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(57) Abstract: An objective lens of an optical pickup apparatus converges a divergent light flux onto an information recording sur-
face. The following conditional formula is satisfied: I6SA;/8Ul * 18Ul +18SA2/8T! « I6T1 < 0.07 Arms where A represents a wavelength
of a light source, 8SA;/8U represents a change of a spherical aberration for an object-to-image distance change 8U (18Ul < 0.05 mm)
and 8SA,/8T represents a change of spherical aberration for a temperature change 8T (I8TI < 30°C), the object-to-image distance is
a distance between the light source (a light emitting point) and the information recording surface.
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DESCRIPTION

OPTICAL PICKUP APPARATUS AND OBJECTIVE LENS

Technical PField

The present invention relates to an objective lens of
an optical pickup device and to the optical pickup device,
and in particular, to an objective lens wherein magnification
is finite and yet the temperature characteristics are
excellent for recording or reproduction for at least two
optical information recording media each having a transparent
base board with a different thickness and to an optical
pickup device.

Background Art

With regard to a recording/reproducing optical system
for optical information recording media having a precision
required for the conventional CD reproducing apparatus
(incidentally, a recording/reproducing optical system or a
recording/reproducing apparatus mentioned in the present
specification includes a recording optical system, a
reproducing optical system, a recording and reproducing
optical system, and an apparatus employing the foregoing), an
infinite conjugated optical system is disclosed in TOKKAISHO
No. 57-76512, and a finite conjugated optical system is

disclosed in TOKKAISHO No. 61-56314. Further, for reducing
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occurrence of aberration caused by a temperature change in
the case of using an objective lens made of resins, those
employing a coupling lens are discloséd in TOKKAIHEI No. 6-
258573. However, lenses made of resin (plastic) are used
widely for a recording/reproducing optical system, especially
for its objective lens, because of the recent demand for low
cost.

However, an objective lens made of resin materials has
a problem that aberration caused by a change in a refractive
index that is derived from a temperature change is greater
than that of a lens made of glass materials. In general, a
change of a refractive index in resin materials is different
from that of a refractive index in glass materials by ten
times or more. In this case, when a difference between a

temperature of the standard design and a temperature in the

environment used actually is represented by AT, aberration

changed by this temperature difference AT is mainly tertiary
spherical aberration. Let it be assumed that SA represents
the tertiary spherical aberration components of wave front
aberration expressed in an rms value, and a sign of SA is
defined so that SA is greater than zero when the spherical
aberration is positive (over), while, SA is smaller than zero

when the spherical aberration is negative (under). Tertiary

spherical aberration ASA (Arms) caused by temperature change
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AT can be expressed in the following expression by using
numerical aperture NA of the objective lens on the optical
information recording medium side (on the image side), focal
length £, image forming magnification m, proportion
coefficient k and light wavelength A.

Asa / AT =k - £ (1 - m)* (N2&)* / A (1)
Incidentally, when a lens made of a resin material has a
positive refracting power, if a temperature rises, its
tertiary spherical aberration turns out to be over. Namely,
the coefficient k in the aforesaid expression takes a
positive value. Further, when a single lens made of a resin
material is made to be an objective lens, the coefficient k
takes a greater pogitive value.

In the case of an objective lens used for a compact
disc that is widely used presently, it can be said that
aberration caused by a temperature change in the environment
used does not arrive at the problematic level, because NA is
about 0.45. However, optical information recording media are
now promoted to be of high density.

To be concrete, there has been developed DVD (storage
capacity: 4.7 GB) which is in the size mostly the same as
that of CD (storage capacity: 640 MB) and has raised
recording density, and it is now popularized rapidly. For

reproduction of DVD, it is normal to use a laser beam with a
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prescribed wavelength for which a wavelength of the light
source is in a range of 635 - 660 nm. A divergent light flux
emitted from a laser light source is made to be a collimated
light flux by a collimator lens generally, and then, it
enters an objective lens whose NA on the DVD side is 0.6 or
more to be converged on an information recording surface
through a transparent base board of DVD.

In consideration of the foregoing from the viewpoint of
wave front aberration, when NA, for example, is increased
from 0.45 to 0.6 in the expression (1) above, wave front
aberration Wrms is increased to (0.6/0.45)* = 3.16 times.

Though it is considered to make focal length f to be
small for the purpose of keeping the wave front aberration
small based on the expression (1), in this case, it is
difficult to make f to be smaller than the pregsent value,
because it 1s actually necessary to secure a distance of
focusing operation.

With the background stated above, there have been
proposed various types of objective lenses and optical pickup
devices for conducting recording or reproduction, by using a
single light-converging optical system, for a plurality of
optical information recording media each having a transparent
base board with a different thickness. It is known that the

use of plastic lenses for the aforesaid objective lens and

optical pickup device is advantageous for lightening a load
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for an actuator in the course of focusing and tracking, and
for moving the objective lens rapidly, for making an optical
pickup device to be light in weight, and for lowering the
cost. For example, there are known an objective lens made of
plastic and an optical pickup device employing the same
wherein a divergent light is made to enter the objective lens
for recording or reproducing of CD for restraining occurrence
of spherical aberration caused by a thickness difference
between transparent base boards, by utilizing‘that a diameter
of a spot necessary for recording or reproducing for DVD
(thickness of the transparent base board is 0.6 mm) and CD
(thickness of the transparent base board is 1.2 mm) each
having different recording density for information, is
different each other and a necessary numerical aperture of
the objective lens on the image side is different.

In the optical pickup device of this type, if an
objective lens is made to be the finite conjugated type
objective lens which is suitable for a divergent light flux
from a light source to enter and an optical pickup device is
made to be one employing that objective lens, for both
recording or reproducing of DVD and recording or reproducing
of CD, there are obtained merits that the optical pickup
device can be made small and compact totally and a collimator
lens to make a divergent light flux from a light source to be

unnecessary. However, an objective lens which is made of
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plastic and satisfies various performances necessary for an
optical pickup device, and an optical pickup device employing
such objective lens made of plastic are not on practical use,
and studies for them have not made vet.

On the other hand, in the case of a lens system using a
conventional objective lens made of resin materials, there
has been generated aberration that is proportional to the
fourth power of numerical aperture NA of the objective lens

on the image side, and is caused by refractive index change
An of resin material derived from a temperature change, and

this aberration has made it difficult to realize an objective
lens and an optical pickup device both having sufficient
optical performances.‘

With the aforesaid background, the inventors of the
invention repeated trials and errors for realizing the
objective lens and the optical pickup device stated above,
and found out that an improvement of temperature
characteristics of an objective lens is important for the
realization. To be more concrete, they found out that the
realization can be carried out by an objective lens and an
optical pickup device, wherein there is provided a
diffraction construction which makes spherical aberration for

temperature changes to be satisfactory, on at least a
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peripheral area on at least one surface of the objective
lens.

A first object of the invention is to provide a
pfactical objective lens and an optical pickup device,
wherein a divergent light emitted from a light source enters
the objective lens, and sufficient properties for temperature
changes in ambient conditions used are satisfied. Further,
the first object of the invention is to provide a practical
objective lens and an optical pickup device, wherein a
divergent light emitted from a light source enters the
objective lens, for a plurality of optical information
recording media each having a transparent base board with a
different thickness, and sufficient properties for
temperature changes in ambient conditions used are satisfied,
while making recording or reproducing for each information to
be possible.

Further, the present invention relates to an objective
lens and an optical pickup apparatus having a good
temperature characteristics and a wide allowable range for a
wavelength change of an light source.

An information recording surface of an optical
information recording medium such as CD and DVD is usually
protected by a transparent base board having a thickness
stipulated by a standard. For conducting recording and

reproducing for the optical information recording media,
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there is used an objective lens that is corrected in terms of
spherical aberration for the transparent base board having
that thickness. As an objective lens for recording and
reproducing for these optical information recording media,
various types of objective lenses are now studied, and
TOKKAIHEI No. 6-258573, for example, discloses an objective
lens of a refraction type wherein both sides thereof are
aspheric surfaces. On this objective lensg, there is
introduced an aspheric surface to correct aberration of an
optical system.

Fig. 52 is a diagram showing how residual aberration
(spherical aberration) is generated when a thickness of the
transparent base board is changed. When the spherical
aberration isg worsened, a diameter of a light spot formed on
an information surface of an optical information recording
medium is changed from the desired diameter. The desired
spot diameter (range of 1/e® of peak intensity), in this
case, is approximated to Spot diameter (um) = 0.831 x A/NA,
when the numerical aperture of the objective lens is
represented by NA and a wavelength of the light source is
represented by A (um). Therefore, further technologies are

needed for securing interchangeability of optical information
recording media each having a different thickness of the

transparent base board.
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TOKKAI No. 2000-81566 discloses technologies wherein
spherical aberration for the specific transparent base board
thickness is corrected in the wavelength used for CD or DVD,
when a diffraction surface is united solidly with an aspheric
surface of an objective lens. In this objective lens, over
spherical aberration of base aspheric surface in a refraction
system is corrected by under spherical aberration generated
on the diffractive section. In this case, the diffractive
section has a function to correct spherical aberration toward
the under side in CD having a thick transparent base board,
because the diffractive section has power that is
proportional to the wavelength. Therefore, if power
allocation for the refraction section and the diffractive
section is properly selected, it is possible to correct
spherical aberration in the transparent base board thickness
of 0.6 mm for light source wavelength 650 nm in the case of
using DVD and spherical aberration in the transparent base
board thickness of 1.2 mm for light source wavelength 780 nm
in the case of using CD. Further, TOKKAIHEI No. 11-274646
discloses an example wherein there is provided a diffraction
surface which corrects fluctuations of a focus position
caused by a refractive index change resulting from a
temperature change of a plastic lens.

In these objective lenses, there is a tendency that a

change of spherical aberration caused by temperature changes
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is increased as there are advanced a movement toward the
finite of an optical pickup device, a movement toward a short
wavelength and a movement toward high NA, for recording and

reproducing for high density information. Amount of change

dsn; of 3% order component of spherical aberration caused by
temperature changes is expressed by the following expression,
when NA represents a numerical aperture of an objective lens

on the image side, f represents a focal length, m represents

an image forming magnification and A represents a wavelength
of a laser light source.

(8sp; / OT) ¢ £-(1 - m)* - NA* / A (116)

Therefore, there is a tendency that temperature
characteristics are deteriorated more as a movement toward an
objective lens for high NA and a movement toward the finite
of the objective lens are advanced, or as a movement toward a
short wavelength of a laser light source is advanced. Error
characteristics (conventional Example 1) in the case of
designing on a conventional refracting interface are shown in
“Table 14”. 1Incidentally, from now on (including lens data
of the table), the power multiplier of 10 (for example, 2.5 x

107?) is shown by the use of E (for example, 2.5 x E-3).
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For the problems mentioned above, there is considered a
method to improve temperature characteristics by employing
diffraction, as shown in the prior art. However, when trying
to improve tempe?ature characteristics by employing
diffraction, following two troubles are caused. First one of
these troubles is that an objective lens turns out to be weak
for wavelength characteristics. The direction in which
spherical aberration is generated by temperature changes on a
refraction section is originally different from that on a
diffractive section, and when trying to improve temperature
characteristics more, spherical aberration generated on the
refraction section alone is canceled by strengthening
effectiveness of the diffractive section relatively, but in
the case of wavelength changes which are not followed by
temperature changes, the aforesaid spherical aberration
remains as residual aberration without being canceled, which
is the reason why the objective lens turns out to be weak for
wavelength characteristics.

The second trouble is that when trying to make the
effectiveness of diffraction to be great, diffraction pitch
becomes small and diffraction efficiency is lowered. There
is a tendency, in particular, that a pitch becomes smaller as
the position corresponding to the pitch moves in the
direction toward the periphery of the objective lens. In the

case of Conventional Example 2 in “Table 14” wherein
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temperature characteristics have been corrected thoroughly, a
minimum pitch of the ring-shaped diffractive zone is 3 um and
diffraction efficiency is lowered to about 80% on the ring-
shaped diffractive zone.

The invention is to solve the aforesaid problems, and
the second object is to provide an objective lens which makes
it possible to conduct recording and reproducing for optical
information recording media each having a different
transparent base board thickness such as DVD system (DVD-ROM
and DVD+RAM) and CD system (CD-ROM and CD+RW) and an optical
pickup device, while securing excellent temperature

characterigtics.

Disclosure of Invention

Firstly, the structure to achieve the first object is
explained.

When a diffractive section is provided on an objective
lens, it is possible to divide into a refracting power of
diffraction basic aspheric surface and a diffracting power of
the diffractive section, even in the‘case oan single lens,
and a degree of freedom in design is increased, compared with
an occasion to construct a lens only with refraction. If
this power allocation between the refracting power and the

diffracting power is carried out properly, temperature
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characteristics can be corrected. Now, the correction of
temperature characteristics in the case of introducing a
plastic objective lens in a finite optical system will be
explained.

When 90SA/9T represents a change in an amount of
tertiary spherical aberration for temperature changes of a
spherical-aberration-corrected positive lens made of resin
such as a single objective lens with an aspheric surface
having no diffraction pattern that is commonly used foxr
recording and reproducing of optical information recording
media, the change is expressed by the following expression.

3SA/8T = (8sA/én) - (8n/aT) + (8SA/4n) - (8n/oA)
(0A/3T) = (8SA/don) {(dn/aT) + (dn/d\) - (9A/9T)} (4)

In this case, (dn/dT) < 0 and (8n/8A) < 0 hold for

resin materials. (dn/dT) = 0 and (dn/dA) < 0 hold for glass
materials. (8n/9T) > 0 holds for a semiconductor laser and
(OA/8T) = 0 holds for an SHG laser, a solid state laser and a
gas laser.

Incidentally, though (dn/dT) for glass materials and
(0A/3T) for an SHG laser, a solid state laser and a gas laser
are made to be zero, these values are not zero to be exact.
However, they are thought to be zero practically in the field

of the invention, and thereby, the explanation can be
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simplified. Therefore, the explanation is forwarded under
the assumption that these values are zero.

Now, when a light source ig represented by an SHG
laser, a solid state laser or a gas laser, and (9A/9T) = 0
holds, the following expression holds.

88A/3T = (8SA/dn) - (9n/aT) (5)

If this lens is made of glass, (dn/dT) = 0 holds, and
therefore, 8SA/4T = 0 holds. On the other hand,
if the lens is made of resin, (9n/dT) < 0 holds, and (8SA/dn)
< 0 holds, because 9SA/8T > 0 holds for the lens of this
kind. Further, (8A/8T) > 0 holds when a light source is
represented by a semiconductor laser.

In this case, even when the lens is made of glass, the
following expression holds,

8SA/8T = (8SA/dn) - (an/dN) - (9A/0T) (6)
and 9SA/AT > 0 holds because of (9n/dA) < 0 and (4SA/4n) < 0.

When a wavelength of incident light turns out to be
shorter irrespective of glass materials and resin matexrials,
an absolute value of (dn/d8A) turns out to be greater. When
using a semiconductor laser with a short wavelength,
therefore, it is necessary to pay attention to temperature
changes for spherical aberration, even for glass materials.

On the other hand, when an amount of a change of

tertiary spherical aberration for temperature changes is
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formulated in terms of 9SA/9T, with respect to a resin
aspherical single lens having a diffraction pattern, the
following is obtained. In this case, it is necessary to take
in both characteristics of the refracting power and
characteristics of the diffracting power. When R is suffixed
to amount of change 9SA of a spherical aberration amount to
which a refracting lens section contributes, and D is
suffixed to amount of change 8SA of a spherical aberration
amount to which a diffracting power contributes for
indicating, 9SA/dT can be expressed as follows.

9SA/8T = (88Ar/dn) - (4n/3T) + (4SBAx/dn) - (3n/38\)
(aNh/3T) + (9SAp/0N) - (9A/a8T) (7)

In this case, when a light source is represented by an SHG
laser, a solid state laser or a gas laser, and when (8A/38T) =
0 holds{ the following expression holds.

dSA/8T = (9SAx/On) - (8n/8T) (8)

In the case of a glass lens, in this case, (dn/3T) = 0
naturally holds, and 8SA/3T = 0 holds independently of a
value of (98Ar/dn). In the case of a resin lens, on the
other hand, (dn/dT) < 0 holds, and if (9SAx/dn) = 0 holds,
dSA/T = 0 can hold.

In the invention, therefore, a diffracting power is
introduced to a resin aspherical single lens, so that

(8SAg/0n) = 0 may hold with respect to a refracting power.
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However, in the case of a refracting power alone, spherical
aberration remains, but the use of a diffracting power makes
it possible to correct spherical aberration of an optical
information recording medium on one side.

On the other hand, in the case of a light source
represented by a semiconductor laser, (JA/4T) > 0 holds, and
in the case of an objective lens having characteristics of
the aforesaid (8SAR/dn) = 0, the following expression is
obtained from the aforesaid expression (7).

