 1.493009 / 81.6 BACD5
1.513615 / 64.1 CG 1.5769 F

2.4732 (Focal Distance of Overall System F[err]
4.3923 (Focal Distance of Lens adjacent to Object)
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72 Thirteenth Enbodi nent An objective |ens according to this enbodi ment has
a structure in which the enses 3 and 4 are manufactured by optical glass
(FCD1) having an Abbe's number vd of 81.3 on the d-line and optical glass
(BACD5) having an Abbe's nunber vd of 61.3. An optical path is shown in
FIG 104. A graph show ng distortion of the foregoing objective lens is
showmn in FIG 105, astigmatismof the sanme is shown in FIG 106 and
spherical aberration of the same is shown in FIG 107. A graph show ng the
| ateral aberration (angle of view 0.5 qlg/rs%e) is shown in FIG 108 and a
graph showi ng the lateral aberration (on thé axis) is shown in FIG 109.
The conditions of the design are as shown in Table 16. [Table 16] Surface
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(Curvature (Thi ckness) (Nanme of Radi us)

d ass) OBJ Infinity Infinity STO Infinity
0.0 sl 2.87688 2.571836 FCD1 K:-0.101486
A -.199167E-02 B:-.236129E-03 C.-.317683E-04 D:.-.174187E-06 E.:-.824255E-06
F:0.0 s2 30. 59199 0. 450272 73 K 94.410598
A: 0. 151777E-02 B: -.507697E-04 C.-.650070E-04 D:-.178174E-04 E: 0. 425677E-05
F: 0.0 s3 1. 665155 2. 046516 ~ BACD5 K:-0.196808
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A: 0.281473E-02 B: 0. 168084E-02 C:.-.205195E-03 D: 0. 402182E-03 E: -.867889E-04
F:0.0 s4 14. 89061 0.3 K0.0 AO0.0 B:0.0
C.0.0 DO.0O E:0.0 F: 0.0 s5 Infinity

0.1 CG s6 Infinity 0.0 I MG

Infinity 0.0 Equation of Aspheric Surface [err] X :depth from

vertex of surface Y : hei ght fromoptical axis R :paraxis R K : cone
constant A : aspheric coefficient of termY4 B : aspheric coefficient of
term[err] C :aspheric coefficient of term[err]
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D :aspheric coefficient of termJ[err] E :aspheric coefficient of term[err]

F :aspheric coefficient of term[err] EPD 4.5

(Di ameter of Entrance Pupil (nm) W (Wavel ength (nm)
635 74 Refractivity/ Abbe's Nunmber Name of d ass FCD1
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1.533 F 2. 647
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(Focal Distance of Overall System F1 6. 235
(Focal Distance of Lens adjacent to Object) As described above, the present

invention is structured such that the objective |l ens having a nunber of
apertures (NA) of 0.7 is realized by a doublet |ens including an aspheric
surface and the optical pickup apparatus conprises the foregoing objective
|l ens so that an optical recording nmediumexhibiting a high information
recording density is used practically. That is, the objective |ens
according to the present invention is nmade of the optical glass having the
Abbe' s nunber of 40 or nmore so that chr#®4bbc aberration is prevented even
if the NAis enlarged. If a sem conductor |aserei s enployed as the |ight

source, the tolerance for the change in the wavgeﬁmﬁh of the sem conduct or
| aser can be enlarged and thus -0
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the manufacturing yield can be inproved. Since the objective | ens according
to the present 75 invention is structured such that the refractivity of
the |l ens having a sharper curvature is raised, the curvature can be nmade to
be gentle and the | ens can easily be manufactured. Since the objective |ens
according to the present invention is structured such that the dianeter of
the beam the NA and the working distance are limted, the size of the
optical pickup apparatus can be reduced, the focal distance can be
shortened and the I ens having a high NA can easily be manufactured. Sine
the objective lens according to the presgiysinvention has a snmall size, the
size of the biaxial actuator for noving the objective |lens can be reduced.
Since the objective | ens according to the present
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i nvention has the proper focal distance, the power distribution of the two
| ens el ement can be perfornmed optimally. Thus, each |lens elenent can easily
be manufactured and the performance of the same can easily be inproved,
thus resulting in a satisfactory manufacturing yield. That is, the present
invention is able to provide an objective | ens which is capabl e of
satisfactorily correcting the chromatic aberration although it has a
sufficiently |arge nunber of apertures (NA),, the weight of which can be
reduced and which can easily be manufactured. The optical pickup apparatus
according to the present invention, habDW§5t he above-nenti oned objective

