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Description .
,Objective Lens for Optical Pick-up

rechnical Field of the I .

The present invention relates to a high NA (numerical

aperture) objective lens installed in an optical pick-up of an

optical disc apparatus that is able to record/reproduce a
plurality of kinds' of optical discs whose cover layers have
different thickness. Particularly, the present invention
relates to the objective lens that has a dAiffractive lens

structure formed on a surface of a refractive lens.

The optical disc includes an information layer on which’
digital information is recorded, and a transparent cover layer

that covers the information layer. A laser beam from the optical

pick-up is converged to form a beam spot on the information layer

through the cover layer. The distance between the optical
pick-up and the information layer varies depending upon the
thickness of the cover layer.

Namely, the thicker the cover ._iayer is, the farther the

distance to the beam spot from the optical pick-up is. For

example, since the cover layer of a compact disc (CD)} or that
of a CD-R has the thickness of 1.2 mm, and the thickness of the
cover layer of a digital versatile disc (DVD) is 0.6 mm, the

optical pick-up is required to move the beam spot away from the
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optical pick-up by 0.6 mm in the cover layer (0.4 mm in air)
when the DVD is feplaced with thé:CD or the CD-R..

Although a'pé.raxia'l beam 'spoi_:'mdves a’.'s. the objective lens.
is mox}ed, the change of the thickness .of._tht-a cover lafer chaﬁges
spherical aberration; If the optical pickvub §nl§ moves the

- objective lens 'When the disc is replaced, wave front aberration
of the laser beam is deteriorated, thereby the diameter of the
beam spot is increased, whicﬁ'prevents the optical disc
apparatus from reproducing the recorded information from the
CD. For instance, when the objective lens, which is désigned
to minimize_the'sphefical éberration wheﬂ the recorded
information is reproduced from the DVD, is used for reproducing
the information from the CD, the spherical aberration becomes
too large to reproducing the information even if the objective
lens moves to bring the beam spot to be coincident with the
information layer.

Therefore, there is known, as a prior art, an optical
pick-up that adjusts the condition of the laser beam entering
into the objective lens according to the thickness of the cover
layer.

For examble, Japanese Provisional Patent Pﬁblicé.tion No.
Hei 7-98431 discloses such an optical'pick¥up. The optical

. system shown in;this publication employs a holographic lens on
the laser source side of the objective lens to divide the laser
beam from the laser source into a zero order pafallel
diffractive beam and a first order divergent diffractive beam.

The zero order diffractive beam is used for the optical disc
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having a thinner cover layer (i.e., the DVD), the first order
dlffractlve beam is used for the optical disc having a thlcker
cover layer (i.e., ,the CD and CD—-R) The optical pick-up of the
publlcatlon enables to form the diffraction- ln.mlted beam spots
for the respect:.ve optical discs when the holographlc 1ens is
designed to obtain the most suitable laser beams according to
the thickness of the cover layers.

However, since the optical pick-up of the publication
always divides the laser beam from the laser source into. the
zero and first order diffractive beams, and only one of these
beams is used for recording/reproducing information at a time,
the maximum efficiency in use of the light quantity is not morxe
than 40%.

Further, when one of the diffractive beams is being used
for recording/reproducing the information, the other
diffractive beam is an unnecessary beam, which increases
noises.

Still further, the recording density of the DVD is higher
than that of the CD, which requires the optical pick-up for the
DVD to form a smaller beam spot than the optical pick-up designed
for the exclusive use of the CD (hereinafter referred as an
exclusive CD pick-up). Since the diameter of the beam spot has
a positive correlation with the wa\-relength of the laser beam,
the optical pick-up for the DVD requires the laser source whose
oscillation wavelength is 635 through 665 nm that is shorter
than the oscillation wavelength of the exclusive CD pick-up

(i.e., 780 through 830 nm). On the other hand, the reflection
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characteristics of the CD-R-reql'lj.res the '1aser_ source whose
oscillation"wavelength is eboﬁt"786' nm | | |

: Accordin_gly',' when the o:p'ticeil ipit:k-up hafrihg a single
laser source as described in the pﬁblicat_ion empldys a leser
source that emits a laser beam having a ehoi:'ter escillaﬁion

wavelength, it cannot i:"eproduce the information from the CD-R.

It is therefore an object of the present invention to
provide an objective lens for an optical pick-up, which is
capable of recording/reproducing information on a plurality of
kinds of the optical discs (e.g., CD, CD-R and DVD) of which
the cover layers are different in the thickness. Further, the
present inventio'n is aimed to provide the objective lens that -
has higher efficiency in use of the light quantity than the
conventional optical pick-up as disclosed in the above-
identified publication.

For the above object, according to the present invention, -
there is provided an improved objective lens for an optical
pick—up, which includes a refractive lens having a positive

refractive power, and a diffractive lens structure having a

'-plurality'ef concentric ring-shaped Steps ‘that are formed on -

.at least one lens surface of the refractive lens. The

diffractive lens stiucture has wavelength dependence such that
at least two light beams having different wavelength with an
identical diffractive order form appropriate wavefronts for at

least two kinds of optical discs respectively provided with
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 "Namely, the prede_terinined _order diffra_c'f.ive ) light beam

forms the appropriate wavefront for the optical disc having a

predetermined thickness cover layer at the predetermined
wavelength, and forms the appropriai:e wavefr-orit for. the optical
disc having a different thickness cover layer at the different
wavelength. |

With this construction, a change of the wavelength of the
laser beam corresponding to the thickness of the cover layer
of the optical disc causes the predetermined order diffractive
light to converge onto each of the information layers with
forming of an appropriate spot.

Further, the diffractive lens structure is preferable to
haﬁing a wavelength dependence such that a short wavelength
diffractive light forms an appropriate wavefront for anoptical
disc having a thinner cover and a long wavelength diffractive
light forms an appropriate wavefront for an optical disc having
a thicker cover layer. More particularly, the diffractive lens
structure may change spherical aberration in the undercorrected
direction as wavelength of incident light increases.