9SA/AT = (88Ap/dA) - (OA/3T) (9)

However, (0SAp/dA) # 0 usually holds, and it is understood

that an amount of tertiary spherical aberration is changed by

temperature.

Further, the expression (7) stated above can be
deformed to the following expression.

9SA/OT = (8SAg/dmn) - {(on/aT) - (dn/oA) - (9A/8T)} +
(6sAp/0A) - (OA/3T) (10)

In the case of a resin lens, in this case, (dSA/IT) < 0
holds, a light source is represented by a semiconductor
laser, and (8A/9T) > 0 holds. Therefore, the following

expression is obtained.

(én/aT) + (6n/oA) - (IA/3T) < O (11)
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When (9SAr/dn) < 0 holds as an assumption, the first
term of expression (10) turns out to be a positive value from
expression (11). To make 9SA/8T = 0 to hold, the second term
needs to take a negative value under the condition of
(8S8hp/0N) < 0, because of (4n/8T) > O.

In the resin aspherical single lens having a
diffracting power with the characteristics stated above,

0SA/3T > 0 holds because (9SAg/dn) < 0 and (8n/8T) < 0 hold

in the aforesaid expression (8), in the case of (9A/9T) = 0.

Spherical aberration 9SA/8A in the case where a
temperature is constant and a wavelength only changes can be
expressed by the following expression.

9SA/oA = (9SRAx/0mn) - (dn/d\) + (9SAp/IN) (12)
Though the first term is positive and the second term is
negative, the diffracting power mainly contributes greatly to
chromatic aberration of an aspherical single lens having a
diffracting power as is known widely, thus, a sign of ASA/aA
is determined by the second term of the above expression
(12), and 8SA/9N < 0 generally holds.

Namely, in the resin single lens into which a
diffracting power is introduced, it is possible to make

8SA/38T to hold even in the case of a light source represented
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by a semiconductor laser, by making 9SAx/4T > 0 and 9SAp/dA <
0 to hold.

When (9SAr/dn) > 0 holds, on the contrary, it is
possible to make 8SA/IT to hold even in the case of a light

source represented by a semiconductor laser, by making

9SAR/8T < 0 and 9SAp/IAL > 0 to hold, though calculation is
omitted here.
Namely, it is needed that a sign of 9SAz/8T is opposite

to that of 9SAp/9A. In this case, the relationship of 9SAR/9T

9SAp/8A holds. The invention makes it possible to provide
an objective lens wherein sufficient functions can be secured
even for changes of ambient temperatures used. In this case,
when (8SA/9T) is made to be greater than zero, the
characteristic of the objective lens is closer to that of a
resin aspherical single lens having no diffracting power, and
thereby, a load of diffracting power is less, which is
preferable. The invention makes it possible to provide an
objective lens wherein sufficient functions can be secured
even for changes of ambient temperatures used.

The objective lens having the structure stated above
makes it possible to correct spherical aberration and
temperature for an optical information recording medium on
one gide. Further, to conduct recording/reproducing of an

optical information recording medium on the other side,
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optical surface areas which can divide a light f£lux entering
the objective lens into some areas are formed on at least one
side of the objective lens. Then, a certain light flux in an
intermediate section of the divided light flux is made to be
a spherical aberration design corresponding to a transparent
base board thickness of the other disc. Satisfactory
allocation of these divided light fluxes makes it possible to
correct spherical aberration and temperature of an optical
information recording medium on one side and to correct
spherical aberration of an optical information recording
medium on the other side.

(1) The optical pickup device described in (1) having therein
a light source and a light-converging optical system
including an objective lens for converging a light flux
emitted from the light source on an information recording
surface of an optical information recording medium, and is
capable of conducting recording and/or reproducing of
information for a first optical information recording medium
in which a thickness of a transparent base board is t; and
for a second optical information recording medium in which a
thickness of a transparent base board is t; (t; < tj),

wherein the objective lens is a plastic lens, a divergent
light flux emitted from the light source enters the objective
lens when recording or reproducing information for the first

optical information recording medium and when recording or
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reproducing information for the second optical information

recording medium, and the following conditional expression is

satisfied when A represents a wavelength of the light source,
0SA;/8U represents a change of spherical aberration for
object-image distance change 8U (|8U] = 0.5 mm) and 8SA,/8T

represents a change of spherical aberration for temperature

change 8T (|dT| = 30°0Q).

|8sn:/0U| - |dU| + |8sA;/8T| - |8T| = 0.07 Arms (14)
In the optical pickup device described in (1), when the

sum total of |8SA;/8U| - |dU| and |8SA,/8T| - |8T| is locked

and it is made to be not more than 0.07 Arms by providing the

diffractive structure on the objective lens, for example, it
is possible to conduct properly recording or reproducing of
information for two optical information recording media even
under the condition that a divergent light flux with a single
light source wavelength enters the objective lens, and it is
possible to omit a collimator lens for forming a collimated
light flux that enters the objective lens, to attain cost
reduction, and to make the structure of the optical pickup
device to be compact.

Incidentally, the word “object-to-image distance” means
a distance between a light source (a light emitting point)

and an information recording surface of an optical
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information recording medium.

(2) In the optical pickup device described in (2), at least
one surface of the objective lens is provided with a
diffractive structure on at least a peripheral area in an
effective diameter, and it is possible to conduct recording
or reproducing of information for two optical information
recording media properly even under the condition that a
divergent light flux enters the objective lens, becauge the
following conditional expression is satisfied when 8SA1/dT
represents a change of spherical aberration for temperature
change 8T in a light flux which has passed the diffractive
structure on the peripheral area among light fluxes emitted
from the light source.

|8s2,/8T| = 0.002 Arms/°C (15)

(3) In the optical pickup device described in (3),

it is possible to conduct recording or reproducing of
information for two optical information recording media
properly even under the condition that a divergent light flux

enters the objective lens, because the following conditional

expression is satisfied when 0SALl/8T represents a change of

spherical aberration for temperature change 8T in a light
flux which has passed the diffractive structure on the

peripheral area among light fluxes emitted from the light

source.
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|8sA,/8T| = 0.0005 Arms/°C (16)

(4) In the optical pickup device described in (4), the
diffractive structure on the peripheral area of the objective
lens is a ring-shaped diffractive zone, and with regard to a
light flux passing through the diffractive structure of the
peripheral area of the objective lens among light fluxes
emitted from the light source, an average pitch P out of the
ring-shaped diffractive zone satisfies the following

expression.
2.00 x 107 = P out/(|n] - £) = 3.00 x 1072 (17)
(5) In the optical pickup device described in (5), an average

pitch P out of the ring-shaped diffractive zone satisfies the

following expression.

1.00 x 107 = P out/(|n] - £) = 3.00 x 1073 (18)

f

(6) In the optical pickup device described in (6), an average
pitch P out of the ring-shaped diffractive zone satisfies the

following expression.
3.00 x 107 = P out/(|n| - £) = 8.00 x 1073 (19)

(7) In the optical pickup device described in (7), the
optical surface of the objective lens is composed of three or
more kinds of optical surface areas arranged in the direction
perpendicular to an optical axis, and when the three oxr more
kinds of optical surface areas are represented by an optical

surface area closer to the optical axis, an intermediate
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optical surface area and an optical surface area closer to
the outside, all arranged in this order from the optical axis
side, the optical surface area closer to the outsgide is the
area on the peripheral side stated above.

(8) In the optical pickup device described in (8), spherical
aberration is discontinuous in at least one of a boundary
between the optical surface area closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface area and the optical surface
area closer to the outside.

(9) In the optical pickup device described in (9), a
diffractive section where ring-shaped diffractive zones are
formed is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zones satisfies the following expression, when n-
th order light represents a diffracted light with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface area closer to the light source among light
fluxes emitted from the light source, and f represents a

focal length of the objective lens.
3.00 x 102 = P in/(|n| - £) = 8.0 x 1072 (20)

(10) In the optical pickup device described in (10), the

optical surface area closer to the outside has a functdion to
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correct spherical aberration when reéording or reproducing
information for the first optical information recording
medium stated above.

(11) In the optical pickup device described in (11), when
recording or reproducing information for the first optical
information recording medium, spherical aberration of the
light flux passing through the intermediate optical surface
area is made to be discontinuous and to be flare component,
for spherical aberration of the light flux passing through
the optical surface area closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through
the intermediate optical surface area is used.

Incidentally, the flare component is one wherein an
amount of spherical aberration is given to the light flux
passing through the intermediate optical surface area, so
that the light flux may be in the non-image-forming state at
a focused position of a regular optical information recording
medium, and the greater amount of spherical aberration is
preferable. Further, the greater amount of a difference of
steps at a position of a boundary between optical surfaces is
preferable.

(12) In the optical pickup device described in (12), the

intermediate optical surface area has a function to coxrect
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spherical aberration for thickness t (t; < t < ti3) of a
transparent base board.

(13) In the optical pickup device described in (13), when
recording or reproducing information for the first optical
information recording medium, a light flux passing mainly
through the optical surface area closer to the optical axis
and the optical surface area closer to the outside is used,
while when recording or reproducing information for the
second optical information recording medium, a light flux
passing mainly through the optical surface area closer to the
optical axis and the intermediate optical surface area is
used.

(14) In the optical pickup device described in (14), when
recording or reproducing information for the second optical
information recording medium, the following expressions are
satisfied under the assumption that the intermediate optical
surface area is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by £,.
(NA, - 0.03) f, = NAH = (NA, + 0.03) £, (21)
(NA, - 0.20) f, = NAL = (NA, - 0.04) £, (22)

(15) In the optical pickup device described in (15), when

recording or reproducing information for the first optical
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information recording medium, a light flux passing through
the intermediate optical surface area is made to have under
spherical aberration.

(16) In the optical pickup device described in (16), the
optical surface area closer to the optical axis has a
function to correct spherical aberration when recording or
reproducing information for the first optical information
recording medium.

(17) In the optical pickup device described in (17), the
optical surface area cloger to the optical axis has a
function to correct temperature characteristics when
recording or reproducing information for the first optical
information recording medium.

(18) In the optical pickup device described in (18),

the optical surface of the objective lens is composed of two
or more kinds of optical surface areas arranged in the
direction perpendicular to an optical axis, and when the two
kinds of optical surface areas are represented by an optical
surface area closer to the optical axis and an optical
surface area closer to the outside, the optical surface area
closer to the outside is the area on the peripheral side
stated above.

(19) In the optical pickup device described in (19), a

diffractive section where ring-shaped diffractive zones are
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formed is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zones satisfies the following expression, when
n*™ order light represents a diffracted light with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface area closer to the light source among light

fluxes emitted from the light source, and f represents a

focal length of the objective lens.
3.00 x 107 = P in/(|n] - £) = 8.0 x 1072 (23)

(20) In the optical pickup device described in (20), the
optical surface area cloger to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording
medium.

(21) In the optical pickup device described in (21), the
optical surface area closer to the optical axis has a
function to correct spherical aberration for thickness t (t;
< t < t;) of a transparent base board.

(22) In the optical pickup device described in (22), when
recording or reproducing information for the first optical
information recording medium, the optical surface area closer
to the optical axis makes a light flux passing through the

optical surface area closer to the optical axis to have under
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spherical aberration, and when recording or reproducing
information for the second optical information recording
medium, the optical surface area closer to the optical axis
makes a light flux passing through the optical surface area
closer to the optical axis to have over spherical aberration.
(23) In the optical pickup device described in (23), when
recording or reproducing information for the second optical
information recording medium, the following expression is
satisfied under the assumption that the optical surface area
closer to the optical axis is formed within a range of the
shortest distance NAH mm from the optical axis, when a
necessary numerical aperture is represented by NA, and a
focal length of the objective lens is represented by £,

(NA, - 0.03) £, = NAH = (NA; + 0.03) £, (24)
(24) In the optical pickup device described in (24), the
following expression is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first
optical information recording medium.

-1/2 = ml = -1/7.5 (25)
(25) In the optical pickup device described in (25), image
forming magnification m2 of the objective lens in conducting

recording or reproduction of information for the second
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optical information recording medium is nearly the same as
ml.

(26) The optical pickup device described in (26) is
represented by an optical pickup device having therein a
first light source and a second light source each being
different in terms of wavelength and a light-converging
optical system including an objective lens for converging a
light fluxes emitted from the first and the second light
sources on an information recording surface of an optical
information recording medium, and being capable of conducting
recording and/or reproducing of information for a first
optical information recording medium in which a thickness of
a transparent base board is t; by using the first light
source and the light-converging optical system and of
conducting recording and/or reproducing of information for a
second optical information recording medium in which a
thickness of a transparent base board is t, (t; < t;) by using
the second light source and the light-converging optical
system wherein the objective lens is a plastic lens, and when
recording or reproducing information for the first optical
information recording medium, a divergent light flux emitted

from the first light source enters the objective lens, and

the following conditional expression is satisfied when Al

represents a wavelength of the first light source, §SA5;/8U
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represents a change of spherical aberration for object-image
distance change U (|8U| = 0.5 mm) and 8SA,/8T represents a
change of spherical aberration for temperature change OT

(]dT| = 30°C).

|88Ra;/8U| - |8U| + |8SA./8T| - |8T| = 0.07 Alrms (26)

and when recording or reproducing information for the second
optical information recording medium, a divergent light £lux
emitted from the second light source enters the objective

lens, and the following conditional expression is satisfied
when A2 represents a wavelength of the second light source,
0SAs/8U represents a change of spherical aberration for
object-image distance change 8U (|8U| = 0.5 mm) and 8SA4/8T
represents a change of spherical aberration for temperature
change 8T (|8T] = 30°0).

|6sAs/8U| - |8U| + |8sns/8T| - |8T| = 0.07 A2rms (27)

In the optical pickup device described in (26), when

the sum total of |8SA;/dU| - |8U| and |3SA./8T| - |8T| and the
sum total of |[8SAs/8U| - |8U| and |[8SAs/8T| - |8T| are looked
and each sum total is made to be not more than 0.07 Alrms and

0.07 A2rms respectively by providing the diffractive
structure on the objective lens, for example, it is possible

to conduct properly recording or reproducing of information
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for two optical information recording media even under the
condition that divergent light fluxes emitted from light
sources being different in terms of wavelength enter the
objective lens, and it is possible to omit a collimator lens
for forming a collimated light flux that enters the objective
lens, to attain cost reduction, and to make the structure of
the optical pickup device to be compact.

(27) The optical pickup device described in (27) wherein at
least one surface of the objective lens is provided with a
diffractive structure on at least a peripheral area in an

effective diameter, and the following conditional expression

is satisfied when 0SA1l/dT represents a change of spherical

aberration for temperature change 8T in a light flux which

has passed the diffractive structure on the peripheral area

among light fluxes emitted from the first light source.
|88A1/8T| = 0.002 Alrms/°C (28)

(28) The optical pickup device described in (28) wherein

0SA1/8T representing a change of spherical aberration for

temperature change 0T in a light flux which has passed the

diffractive structure on the peripheral area among light
fluxes emitted from the first light source satisfies the

following conditional expression.

[8sA1/8T| = 0.0005 Alrms/°C (29)
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(29) The optical pickup device described in (29) wherein the
diffractive structure on the peripheral area of the objective
lens is a ring-shaped diffractive zone, and an average pitch
P out of the ring-shaped diffractive zone satisfies the
following expression when n™* order light represents a
diffracted light with a maximum amount of light generated by
the diffractive structure from a light flux passing through
the diffractive structure on the peripheral area of the
objective lens among light fluxes emitted from the first
light source, and f represents a focal length of the

objective lens.

2.00 x 107" = P out/(|n| - £) = 3.00 x 1072 (30)

(30) The optical pickup device described in (30) wherein the
average pitch P out of the ring-shaped diffractive zone

satisfies the following expression.

IA

1.00 x 107 = P out/(|n| - £) 3.00 x 107 (31)

(31) The optical pickup device described in (31) wherein the

average pitch P out of the ring-shaped diffractive zone

satisfies the following expression.

3.00 x 107 = P out/(|n| - £) = 8.00 x 107> (32)
(32) The optical pickup device described in (32) wherein the
optical surface of the objective lens is composed of three or

more kinds of optical surface areas arranged in the dixection

perpendicular to an optical axis, and when the three ox more
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kinds of optical surface areas are represented by an optical
surface area closer to the optical axis, an intermediate
optical surface area and an optical surface area closer to
the outside, all arranged in this order from the optical axis
side, the optical surface area closer to the outside is the
area on the peripheral side stated above.

(33) The optical pickup device described in (32) wherein
spherical aberration is discontinuocus in at least one of a
boundary between the optical surface area closer to the
optical axis and the intermediate optical surface and a
boundary between the intermediate optical surface area and
the optical surface area closer to the outgide.