| ens and adapted to the optical recordi ng nedi um conprising the transparent
substrate, the thickness of which is specified, is able to coma-aberration.

As a result, the optical recording

0.81mm
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76 medi um can easily be manufactured. Al though the invention has been
described in its preferred formwith a certain degree of particularity, it

i s understood that the present disclosure of the preferred formcan be
changed in the details of construction and in the conbi nati on and
arrangenment of parts w thout departing fromthe spirit and the scope of the
i nvention as hereinafter clained. 77 WHAT TS CLAIMED | S: 1. An
objective lens conprising two | ens el enents nmade of optical glass having an
Abbe' s nunber of 40 or greater on a d-line and having a doubl et structure,
wherein at |least either surface is forn2ld/$mto an aspheric surface and the

nunber of apertures is 0.7 or nore. o
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2. An objective lens according to claim1, wherein the Abbe's nunber of
the optical glass formng the two lens elenents on the d-line is 60 or
greater and the nunber of apertures is made to be 0.8 or nore. 3. An
objective lens according to claim1l, wherein when an assunption is nade
that the refractivity of optical glass for formng either lens elenent in
whi ch an angl e nade between a tangential plane of a plane in the periphery
of the lens elenment and a pl ane perpendicular to an optical axis is |larger
than the angle of the other lens elenent is n[err] and the refractivity of
the optical glass formng the other |engzekgment is nferr], the follow ng
relationship is satisfied: [err] 4. An objective lens according to claim
1, wherein when an assunption is nade that the dianmeter of an incidental

| aser beamis BW the working distance is WD and the nunber of apertures is
NA, the follow ng relationships are satisfied:
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78 if 1.0 [err] BW< 4.5, 0.05 [err] Wb and 0.7 [err] NA < 0.8, then W
[err] 0.25676BW + 0.039189, if 0.8 [err] NA < 0.9, then WD [err] 0.14054BW
- 0.064865, and if 0.9 [err] NA then WD [err] 0.096429BW - 0.244640. 5.
An objective lens according to claim1l1l, wherein ratio F[err]/F of focal

di stance F[err] of the |ens disposed on the side on which a | aser beamis
made i ncident and focal distance F of the overall system of the | ens
satisfies the following relationship: 1.7 < (F[err]/F) < 2.5. 6. An
obj ective lens according to claim1, wherein the aberration of said
objective lens is corrected to correspaylgsp thickness T of a transparent
substrate of an optical recording nedlun1d|sposed on a signal recording
surface and supporting said signal recording surface and said objective
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| ens satisfies the followng relationships: if 0.7 [err] NA (the nunber of
apertures) < 0.8, then T [err] 0.32 mm if 0.8 [err] NA < 0.9, then T [err]
0.20 M and if 0.9 [err] NA then T [err] 0.11 mm 79 7. An opti cal

pi ckup apparatus conprising: a |light source; and an objective lens for '
converging a |laser beamentted fromsaid |ight source onto a signa
recordi ng surface of an optical recording nedium wherein said | ens has two
| ens el ements made of optical gl ass havigékﬁg:ﬁbbe's nunber of 40 or
greater on a d-line and having a doubl et cture, at |east either surface
is fornmed into an aspheric surface and the nunbeg, of apertures is 0.7 or
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8. An optical pickup apparatus according to claim?7, wherein the Abbe's
nunber of the optical glass formng the two I ens elenents on the d-line is
60 or greater and the nunber of apertures is made to be 0.8 or nore.
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