As described above, the spherical aberration varies in

the overcorrected direction as the thickness of the cover layer

_increases. Therefore, when a longer wavelength laser source is

used for an optical disc having a thicker cover layer, and a
shorter wavelength laser source is used for an optical disc
having a thinner cover layer, the change of the spherical

aberration due to change of the cover layer’s thickness is
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corrected by the above-mentioned wavelength dependence of the
: .diffré.ctive lens étrﬁéture. _ | S | | |
An additional optical path lerigth add_ed by a diffractive o
.1ens .str\icture is expressed -by the following op_t:ical'path
s difference function ®(h): | ' |
®(h) = (P,h? + Ph* + PhH® + ...) X A
where P,, P, and P, are diffractive coefficients of second,
. fourth and sixth orders, h is a height from the optical axis -
and A is wavelength of incident light.
10 .. . The objective lens according to the present invention may -
satisfy the fol-lowing condition (1);
(1) -15 < ®(h) /A - P, x(h)? < =7
where h,; is the height from the optical axis of a point

where a light ray whose NA is 0.45 intersects the diffractive

- 15 .lens structure. -

Further, it is desirableé for the refractive lens and the
diffractive lens structure to have total longitudinal chromatic
. aberration such that the backfocus increases as the wavelength
of the incident light increases. In such a case, it is advisable
20 that the followiﬁg condition (2) is satisfied;
(2) -0.8 < ACA/AsA < -0.2
where ACA is a movement of a paré.xial focal point with
shift of wavelength and ASA is a variation of spherical
aberration for marginal rays with the shift of wavelength.
25 The diffractive lens structure of the objective lens
aécording to the present invention may have a small.paraxial

power, and it is desirable to satisfy the following condition
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(3):

(3) -0.020 < £ / £, < 0.020

where £, is the focal iengﬁh of the diffractive lens
structure that is defined as 'the'._following equé.tion,-

f, = 1/(-P, X 2A). | .

When the optical discs includes at least two kinds of
optical discs whose cover layers have 1.2 mm and 0.6 mm in
thickness, the following condition (4) is desirable to be
satisfied;

(4) 0.75 < A /A, < 0.87

where A, is wavelength of the light for the optical disc
having the 0.6 mm cover layer, and A, is wavelength of the light
for the optical disc having the 1.2 mm cover layer..

Still further, the blazed wavelength A, of the diffractive
lens structure in the center region around the optical axis may
satisfy a condition of A, < A; < A, and the following conditions
(5) and (6);

(5) 0.87 < Ay / A,

(6) Ag / A, < 1.13.

The blazed wavelength of the diffractive lens structure
in the peripheral region may be shorter than the blazed
wavelength A, of the diffractive lens structure in the center
region. Alternatively, peripheral region of the lens surface
on which the diffractive lens structure is formed may be a
continuous surface without steps. The peripheral region is
defined as a region where a height from the optical axis falls

in the range of about 85% through 100% of the effective radius
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of the refractlve lens. It should be noted that the dn.ffractlve
_ lens structure blazed for the shorter wavelength or the
aberration-compensated contlnuous surface for the shorter

wavelength may be formed 1ns:.de the perlp‘heral region.

Fig. 1A is a front view of an objective lens according

to embodiments;
Fig. 1Bis avertical cross-sectional view of an objective
10 lens according to the embodiments;

-~ Fig. 1C is an enlarged view of Fig. 1B;

Fig. 2 shows an optical system of an optical p"ick—up on -
which the objective lens according to the embodiments is
mounted;

15 . . Fig. 3 is a_.lens diagram of the objective lens according -
to a first embodiment with a cover layer of a thin cover type -
optical disc such as a DVD;

Figs. 4A, 4B and 4C are graphs showing various aberrations :
of the objective lens according to the first embodiment when

20 the thin cover type optical disc is used;

Fig. 5 is a lens di.agram of the objective lens according -
to the f_iret embodiment with a cover layer of a thick cover tyée
~optical disc such as a CD or a CD-R;

Figs. 63, 6B and 6C are graphs showing various aberrations

25 of the objective lens according to the first embodiment when
the thick cover type dptical disc is used;

Fig. 7 is a lens diagram of the objective lens according
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to a second embodiment with the cover layer of the thin cover
tYﬁe'optical disc}

Figs .. 84, 8B and 8C are graphs shbvﬁing various aberrations
of the objective.lens according to the second embodiment when
the thin cover type optical disc is used; .

Fig. 9 is a lens diagram of the objective lens according
to the second embodiment with the cover layer of the thick cover
type optical disc;

Figs. 10A, 10B and 10C are graphs showing various
aberrations of the objective lens according to the second
embodiment when the thick cover type optical disc is used;

Fig. 11 is a lens diagram of the objective lens according
to a third embodiment with the cover layer of the thin cover
type optical disc;

Figs. '12A, 12B and 12C are graphs showing wvarious

_aberrations of the objective lens according to the third
embodiment when the thin cover type optical disc is used;

Fig. 13 is a lens diagram of the objective lens according
to the third embodiment with the cover layer of the thick cover
type optical disc;

Figs. 14A, 14B and 14C are graphs showing various
aberrations of the objective lens according to the third
embodiment when the thick cover type optical disc is used;

Fig. 15 is a lens diagram of the objective lens according
to a fourth embodiment with the cover layer of the thin cover
type optical disc;

_Figs. 16A, 16B and 16C are graphs showing various
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aberrations of the objective lens according to the fourth e
embodiment v_lvlhen. th,-e"'t':hin_c'over ~ty'pé; opf::_;'.cél ‘disc .'i-s'_-us.ed; |

Fig. 17 is a lens diag;am of.éhe db'jeét_ivé lens acc.ord:'grig
to the fourth embodiment with the cover layer of the 't'hick cover ' -
type optical disc; “ .

Figs. 18A, 18B and 18C are graphs showing various J—
aberrations of the objective lens according to the fourth
embodiment when the thick cover type opt':ical.disc is used;

Fig. 19 is a lerns diagram of the objective lens according:

to a fifth embodiment with the cover layer of the thin cover

type optical disc;
'Figs. 20A, 20B and 20C are graphs showing various
aberrations of the objective lens .according to the fifth
embodiment when the thin cover type optical dise is used; ; -
Fig. 21 is a lens diagram of the objective lens according
to tfxe-fifth embodiment with the cover layer of the thick cover
type optical disc; CT L
Figs. 227, 22B and 22C are gra"phs 'showi-ng various
aberrations of the objective lens according to the fifth -
embodiment when the thick cover type optical disc is used;
Fig. 23 is a lens diagram of the objective lens according -
to a sixth embodiment with the cover layer of the thin cover
type optical disc;
Figs. 2437, 24B and 24C are graphs showing wvarious
aberrations of the objective lens acéording to the fifth

embodiment when the thin cover type optical disc is used;

Fig. 25 is a lens diagram of the objective lens according
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to the fifth embodiment with the cover layer of the thick cover
type optical disc;

Figs. 26A, 26B and 26C are graphs- showing various
aberrations of the objective lens according to the fifth
embodiment when the thick covér type optical disc i.s used; and

Fig. 27 is a graph showing relationship between

diffractive efficiency and wavelength.

Figs. 1A, 1B and 1C show an objective lens 10 according
to embodiments: Fig. 1A is a front view; Fig. 1B is a vertical
cross-sectional view; and Fig. 1C is an enlarged side view of
Fig. 1B. The objective lens 10 is applied to an optical pick-up
of an optical disc apparatus that is capable of -
recording/reproducing a plurality of kinds of optical discs
(e.g., CD, CD-R and DVD) provided with cover layers having
different thickness. The objective lens 10 converges incident
light emitted from a 1light source (i.e., a semiconductor laser)
onto an information layer through the cover layer of the optical
disc.