(34) The optical pickup device described in (34), wherein a
diffractive section where ring-shaped diffractive zones are
formed is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zones satisfies the following expression, when
n*® order light represents a diffracted light with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface area closer to the second light source among
light fluxes emitted from the second light source, and £

represents a focal length of the objective lens.

3.00 x 10 = P in/(|n] - £) = 8.0 x 1072 (33)
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(35) The optical pickup device described in (35), the optical
surface area closer to the outside has a function to correct
spherical aberration when recording or reproducing
information for the first optical information recording
medium stated above.

(36) The optical pickup device described in (36), wherein
when recording or reproducing information for the first
optical information recording medium, spherical aberration of
the light flux passing through the intermediate optical
surface area is made to be discontinuous and to be flare
component, for spherical aberration of the light flux passing
through the optical surface area closer to the outside, while
when recording or reproducing information for the second
optical information recording medium, the light flux passing
through the intermediate optical surface area is used.

(37) The optical pickup device described in (37), wherein the
intermediate optical surface area has a function to coxrect
spherical aberration for thickness t (t;1 < t < t;3) of a
transparent base board.

(38) The optical pickup device described in (38), wherein
when recording or reproducing information for the first
optical information recording medium, a light flux passing
mainly through the optical surface area closer to the optical
axis and the optical surface area closer to the outside is

used, while when recording or reproducing information for the



10

15

20

WO 02/35537 PCT/JP01/09327

37

second optical information recording medium, a light flux
passing mainly through the optical surface area closer to the
optical axis and the intermediate optical surface area is
used.

(39) In the optical pickup device described in (39), when
recording or reproducing information for the second optical
information recording medium, the following expressions are
satisfied under the assumption that the intermediate optical
surface area is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f5.

(NA, - 0.03) f, = NAH < (NA, + 0.03) £, (34)
(NA; -~ 0.20) f, = NAL = (NA, - 0.04) f, (35)

(40) The optical pickup device described in (40), wherein
when recording or reproducing information for the first
optical information recording medium, a light flux passing
through the intermediate optical surface area is made to have
over spherical aberration.

(41) The optical pickup device described in (41),wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration when recording or
reproducing information for the first optical information

recording medium.
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(42) The optical pickup device described in (42), wherein the
optical surface area closer to the optical axis has a
function to correct temperature characteristics when
recording or reproducing information for the first optical
information recording medium.

(43) The optical pickup device described in (43), wherein the
optical surface of the objective lensg is composed of two or
more kinds of optical surface areas arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface areas are represented by an optical surface
area closer to the optical axis and an optical surface area
closer to the outside, the optical surface area closer to the
outside is the area on the peripheral side stated above.

(44) The optical pickup device described in (44), wherein a
diffractive section where ring-shaped diffractive zones are
formed is formed on the optical surface area closer to the
optical axis, averagehpitch P in of the ring-shaped
diffractive zones satisfies the following expression, when
n™ order light represents a diffracted light with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface area closer to the second light source among
light fluxes emitted from the second light source, and £

represents a focal length of the objective lens.
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3.00 x 10° = P in/(|n| - £) = 8.0 x 1072 (35)

(45) The optical pickup device described in (45), wherein the
optical surface area closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording
medium.

(46) The optical pickup device described in (46), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration for thickness t, of
a transparent base board.

(47) The optical pickup device described in (47), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration for a light flux
passing through that optical surface area when recording or
reproducing information for the second optical information
recording medium, while the optical surface area closer to
the outside has a function to make the light flux passing
through that optical surface area to be a flare component
when recording or reproducing information for the second
optical information recording medium.

(48) The optical pickup device described in (48), when
recording or reproducing information for the second optical
information recording medium, the following expression is

satisfied under the assumption that the optical surface area
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closer to the optical axis is formed within a range of the
shortest distance NAH mm from the optical axis, when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.
(NA, - 0.03) f, = NAH = (NA, + 0.03) f, (36)

(49) The optical pickup device described in (49), wherein the
following expression is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.
~1/2 = ml £ -1/7.5 (37)

(50) The optical pickup device described in (50),wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recording medium is nearly the
same as ml.

(51) The optical pickup device described in (51), wherein
there are provided a light source and a light-converging
optical system including the objective lens for converging a
divergent light flux that is emitted from the light source
and enters objective lens on an information recording surface
of an optical information recording medium, and the objective
lens of the optical pickup device capable of recording and/or

reproducing information for the first optical information
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recording medium having a tl-thick transparent base board and
for the second optical information recording medium having a
t2-thick transparent base board (ti < t;) is a plastic lens
and at least one side thereof is provided with a diffractive
structure on at least a peripheral area within an effective

diameter, and thus, the following expression is satisfied,

when 8SA1/8T represents a change in spherical aberration for

temperature change 0T in a light flux passing through the
diffractive structure on the peripheral area among light
fluxes emitted from the light source, and A represents a

wavelength of the light source.
|8sA1/8T| = 0.002 Arms/°C (38)

In the objective lens described in (51), by providing
the diffractive structure that satisfies the expression (38)
on the aforesaid peripheral area, it is possible to conduct
properly recording or reproducing of information for two
optical information recording media, even under the condition
that the objective lens is arranged on the optical pickup
device and a divergent light flux emitted from the light
source enters the objective lens, thusg, it is possible to
omit a collimator lens for forming a collimated light Fflux
that enters the objective lens, to attain cost reduction, and

to make the structure of the optical pickup device to be

compact.
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(52) The objective lens described in (52), wherein 3Sal/8T
representing a change of spherical aberration for temperature
change 0T in a light flux which has passed the diffractive

structure on the peripheral area among light fluxes emitted
from the light source satisfies the following conditional

expression.
|6sA1/8T| = 0.0005 Arms/°C (39)

(53) The objective lens described in (53) wherein the
diffractive structure on the peripheral area of the objective
lens is a ring-shaped diffractive zone, and average pitch P
out of the ring-shaped diffractive zone satisfies the

following expression, when n®®

order light represents a
diffracted light with the greatest amount of light generated
by the diffractive structure and by a light flux passing
through the diffractive structure on the peripheral area of

the object lens among light fluxes emitted from the light
source, and f represents a focal length of the objective
lens.

2.00 x 10™* = P out/(|n| - £) = 3.00 x 1072 (40)

(54) The objective lens described in (54) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the

following expression.

1.00 x 10 = P out/(|n| - £) = 3.00 x 1073 (41)
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(55) The objective lens described in (54) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the

following expression.
3.00 x 107 = P out/(|n| - £) = 8.00 x 1073 (42)

(56) The objective lens described in (56) wherein the optical
surface of the objective lens is composed of three or more
types of optical surface areas arranged in the direction
perpendicular to the optical axis, and when the three types
of optical surface areas are represented by an optical
surface area closer to the optical axis, an intermediate
optical surface area and an optical surface area closer to
the outside, in this order from the optical axis side, the
optical surface area closer to the outside is the aforesaid
peripheral area.

(57) The objective lens described in (57) wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface area closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface area and the optical surface
area closer to the outside.

(58) The objective lens described in (58) wherein a
diffractive section having thereon a ring-shaped diffractive
zone is formed on the optical surface area closer to the

optical axis, and average pitch P in of the ring-shaped
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diffractive zone satisfies the following expression, when nth
order light represents a diffracted light with the greatest
amount of light generated by the diffractive structure and by
a light flux passing through the diffractive structure on the
optical surface area closer to the light source among light
fluxes emitted from the light source, and f represents a

focal length of the objective lens.
3.00 x 107° = P in/(|n| - £) = 8.00 x 1072 (43)

(59) The objective lens described in (59) wherein the optical
surface area closer to the outside has a function to correct
spherical aberration when recording or reproducing
information for the first optical information recording
medium stated above.

(60) The objective lens described in (60), wherein when
recording or reproducing information for the first optical
information recording medium, spherical aberration of the
light flux passing through the intermediate optical surface
area is made to be discontinuous and to be flare component,
for spherical aberration of the light flux passing through
the optical surface area closer to the outside, while when
recording or reproducing information for the second optical
information recordiﬁg medium, the light flux passing through

the intermediate optical surface area is used.
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(61) The objective lens described in (61), wherein the
intermediate optical surface area has a function to correct
spherical aberration for thickness t (t1 < £t < t;) of a
transparent base board.

(62) The objective lens described in (62), wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing mainly
through the optical surface area closer to the optical axis
and the optical surface area closer to the outside is used,
while when recording or reproducing information for the
second optical information recording medium, a light flux
passing mainly through the optical surface area closer to the
optical axis and the intermediate optical surface area is
used.

(63) The objective lens described in (63), wherein when
recording or reproducing information for the second optical
information recording medium, the following expressions are
satisfied under the assumption that the intermediate optical
surface area is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA; and a

focal length of the objective lens is represented by fs.

(NA, ~ 0.03) f, = NAH = (NA, + 0.03) £, (44)

(NA, -~ 0.20) f, = NAL = (NA, - 0.04) £, (45)
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(64) The objective lens described in (64), wherein when
recording or reproducing information - for the first optical
information recording medium, a light flux passing through
the intermediate optical surface area is made to have under
spherical aberration.

(65) The objective lens described in (65), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration when recording or
reproducing information for the first optical information
recording medium.

(66) The objective lens described in (66), wherein the
optical surface area closer to the optical axis has a
function to correct temperature characteristics when
recording or reproducing information for the first optical
information recording medium.

(67) The objective lens described in (67), wherein the

optical surface of the objective lens is composed of two or

more kinds of optical surface areas arranged in the direction

perpendicular to an optical axis, and when the two kinds of
optical surface areas are represented by an optical surface

area closer to the optical axis and an optical surface area

closer to the outside, the optical surface area closer to the

outside is the area on the peripheral side stated above.
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(68) The objective lens described in (68), wherein a
diffractive section where ring-shaped diffractive zones are
formed is formed on the optical surface area closer to the
optical axis, average pitch P in of the ring-shaped
diffractive zones satisfies the following expression, when
n*® order light represents a diffracted light with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface area closer to the light source among light

fluxes emitted from the light source, and f represents a

focal length of the objective lens.
3.00 x 102 = P in/(|n| - £f) = 8.0 x 1072 (46)

(69) The objective lens described in (69), wherein the
optical surface area closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording
medium.

(70) The objective lens described in (70), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration for thickness t (t,
< t < tz) of a transparent base board.

(71) The objective lensg described in (71), wherein when
recording or reproducing information for the first optical

information recording medium, the optical surface area closer
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to the optical axis makes a light flux passing through the
optical surface area closer to the optical axis to have under
spherical aberration, and when recording or reproducing
information for the second optical information recording
medium, the optical surface area closer to the optical axis
makes a light flux passing through the optical surface area
closer to the optical axis to have over spherical aberration.
(72) The objective lens described in (72), wherein when
recording or reproducing information for the second optical
information recording medium, the following expression is
satisfied under the assumption that the optical surface area
closer to the optical axis is formed within a range of the
shortest distance NAH mm from the optical axis, when a
necessary numerical aperture is represented by NA, and a
focal length of the objective lens is represented by fa.

(NA; - 0.03) £, = NAH = (NA; + 0.03) £, (47)
(73) The objective lens described in (73), wherein the
following expression isg satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first
optical information recording medium.

-1/2 S ml = -1/7.5 (48)

(74) The objective lens described in (74), wherein image

forming magnification m2 of the objective lens in conducting
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recording or reproduction of information for the second
optical information recording medium is nearly the same as
ml.

(75) The objective lens described in (75) is represented by
an objective lens of an optical pickup device employing a
first light source and a second light source each being
different in terms of wavelength and a light-converging
optical system including the objective lens for converging
divergent light fluxes emitted from the first and the second
light sources and enter the objective lens on an information
recording surface of an optical information recording medium,
and being capable of conducting recording and/or reproducing
of information for a first optical information recording
medium in which a thickness of a transparent base board is
ti1, and of conducting recording and/or reproducing of
information for a second optical information recording medium
in which a thickness of a transparent base board is t, (t; <
ts) , wherein the objective lens is a plastic lens, and at
least one side of the objective lens is provided with a
diffractive structure on at least a peripheral area within an

effective diameter, and the following expression is
satisfied, when 0SA1/8T represents a change in spherical

aberration for temperature change 8T in a light flux passing

through the diffractive structure on the peripheral area
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among light fluxes emitted from the first light source, and

Al represents a wavelength of the first light source.
|8SA1/8T| = 0.002 Alrms/°C (49)

In the objective lens described in (75), by providing
the diffractive structure that satisgfies the expression (49)
on the aforesaid peripheral area, it is possible to conduct
properly recording or reproducing of information for two
optical information recording media, even under the condition
that the objective lens is arranged on the optical pickup
device and a divergent light flux emitted from the light
source having a different wavelength enters the objective
lens, thus, it is possible to omit a collimator lens for
forming a collimated light flux that enters the objective
lens, to attain cost reduction, and to make the structure of

the optical pickup device to be compact.

(76) The objective lens described in (76), wherein 8SAL/8T
representing a change of spherical aberration for temperature
change 0T in a light flux which has passed the diffractive

structure on the peripheral area among light fluxes emitted
from the first light source satisfies the following
conditional expression.

|8sA1/8T| = 0.0005 Alrms/°C (50)

(77) The objective lens described in (77) wherein the

diffractive structure on the peripheral area of the obJjective
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lens is a ring-shaped diffractive zone, and average pitch P
out of the ring-shaped diffractive zone satisfies the
following expression, when n-th order light represents a
diffracted light with the greatest amount of light generated
by the diffractive structure and by a light flux passing
through the diffractive structure on the peripheral area of
the object lens among light fluxes emitted from the first
light source, and f represents a focal length of the

objective lens.
2.00 x 10™* = P out/(|n] - £) = 3.00 x 1072 (51)

(78) The objective lens described in (78) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the

following expression.
1.00 x 10 = P out/(|n| - £) = 3.00 x 1073 (52)

(79) The objective lens described in (79) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the
fgllowing expression.

3.00 x 10 = P out/(|n| - £) = 8.00 x 1073 (53)
(80) The objective lens described in (80) wherein the optical
surface of the objective lens is composed of three or more
types of optical surface areas arranged in the direction
perpendicular to the optical axis, and when the three types
of optical surface areas are represented by an optical

surface area closer to the optical axis, an intermediate
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optical surface area and an optical surface area closer to
the outside, in this order from the optical axis side, the
optical surface area closer to the outside ig the aforesaid
reripheral area.

(81) The objective lens described in (81) wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface area closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface area and the optical surface
area closer to the outside.

(82) The objective lens described in (82) wherein a
diffractive section having thereon a ring-shaped diffractive
zone is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zone satisfies the following expression, when n®
order light represents a diffracted light with the greatest
amount of light generated by the diffractive structure and by
a light flux passing through the diffractive structure on the
optical surface area closer to the second light source among
light fluxes emitted from the second light source, and £

represents a focal length of the objective lens.
3.00 x 107° = P in/(|n] - £) = 8.00 x 1072 (54)

(83) The objective lens described in (83) wherein the optical

surface area closer to the outside hag a function to correct
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spherical aberration when recording or reproducing
information for the first optical information recording
medium stated above.

(84) The objective lens described in (84), wherein when
recording or reproducing information for the first optical
information recording medium, spherical aberration of the
light flux passing through the intermediate optical surface
area is made to be discontinuous and to be flare component,
for spherical aberration of the light flux passing through
the optical surface area closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through
the intermediate optical surface area is used.

(85) The objective lens described in (85), wherein the
intermediate optical surface area has a function to correct
spherical aberration for thickness t (t; < t < t,) of a
transparent base board.

(86) The objective lens described in (86), wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing mainly
through the optical surface area closer to the optical axis
and the optical surface area closer to the outside is used,
while when recording or reproducing information for the
second optical information recording medium, a light flux

passing mainly through the optical surface area closer to the
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optical axis and the intermediate optical surface area is
used.

(87) The objective lens described in (87), wherein when
recording or reproducing information for the second optical
information recording medium, the following expressions are
satisfied under the assumption that the intermediate optical
surface area is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.

(NA, ~ 0.03) f, = NAH < (NA, + 0.03) £, (55)

IA

(NA, - 0.20) f, = NAL (NA, - 0.04) f, (56)

(88) The objective lens described in (88), wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing through
the intermediate optical surface area is made to have over
spherical aberration.

(89) The objective lens described in (89), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration when recording or
reproducing information for the first optical information
recording medium.

(90) The objective lens described in (90), wherein the

optical surface area closer to the optical axis has a



10

15

20

WO 02/35537 PCT/JP01/09327

55

function to correct temperature characteristics when
recording or reproducing information for the first optical
information recording medium.

(91) The objective lens described in (91), wherein the
optical surface of the objective lens is composed of two or
more kinds of optical surface areas arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface areas are represented by an optical surface
area closer to the optical axis and an optical surface area
closer to the outside, the optical surface area closer to the
outside is the area on the peripheral side stated above.

(92) The objective lens described in (92), wherein a
diffractive section where ring-shaped diffractive zones are
formed is formed on the optical surface area closer to the
optical axis, average pitch P in of the ring-shaped
diffractive zones satisfies the following expression, when n-
th order light represents a diffracted light with a masximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface area closer to the second light source among
light fluxes emitted from the second light source, and f

represents a focal length of the objective lens.

3.00 x 10 = P in/(|n] - £) = 8.0 x 1072 (57)
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(93) The objective lens described in (93), wherein the
optical surface area closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording
medium.

(94) The objective lens described in (94), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration for thickness t,; of
a transparent bage board.

(95) The objective lens described in (95), wherein when
recording or reproducing information for the second optical
information recording medium, the optical surface area closer
to the optical axis has a function to correct spherical
aberration for the light flux passing through that optical
surface area, while when recording or reproducing information
for the second optical information recording medium, the
optical surface area closer to the outside has a function to
make the light flux passing through that optical surface to
be flare components.

(96) The objective lens described in (96), wherein when
recording or reproducing information for the second optical
information recording medium, the following expression is
satisfied under the assumption that the optical surface area
closer to the optical axis is formed within a range of the

shortest distance NAH mm from the optical axis, when a
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necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by £,.
(NA; - 0.03) f; = NAH = (NA; + 0.03) £, (58)

(97) The objective lens described in (97), wherein the
following expression is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first
optical information recording medium.

-1/2 S ml = -1/7.5 (59)

(98) The objective lens described in (98), wherein image
forming magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as
ml.

(99) The objective lens described in (99) is represented by
an objective lens of an optical pickup device having a light
source and a light-converging optical system including the
objective lens for converging a divergent light flux that is
emitted from the light source and enters the objective lens
on an information recording surface of an optical information
recording medium, and being an objective lens of an optical
pickup device capable of conducting recording and/or
reproducing of information for a first optical information

recording medium in which a thickness of a transparent base
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board is t;, and for a second optical information recording
medium in which a thickness of a transparent base board is t,
(t1 < tz), wherein the objective lens is a plastic lens, and
at least one side of the objective lens is provided with at
least two types of areas within an effective diameter in the
direction from the optical axis of the objective leng toward
the periphery, and the diffractive structure is provided on
at least an area on the peripheral portion within the

effective diameter, and the following expression is
satisfied, when 0SA1/8T represents a change in spherical
aberration for temperature change 8T in a light flux passing
through the diffractive structure on the peripheral area

among light fluxes emitted from the light source, and A

represents a wavelength of the light source, and an area
inside the peripheral area is designed to correct spherical
aberration for recording or reproducing information for the

second optical information recording medium.

|8SA1/8T| = 0.002 Arms/°C

In the objective lens described in (99), change 8SA1/8T
of spherical aberration for a temperature change is corrected
by the diffractive structure on the aforesaid peripheral area
in recoxding or reproducing of information for the first

optical information recording medium, and spherical
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aberration is corrected by the area inside the peripheral
area in recording or reproducing of information for the
second optical information recording medium, and therefore,
it is possible to conduct properly recording or reproducing
of information for both optical information recording media,
even under the condition that the objective lens is arranged
on the optical pickup device and divergent light fluxes
emitted from the light sources enter the objective lens,
thus, it is possible to omit a collimator lens for forming a
collimated light flux that enters the objective lens, to
attain cost reduction, and to make the structure of the

optical pickup device to be compact.

(100) The objective lens described in (100), wherein 8SA1/8T
representing a change of spherical aberration for temperature
change 8T in a light flux which has passed the diffractive
structure on the peripheral area among light fluxes emitted

from the light source satisfies the following conditional

expression.
|0SA1/8T| = 0.0005 Arms/°C (60)

(L01) The objective lens described in (101) wherein the
diffractive structure on the peripheral area of the objective
lens is a ring-shaped diffractive zone, and average pitch P
out of the ring-shaped diffractive zone satisfies the

following expression, when n-th order light represents a
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diffracted light with the greatest amount of light generated
by the diffractive structure and by a light flux passing
through the diffractive structure on the peripheral area of
the object lens among light fluxes emitted from the light

source, and f represents a focal length of the objective

lens.

2.00 x 107" = P out/(|n| - £) = 3.00 x 1072 (61)
(102) The objective lens described in (102) wherein average
pitch P out of the ring-shaped diffractive zone satigfies the
following expregsion.

1.00 x 10 = P out/(|n] - £) = 3.00 x 10.; (62)

(103) The objective lens described in (103) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the

following expression.
3.00 x 10 = P out/(|n| - £) = 8.00 x 1073 (63)

(104) The objective lens described in (104) wherein the
optical surface of the objective lens is composed of three or
more kinds of optical surface areas arranged in the direction
pérpendicular to an optical axis, and when the three or more
kinds of optical surface areas are represented by an optical
surface area closer to the optical axis, an intermediate
optical surface area and an optical surface area closer to

the outside, all arranged in this order from the optical axis
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side, the optical surface area closer to the outside is the
area on the peripheral side stated above.

(105) The objective lens described in (105) wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface area closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface area and the optical surface
area closer to the outside.

(106) The objective lens described in (106) wherein a
diffractive section having thereon a ring-shaped diffractive
zone is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zone satisfies the following expression, when n™
order light represents a diffracted light with the greatest
amount of light generated by the diffractive structure and by
a light flux passing through the diffractive structure on the
optical surface area closer to the light source among light
fluxes emitted from the light source, and f representsg a

focal length of the objective lens.
3.00 x 1072 = P in/(|n| - £) £ 8.00 x 1072 (64)
(107) The objective lens described in (107) wherein the

optical surface area closer to the outside has a function to

correct spherical aberration when recording or reproducing
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information for the first optical information recording
medium stated above.

(108) The objective lens described in (108), wherein when
recording or reproducing information for the first optical
information recording medium, spherical aberration of the
light flux passing through the intermediate optical surface
area is made to be discontinuous and to be flare component,
for spherical aberration of the light flux passing through
the optical surface area closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through
the intermediate optical surface area is used.

(109) The objective lens described in (109), wherein the
intermediate optical surface area has a function to correct
spherical aberration for thickness t (t; < t < t,) of a
transparent base board.

(110) The objective lens described in (110), wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing mainly
through the optical surface area closer to the optical axis
and the optical surface area closer to the outside is used,
while when recording or reproducing information for the
second optical information recording medium, a light flux

passing mainly through the optical surface area closer to the
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optical axis and the intermediate optical surface area is
used.

(111) The objective lens described in (111), wherein when
recording or reproducing information for the second optical
information recording medium, the following expressions are
satisfied under thevassumption that the intermediate optical
surface area is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA; and a

focal length of the objective lens is represented by f,.

(NA, — 0.03) f, =< NAH < (NA, + 0.03) £, (65)
(NA, - 0.20) £, = NAL = (NA, - 0.04) £, (66)

(112) The objective lens described in (112), wherein when
recording or reproducing information for the first optical
information recording medium, a light £lux passing through
the intermediate optical surface area is made to have under
spherical aberration.

(113) The objective lens described in (113), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration when recording or
reproducing information for the first optical information
recording medium.

(114) The objective lens described in (114), wherein the

optical surface area closer to the optical axis has a
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function to correct temperature characteristics when
recording or reproducing information for the first optical
information recording medium.

(115) The objective lens described in (115), wherein

the optical surface of the objective lens is composed of two
or more kinds of optical surface areas arranged in the
direction perpendicular to an optical axis, and when the two
kinds of optical surface areas are represented by an optical
surface area closer to the optical axis and an optical
surface area closer to the outside, the optical surface area
closer to the outside is the area on the peripheral side
stated above.

(116) The objective lens described in (116), wherein a
diffractive section where ring-shaped diffractive zonesg are
formed is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zones satisfies the following expression, when
n*™ order light represents a diffracted light with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface area closer to the light source among light
fluxes emitted from the light source, and f represents a

focal length of the objective lens.

IA

3.00 x 10 = P in/(|n| - £) 8.0 x 1072 (67)
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(117) The objective lens described in (117), wherein the
optical surface area closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording
medium.

(118) The objective lens described in (118), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration for thickness t (t,
< t < tz) of a transparent base board.

(119) The objective lens described in (119), wherein when
recording or reproducing information for the first optical
information recording medium, the optical surface area closer
to the optical axis makes a light flux passing through the
optical surface area closer to the optical axis to have under
spherical aberration, and when recording or reproducing
information for the second optical information recording
medium, the optical surface area closer to the optical axis
makes a light flux passing through the optical surface area
closer to the optical axis to have over spherical aberration.
(120) The objective lens described in (120), wherein when
recording or reproducing information for the second optical
information recording medium, the following expression is
satisfied under the assumption that the optical surface area
closer to the optical axis is formed withinh a range of the

shortest distance NAH mm from the optical axis, when a
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necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.
(NA; - 0.03) £, = NAH = (N2, + 0.03) £, (68)

(121) The objective lens described in (121), wherein the
following expression is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.
-1/2 = ml = -1/7.5 (69)

(122) The objective lens described in (122), wherein image
forming magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as
ml.

(123) The objective lens described in (123) is represented by
an objective lens of an optical pickup device having a first
light source and a second light source each being different
each other in terms of wavelength and a light-converging
optical system including the objective lens for converging
divergent light fluxes emitted from the first and the second
light sources and enter the objective lens on an information
recording surface of an optical information recording medium,
and being capable of conducting recording and/or reproducing

of information for a first optical information recording
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medium in which a thickness of a transparent base board is t;
by using the first light source and the light-converging
optical system, and of conducting recording and/or
reproducing of information for a second optical information
recording medium in which a thickness of a transparent base
board is t; (ti < t3) by using the second light source and the
light-converging optical system, wherein the objective lens
is a plastic lens, and at least one side of the objective
lens is provided with at least two types of areas within an
effective diameter in the direction from the optical axis of
the objective lens toward the periphery, and the diffractive
structure is provided on at least an area on the peripheral

portion within the effective diameter, and the following

expression is satisfied, when 0SA1/8T represents a change in

spherical aberration for temperature change 8T in a light
flux passing through the diffractive structure on the

peripheral area among light fluxes emitted from the first
light source, and A represents a wavelength of the light

source, and an area inside the peripheral area is designed to
correct spherical aberration for recording or reproducing

information for the second optical information recording

medium.

|8sA1/8T| = 0.002 Arms/°C (70)
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In the objective lens described in (123), change
8SA1/8T of spherical aberration for a temperature change is

corrected by the diffractive structure on the aforesaid
peripheral area in recording or reproducing of information
for the first optical information recording medium, and
spherical aberration is corrected by the area inside the
peripheral area in recording or reproducing of information
for the second optical information recording medium, and
therefore, it is possible to conduct properly recording or
reproducing of information for both optical information
recording media, even under the condition that the objective
lens is arranged on the optical pickup device and divergent
light fluxes each having a different light source wavelength
respectively enter the objective lens, thus, it is possible
to omit a collimator lens for forming a collimated light flux
that enters the objective lens, to attain cost reduction, and
to make the structure of the optical pickup device to be

compact.

(124) The objective lens described in (124), wherein 8SA1/8T
representing a change of spherical aberration for temperature
change 0T in a light flux which has passed the diffractive

structure on the peripheral area among light fluxes emitted
from the first light source satisfies the following

conditional expression.
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[6s21/8T| = 0.0005 Arms/°C (71)

(125) The objective lens described in (125) wherein the
diffractive structure on the peripheral area of the objective
lens is a ring-shaped diffractive zone, énd average pitch P
out of the ring-shaped diffractive zone satisfies the
following expression, when n™® order light represents a
diffracted light with the greatest amount of light generated
by the diffractive structure and by a light flux passing
through the diffractive structure on the peripheral area of
the object lens among light fluxes emitted from the first
light source, and f represents a focal length of the

objective lens.

2.00 x 10* = P out/(|n| - £) = 3.00 x 1072 (72)
(126) The objective lens described in (126) wherein average
pitch P out of the ring-shaped diffractive zone mentioned
above satisfies the following expression.

1.00 x 10 = P out/(|n|] - £) = 3.00 x 1073 (73)
(127) The objective lens described in (127) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the
following expression.

3.00 x 10 = P out/(|n| - £) = 8.00 x 1073 (74)
(128) The objective lens described in (128) wherein the
optical surface of the objective lens ig composed of three or

more kinds of optical surface areas arranged in the direction
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perpendicular to an optical axis, and when the three or more
kinds of optical surface areas are represented by an optical
surface area closer to the optical axis, an intermediate
optical surface area and an optical surface area closer to
the outside, all arranged in this order from the optical axis
side, the optical surface area closer to the outside is the
area on the peripheral side stated above.

(129) The objective lens described in (129) wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface area closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface area and the optical surface
area closer to the outside.

(130) The objective lens described in (130) wherein a
diffractive section having thereon a ring-shaped diffractive
zone is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zone satisfies the following expression, when n®®
order light represents a diffracted light with the greatest
amount of light generated by the diffractive structure and by
a light flux passing through the diffractive structure on the
optical surface area closer to the second light source among
light fluxes emitted from the second light source, and f

represents a focal length of the objective lens.



10

15

20

WO 02/35537 PCT/JP01/09327

71

3.00 x 107 = P in/(|n| - £) = 8.00 x 1072 (75)

(131) The objective lens described in (131) wherein the
optical surface area closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording
medium stated above.

(132) The objective lens described in (132), wherein when
recording or reproducing information for the first optical
information recording medium, spherical aberration of the
light flux passing through the intermediate optical surface
area is made to be discontinuous and to be flare component,
for spherical aberration of the light flux passing through
the optical surface area closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through
the intermediate optical surface area is used.

(133) The objective lens described in (133), wherein the
intermediate optical surface area has a function to correct
spherical aberration for thickness t (t; < t < t3) of a
transparent base board.

(134) The objective lens described in (134), wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing mainly

through the optical surface area closer to the optical axis
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and the optical surface area closer to the outside is used,
while when recording or reproducing information for the
second optical information recording medium, a light flux
passing mainly through the optical surface area closer to the
optical axis and the intermediate optical surface area is
used.

(135) The objective lens described in (135), wherein when
recording or reproducing information for the second optical
information recording medium, the following expressions are
satisfied under the assumption that the intermediate optical
surface area is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.

(NA; - 0.03) £, = NAH = (NA, + 0.03) £, (76)

(NA; - 0.20) £, = NAL = (NA, - 0.04) £, (77)
(136) The objective lens described in (136), wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing through
the intermediate optical surface area is made to have over
spherical aberration.
(137) The objective lens described in (137), wherein the
optical surface area closer to the optical axis has a

function to correct spherical aberration when recording or
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reproducing information for the first optical information
recording medium.

(138) The objective lens described in (138), wherein the
optical surface area closer to the optical axis has a
function to correct témperature characteristics when
recording or reproducing information for the first optical
information recording medium.

(139) The objective lens described in (139), wherein the
optical surface of the objective lens is composed of two or
more kinds of optical surface areas arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface areas are represented by an optical surface
area closer to the optical axis and an optical surface area
closer to the outside, the optical surface area closer to the
outside is the area on the peripheral side stated above.

(140) The objective lens described in (140), wherein a
diffractive section where ring-shaped diffractive zones are
formed is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zones satisfies the following expression, when
n® order light represents a diffracted light with a maximum
amount of light generated by the diffractive structure from a

light flux passing through the diffractive structure on the

optical surface area closer to the second light source among
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light fluxes emitted from the.second light source, and £

represents a focal length of the objective lens.
3.00 x 107 = P in/(|n| - £) < 8.0 x 1072 (78)

(141) The objective lens described in (141), wherein the
optical surface area closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording
medium.

(142) The objective lens described in (142), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration for thickness t; of
a transparent base board.

(143) The objective lens described in (143), wherein when
recording or reproducing information for the second optical
information recording medium, the optical surface area closer
to the optical axis has a function to correct spherical
aberration for the light flux passing through that optical
surface area, while when recording or reproducing information
for the second optical information recording medium, the
optical surface area closer to the outside has a function to
make the light flux passing through that optical surface area
to be a flare component.

(144) The objective lens described in (144), wherein when

recording or reproducing information for the second optical



10

15

20

WO 02/35537 PCT/JP01/09327

75

information recording medium, the following expression is
satisfied under the assumption that the optical surface area
closer to the optical axis is formed within a range of the
shortest distance NAH mm from the optical axis, when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.
(NA; - 0.03) £, = NAH = (NA, + 0.03) £, (80)

(145) The objective lens described in (145), wherein the
following expression is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first
optical information recording medium.

-1/2 = ml = ~1/7.5 (81)

(146) The objective lens described in (146), wherein image
forming magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as
ml.