The objective lens 10 is a biconvex plastic lens having

‘first and second aspherical surfaces 11 and 12. A diffractive

lens structure is formed on the first surface 11 of the objective

lens 10. The diffractive lens structure is formed, similar to

a Fresnel lens, as a large number of concentric rings each of

which has a wedge sectional shape. Each of the boundaries

between the adjacent rings is formed as a step giving a
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- predetermined optical path difference."

Fig. 2 shows an optical system of the optical pick-up on

which the objective lens 10 is 'instalied. The optical system

includes a DVD module 21, a'CD module 22, a beam combiner 23,
a collimator lens .24- and the objective lens 10. ﬁach' of the
modules 21 and 22 is provided with a semiconductor laser and
a sensor that are mounted on a common substrate. The obj ective
lens 10 is mounted on a focus adjusting mechanism to adjust the

lens position corresponding to the position of the information

-layer of the optical disc.

The DVD is a thin cover type optical disc. The thickness

of the cover layer of the DVD is 0.6 mm. In order to form a fine
- beam spot on the DVD, a laser beam whose wave‘length is within
-a range of 635 nm through 665 nm is requifed. On the other hand,

the CD-R and the CD are thick cover type optical discs. The

thickness of the cover layer of the CD-R or the CD is 1.2 mm.

The CD-R requires a laser beam of about 780 nm wavelength due

- to its spectral -reflec’tan‘cé'.'-

Therefore, a semiconductor laser of the DVD module 21

emits the laser beam of 635mm or 650 nm wavelength, a

-semiconductor laser of the CD module 22 emits the laser beam

of 780 nm wé.ve‘length.'-
The laser beam emitted from the semiconductor laser -

converges onto the information layer through the cover layer

' Dl(shown by a solid line) or D2(shown by a dotted line).

. When the thin cover type optical disc having the thin

cover layer D1 is used, the DVD module 21 is operated to emit
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the laser beam L1 (shown by a solid line). The laser beam L1 is

. PCT/JP99/03413

—~—

converged onto the information l'ay_er of the thin cover type

opticé.l disc thfough' the thin _cover. layer DI. When the thick
cover type optical disc having the thick cover layer D2 is used,
the CD module 22 is operated to emit the laser bea;m L2 (shown
by a dotted line). The laser beam L2 is convergéd onto the
information layer of the thick cover type optical disc through
the thick cover layer D2.

~ The diffractive lens structure has wavelength dependence
such that a predetermined order diffractive light, which is a
first order diffractive light in the embodiments, forms an

appropriate wavefront for the thin cover type optical disc at

a wavelength of 635 nm or 650 nm, and forms an appropriate

wavefront for the thick cover type optical disc at a wavelength
of 780 nm. In the embodiments, the diffractive lens structure
has a wavelength dependence such that spherical é.berration
changes in the undercorrected direction as wavelength of
incident light increases.

The spherical aberration changes in the overcorrected
direction as the thickness of the cover layer increases. Further,
the diffractive lens structure changes the spherical aberration
in the undercorrected direction as the wavelength of the
incident laser beam increases. And thus, since a longer
wavelength laser beam is used for the thick cover type optical
disc, and a shorter wavelength laser beam is used for the thin
cover type optical disc, the change of the spherical aberration

due to change of the cover layer‘s thickness is corrected by
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the change of the 'sph'erical aberration due' to the wavelehgth
'dependence of the dJ.ffract:Lve lens structure h l

An addltlonal optlcal path length added by a dlffractlve'
lens structure is expressed by the following opt1ca1 path

.5 difference function @(h):

®(h) = (PK* + Ph + PH® + ...) XA

where P,, P, and P; are coefficients of second, fourth and
sixth orders, h is a height from the optical axis and A is a
wavelength of incident light. The function ®(h) represents an

10 - optical path difference between an imaginary ray that is assumed

not to be diffracted by the grating and a ray that is diffracted
by the grating, at a point on the diffractive lens structure
where the height from the optical axis is h. In such an expression, .
a negative value of the second order coefficient P, represents
15 a positive paraxial power of the diffractive lens structure.
Further, the negative power increases with increasing the-
distance from the optical axis when the fourth order coefficient
P, is larger than zero. |
An actual microscopic shape of the diffractive lens
i 20 structure is defined like a Fresnel lens having a large number
| of concentric rings. The actual shape @’ (h) is defined by
subtracting Ax m (m : integer) from ®(h) as follows.
&’ (h)=(MOD(P,k° + Ph* ++++-+ C, 1) - C) X Ay
Symbol A, is a blazed wavelength for which the steps of
25 the 'grating gives an optical path difference by one wavelength,
and the diffractive efficiency becomes the maximum at the blazed

wavelength 4,. Symbol C is a constant defining a phase at a
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boundary between adjacent rings (0 £ C< 1). The function MOD(x,

y) represents the remainder when x is divided by y.

MOD(P,h2+Ph%+..-+C, 1) is equal to zero at the boundary. The

diffractive lens structure is formed on the base cﬁrve that is
the lens surface of the refractive leﬁs. Inc.lines a-nd-steps of
the ring areas are designed such that the optical path
differences are defined by @’ (h).

The objective lens 10 satisfies the following condition
(1);

(1) =15 < D(h,)/A - PX(h;)? < -7

where h,; is the height from the optical axis of a point
where a light ray whose NA is 0.45 intersects the diffractive
lens structure.

When the condition (1) is satisfied, the variation of the
spherical aberration due to change of the cover layer'’s
thickness can be effectively counterbalanced by the variation
of the spherical aberration of the diffractive lens structure
due to the wavelength change. If the intermediate term of the
condition (1) becomes lower than -15, the variation of the
spherical aberratio_n due to shift of wavelength becomes too
large. Since the wavelength of the laser beam emitted by the
semiconductor laser has a tolerance of about +5 nm due to an
individual difference, if the variation of the spherical
aberration is relatively large with respect to the change of
the wavelength, it becomes impossible to use a semiconductor
laser emitting a laser beam whose wavelength is different from

the standard wavelength. This requires selection of the
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semiconductor lasers, which decreéases productivity. To avoid
the abé:ve* situation, the cdmp_eziéé,tibn éffect of the spherical
aberration by the .diffractive' lens stfuctu're is, therefo_re.,'
desirable to be slightly less than sufficient.