(147) The objective lens described in (147) is represented by
an objective lens of an optical pickup device having a light
source and a light-converging optical system including the
cbjective lens for converging a divergent light flux that is
emitted from the light source and enters the objective lens

on an information recording surface of an optical information
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recording medium, and being an objective lens of an optical
pickup device capable of conducting recording and/or
reproducing of information for a optical information
recording medium in which a thickness of a transparent base
board is t;, wherein the objective lens is a plastic lens,
and at least one side of the objective lens is provided with
a diffractive structure on at least a peripheral area within

an effective diameter, and the following expression is

satisfied, when 8SA1/8T represents a change in spherical

aberration for temperature change 8T in a light flux passing
through the diffractive structure on the peripheral area
among light fluxes emitted from the light source, and

A represents a wavelength of the light source.

|8SAL/dT| = 0.002 Arms/°C (82)

In the objective lens described in (147), change
0SA1/8T of spherical aberration for a temperature change is
corrected properly by the diffractive structure on the
aforesaid peripheral area in recording or reproducing of
information for the first optical information recording
medium, and therefore, it is possible to conduct properly
recording or reproducing of information for both optical
information recording media, even under the condition that
the objective lens is arranged on the optical pickup device

and divergent light fluxes emitted from the light sources
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enter the objective lens, thus, it is possible to omit a
collimator lens for forming a collimated light flux that
enters the objective lens, to attain cost reduction, and to
make the structure of the optical pickup device to be

compact.

(148) The objective lens described in (148), wherein 8SA1/8T
representing a change of spherical aberration for temperature
change 0T in a light flux which has passed the diffractive

structure on the peripheral area among light fluxes emitted
from the light source satisfies the following conditional

expression.
|8sA1/8T| = 0.0005 Arms/°C (83)

(149) The objective lens described in (149) wherein the
diffractive structure on the peripheral area of the objective
lens is a ring-shaped diffractive zone, and average pitch P
out of the ring-shaped diffractive zone satisfiesg the
following expression, when n-th order light represents a
diffracted light with the greatest amount of light generated
by the diffractive structure and by a light flux passing
through the diffractive structure on the peripheral area of
the object lens among light fluxes emitted from the light

source, and f represents a focal length of the objective

lens.

2.00 x 10™* = P out/(|n| - £) = 3.00 x 1072 (84)
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(150) The objective lens described in (150) wherein average
pitch P out of the ring-shaped diffractive zone satigfies the

following expression.
1.00 x 107 = P out/(|n| - £) = 3.00 x 10.3 (85)

(151) The objective lens described in (151) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the
following expression.

3.00 x 107 = P out/(|n| - £) = 8.00 x 1073 (86)
(152) The objective lens described in (152) wherein the
optical surface of the objective lens is composed of three or
more kinds of optical surface areas arranged in the direction
perpendicular to an optical axis, and when the three or more
kinds of optical surface areas are represented by an optical
surface area closer to the optical axis, an intermediate
optical surface area and an optical surface area closer to
the outside, all arranged in this order from the optical axis
side, the optical surface area closer to the outside is the
area on the peripheral side stated above.
(153) The objective lens described in (153) wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface area closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface area and the optical surface

area closer to the outside.
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(154) The objective lens described in (154) wherein a
diffractive section having thereon a ring-shaped diffractive
zone is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zone satisfies the following expression, when ne
order light represents a diffracted light with the greatest
amount of light generated by the diffractive structure and by
a light flux passing thréugh the diffractive structure on the
optical surface area closer to the light source among light
fluxes emitted from the light source, and f represents a

focal length of the objective lens.
3.00 x 1072 = P in/(|n] - £) = 8.00 x 1072 (87)

(155) The objective lens described in (155) wherein the
optical surface area closer to the outside has a function to
correct spherical aberration.

(156) The objective lens described in (156), wherein when
recording or reproducing information for the optical
information recording medium, the following expressions are
satisfied under the assumption that the intermediate optical
surface area is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by £,.

(NA; - 0.03) £, = NAH = (NA; + 0.03) f, (88)
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(NA; ~ 0.20) f, = NAL < (NA, - 0.04) £, (89)

(157) The objective lens described in (157), wherein the
optical surface area closer to the optical axis has a
function to correct spherical aberration.

(158) The objective lens described in (158), wherein the
optical surface area closer to the optical axis has a
function to correct temperature characteristics.

(159) The objective lens described in (159), wherein the
optical surface of the objective lens is composed of two or
more kinds of optical surface areas arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface areas are represented by an optical surface
area closer to the optical axis and an optical surface area
closer to the outside, the optical surface area closer to the
outside is the area on the peripheral side stated above.

(160) The objective lens described in (160), wherein a
diffractive section where ring-shaped diffractive zones are
formed is formed on the optical surface area closer to the
optical axis, and average pitch P in of the ring-shaped
diffractive zones satisfies the following expression, when n-
th order light represents a diffracted light with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the

optical surface area closer to the light source among light
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fluxes emitted from the light source, and f represents a

focal length of the objective lens.
3.00 x 10° = P in/(|n| - £) = 8.0 x 1072 (90)

(161) The objective lens described in (161), wherein the
optical surface area closer to the outside has a function to
correct spherical aberration.

(162) The objective lens described in (162), wherein when
recording or reproducing information for the optical
information recording medium, the following expression is
satisfied under the assumption that the optical surface area
closer to the optical axis is formed within a range of the
shortest distance from an optical axis NAH mm from the
optical axis when a necessary numerical aperture is
represented by NA; and a focal length of the objective lens
is represented by f, and a focal length of the objective lens

is represented by f,.

(NA, - 0.03) f, = NaH < (NA, + 0.03) £, (91)
(163) The objective lens described in (163), wherein the
following expression is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.

-1/2 Eml = -1/7.5 (92)
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(164) The objective lens described in (164), wherein image
forming magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as
ml.

(165) The optical pickup device described in (165), wherein
the objective lens described in either one of (51) -~ (164) is
employed.

(166) The objective lens described in (166) is represented by
an objective lens for conducting recording and/or reproducing
of information for the optical information recording medium
by converging light emitted from a light source on an
information recording surface of the optical information
recording medium through a transparent base board thereof,
wherein a surface on at least one side of the objective lens
is constituted with at least two or more kinds of optical
surface areas in the effective diameter of the objective
lens, and a diffractive section to utilize n*® order light on
which a ring-shaped diffractive zone is formed igs formed on
an optical surface area that is outermost in the direction
perpendicular to the optical axis, or on the surface on the
other side through which a light flux passing through the
outermost optical surface area passes, and average pitch P

out of the ring-shaped diffractive zone satisfiesg the
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following expression when a focal length of the objective

lens is represented by f.
2.00 x 10* = P out/(|n] - £) = 3.50 x.1073 (93)

In the foregoing, in the case of an objective lens
where a divergent light flux enters, for example, m shown in
expression (1) is not zero, and an amount of change of
spherical aberration for temperature change is increased.
Therefore, a ring-shaped diffractive zone is provided as in
the objective lens described in (166), and its average pitch
P out is made to satisfy expression (93), which makes it
possible to control a change of spherical aberration for the
temperature change and to obtain excellent characteristics
even when the divergent light flux enters. Thus, a
collimator can be omitted, and compactness and low cost can
be attained accordingly.

(167) The objective lens described in (167) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the
following expression.

1.00 x 107 = P out/(|n| - £) = 3.00 x 1073 (94)

(168) The objective lens described in (168) wherein the
optical surface on at least one side of the objective lens is
constituted with three or more types of optical surface areas
arranged in the direction perpendicular to the optical axis,

and an intermediate optical surface area among the aforesaid
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optical surface areas is provided with a discontinuous
section in terms of spherical aberration for at least one
optical surface area among the outside and inside optical
surface areas.

(169) The objective lens described in (169) wherein at least
one of the refraction section and the diffractive section is
formed on the intermediate optical surface area.

(170) The objective lens described in (170) wherein there is
formed a diffractive section on which a ring-shaped
diffractive zone is formed, on the optical surface area
including an optical axis excluding the aforesaid
intermediate optical surface area, and average pitch P in of
that ring-shaped diffractive zone satisfies the following

expression.

3.00 x 107 = P in/(|n| - £) = 6.00 x 1072 (95)
(171) The objective lens described in (171) wherein the
surface on at least one side of the objective lens is
constituted with two types of optical surfaces and a
diffractive section on which a ring-shaped diffractive zone
is formed is formed on the optical surface area including an
optical axis, and average pitch P in of that ring-shaped

diffractive zone satisfies the following expression.

3.00 x 107 = P in/(|n] - £) = 6.00 x 1072 (96)
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(172) The objective lens described in (172) is characterized
to be made of plastic materials.

(173) The objective lens described in (173) is represented by
an objective lens of an optical pickup device having a light
source emitting light fluxes for the first optical
information recording medium having a t;-thick transparent
base board and for the second optical information recording
medium having a t,-thick transparent base board (t; < t;) and
a light-converging optical system including an objective lens
converging the light fluxes emitted from the light source on
an information recording surface through the transparent base
boards of the first and second optical information recording
media, and conducting recording and/or reproducing of
information for each of the optical information recording
media, wherein a surface on at least one side of the
objective lens is constituted with at least two or more kinds
of optical surface areas in the effective diameter of the
objective lens, and a diffractive section to utilize n®®
order light on which a ring-shaped diffractive zone is formed
is formed on an optical surface area that is outermost in the
direction perpendicular to the optical axis, or on the
surface on the other side through which a light flux passing
through the outermost optical surface area passes, and

average pitch P out of the ring-shaped diffractive zone
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satisfies the following expression when a focal length of the

objective lens is represented by £.
2.00 x 10" = P out/(|n| - £) = 3.50 x 1073 (97)

In the case of an objective lens where a divergent
light flux enters as stated above, m shown in expression (1)
is not zero, and an amount of change of spherical aberration
for temperature change is increased accordingly. Therefore,
a ring-shaped diffractive zone is provided as in the
objective lens described in (173), and its average pitch P
out is made to satisfy expression (97), which makes it
possible to control a change of spherical aberration for the
temperature change and to obtain excellent characteristics
even when the divergent light flux enters. Incidentally, the
optical pickup device employing the objective lens described
in (173) is capable of recording or reproducing information
for optical information recording media in plural types, and
therefore, it is possible to omit a collimator lens by using
divergent light fluxes, and to attain compactness and low
cost of the apparatus accordingly, which is preferable.
(174) The objective lens described in (174) wherein average
pitch P out of the ring-shaped diffractive zone satisfies the

following expression.

1.00 x 107 = P out/(|n] - £) = 3.00 x 1073 (98)



10

15

20

WO 02/35537 PCT/JP01/09327

87

(175) The objective lens described in (175) wherein a
divergent light emitted from the light source enters tﬁe
objective lens.

(176) The objective lens described in (176), wherein the
following expression is satisfied by image forming
magnification ml of the objective lens in the course of
conducting recording or reproduction of information for the

first optical information recording medium.
-1/2 = ml £ -1/7.5 (99)

(177) The objective lens described in (177), wherein image
forming magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as
ml.

(178) The objective lens described in (178), wherein the
outermost optical surface area has a function to correct
spherical aberration when recording or reproducing
information for the first optical information recording
medium.

(179) The objective lens described in (179) wherein the
optical surface area on at least one side of the objective
lens is composed of three or more kinds of optical surface
areas arranged in the direction perpendicular to an optical

axis, and when recording or reproducing information for the
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first optical information recording medium, spherical
aberration given to the light flux passing through the
intermediate optical surface area is made to be discontinuous
to be a flare component with respect to spherical aberration
of the outermost optical surface area, and when recording or
reproducing information for the second optical information
recording medium, the light source passing through the
intermediate optical surface area is used.

(180) The objective lens described in (180) wherein the
intermediate optical surface area has a function to correct
spherical aberration for thickness t (t1 < t < t;) of a
transparent base board.

(181) The objective lens described in (181) wherein light
fluxes passing respectively through the optical surface area
mainly including an optical axis and the outermost optical
surface area are used when recording or reproducing
information for the first optical information recording
medium, and light fluxes passing respectively through the
optical surface area mainly including an optical axis and the
intermediate optical surface area are used when recording or
reproducing information for the second optical information
recording medium.

(182) The objective lens described in (182) wherein when
recording or reproducing information for the second optical

information recording medium, the following expressions are
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satisfied under the assumption that the intermediate optical
surface area is formed within a range from NAH mm to NAL mm
in terms of the distance from an optical axis, when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.

(NA, ~ 0.03) f, = NAH = (NA, + 0.03) £, (100)
(NA, — 0.20) f, = NAL = (NA, - 0.04) f, (101)

(183) The objective lens described in (183) wherein when
recording or reproducing information for the first and second
optical information recording media, light fluxes relating to
the same light source wavelength are used, while, when
recording or reproducing information for the first optical
information recording medium, the light flux passing through
the intermediate optical surface area is made to have under
spherical aberration.

(184) The objective lens described in (184) wherein when
recording or reproducing information for the first and second
optical information recording media, light fluxes relating to
the light source wavelengths which are different each other
are used, while, when recording or reproducing information
for the first optical information recording medium, the light
flux passing through the intermediate optical surface area is

made to have over spherical aberration.
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(185) The objective lens described in (185) wherein the
optical surface area including the optical axis has a
function to correct spherical aberration when conducting
recording or reproducing of information for the first optical
information recording medium.

(186) The objective lens described in (186) wherein the
optical surface area including the optical axis has a
function to correct temperature characteristics when
conducting recording or reproducing of information for the
first optical information recording medium.

(187) The objective lens described in (187) wherein when
recording or reproducing information for the first and second
optical information recording media, light fluxes relating to
the same light source wavelength are used, and the surface on
at least one side is composed of optical surfaces of two or
more kinds, and the optical surface area including the
optical axis has a function to correct spherical aberration
for thickness t (t; < t < t,;) of a transparent base board.
(188) The objective lens described in (188) wherein, the
optical surface area including the optical axis makes a light
flux passing through it to have under spherical aberration,
when recording or reproducing information for the first
optical information recording medium, and to have over

spherical aberration, when recording or reproducing
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information for the second optical information recording
medium.

(189) The objective lens described in (189) wherein when
recording or reproducing information for the second optical
information recording medium, the following expression is
satisfied under the assumption that the area where spherical
aberration is corrected for thickness t of the transparent
base board is formed within a range of distance NAH mm from
the optical axis, when a necessary numerical aperture is
represented by NA; and a focal length of the objective lens

is represented by £;.
(NA, -~ 0.03) f, =S NAH = (NA, + 0.03) £, (102)

(190) The objective lens described in (190) is related to an
optical pickup device having a light source emitting light
fluxes for the first optical information recording medium
having a t;-thick transparent base board and for the second
optical information recording medium having a t,-thick
transparent base board (t; < t;) and a light-converging
optical system including an objective lens converging the
light fluxes emitted from the light source on an information
recording surface through the transparent base boards of the
first and second optical information recording media, and
conducting recording and/or reproducing of information for

each of the optical information recording media, wherein a
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surface on at least one side of the objective lens is
constituted with at least two or more kinds of optical
surface areas in the effective diameter of the objective
lens, and a diffractive section to utilize n*® order light on
which a ring-shaped diffractive zone is formed is formed on
an optical surface area that is outermost in the direction
perpendicular to the optical axis, or on the surface on the
other side through which a light flux passing through the
outermost optical surface area passes, and average pitch P
out of the ring-shaped diffractive zone satisfies the
following expression when a focal length of the objective

lens is represented by f.
2.00 x 10* = P out/(|n| - £) = 3.50 x 107° (103)
(191) The optical pickup device described in (191) wherein

average pitch P out of the ring-shaped diffractive zone

satisfies the following expression.

A

1.00 x 107° = P out/(|n| - £) 3.00 x 1077 (104)

(192) The optical pickup device described in (192) wherein

a divergent light emitted from the light source enters the

objective lens.

(193) The optical pickup device described in (193), wherein
the following expression is satisfied by image forming

magnification ml of the objective lens in the course of
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conducting recording or reproduction of information for the

first optical information recording medium.
-1/2 = ml S -1/7.5 (105)

(194) The optical pickup device described in (194), wherein
there is provided a distance adjustment means that adjusts a
distance between the light source and the objective lens or
between the light source and an information recording surface
of the optical information recording medium.

(195) The optical pickup device described in (195), wherein
the distance adjustment means adjusts the distance in
accordance with a wavelength of the light source in room
temperature.

(196) The optical pickup device described in (196), wherein
there is provided a temperature adjustment means that adjusts
an amblent temperature.

(197) The optical pickup device described in (197), wherein
the light source ig a semiconductor laser, and the
temperature adjustment means adjusts a temperature of the
semiconductor laser.

(198) The optical pickup device described in (198), wherein
the objective lens is driven in terms of focusing under the
state in which the image forming magnification is constant

substantially.
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(199) The optical pickup device described in (199), wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recording medium is nearly the
same as ml.

(200) The optical pickup device described in (200), wherein
the outermost optical surface area has a function to correct
spherical aberration when recording or reproducing
information for the first optical information recording
medium.

(201) The optical pickup device described in (201), wherein
the optical surface area on at least one side of the
objective lens is composed of three or more kinds of optical
surface areas arranged in the direction perpendicular to an
optical axis, and when recording or reproducing information
for the first optical information recording medium, spherical
aberration given to the light flux passing through the
intermediate optical surface area is made to be discontinuous
to be a flare component with respect to spherical aberration
of the outermost optical surface area, and when recording or
reproducing information for the second optical information
recording medium, the light source passing through the
intermediate optical surface area is used.

(202) The optical pickup device described in (202), wherein

the intermediate optical surface area has a function to
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correct spherical aberration for thickness t (ti1 < t < tj3) of
a transparent base board.

(203) The optical pickup device described in (203), wherein
when recording or reproducing information for the first
optical information recording medium, a light flux passing
through the optical surface area including mainly the optical
axis and the outermost optical surface area is used, and when
recording or reproducing information for the second optical
information recording medium, a light flux passing through
the optical surface area including mainly the optical axis
and the intermediate optical surface area is used.

(204) The optical pickup device described in (204), wherein
when recording or reproducing information for the second
optical information recording medium, the following
expressions are satisfied under the assumption that the
intermediate optical surface area is formed within a range
from NAH mm to NAL mm in terms of the distance from an
optical axis, when a necessary numerical aperture is
represented by NA; and a focal length of the objective lens

is represented by f,.

lIA

(NA, - 0.03) f, NAH < (NA, + 0.03) £, (106)
(NA, - 0.20) f, = NAL < (NA; - 0.04) £, (107)

(205) The optical pickup device described in (205), wherein

when recording or reproducing information for the first and
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second optical information recording media, light fluxes
relating to the same light source wavelength are used, while,
when recording or reproducing information for the first
optical information recording medium, the light flux passing
through the intermediate optical surface area is made to have
under spherical aberration.

(206) The optical pickup device described in (206), wherein
when recording or reproducing information for the first and
second optical information recording media, light fluxes
relating to the light source wavelengths which are different
each other are used, while, when recording or reproducing
information for the first optical information recording
medium, the light flux passing through the intermediate
optical surface area is made to have over spherical
aberration.

(207) The optical pickup device described in (207), wherein
the optical surface area including the optical axis has a
function to correct spherical aberration when conducting
recording or reproducing of information for the first optical
information recording medium.

(208) The optical pickup device described in (208), wherein
the optical surface area including the optical axis has a
function to correct temperature characteristics when
conducting recording or reproducing of information for the

first optical information recording medium.
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(209) The optical pickup device described in (209), wherein
when recording or reproducing information for the first and
second optical information recording media, light fluxes
relating to the same light source wavelength are used, and
the surface on at least one side is composed of optical
surfaces of two or more kinds, and the optical surface area
including the optical axis has a function to correct
spherical aberration for thickness t (t; < t < t;) of a
transparent base board.

(210) The optical pickup device described in (210), wherein
when recording or reproducing information for the first
optical information recording medium, the optical surface
area including the optical axis makes a light flux passing
through the optical surface area closer to the optical axis
to have under spherical aberration, and when recording or
reproducing information for the second optical information
recording medium, the optical surface area closer to the
optical axis makes a light flux passing through the optical
surface area closer to the optical axis to have over
spherical aberration.

(211) The optical pickup device described in (211), wherein
when recording or reproducing information for the second
optical information recording medium, the following
expression is satisfied under the assumption that the

intermediate optical surface area is formed within a range of
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distance NAH mm from an optical axis when a necessary
numerical aperture is represented by NA, and a focal length

of the objective lens is represented by £,.
(NA, — 0.03) £, = NAH = (NA, + 0.03) £, (107)

(212) The optical pickup device described in (212), wherein a
change of spherical aberration for temperature change in a

light flux which has passed the outermost optical surface
area is in the following range, when Al represents a
wavelength of the light source.

|8sAa1/8T| = 0.0005 Alrms/°C (108)

(213) The objective lens described in (213) is represented by
an objective lens of an optical pickup device having a light
source emitting light fluxes for the first optical
information recording medium having a ti;-thick transparent
base board and for the second optical information recording
medium having a tp-thick transparent base board (t; < t») and
a light-converging optical system including an objective lens
converging the light fluxes emitted from the light source on
an information recording surface through the transparent base
boards of the first and second optical information recording
media, and conducting recording and/or reproducing of
information for each of the optical information recording
media, wherein a surface on at least one side of the

objective lens is constituted with at least two or more kinds
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of optical surface areas in the effective diameter of the
objective lens, and a ring-shaped diffractive zone is formed
on an optical surface area that is outermost in the direction
perpendicular to the optical axis, or on an area of the
surface on the other side through which a light flux passing
through the outermost optical surface area passes, thereby,
when conducting recording or reproducing of information for
the first optical information recording medium, correction of
temperature characteristics for a light flux passing through
the outermost optical surface area is conducted, and a design
of spherical aberration for recording or reproducing of
information for the second optical information recording
medium is conducted, on the other hand, for a light flux
passing through the area that is inside the outer optical
surface area.

In the objective lens described in (213) employing the
ring-shaped diffractive zone, temperature characteristics are
corrected for the light flux passing the outermost optical
surface area when recording or reproducing information for
the first optical information recording medium, and there is
conducted a design of spherical aberration for recording or
reproducing of information of the second optical information
recording medium for the light flux passing through the area
inside the outer optical surface area. Therefore, it is

possible to conduct correction of temperature characteristics
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and a design of spherical aberration, on a well-balanced
basis.
(214) The objective lens described in (214) wherein the
following expression is satisfied by image forming
magnification ml of the objective lens in the course of
conducting recording or reproduction of information for the
first optical information recording medium.

-1/2 = ml = -1/7.5 (109)

(215) The objective lens described in (215) wherein image
forming magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as
ml.

(216) The objective lens described in (216) wherein the
optical surface area on at least one side of the objective
lens is composed of three or more kinds of optical surface
areas arranged in the direction perpendicular to an optical
axis, and the optical surface area to correct spherical
aberration for a light flux for recording or reproducing
information for the first optical information recording
medium is arranged inside the optical surface area for
recording or reproducing information for the second optical

information recording medium.
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(217) The objective lens described in (217) wherein the
optical surface area on at least one side of the objective
lens is composed of three or more kinds of optical surface
areas arranged in the direction perpendicular to an optical
axis, and the optical surface area to correct temperature
characteristics for a light flux for recording or reproducing
information for the first optical information recording
medium is arranged inside the optical surface area for
recording or reproducing information for the second optical
information recording medium.

(218) The objective lens described in (218) is represented by

an objective lens of an optical pickup device having therein
a first light source with wavelength A; that emits a light

flux to the first optical information recording medium having
a t;-thick transparent base board, a second light source with
wavelength A; (A; < A;) that emits a light flux to the second
optical information recording medium having a t,-thick (t, <
tz) transparent base board, and a light-converging optical
system including an objective lens that converges light
fluxes emitted respectively from the first and second light
sources on the information recording surface respectively
through transparent base boards of the first and second
optical information recording media, and conducts recoxrding

and/or reproducing of information for each optical
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information recording medium, wherein a surface on at least
one side of the objective lens is constituted with at least
two or more kinds of optical surface areas in the effective
diameter of the objective lensg, and a ring-shaped diffractive
zone is formed on an optical surface area that is outermost
in the direction perpendicular to the optical axis, or on an
area of the surface on the other side through which a light
flux passing through the outermost optical surface area
passes, thereby, when conducting recording or reproducing of
information for the first optical information recording
medium, correction of temperature characteristics for a light
flux passing through the outermost optical surface area is
conducted, and a design of spherical aberration for recording
or reproducing of information for the second optical
information recording medium is conducted, on the othexr hand,
for a light flux passing through the area that ig inside the
outer optical surface area.

(219) The objective lens described in (219) wherein the
following expression is satisfied by image forming
magnification ml of the objective lens in the course of
conducting recording or reproduction of information fox the

first optical information recording medium.

-1/2 = ml £ -1/7.5 (110)
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(220) The objective lens describéd in (220) wherein image
forming magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as
ml.

(221) The objective lens described in (221) wherein the
optical surface area on at least one side of the objective
lens is composed of three or more kinds of optical surface
areas arranged in the direction perpendicular to an optical
axis, an optical surface area used only when the second light
source with wavelength A, is used in the intermediate optical
surface area is formed, and the optical surface area to
conduct correction of spherical aberration for the light flux
from the first light source with wavelength A; is arranged
inside the intermediate optical surface area.

(222) The objective lens described in (222) wherein the
optical surface area on at least one side of the objective
lens is composed of three or more kinds of optical surface
areas arranged in the direction perpendicular to an optical
axis, an optical surface area used only when the second light
source with wavelength A, is used in the intermediate optical

surface area is formed, and the optical surface area to

conduct correction of temperature characteristics for the
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light flux from the first light source with wavelength A; is

arranged inside the intermediate optical surface area.

(223) The objective lens described in (223) wherein an
optical surface area for the exclusive use of the light flux
from the second light source and the outermost optical
surface area are adjacent to each other.

(224) The objective lens described in (224) wherein average
pitch P out of the ring-shaped diffractive zone utilizing n-
th order light satisfies the following expression, when a

focal length of the objective lens is represented by f.

A

2.00 x 10™* = P out/ (|n| - £) 3.5 x 107° (111)

(225) The objective lens described in (225) wherein spherical
aberration in light fluxes passing respectively through the
outermost optical surface area and the intermediate optical
surface area adjacent to the outermost optical surface area
is discontinuous.

(226) The objective lens described in (226) wherein at least
one of a diffractive section and a refraction section is
arranged on the intermediate optical surface area.

(227) The objective lens described in (227) which is made of
plastic materials.

(228) The optical pickup device described in (228) is
represented by an optical pickup having a light source

emitting light fluxes for the first optical information
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recording medium having a t;-thick transparent base board and
for the second optical information recording medium having a
ta-thick transparent base board (t; < t,;) and a light-
converging optical system including an objective lens
converging the light fluxes emitted from the light source on
an information recording surface through the transparent base
boards of the first and second optical information recording
media, and conducting recording and/or reproducing of
information for each of the optical information recording
media, wherein a surface on at least one side of the
objective lens is constituted with at least two or more kinds
of optical surface areas in the effective diameter of the
objective lens, and a ring-shaped diffractive zone is formed
on an optical surface area that is outermost in the direction
perpendicular to the optical axis, or on an area of the
surface on the other side through which a light flux passing
through the outermost optical surface area passes, thereby,
when conducting recording or reproducing of information for
the first optical information recording medium, correction of
temperature characteristics for a light flux passing through
the outermost optical surface area is conducted, and a design
of spherical aberration for recording or reproducing of
information for the second optical information recording

medium is conducted, on the other hand, for a light flux
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passing through the area that is inside the outer optical
surface area.

(229) The optical pickup device described in (229) wherein
the following expression is satisfied by image forming
magnification ml of the objective lens in the course of
conducting recording or reproduction of information for the

first optical information recording medium.
-1/2 = ml = -1/7.5 (112)

(230) The optical pickup device described in (230) wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recorxrding medium is nearly the
same as ml.

(231) The optical pickup device described in (231) wherein
the optical surface area on at least one side of the
objective lens is composed of three or more kinds of optical
surface areas arranged in the direction perpendicular to an
optical axis, and the optical surface area to correct
spherical aberration for a light flux for recording or
reproducing inférmation for the first optical information
recording medium is arranged inside the optical surface area
for recording or reproducing information for the second

optical information recording medium.
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(232) The optical pickup device described in (232) wherein
the optical surface area on at least one side of the
objective lens is composed of three or more kinds of optical
surface areas arranged in the direction perpendicular to an
optical axis, and the optical surface area to correct
temperature characteristics for a light flux for recording or
reproducing information for the first optical information
recording medium is arranged inside the optical surface area
for recording or reproducing information for the second
optical information recording medium.

(233) The optical pickup device described in (233) is

represented by an optical pickup device having therein
a first light source with wavelength A; that emits a light

flux to the first optical information recording medium having
a ti-thick transparent base board, a second light source with
wavelength A; (Ay < A;) that emits a light flux to the second
optical information recording medium having a t,-thick (t; <
t;) transparent base board, and a light-converging optical
system including an objective lens that converges light
fluxes emitted respectively from the first and second light
sources on the information recording surface respectively
through transparent base boards of the first and second
optical information recording media, and conducts recording

and/or reproducing of information for each optical



10

15

20

WO 02/35537 PCT/JP01/09327

108

information recording medium, wherein a surface on at least
one side of the objective lens is constituted with at least
two or more kinds of optical surface areas in the effective
diameter of the objective lens, and a ring-shaped diffractive
zone is formed on an optical surface area that is outermost
in the direction perpendicular to the optical axis of the
objective lens, or on an area of the surface on the other
side through which a light flux passing through the outermost
optical surface area passes, thereby, when conducting
recording or reproducing of information for the first optical
information recording medium, correction of temperature
characteristics for a light flux passing through the
outermost optical surface area is conducted, and a design of
spherical aberration for recording or reproducing of
information for the second optical information recording
medium is conducted, on the other hand, for a light flux
passing through the area that is inside the outer optical
surface area.

(234) The optical pickup device described in (234) wherein
the following expression is satisfied by image forming
magnification ml of the objective lens in the course of
conducting recording or reproduction of information for the

first optical information recording medium.

-1/2 Eml = -1/7.5 (113)
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(235) The optical pickup device described in (235) wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recording medium is nearly the
same as ml.

(236) The optical pickup device described in (236) wherein
the optical surface area on at least one side of the
objective lens is composed of three or more kinds of optical
surface areas arranged in the direction perpendicﬁlar to an
optical axis, and an optical surface area to correct
spherical aberration for the light flux from the first light
source with wavelength Al is arranged inside the optical
surface area for the light flux from the second light source
with wavelength A,.

(237) The optical pickup device described in (237) wherein
the optical surface area on at least one side of the
objective lens is composed of three or more kinds of optical
surface areas arranged in the direction perpendicular to an
optical axis, and an optical surface area to correct
temperature characteristics for the light flux from the first
light source with wavelength Al is arranged inside the
optical surface area for the light flux from the second light

source with wavelength A;.
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(238) The optical pickup device described in (238) wherein an
optical surface area for the light flux from the second light
source and the outermost optical surface area are adjacent to
each other.

(239) The optical pickup device described in (239) wherein
average pitch P out of the ring-shaped diffractive zone
utilizing n*® order light satisfies the following expression,

when a focal length of the objective lens is represented by

f.

2.00 x 107" = P out/ (|n| - £) = 3.5 x 1073 (114)

(240) The optical pickup device described in (240) wherein
spherical aberration in the outermost optical surface area
and in the optical surface area for the light flux from the
second light source is discontinuous.

(241) The optical pickup device described in (241) wherein at
least one of a diffractive section and a refraction section
is arranged on the optical surface area for the exclusive use
of the light flux from the second light source.

(242) The optical pickup device described in (242), wherein a
change of spherical aberration for temperature change in a

light flux which has passed the outermost optical surface
area is in the following range, when Al represents a
wavelength of the light source at the room temperature.

|9SA1/8T| = 0.0005 Alrms/°C (115)
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(243) The optical pickup device described in (243) wherein
the objective lens is made of plastic materials.
(244) The objective lens described in (244) wherein the
expression of |n| = 1 holds for the diffraction number of
order represented by n.
(245) The optical pickup device described in (245) wherein
the expression of |n]| = 1 holds for the diffraction number of
order represented by n.

The structure to attain the second object is explained
hereinafter.
(2-1) The objective lens for an optical pickup device
described in (2-1) is represented by an objective lens for an
optical pickup device having therein
a first light source with wavelength Al for conducting
recording or reproducing for information by radiating a light
flux to the first optical information recording medium having
transparent base board thickness t;, a second light source
with wavelength A2 (Al < A2) for conducting recording or
reproducing for information by radiating a light flux to the
second optical information recording medium having
transparent base board thickness t, (t; < t;), and a light-
converging optical system including the objective lens that
converges light fluxes emitted from the first and the second

light sources on the information recording surface through
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transparent base boards of the first and the second optical
information recording media, wherein the objective lens is
made of a uniform optical material, a value of refractive
index change (hereinafter referred to as refractive index
temperature dependency) dn/dT for the temperature change of
the optical materials is expressed by the following
expression under the conditions of the aforesaid light source

wavelength and the room temperature environment,
[dn/dT| = 10.0 x 107° (/°C) (117)

the objective lens is formed in a way that each of at least
two optically functional surfaces arranged in the direction
intersecting an optical axis has a different optical
function, and a light flux passing through at least the
outermost optically functional surface is used only for
recording or reproducing of information for the first optical
information recording medium.