5 On the other hand, when the intermediate te-rm of the.
condition (1) exceeds -7, the variation of the spherical
aberration due to shift of wavelength becomes too small, which

cannot counterbalance the variation of the spherical aberration

due to the change of the cover layer’s thickness. Further, the

10 most suitable value of the intermediate term of the condition
(1). is about -11 when the 635 through 665 nm wavelength laser
beam is used for the thin cover type optical disc and the 780

nmwavelength laser beam is used for the thick cover type optical
disc.

15 = . The shift of wavelength of the laser due to'the change
of.tempefature causes the backfocus of the objective lens to
change, which causes focus error. Since the change of backfocus:
due to temperature change are very slow, the focus error can
be corrected by the focus adjusting mechanism in the optical

| 20 pick-up.

On the other hand, the wavelength of the_ laser is rapidly
changed .by switching of the laser output between high and low
levels during recording operation. The rapid shift of
wavelength also causes the focus error, and it cannot be

25 perfectly corrected by the focus adjusting mechanism. Thus, it
is desirable that the objective lens 10 is cbnstituted such that

movement of the focal point is reduced.
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The movement of the focal point may be reduced by
corfecting longitudinal chrb_matic,_aberration in general.
Hdv}ever, since _the objective lens of the embodiment has the
wavelength dependence in the spherical aberration, the perfect
correction in the longitudinal chromatic abérrat:':pn, on thé
contrary, increases the movement of the best focus positioﬁ.

Thus the correction of the chromatic aberration should be

" balanced with the variation of the spherical aberration due to

shift of wavelength.

- For the purpose, the refractive lens and the diffractive
lens structure of the embodiment have total longitudinal
chromatic aberration such that the backfocus increases as the
wavelength of the incident light increases, and the following
condition (2) is satisfied,

(2) -0.8 < ACA/ASA < -0.2

where ACA is a movement of a paraxial focal point with
shift of wavelength and ASA is a variation of spherical
aberration for marginal rays with the shift of wavelength.

When the condition (2) is satisfied, increasing of the
wavelength moves the paraxial focal point away from the lens
and moves the focal point by the marginal rays closer to the
lens. If the spherical aberration is almost corrected at the
standard wavelength A,, the paraxial focal point at the
increased wavelength A, (>A,) is farther from the lens than the
paraxial focal point at the standard wavelengthA,, and the focal
point by the marginal rays at the increased wavelength A; is

closer to the lens than the paraxial focal point at the standard

 PCTAPOIA3ALS.
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-wavelength lo Therefore, the movement of the best focus

the focal point _by the -marglnal_'raye, can be reduced.

Further, the objective lens 10 satisfies ‘the following

condition (3) to reduce the movement of the best focus position

due to rapid shift of wavelength.

(3) -0.020 < £/ £, < 0.020 -

where f, is the focal length of the diffractive lens
structure that is defined as the following'eqoation} |

f, = 1/(-P; X 2A).

The condition (3) defines the compensation effect for the

" longitudinal chromatic aberration. It is known that a value

corresponding to Abbe number for a'diffractive lens is equal

to-3.453. The negative sign-of the value reflects the opposite

PCT/JP99/03413

-

.p051t10n which is an average from the parax:.al focal po:.nt to -

sense of the dispersion when compared with that of refractive

lenses, and its low magnitude is an indicatioh of the large

dispersion. Therefore, a use of a diffractive lens structure

. having small power in association with the refractive lens

compensates the chromatic aberration.

When the condition (3) is satisfied, the movement of the

best focus position due to rapid shift of ‘wavelength can be

reduced while keeping the compensation effect for the spherical
aberration due to the change of the cover layer's thickness.
The wavelengths of the laser beam are selected so as to
satisfy the following condition (4); '
(4) 0.75 < A /A, < 0.87

where A, is wavelength of the laser beam for the thin cover
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type optical disc, and A, is wavelength of the laser beam for

' the thick cover type optical disc. .

When the condition (4) is sa._’c'i.s'fied, the diffréctive lens
structure sufficiently changes the spherical aberration due to
the shift of wavelength. The ratio of the wa.ve'len'gths A, and
A, represents amount of the wavefront aberration caused by the
one step of the diffractive lens structure. For example, when

A, is 650 nm, A, is 780 nm and the amount of the wavefront

~aberration at 650 nm is considered as the standard value, the

~wavefront aberration of (780 - 650) /780=0.1666A is added to the

standard value per one step at 780 nm. If the ratio of the
condition (4) is larger than 0.87, a number of steps of the
diffractive lens structure increases in order to obtain a
predetermined wavefront aberration with loss of light amount
at the edge of the steps. Further, the variation of the spherical
aberration with the shift of wavelength becomes too large, which
prohibits the use of a semiconductor laser whose laser
wavelength is different from the standard wavelength.

On the other side, when the ratio A,/A, is smaller than
0.75, the difference between these wavelengths becomes too
large, the averaged diffractive efficiency becomes too small.

The blazed wavelength A, at which the maximum diffractive
efficiency is obtained is selected at the time of the design

of the microscopic construction of the diffractive lens

structure. The blazed wavelength A, of the diffractive lens

structure in the center region around the optical axis satisfies

. a condition of A, < A, < A, in order to keep a high average

. PCT/IP99/03413,
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- diffractive efficiency. With this condition, for example, when

‘A is 635.nm and A, is 780 nm, the diffractive -

set at ény wavelength between A, and A;s |

Fig. 27 is a graph showing i:he"diffractive efficiencies
when the blazed wavelength is set at 635 nm, 690 nm or 710 nm.
In any cases, the diffractive efficiencies at 635 nm and 780
nm are larger than about 90 %. This shows sufficiently larger
values as compared with 40 % in the optical system disclosed
in the Japanese Provisional Patent Publication No. HEI 7-98431.

Still further, the objective lens 10 of the embodiments

-gsatisfies the following conditions (5) and (6) to further

increase the diffractive efficiency.
(5) 0.87 < Xy / Ay
(6) Ay / AL < .1.13.
When the blazed wavelength A, is close to one of the
wavelengths at A, and A,, the diffractive efficiency at the
farther wavelength from the blazedwavelength A, decreases. When

the conditions (5) and (6) are satisfied, the diffractive

efficiency becomes about 95 %-or more at both of the wavelengths

A, and A,.

_The blazed wavelength of the diffractive lens structure
in the peripheral region is shorter than the blazed wavelength
A; of the diffractive lens structure in the center region.
Alternatively, peripheral region of the lens surface, on which

the diffractive lens structure is formed, is formed as a

_continuous surface without steps. The peripheral region is
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defined as a region where a height from the optical axis falls

in the range of 85% through 100% of the effective radius of the

refractive lens.