By using a material having small temperature dependency
for the objective lens, it is possible to make a change in
spherical aberration caused by temperature changes to be
small. Therefore, when the objective lens is composed of a
refracting interface, it is easy to make temperature
characteristics to be compatible with wavelength
characteristics, because wavelength dependency is originally

small. Further, even in the case of constituting the
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objective lens with a diffraction surface, a pitch of the
ring-shaped diffractive zone is not required to be small,
because temperature characteristics are improved even when
the effectiveness of diffraction is not enhanced, which is
different from a conventional objective lens. In addition,
when an objective lens is provided with a plurality of
optically functional surfaces each being designed properly,
it is possible to attain a spot diameter which ig needed for
optical information recording media each having a different
transparent base board thickness, and thereby to conduct
recording or reproducing for each optical information
recording medium. In this case, the optically functional
surface that makes the optical function to be different
includes optical surfaces each being completely different
from others such as a refracting interface and a surface of a
diffractive structure, and optical surfaceg in the same type,
for example, aspheric surfaces each having a different
function which are formed by different aspherical
coefficients, and optical surfaces each having a diffractive
structure based on a different design.

(2-2) In the objective lens for an optical pickup device
described in (2-2), when each optically functional surface is
formed to have a step at a boundary section, it is easy to
manipulate an amount of discontinuousness of spherical

aberration, and for example, a main spot light can be
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separated greatly from a flare light on a recording surface
of an optical information recording medium.

(2-3) In the objective lens for an optical pickup device
deécribed in (2-3) represents an example to constitute an
objective lens only with a refracting interface. When a
necessary numerical aperture of the first optical information
recording medium is greater than that of the second optical
information recording medium, it is possible to form a sport
diameter required for the second optical information
recording medium, by utilizing the first optical information
recording medium and the second optical information recording
medium in common at an area near the optical axis and by
designing so that an intermediate optically functional
surface is used for the second optical information recording
medium. When the first optical information recording medium
is used, a light flux passing through the intermediate
optically functional surface turns out to be a flare light,
but if the spherical aberration correction for the first
optical information recording medium is made on the outermost
optically functional surface, the required spot diameter can
be formed on the first optical information recording medium.
(2-4) In the objective lens for an optical pickup device
described in (2-4), it is preferable for correction of
épherical aberration on the second optical information

recording medium that the step on the boundary section
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farther from the optical axis is greater than that on the
boundary section closer to the optical axis on the
intermediate optically functional surface.

(2-5) As in the objective lens for an optical pickup device
described in (2-5), if spherical aberration for recording or

reproducing of information for the first optical information
recording medium is corrected to 0.04 A; rms or less for the

innermost optically functional surface and the outermost
optically functional surface, and if spherical aberration is
corrected to be smallest for the optical information
recording medium with transparent base board thickness t. (tq
< te < Ep), an amount of spot light for each spot light can be
enhanced, which is more preferable from the viewpoint of the
utility factor of using light.

(2-6) In the objective lens for an optical pickup device
described in (2-6), the objective lens has at least two
optically functional surfaces and at least one optically
functional surface has a diffractive structure, the optically
functional surface closest to the optical axis is designed so
that spherical aberration in the course of conducting
recording or reproducing of information for the first and
second optical information recording media may be corrected
by the use of a light flux passing through the optically

functional surface closest to the optical axis, and on the
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outermost optically functional surface, spherical aberration
in the first optical information recording medium is
corrected, and over spherical aberration is generated on the
second optical information recording medium, therefore, each
optically functional surface is made to correspond to a
plurality of optical information recording media each having
a different transparent base board thickness, thus recording
or reproducing of information can be conducted properly for
these optical information recording media.

(2-7) In the objective lens for an optical pickup device
described in (2-7), a light flux passing through each
optically functional surface passes through the diffractive
structure with either surface of the objective lens (namely,
the surface closer to the light source or the surface closer
to the optical information recording medium), while, a
diffraction pitch of the diffractive structure of the
outermost optically functional surface is in a range from 5
pm to 40 pm, thereby it is possible to control a decline of
diffraction efficiency while keeping the productivity for the
objective lens.

(2-8) In the objective lens for an optical pickup device
described in (2-8), over spherical aberration generated in
the course of conducting recording or reproducing of
information for the second optical information recording

medium is increased toward the periphery from the optical
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axis, and therefore, recording or reproducing of information
can be conducted properly for a plurality of optical
information recording media each having a different
transparent base board thickness.

(2-9) In the objective lens for an optical pickup device
described in (2-9), spherical aberration generated in the
course of conducting recording or reproducing of information
for the second optical information recording medium is
discontinuous on the boundary section of the optically
functional surface, and an amount of discontinuousness of
spherical aberration is in a range from 10 um to 30 um, thus,
if the amount of discontinuousness of spherical aberration is
not less than 10 pm, it is possible to control that a flare
approaches the main spot, while if the amount of
discontinuousness of spherical aberration is not more than 30
pm, it is possible to improve temperature characteristics
satisfactorily.

(2-10) In the objective lens for an optical pickup device
described in (2-10), it is possible to keep the diffraction
efficiency to be high Because recording or reproducing of
information is conducted by the use of the diffracted Light
in the same order on the innermost optically functional
surface for both the first optical information recording

medium and the second optical information recording medium.
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(2-11) In the objective lens for an optical pickup device
described in (2-11), it is possible to lower a light amount
for flare light by lowering efficiency of diffracted light
generated by the difffactive structure of the outside
optically functional surface, for example, and thereby to
conduct recording or reproducing of information properly for
a plurality of optical information recording media each
having a different transparent base board thickness, because
diffraction order ne. of the diffracted light having the
highest intensity generated at the diffractive structure on
the outside optically functional surface

and diffraction order ni, of the diffracted light having the
highest intensity generated at the diffractive structure on
the inside optically functional surface satisfy the following
expression when conducting recording or reproducing of
information for the first optical information recording

medium.

{not| = [nin] (3)
(2-12) In the objective lens for an optical pickup device
described in (2-12), with regard to the diffractive
structure, a serrated ring-shaped diffractive zone is Formed,
and a design basis wavelength of the ring-shaped diffractive
zone formed on the outside optically functional surface is

different from that of the ring-shaped diffractive zone
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formed on the inside optically functional surface, and
therefore, it is preferable, from the viewpoint of balance of
an amount of light, to employ the design basis wavelength
that is between A; and A, on the inside optically functional
surface used for both the first and second optical
information recording média from a viewpoint of diffraction
efficiency, and it is advantageous in terms of an amount of
light to make the design basis wavelength to be close to A,
because the outside optically functional surface is utilized
only for the first optical information recording medium.
(2-13) In the objective lens for an optical pickup device
described in (2-13), the objective lens has at least three
optically functional surfaces wherein the innermost optically
functional surface is composed only of a refracting interface
and the intermediate optically functional surface has a
diffractive structure, and when a iight flux used for
recording or reproducing of information for the first and
second optical information recording media passes through the
intermediate optically functional surface, it is possible to
conduct recording or reproducing of information properly for
a plurality of optical information recording media each
having a different transparent base board thickness.

(2-14) In the objective lens for an optical pickup device

described in (2-14), recording or reproducing of information
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for the first optical information recording medium can be
conducted properly, because a serrated ring-shaped

diffractive zone is formed on the outermost optically

functional surface and a design basis wavelength A, satisfies

the following expression.
0.9 M = = 1.1 N

(2-15) In the objective lens for an optical pickup device
described in (2-15), the outermost optically functional
surface can also be composed only of a refracting interface.
(2-16) In the objective lens for an optical pickup device
described in (2-16), image forming magnification ml of the
objective lens for recording or reproducing of information
for the first optical information recording medium can

satisfy the following expression.
-1/4 = ml = 1/8 (119)

In this case, if image forming magnification ml is not less
than the lower limit, image height characteristics are
excellent, while if it is not more than the upper limit, a
working distance of the objective lens can be secured, which
is preferable.

(2-17) In the objective lens for an optical pickup device
described in (2-17), image forming magnification m2 of the

objective lens for recording or reproducing of information
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for the second optical information recording medium can

satisfy the following expression.
0.98 m1 = m2 < 1.02 ml (120)

When ml is different from m2 in this case, and when an image
forming position on the first optical information recording
medium and that on the second optical information recording
medium are made to be almost common for the objective lens, a
light emission point is shifted, and there is the possibility
of complicated optical system including preparation of two
sensors for signal detection. WNamely, if the expression

(120) is satisfied, signal detection in the course of
recording and reproducing for each of the first optical
information recording medium and the second optical
information recording medium can be conducted by a single
sensor.

(2-18) In the objective lens for an optical pickup device
described in (2-18), if an aperture-stop in the case of
conducting recording or reproducing of information for the
first optical information recording medium is the same as
that in the case of conducting recording or reproducing of
information for the second optical information recording
medium, it is possible to simplify the construction of the

optical pickup device.
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(2-19) In the objective lens for an optical pickup device
described in (2-19), if necessary numerical aperture NALl in
the case of conducting recording or reproducing of
information for the first optical information recording
medium satisfies the following expression, it is possible to
conduct high density information recording or high density

information reproducing.

NAL = 0.60 (121)
(2-20) In the objective lens for an optical pickup device
described in (2-20), if wavelength Al of the first light
source is not more than 670 nm, a high density optical
information recording medium such as DVD representing the
first optical information recording medium can be used.
(2-21) In the objective lens for an optical pickup device
described in (2-21), when the optical material is represented
by optical glass and dispersion value vd is greater than 50,
a change of refractive index caused by temperature changes is
less and axial chromatic aberration can be made excellent,
which is preferable. Incidentally, the objective lens
desgcribed in either one of the aforesaid structures 1 — 21
has the same action and effect as those stated above, even in
the invention including the optical pickup device employing
that objective lens, the objective lens wherein a plurality

of optical elements are cemented, and the optical pickup
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device employing the aforesaid objective lens all will be
explained later.

(2-22) The optical pickup device described in (2-22) is
represented by an optical pickup device having therein

a first light source with wavelength A; arranged to conduct
recording or reproducing of information by radiating a light
flux to the first optical information recording medium having
transparent base board thickness ti;, a second light source
with wavelength A; (A; < A;) arranged to conduct recording or
reproducing of information by radiating a light flux to the
second optical information recording medium having
transparent base board thickness t, (t; < t,), and a light-
converging optical system including an objective lens that
converges light fluxes radiated respectively from the first
and second light sources on information recording surfaces
through transparent base boards respectively of the fixst and
second optical information recording media, wherein

the objective lens is made of uniform optical material,

refractive index change dn/dT of the optical material for

temperature changes satisfies the following expression under
the conditions of the wavelength of the light source and the

temperature environment for room temperature,

|dn/dT| = 10.0 x 107° (/°C) ~(127)
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the objective lens is formed to make an optical action to be
different on each of at least two optically functional
surfaces arranged in the direction intersecting an optical
axis, and a light flux passing through at least the outermost
optically functional surface is used only for recording or
reproducing of information for the first optical information
recording medium. Action and effect of the invention stated
above are the same as those of the invention described in (2-
1).

(2-23) In the optical pickup device described in (2-23), each
optically functional surface mentioned above is formed to
have a step at the boundary section. Action and effect of
the invention stated above are the same as those of the
invention described in (2-2).

(2-24) In the optical pickup device described in (2-24), the
objective lens is composed only of a refracting interface, at
least three optically functional surfaces are formed, a light
flux passing through the innermost optically functional
surface is used for conducting recording or reproducing of
information for the first and second optical information
recording media, a light flux passing through the
intermediate optically functional surface is used for
conducting recording or reproducing of information for the
second optical information recording medium, and a light flux

passing through the outermost optically functional surface is
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used for conducting recording or reproducing of information
for the first optical information recording medium. Action
and effect of the invention stated above are the same as
those of the invention described in (2-3).

(2-25) In the optical pickup device described in (2-25), a
height of the step on the boundary section that is farther
from an optical axis is greater than that on the boundary
section that is closer to the optical axis, on the
intermediate optically functional surface. Action and effect
of the invention stated above are the same as those of the
invention described in (2-4).

(2-26) In the optical pickup device described in (2-26), with
respect to the innermost optically functional surface and the
outermost optically functional surface, spherical aberration
in the course of conducting recording or reproducing of
information for the first optical information recording

medium is corrected to 0.04 A;rms or less, and the

intermediate optically functional surface is corrected so
that its spherical aberration for the optical information
recording medium having transparent base board thickness t.
(t1 < te < t2) may be the minimum. Action and effect of the
invention stated above are the same as those of the invention

degcribed in (2-5).
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(2-27) In the optical pickup device described in (2-27), the
objective lens has at least two optically functional
surfaces, and at least one of them has a diffractive
structure, and the optically functional surface closest to
thé optical axis is designed to correct its spherical
aberration in the course of conducting recording or
reproducing of information for the first and second optical
information recording media by using the light flux passing
through the optically functional surface closest to the
optical axis, and on the outermost optically functional
surface, spherical aberration for the first optical
information recording medium is corrected, while over
spherical aberration is generated for the second optical
information recording medium. Action and effect of the
invention stated above are the same as those of the invention
described in (2-6).

(2-28) In the optical pickup device described in (2-28), a
light flux passing through each optically functional surface
mentioned above passes through the aforesaid diffractive
structure on either surface of the objective lens, and a
diffraction pitch of the diffractive structure on the
outermost optically functional surface is in a range from 5
pm to 40 pm. Acfion and effect of the invention stated above

are the same as those of the invention described in (2-7).
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(2-29) In the optical pickup device described in (2-29), the
over spherical aberration generated in the course of
conducting recording or reproducing of information for the
second optical information recording medium is made to be
increased gradually in the direction from the optical axis
side toward the periphery. Action and effect of the
invention stated above are the same as those of the invention
described in (2-8).

(2-30) In the optical pickup device described in (2-30), the
spherical aberration generated in the course of conducting
recording or reproducing of information for the second
optical information recording medium is discontinuous at the
boundary section of the optically functional surface, and an
amount of discontinuousness of the spherical aberration is in
a range from 10 pm to 30 um. Action and effect of the
invention stated above are the same as those of the invention
described in (2-9).

(2-31) In the optical pickup device described in (2-31),
recording or reproducing of information is conducted by the
use of the diffracted light in the same order on the
innermost optically functional surface, for the first and
second optical information recording media. Action and
effect of the invention stated above are the same as those of

the invention described in (2-10).
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(2-32) In the optical pickup device described in (2-32), when
conducting recording or reproducing of information for the
first optical information recording medium, diffraction order
Not of the diffracted light having the highest intensity
generated at the diffractive structure on the outside
optically functional surface and diffraction order nj, of the
diffracted light having the highest intensity generated at
the diffractive structure on the inside optically functional
surface satisfy the following expression.

|Not| 2 |nin| (128)
Action and effect of the invention stated above are the same
as those of the invention described in (2-11).
(2-33) In the optical pickup device described in (2-33), in
the diffractive structure stated above, a serrated ring-
shaped diffractive zone is formed, and a design basis
wavelength of the ring-shaped diffractive zone formed on the
outside optically functional surface is different from that
of the ring-shaped diffractive zone formed on the inside
optically functional surface. Action and effect of the
invention stated above are the same as those of the invention
described in (2-12).
(2-34) In the optical pickup device described in (2-34), the
objective lens has at least three optically functional

surfaces wherein the innermost optically functional surface
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is composed only of a refracting interface and the
intermediate optically functional surface has a diffractive
structure, and a light flux used for recording or reproducing
of information for the first and second optical information
recording media passes through the intermediate optically
functional surface. Action and effect of the invention
stated above are the same as those of the invention described
in (2-13).

(2-35) In the optical pickup device described in (2-35), a
serrated ring-shaped diffractive zone is formed on the

outermost optically functional surface, and design basis

wavelength Ay of the outermost optically functional surface
satisfies 9A; = A¢ = 1.1A;. Action and effect of the
invention stated above are the same as those of the invention
described in (2-14).

(2-36) In the optical pickup device described in (2-36), the
outermost optically functional surface is composed only of a
refracting interface. Action and effect of the invention
stated above are the same as those of the invention described
in (2-15).

(2-37) In the optical pickup device described in (2-37),
image forming magnification ml of the objective lens for

conducting recording or reproducing of information for the
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first optical information recording medium satisfies the

following expression.

-1/4 S ml = 1/8 (129)
Action and effect of the invention stated above are the same
as those of the invention described in (2-16).
(2-38) In the optical pickup device described in (2-38),
image forming magnification m2 of the objective lens for
conducting recording or reproducing of information for the
second optical information recording medium satisfies the
following expression.