The DVD requires NA of 0.60, while NA of 0.50 is enough

for the CD or CD-R. The laser beam outside the NA of 0.50 has,

on the contrary, a bad influence on the reproducing of the CD
or CD-R. The laser beam having 0.6 in NA forms a too small beam
spot for the CD or CD-R. Therefore, the peripheral region is
desirable to be an exclusive use of the DVD. When the blazed
wavelength of the peripheral region is shorter than the center
portion, the diffractive efficiency for the CD or CD-R decreases
and that for DVD increases. When the peripheral region is the
continuous surface where the aberration is corrected for the
DVD, the peripheral region operates to converge the laser beam
for the DVD.

Still further, spherical aberration of a positive
refractive lens varies in the overcorrected direction as
temperature rises due to decreasing of the refractive index,
and the semiconductor laser has temperature dependence such
that wavelength of the emitted laser increases as temperature
rises. When the temperature rises, the refractive lens changes
the spherical aberration in the overcorrected direction, and
the diffractive lens structure changes the spherical aberration
in the undercorrected direction because the wavelength of the
light emitted from the semiconductor laser increases. Thus the

changes of the spherical aberrations caused by the refractive

lens and the diffractive lens structure can be counterbalanced
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- to each other..

Therefore, wﬁen _the'objécti';re' lens 10 is.maae from res:.n
ﬁrhose refréctivé. indek decrgases _'_as 'température' i'nCr'ealsés, tl;ie :
diffractive leﬁs structure is desirable to'f)é formed in the
peripheral region as well as in the center region .- In s’uch a
case, the diffractive lens structure in the peripheral region
is desirable to have shorter blazed wavelength than that in the
center region in order to increases the diffractive efficiency
of the laser beam for the DVD.

Six embodiments according to the above mentioned
construction will be described hereinafter. The objective lens
10 of the embodiments are designed for the compatible optical
pick-up for both of the thin cover type optical disc having 0.6
mm thickness cover layer such as a DVD and the thick cover type
optical disc having 1.2 mm thickness cover layer such as a CD
or a CD-R The diffractive lens structure is formed on the first
-surface in the first, second, third and fourth embodiments, and
is formed on the second:surface in the fifth and sixth

embodiments.

Fig. 3 shows the obj ective lens 10 of the first embodiment
and the cover layer D, Of the thin cover type optical disc. Fig.
S shows the objective lens 10 with the cover layer D, of the
thick cover type optical disc. The numerical constructions
thereof are described in TABLE 1. The surfaces #1 and #2

represent the objective lens 10 and the surfaces #3 and #4
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represent the cover layer of the optical disc.

In TABLE 1, NA denotes numerical aperture, £ (unit : mm)

denotes the total focal length , £, (unit : mm) denotes focal

length of the diffractive lens structure, ® (un_it : degree)
denotes half angle of view, A; (unit : nm) denotes the.wavelength
for the thin cover type optical disc, A, (unit : nm) denotes
the wavelength for the thick cover type optical disc, A; (unit :

nm) denotes a blazed wavelength, h, (unit : mm) denotes the

height from the optical axis of a point where.a light ray of

which NA is 0.45 intersects the diffractive lens structure, r
(unit : mm) denotes a radius of curvature of a surface {(the values
at the vertex for asph_erical surface), d, (unit : mm) denotes
a distance between the surfaces along the optical axis for the
thin cover type optical disc, d, (unit : mm) denotes the distance
for the thick cover type optical disc, nA denotes a refractive
index at a wavelength A nm and vd denotes an Abbe number.

The base curve of the first surface 11 (surface #1) is
aspherical. The base curve is defined as a shape of the
refractive lens that does not include the diffractive lens
structure. The second surface 12 (surface #2) is also an
aspherical surface. An aspherical surface is expressed by the
following equation:

h*e

Xhy= — — ____+ AR+ 4R+ AR+ A 0 + 4,07

1+ Jl -+ K)h*c?

X(h) is a SAG, that is, a distance of a curve from a
tangential plane at a point on the surface where the height from

the optical axis is h. Symbol cis a curvature (1/r) of the vertex

PCT/JP99/03413

.
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of the surface, K is a conic constant, A,, A, A, A&, and A,

' are aspherical surface coefficients of fourth, sixth, .eighth,

ﬁenth and twelfth orders. Thé constant K and coefficients A,
through An-of the first and second surfaces of the objective |
lens 10 are shown in the following TABLE 2. .

Further, TABLE 2 indicates coefficients of second, fourth,
sixth, eighth and tenth orders P,, 'P4 , P,, P,and P, of the optical
path difference function ®(h) to define the diffractive lens

structure.

(TABLE 1]

A;=650nm NA 0.60 £=3.30mm £,=330.53mm @=1.0° h,=1.49mm (#1)

‘A,=780hm NA 0.45 . f=3.32mm - @=1.0°

" Ag =710nm

Surface

Number r d1 dz n650 ~n780  vd

#1 2.117 2.400 2.400° 1.54082 1.53677 55.6

#2 -7.254  1.592 1.222

#3 o0 0.600 1.200
4 = |
[TABLE 2]
Surface #1 Surface #2
K -0.4400 S 0.0000
A, -0.2560x107% 0.1882x10™

Ag -0.8470x10 -0.5235x1072
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A, 0.8800x10™ 0.3275%10"3
2, -0.7500x107 0.3235x107
A, = -0.6200x10%-  0.0000
P, ~2.3272
P, -1.5289 |
P -5.5184x107
P, 1.5292x107
P,  -1.6178x10"?
Figs. 4A through 4C show third order aberrations of the

objective lens according to the first embodiment when the thin-:

cover type optical disc is used at wavelength of 650 nm: Fig.
42 shows spherical aberration SA and sline condition SC at
wavelength 650 nm; Fig. 4B shows chromatic aberration

represented by spherical aberrations at wavelengths 650 nm, 645

nm and 655 nm; and Fig. 4C shows astigmatism (S: Sagittal, M:

Meridional) .

The vertical axes in Figs. 4A and 4B represent the
numerical aperture NA, and the vertical axis in Fig. 4C
represents image height Y. Unit of the horizontal axis is "mm"

in each of Figs. 4A through 4C. Figs. 6A, 6B and 6C are graphs

“that are similar to Figs. 4A, 4B and 4C when the thick cover

type optical disc is used at wavelength of 780 nm.

The spherical aberration is suffic:i_.ently corrected at both
of 650 nm and 780 nm as shown in Figs. 4A and 6A.

The paraxial fo¢a1 point moves such that the backfocus

increases as the wavelength of the incident light increases.

PCT/JP99/03413
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The movement of the pé.rexial focel point ACA by +5 nm shift of
Wavelengtl'i' is ..re:_presented by the w:n.dth betﬁeen ‘the lower ends -
of the curves for 650 nm and 655 nm 'in'_"r:"‘i.'g; 4B. Tﬁe va_x;iat‘:ion.l
of spherieal aberration ;for marginal rays ASA by +5 nm shift
s of wavelength is i'epresented by the wiath between tI;e ﬁpper eﬁd
of the curve for 650 nm and the ﬁpﬁer end of the parallel
translated curve from the curve for 655 nm so that the lower
. end thereof is moved to the lower. e.nd of the curve for 650 nm.
Because the ratio of these values satisfies the condition (2),
10 - the curves for 650 nmand 655 nm in Fig. 4B intersect the vertical

axis, which represents the moving amount of the beet focus -

' position due to the rapid shift of wa{relength becomes relatively
‘small. | | |

In the above described numerical construction of the

15 first embodiment, the diffractive lens structure, which is

blazed for 710"nm, is formed.on the first surface within the

entire region in an effective radius. On the other hand, the

peripheral region may be ""op't.imized for the thin cover type

‘optical disc. The objective lens of the first embodiment has

; 20 the effective radius of 1.98 mm and the focal length of 3.3 mm

at NA 0.6. The radius required for the thick cover type optical

disk is 1.49 mm and the focal length thereof is 3.32 mm at NA

0.45. Thus, the peripheral region is defined as a .region where

aheight from the optical axis falls in the fange of 75.5% through

25 100% of the effective radius in the fii"st embodiment.

In order to optimize the peripheral region for the thin .

cover type optical disc, the peripheral region niay be formed



Wd 00/00964 27 PCT/IP99/03413

o~

as the diffractive lens structure blazed for 650 nm or the
c;ont_inuous surface compensated in aberrations for 650 nm. When
the périphe_ral region is formed as the continuous sxirface, the
diffractive lens structure blazed for 710 nm is formed in the
5 center region. The center region includes-a'centér circular
portion and first through fifteenth ring-shaped steps. The
sixteenth ring covers the peripheral region that is
rotationally symmetric aspherical surface defined by the
following coefficients in Table 3. The symbol D is a shift amount
10 between the lens surface at the optical axis and that of the

peripheral region along the optical axis direction.

[{TABLE 3)
r=2.09903
15 K=-0.44

A=-8.73_10"

As=-1.26_10"

Ag=-6.17_10"

A= 6.67_10F

20 A,=-6.20_107°
A=-0.01923

Embodiment 2
Fig. 7 shows the objective lens 10 of the second
25 embodiment and the cover layer D, of the thin cover type optical
disc. Fig. 9 shows the objective lens 10 with the cover layer

D, of the thick cover type optical disc. The numerical
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© construction of the second embodiment is indicated in TABLE 4.

TABLE 5 shows -éonic - constants. 'and,'_ aspheri'cal surface
coefficients for the first and'sec"ond'sui_"fac'_e's', and diff;éétive
coefficients of the'-diffré.ctive lens 'structﬁre formed 6n the
first surface. | .

Figs. BA through 8C show various aberrations of the
objective lens according to the second embodiment .When the thin

cover type optical disc is used at"wav'"e'le'ngth of 635 nm. Figs.

~..10A through 10C show various aberrations when the thick cover

type optical disc is used at wavelength of 780 nm.

{TABLE 4]

A, =635nm NA 0.60 f£=3.50mm £,=350.00mm @=1.0° h,=1.58mm (#1)

. A;=780nm NA 0.50 £=3.52mm o w=1.0°

- Az=690nm '
Surface

Number r d1 . 4z n650  n780 va

#1 2.278 2.928 2.928  1.54142 1.53677 55.6

#2 -6.508 1.521 1.153

#3 o 0.600 1.200
#4 w
[TABLE 5]
Surface #1 - surface #2
K- -0.4400 - 0.0000

A, ' -0.1890x107? 0.2349x10™
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Aq -0.3510x10"? ~0.7437x10°?
2, 0.8300x10% 0.8432x10°
A, ~ -0.1250x10®  0.1949x10%
A, -0.3860x10° ~ 0.0000
P,  -2,2497
P, -1.1709
P, -3.3665x10™
P, 1.1948x10™
P,  -1.9838x107?

In the above described numerical construction of the

second embodiment, the diffractive lens structure, which is

blazed for 690 nm, is formed on the first surface within the -

entire region in an effective radius. On the other hand, the
peripheral region may be optimized for the thin cover type

optical disc. The objective lens of the second embodiment has

the effective radius of 2.1 mm and the focal length of 3.5 mm .

at NA 0.6. The radius required for the thick cover type optical
disk is 1.76 mm and the focal length thereof is 3.52 mm at NA
0.50. Thus, the peripheral region is defined as a region where
aheight fromthe optical axj.s falls in the range of 83.8% through
100% of the effective radius in the second embodiment.

In order to optj.mize the peripheral. region for the thin
cover type optical disc, the peripheral region may be formed
as the diffractive lens structure blazed for 635 nm or the

continuous surface compensated in aberrations for 635 nm.
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Embodiment 3

f‘ig. 11 shows the objective lens 10 of the third
exﬁbodiment and the cover layer D; of the thiﬁ -.cove_;:' type opt'icail
dis.c. Fig. 13 shows the objective i'énsf :I...Ol.with the covér layer
D, of the thick cover type optiéal disc. 'The- numerical
co.nstruction of the third embodiment is indicated in TABLE 6.
TABLE .7 shows conic constants and aspherical surface
coefficients for the first and second su:i'fatfces, and diffractive
coefficients of the diffractive lens structure formed on the
first surface.

- Figs. 12A through 12C show various aberrations of the
objective lens according to the third enlbodiment when the thin
cover type optical disc is used at wavelength of 635 nm. Figs.
14A through 14C show various aberrations when the thick cover

type optical disc is used at wavelength of 780 nm.

[TABLE 6]

A, =635om NA 0.60 £=3.50mm f= » ©=1.0° h,=1.58mm (#1)

3.2 =780nm NA 0.50 f£f=3.53mm : w=1.0°

A, =690nm

Surface’

Number = r a1 az ' n650  n780 - vd

#1 2.203 2.400 2.400 1.54142 1.53677 55.6
#2 -8.367 1.781 1.423 | |
" #3 = . 0.600 1.200

#
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[TABLE 7]

Surface #1 - Surface #2
K -0.4400 0.0000
' -0.1800x107? 0.1746x10™"
A,  -0.1500x107 -0.4844x107
A, -0.9100x107 . 0.5863x10°°
Ay 0.1150%x10™* -0.2529%x10™
A,  -0.3860x10°° 0.0000
P, 0.0
P, = -1.2621
P, . -1.4187x107
P, 2.7738x107%
Py, -5.6149x107*

In the above described numerical construction of the
third embodiment, the diffractive lens structure, which is
blazed for 690 nm, is formed on the first surface within the
entire region in an effective radius. On the other hand, the
peripheral region may be optimized for the thin cover type
optical disc. The objective lens of the third embodiment has
the effective radius of 2.1 mm and the focal length of 3.5 mm
at NA 0.6. The radius required for the thick cover type optical
disk is 1.765 mm and the focal length thereof is 3.55 mm at NA
0.50. Thus, the peripheral region is defined as a region where
a height from the optical axis falls in the range of 84.0% through

100% of the effective radius in the third embodiment.
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In order to optimize the peripheral region for the thin
cover type optical disc, the peripheral region may be formed
as the diffractive lens structure blazed for 635 nm or the

continuous surface compensated in aberrations for 635 nm.

Embodiment 4

Fig. 15 shows the objective lens 10 of the fourth
embodiment and the cover layer D, of the thin cover type optical
disc. Fig. 17 shows the objective lens 10 with the cover layer
D, of the thick cover type optical disc. The numerical -
constrgction of the fourth embodiment is indicated in TABLE 8.

TABLE 9 shows conic constants and aspherical surface

coefficients for the first and second surfaces, and diffractive - °

coefficients of the diffractive lens structure formed on the
first surface.

Figs. 16A.through 16C show various aberrations of ‘the -

- objective lens according to the fourth embodiment when the thin

cover type optical disc is used at wavelength of 650 nm. Figs.
18A through 18C show various aberrations when the thick cover

type optical disc is used at wavelength of 780 nm.

[TABLE 8]
A, =650nm NA 0.60 f£=3.50mm f;= = @®=1.0° h,=1.58mm (#1)
A, =780nm NA 0.50 £=3.53mm - “®=1.0° '

A, =710nm
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Surface
Number r = d1 - 42
#1  2.193 2.300 2.300

$2 -8.740 1.831 1.471

#3 o 0.600 1.200
#4 bt
[TABLE 9]

Surface #1

K -0.4400

A, -0.2530%107
Ag 0.2110x1073
A, -0.6630x10™
Ay, 0.8400%x10°°
A, -0.5800%10°°
P, 0.0

P, -1.3766

P, ~2.0032x10™
P, . 3.7560%107?
Py, -1.0539%x10™

PCTAIP99/03413
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' n650 n780 vd
1.54082 1.53677 55.6

Surface #2
0.0000
0.1316x10™"
0.3070%x1072
-0.3534x107?

0.9045x107°

0.0000

In the above described numerical construction of the

fourth embodiment, the diffractive lens structure, which is

blazed for 710 nm, is formed on the first surface within the

entire region in an effective radius. On the other hand, the

peripheral region may be optimized for the thin cover type

optical disc. The peripheral region is defined as a region where
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a height from the optical axis falls in the range of 84.0% through
160% of the effective radius in the f'biufth -emb'odinll.eht as well
- as in tﬁe third _eitlbddiment_:. : | |
In order to optimize the peripheral region for the thin
5 cover type optical disc, the peripheral regi'on nla:y be formed -

as the diffractive lens structure blazed for 650 nm or the

continuous surface compensated in aberrations for 650 nm.

Embodiment S5
10 Fig. 19 shows the objective lens 10 of  the fifth
embodiment and the cover layer D, of tﬁe thin cover type optical
disc. Fig. 21 shows the objective lens 10 with the cover layer
D, of the thick cover type optical disc. The numerical
construction of the fifth embodiment is indicated in TABLE 10. -
15 TABLE 11 shows conic constants and éspher’i"cal surface
- coefficients for the first and second surfaces, and diffractive -
coefficients of the diffractive 1e1.'1$"structure formed on the
second surface.
Figs. 20A through 20C show various aberrations of the
20 objective lens according to the f£fifth embodiment when the thin
cover type optical disc is used at wavelength of 635 nm. Figs.
'21A through 21C show various aberrations when the thick cover

type optical disc¢'is used at wavelength of 780 nm.

- 25 [TABLE 10]
A, =635nm NA 0.60 f£=3.50mm f;= = @=1.0° h,=1.23mm (#2)
A, =780nm NA 0.50 £=3.53mm = @=1.0°
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As =690nm

Surface

Number "r.
#1 2.199 1.930 1.930

#2 -9.484 2.042 1.685
#3 oo 0.600 1.200
#4 o

(TABLE 11]

di dz

Surface #1
-0.4400
-0.9330X10_‘3

-0.3370x107*

-0.5210x107*
0.7400x10°°

-0.3100x107°

35

né50  n780

1.54142 1.53677

Surface #2
0.0000
0.1600x10™
-0.2886x107
0.1721x107*
0.2300%x107°
0.0000
0.0

-5.2894
9.3630x10™

-5.9940%x107?
1.8211x10™

PCT/JP99/03413
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In the above described numerical construction of the

fifth embodiment, thg diffractive lens structure, which is

blazed for 690 nm, is formed on the second surface within the

entire region in an effective radius. On the other hand, the
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p_eri_pheral region may be optimized _for the thln cover type
~ optical disc. The -pefiphefal region 1s defined as a régiori where -

a height from the optical é.xis fails in the.range of 84 .IOSIthrc_Jugh

100% of the effective radius in the fifth embodiment as well

5 as in the third embodiment.

In order to optimize the péripheral region for the thin

cover type optical disc, the peripheral region may be formed

as the diffractive lens structufe blazed for 635 nm or the

céntinuous surface compensated in aberrations for 635 nm. -
10

Embodiment 6

Fig. 23 shows the objective 'iéns 10 of the sixth

embodiment and the cover layer D, of the thin cover type optical

disc. Fig. 25 shows the objective lens 10 with the cover layer -
15 D, of the thick cover type 6pticé.’1 disc. The numerical

construction of the sixth embodiment is indicated in TABLE 12.

TABLE 13 shows conic constants and aspherical surface

coefficiénts for the first and second surfacés, and diffractive

coefficients of the diffractive lens structure formed on the"
20 second surface.’

Figs. 24A through 24C show various aberrations of the

objective lens according to the sixth embodiment when the thin
cover type optical disc is used at wavelength of 650 nm. Figs.
25A through 25C show various aberrations when the thick cover

25 type optical disc is used at wavelength of 780 nm. |

{TABLE 12]
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A, =650nm NA 0.60 f£=3.50mm £,=202.10mm @=1.0° h,=1,23mn

(#2) |

A, =780nm NA 0.50 £=3.53mm w=1.0°

Ay =710nm

Surface

Numbexr r dl dz né6s0 n780 vd

#1 2.207 1.930 1.930 1.54082 1.53677 55.6

#2 -10.066 2.042 1.685

#3 o 0.600 1.200
#4 oo
[TABLE 13]

Surface #1 Surface #2

X -0.4400 . 0.0000
A, -0.8170x10"? 0.1600x107
Ag -0.3070x10™ -0.2930x10"%
A, -0.4850x10™ 0.1875x10"
Ay 0.6320x10 -0.1225x107°
A, -0.2820x10°° 0.0000
P, -3.8063
P, ~5.3042
P, 9.2234x10™
P, ~-5.7284%1072
Py, -3.4616%x10™

In the above

described

numerical construction of the
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sixth embodiment, the diffractive lens structure, which is

blazed for 710 nm, is formed on t_:he second surface w‘ithin the

 entire region in an effective radius. On the other hand, the

peripheral region may be optimized for the thin cover type
optical disc. The peripherai region is defined .as a region where
a height from the optical axis falls in the range of 84.0% through
100% of the effective radius in the sixth embodiment aé well
as in the third embodiment.

In order to optimize the peripheral region for the thin
cover type optical disc, the peripheral region may be formed
as the diffractive lens structure blazed for 650 nm or the

continuous surface compensated in aberrations for 650 nm.

The following TABLE 14 shows the values of the first to
sixth embodiments for the conditions (1), (2), (3), (4). (5)
and (6) . Since all of the embodiments satisfy the condition (i) '
the deterioration of the wave front aberration due to change
of the cover layer’s thickness can be reduced. The conditions
(2) and (3) are satisfied in all of the embodiments, which
reduces the movement of the best focus position due to rapid
shift of wavelengf:h. Since all of the embodiments satisfy the
conditions (4), (5) and (6), the changes of _the'longitudinal

chromatic aberration and the spherical aberration due to shift

. of wavelength can be well balanced, the objective lenses of

these embodiments further reduce the movement of the best focus

position.
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[TABLE 14]
. ‘,Embod_iment".s
_ 12 3 4 5 .6
Condition (1)  -10.6 -0.36 0.010 0.833 0.910 1.092
5 Ohe) A-PX(Bg)? o '
Condition (2) -9.7 -0.26 0.010 0.814 0.885 1.087
ACA/ASA | |
Condition (3) 9.4 -0.50 0.000 0.814 0.885 1.087
£/ £, |
10 Condition (4)  -10.2 -0.43 0.000 0.833 0.910 1.092
M/Ap
Condition (5) -9.2 -0.78 0.000 0.814 0.885 1.087
Ag/hy
Condition (6) -9.3 -0.47 0.017 0.833 0.910 1.092
15 A, /A

While the invention is described with reference to
specific embodiments, they should not be interpreted as
limitations on the scope of the invention. The scope of the

20 invention is defined by the appended claims.
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1. - An 'objecti::'i-.Ve 7‘1er¥s for aln-_.opti_cal head',"."_c.omprising:

a refrac'tivé lens "having a poéitive refré_.ctiv_e pbwer; and

a diffractive lens structure hav.'i'ng'a. piurality of
concentric ring-shaped s'teps i:hat ére formed on .at least one
lens_ surface of said.ref'z_'active lens,

wherein said diffractive lens structure has wavelength
depe_ndenc;e such that at least two light beams ha_.v_ing different
wavelengthwith an identical diffractive order form appropriate-
wavefronts for at least two kinds of optical discs respectively

provided with cover layers having different thickness.

2. The objective lens according to claim 1, wherein said
diffractive lens structure has the wavelength dependence such
that a first waveiength diffractivé'iight forms an appropriate -
wavefront for an opticéi disc 'iiéving a thi.n.rier cove;f: and a 'second’
wavelehgth diffractive light foims an a;iproprié.tie wavéfro_nt for
an optical aisc ha{ring .é thicker cﬁvef layer, said fi:fst

wavelength being shorter than said second wavelength.

3. The objective lens according to claim 1, wherein said
diffractive lens structure has said wavelength dependence such
that spherical aberration varies in the undercorrected

direction as wavelength of incident light increases.

This Sheet Has Been Replaced
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3 4. The objective lens accoi‘diné to claim 1, wherein the
' -fol-lovﬁng condition (1) is _satiéfied; : |
(1) -15 < ®(h,) /A - P, X(h)? < =7
where. h;; is the height from the optical axis of a point
where a 1ight ray of which NA is 0.45 intersects said diffractive
lens structure, A is the wavelength of said light, and P, is
a second order coefficient when an additional optical path
length added by said diffractive lens structure is expressed
by the following optical path difference function ®(h):
®(h) = (Ph* + Ph' + Ph® + ...) X A

where P, and P; are coefficients of forth and sixth orders,

d b ds  heighe from the optical = | NN UNANM QY
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5.  The objective lens according to claim 1, wherein said

refractive lens and said diffractive lens structure have a total
longitudinal chromatic aberration such that the backfocus
increases as the wavelength of the incident light increases,
and wherein the following condition (2) is satisfied;

(2) -0.8 < ACA/ASA < -0.2

where ACA is a movement of a paraxial focal point with
shift of wavelength and ASA is variation of spherical aberration

for marginal rays with said shift of wavelength.

6. The objective lens according to claim 1, wherein said
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diffractive lens structure has a small paraxial power, and
wherein the following condition (3) is séti’sfied} S

(3) -0.020 < £ / £, < 0.020

where f is the total focal length of said objective lens
at said shorter wavelength, and f, is the focal lengﬁh of said
diffractive lens structure at said shorter wavelength that is

defined as the following equatioh;

£, = 1/(-P, X 2A)

- where P, is a second order coefficient when an add&itional
optical path length added by said diffractive lens structure
is expressed by the following optical path difference function
P (h):

. : ®(h) = (P,h? + Ph* + Ph® + ...) X A
| where P, and P, are coefficients of fourth and sixth orders,...
~h is a height from the optical axis and A is wavelehgth of

incident light.

7. The objective lens according to claim 1, wherein said

diffractive lens structure is designed to satisfy the following

sondteion () - MR O O TR
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(4) 0.75 < A/A, < 0.87
where A, is wavelength of said light for said optical disc
having the 0.6 mm cover layer, and A, is wavelength of said light

for said optical disc having the 1.2 mm cover layer.

)
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8. The objective lens according to claim 7, wherein the
- blazed wavelength A, of said diffractive lens structure in the

‘center region around the optical axis satisfies a condition of .

M <y < A

9. The objective lens according to claim 8, wherein the
blazed wavelength A, of said diffractive lens structure in said

center region satisfies the following conditions (5) and (6):

(5) 0.87 < Ay / Ay,

(6) M / &y < 113, N e

10. The objective lens according to claim 8, wherein the
blazed wavelength of said diffractive lens structure in the
peripheral region is shorter than said blazed wavelength A, of .

said diffractive lens structure in said center region.

11. The objectivé lens according to claim 1, wherein the

peripheral region of the lens surface on which said diffractive
lens structure is formed is a ;:opt_i_nuous suffé_ce without steps,
said peripheral region is defined_ as a region where a height
from the.optical axis falls in tfie range bf 85% throué‘h 100%

of the effective radius of said refracti\}e lens.