0.98m1 = m2 = 1.02ml (130)

Action and effect of the invention stated above are the same
as those of the invention described in (2-17).

(2-39) In the optical pickup device described in (2-39), an
aperture-stop in the case of conducting recording or
reproducing of information for the first optical information
recording medium is the same as that in the case of
conducting recording or reproducing of information for the
second optical information recording medium. Action and
effect of the invention stated above are the same as those of
the invention described in (2-18).

(2-40) In the optical pickup device described in (2-40),
necessary numerical aperture NALl in the case of conducting

recording or reproducing of information for the first optical
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information recording medium satisfies the following

expression.

NAL £ 0.60 (131)
Action and effect of the invention stated above are the same
as those of the invention described in (2-19).
(2-41) In the optical pickup device described in (2-41),
wavelength Al of the first light source is not more than 670
nm. Action and effect of the invention stated above are the
same as those of the invention described in (2-20).
(2-42) In the optical pickup device described in (2-42), the
optical material is represented by optical glass and
dispersion value vd is greater than 50. Action and effect of
the invention stated above are the same as those of the
invention described in (2-21).
(2-43) The objective lens of an optical pickup device
described in (2-43) is represented by an objective lens of an
optical pickup device having therein a first light source
with wavelength A; arranged to conduct recording or
reproducing of information by radiating a light flux to the
first optical information recording medium having transparent
base board thickness t;, a second light source with
wavelength A; (A < A;) arranged to conduct recording or

reproducing of information by radiating a light flux to the

second optical information recording medium having
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transparent base board thickness t; (t; < t;), and a light-
converging optical system including an objective lens that
converges light fluxes radiated respectively from the first
and second light sources on information recording surfaces
through transparent base boards respectively of the first and
second optical information recording media, wherein the
objective lens is a cemented lens formed by cementing plural
optical elements made of at least two kinds of optical
materials, a value of refractive index change dn/dT of the
optical material used for the optical element having stronger
power component among the plural optical elements for
temperature changes satisfies the following expression,
|dn/dT| = 10.0 x 107° (/°C) (127)
and the objective lens is formed to make an optical action to
be different on each of at least two optically functional
surfaces arranged in the direction intersecting an optical
axis, and a light flux passing through at least the outermost
optically functional surface is used only for recording or
reproducing of information for the first optical information
recording medium, and therefore, it is possible to conduct
recording or reproducing of information properly for plural
optical information recording media each having a different
transparent base board thickness by forming the objective

lens by combining a material whose refractive index change
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for temperature changes is small and another material that is
different from the previous material. When forming the
objective lens by cementing optical elements, if temperature
dependency of the material for the lens having stronger power
is made to be lower, it is possible to make the total
temperature dependency of the cemented objective lens to be
low.

(2-44) In the objective lens of an optical pickup device
described in (2-44), at least one of optical elements other
than those having stronger power components among the
aforesaid plural optical elements is made of plastic
material, and therefore, a different optically functional
surface can easily be constituted because of characteristics
that forming is easy, which is an advantage.

(2-45) In the objective lens of an optical pickup device
described in (2-45), a plurality of optically functional
surfaces are formed on an optical surface of the optical
element that is made of plastic material, thus, an objective
lens which can be easily manufactured is provided.

(2-46) In the objective lens of an optical pickup device
described in (2-46), each optically functional surface
mentioned above is formed to have a step at the boundary
section. Action and effect of the invention stated above are

the same as those of the invention described in (2-2).



10

15

20

25

WO 02/35537 PCT/JP01/09327

134

(2-47) In the objective lens of an optical pickup device
described in (2-47), the objective lens is composed only of a
refracting interface, at least three optically functional
surfaces are formed, a light f£lux passing through the
innermost optically functional surface is used for conducting
recording or reproducing of information for the first and
second optical information recording media, a light flux
passing through the intermediate optically functional surface
is used for conducting recording or reproducing of
information for the second optical information recording
medium, and a light flux passing through the outermost
optically functional surface is used for conducting recording
or reproducing of information for the first optical
information recording medium. Action and effect of the
invention stated above are the same as those of the invention
described in (2-3).

(2-48) In the objective lens of an optical pickup device
described in (2-48), a height of the step on the boundary
section that is farther from an optical axis is greater than
that on the boundary section that is closer to the optical
axis, on the intermediate optically functiomal surface.
Action and effect of the invention stated above are the same
as those of the invention described in (2-4).

(2-49) In the objective lens of an optical pickup device

described in (2-49), with respect to the innermost optically



10

15

20

WO 02/35537 PCT/JP01/09327

135

functional surface and the outermost optically functional
surface, spherical aberration in the course of conducting

recording or reproducing of information for the first optical
information recording medium is corrected to 0.04 A, rms ox

less, and the intermediate optically functional surface is
corrected so that its spherical aberration for the optical
information recording medium having transparent base board
thickness tc (t1 < te < ty) may be the minimum. Action and
effect of the invention stated above are the same as those of
the invention described in (2-5).

(2-50) In the objective lens of an optical pickup device
described in (2-50), the objective lens has at least two
optically functional surfaces, and at least one of them has a
diffractive structure, and the optically functional surface
closest to the optical axis is designed to correct its
spherical aberration in the course of conducting recording or
reproducing of information for the first and second optical
information recording media by using the light flux passing
through the optically functional surface closest to the
optical axis, and on the outermost optically functional
surface, spherical aberration for the first optical
information recording medium is corrected, while over
spherical aberration is generated for the second optical

information recording medium. Action and effect of the



10

15

20

25

WO 02/35537 PCT/JP01/09327

136

invention stated above are the same as those of the invention
described in (2-6).

(2-51) In the objective lens of an optical pickup device
described in (2-51), a light flux passing through each
optically functional surface mentioned above passes through
the aforesaid diffractive structure on either surface of the
objective lens, and a diffraction pitch of the diffractive.
structure on the outermost optically functional surface is in
a range from 5 pum to 40 um. Action and effect of the
invention stated above are the same as those of the invention
described in (2-7).

(2-52) In the objective lené of an optical pickup device
described in (2-52), the over spherical aberration generated
in the course of conducting recording or reproducing of
information for the second optical information recording
medium is made to be increased gradually in the direction
from the optical axis side toward the periphery. Action and
effect of the invention stated above are the same as those of
the invention described in (2-8).

(2-53) In the objective lens of an optical pickup device
described in (2-53), the spherical aberration generated in
the course of conducting recording or reproducing of
information for the second optical information recording
medium is discontinuous at the boundary section of the

optically functional surface, and an amount of
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discontinuousness of the spherical aberration is in a range
from 10 pm to 30 um. Action and effect of the invention
stated above are the same as those of the invention described
in (2-9).

(2-54) In the objective lens of an optical pickup device
described in (2-54), recording or reproducing of information
is conducted by the use of the diffracted light in the same
order on the innermost optically functional surface, for the
first and second optical information recording media. Action
and effect of the invention stated above are the same as
those of the invention described in (2-10).

(2-55) In the objective lens of an optical pickup device
described in (2-55), when conducting recording or reproducing
of information for the first optical information recording
medium, diffraction order ne of the diffracted light having
the highest intensity generated at the diffractive structure
on the outside optically functional surface and diffraction
order nj, of the diffracted light having the highest

intensity generated at the diffractive structure on the
inside optically functional surface satisfy the following

expression.
|net| = |nial (128)

Action and effect of the invention stated above are the same

as those of the invention described in (2-11).



10

15

20

WO 02/35537 PCT/JP01/09327

138

(2-56) In the objective lens of an optical pickup device
described in (2-56), in the diffractive structure stated
above, a serrated ring-shaped diffractive zone ig formed, and
a design basis wavelength of the ring-shaped diffractive zone
formed on the outside optically functional surface is
different from that of the ring-shaped diffractive zone
formed on the inside optically functional surface. Action
and effect of the invention stated above are the same as
those of the invention described in (2-12).

(2-57) In the objective lens for an optical pickup device
described in (2-57), the objective lens has at least three
optically functional surfaces wherein the innermost optically
functional surface is composed only of a refracting interface
and the intermediate optically functional surface has a
diffractive structure, and a light flux used for recording or
reproducing of information for the first and second optical
information recording media passes through the intermediate
optically functional surface. Action and effect of the
invention stated above are the same as those of the invention
described in (2-13).

(2-58) In the objective lens of an optical pickup device
described in (2-58), a serrated ring-shaped diffractive zone

is formed on the outermost optically functional surface, and

design basis wavelength A, of the outermost optically
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functional surface satisfies 9A; = Ay = 1.1A;. Action and

effect of the invention stated above are the same as those of
the invention described in (2-14).

(2-59) In the objective lens of an optical pickup device
described in (2-59), the outermost optically functional
surface is composed only of a refracting interface. Action
and effect of the invention stated above are the same as
those of the invention described in (2-15).

(2-60) In the objective lens of an optical pickup device
described in (2-60), image forming magnification ml of the
objective lens for conducting recording or reproducing of
information for the first optical information recording

medium satisfies the following expression.

-1/4 = ml = 1/8 (129)
Action and effect of the invention stated above are the same
as those of the invention described in (2-16).
(2-61) In the objective lens of an optical pickup device
described in (2-61), image forming magnification m2 of the
objective lens for conducting recording or reproducing of
information for the second optical information recording
medium satisfies the following expression.

0.98m1 = m2 = 1.02ml (130)

Action and effect of the invention stated above are the same

as those of the invention described in (2-17).
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(2-62) In the objective lens of an optical pickup device
described in (2-62), an aperture-stop in the case of
conducting recording or reproducing of information for the
first optical information recording medium is the same as
that in the case of conducting recording or reproducing of
information for the second optical information recording
medium. Action and effect of the invention stated above are
the same as those of the invention described in (2-18).
(2-63) In the objective lens of an optical pickup device
described in (2-63), necessary numerical aperture NAl in the
cage of conducting recording or reproducing of information
for the first optical information recording medium satisfies

the following expression.

NAL 2 0.60 (131)
Action and effect of the invention stated above are the same
as those of the invention described in (2-19).
(2-64) In the objective lens of an optical pickup device
described in (2-64), wavelength Al of thg first light source
is not more than 670 nm. Action and effect of the invention
stated above are the same as those of the invention described
in (2-20).
(2-65) In the objective lens of an optical pickup device
described in (2-65), the optical material is represented by

optical glass and dispersion value vd is greater than 50.
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Action and effect of the invention stated above are the same
as those of the invention described in (2-21).

(2-66) The optical pickup device described in (2-66) is
represented by an optical pickup device having therein

a first light source with wavelength A; arranged to conduct
recording or reproducing of information by radiating a light
flux to the first optical information recording medium having
transparent base board thickness t;, a second light source
with wavelength A; (A < Az) arranged to conduct recording or
reproducing of information by radiating a light flux to the
second optical information recording medium having
transparent base board thickness t, (ty < t,), and a light-
converging optical system including an objective lens that
converges light fluxes radiated respectively from the first
and second light sources on information recording surfaces
through transparent base boards respectively of the first and
second optical information recording media, wherein

the objective lens is made of uniform optical material,
refractive index change dn/dT of the optical material for
temperature changes satisfies the following expression under
the conditions of the wavelength of the light source and the

temperature environment for room temperature,

|dn/dT| = 10.0 x 10°° (/°C) (127)
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the objective lens is formed to make an optical action to be
different on each of at least two optically functional
surfaces arranged in the direction intersecting an optical
axis, and a light flux passing through at least the outermost

optically functional surface is used only for recording or

. reproducing of information for the first optical information

recording medium. Action and effect of the invention stated
above are the same as those of the invention described in (2-
43) .

(2-67) In the optical pickup device described in (2-67), at
least one of optical elements other than the optical element
having stronger power component among the aforesaid plural
optical elements is made of a plastic material. Action and
effect of the invention stated above are the same as those of
the invention described in (2-44).

(2-68) In the optical picku§ device described in (2-68), a
plurality of optically functional surfaces are formed on an
optical surface of the optical element that is made of
plastic material. Action and effect of the invention stated
above are the same as those of the invention described in (2-
45) .

(2-69) In the optical pickup device described in (2-69) , each
optically functional surface mentioned above is formed to

have a step at the boundary section. Action and effect of
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the invention stated above are the same as those of the
invention described in (2-2).

k2—70) In the optical pickup device described in (2-70), the
objective lens is composed only of a refracting interface, at
least three optically functional surfaces are formed, a light
flux passing through the innermost optically functional
surface is used for conducting recording or reproducing of
information for the first and second optical information
recording media, a light flux passing through the
intermediate optically functional surface is used for
conducting recording or reproducing of information for the
second optical information recording wmedium, and a light flux
passing through the outermost optically functional surface is
used for conducting recording or reproducing of information
for the first optical information recording medium. Action
and effect of the invention stated above are the same as
those of the invention described in (2-3).

(2-71) In the optical pickup device described in (2-71), a
height of the step on the boundary section that is farther
from an optical axis is greater than that on the boundary
section that is closer to the optical axis, on the
intermediate optically functional surface. Action and effect
of the invention stated above are the same as those of the

invention described in (2-4).
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(2-72) In the optical pickup device described in (2-72), with
respect to the innermost optically functional surface and the
outermost optically functional surface, spherical aberration
in the coursé of conducting recording or reproducing of

information for the first optical information recording
medium is corrected to 0.04 A; rms or less, and the

intermediate optically functional surface is corrected so
that its spherical aberration for the optical information
recording medium having transparent base board thickness te¢
(t1 < te < tz) may be the minimum. Action and effect of the
invention stated above are the same as those of the invention
described in (2-5).

(2-73) In the optical pickup device described in (2-73), the
objective lens has at least two optically functional
surfaces, and at least one of them has a diffractive
structure, and the optically functional surface clogest to
the optical axis is designed to correct its spherical
aberration in the course of conducting recording or
reproducing of information for the first and second optical
information recording media by using the light flux passing
through the optically functional surface closest to the
optical axis, and on the outermost optically functional
surface, spherical aberration for the first optical

information recording medium is corrected, while over
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spherical aberration is generated for the second optical
information recording medium. Action and effect of the
invention stated above are the same as those of the invention
described in (2-6).

(2-74) In the optical pickup device described in (2-74), a
light flux passing through each optically functional surface
mentioned above passes through the aforesaid diffractive
structure on either surface of the objective lens, and a
diffraction pitch of the diffractive structure on the
outermost optically functional surface is in a range from 5
tm to 40 um. Action and effect of the invention stated above
are the same as those of the invention described in (2-7).
(2-75) In the optical pickup device described in (2-75), the
over spherical aberration generated in the course of
conducting recording or reproducing of information for the
second optical information recording medium is made to be
increased gradually in the direction from the optical axis
side toward the periphery. Action and effect of the
invention stated above are the same as those of the inwvention
described in (2-~8).

(2-76) In the optical pickup device described in (2-76), the
spherical aberration generated in the course of conducting
recording or reproducing of information for the second
optical information recording medium is discontinuous at the

boundary section of the optically functional surface, and an
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amount of discontinuousness of the spherical aberration is in
a range from 10 pm to 30 pm. Action and effect of the
invention stated above are the same as those of the invention
described in (2-9).

(2-77) In the optical pickup device described in (2-77),
recording or reproducing of information is conducted by the
use of the diffracted light in the same order on the
innermost optically functional surface, for the first and
second optical information recording media. Action and
effect of the invention stated above are the same as those of
the invention described in (2-10).

(2-78) In the optical pickup device described in (2-78), when
conducting recording or reproducing of information for the
first optical information recording medium, diffraction order
not of the diffracted light having the highest intensity
generated at the diffractive structure on the outside
optically functional surface and diffraction order ni, of the
diffracted light having the highest intensity generated at
the diffractive structure on the inside optically functional

surface satisfy the following expression.
|not| = |ninl (128)

Action and effect of the invention stated above are the same

as those of the invention described in (2-11).
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(2-79) In the optical pickup device described in (2-79), in
the diffractive structure stated above, a serrated ring-
shaped diffractive zone is formed, and a design basis
wavelength of the ring-shaped diffractive zone formed on the
outside optically functional surface is different from that
of the ring-shaped diffractive zone formed on the insgide
optically functional surface. Action and effect of the
invention stated above are the same as those of the invention
described ip (2-12) .

(2-80) In the optical pickup device described in (2-80), the
objective lens has at least three optically functional
surfaces wherein the innermost optically functional surface
is composed only of a refracting interface and the
intermediate optically functional surface has a diffractive
structure, and a light flux used for recording or reproducing
of information for the first and second optical information
recording media passes through the intermediate optically
functional surface. Action and effect of the invention
stated above are the same as those of the invention described
in (2-13).

(2-81) In the optical pickup device described in (2-81), a
serrated ring-shaped diffractive zone is formed on the

outermost optically functional surface, and design basis

wavelength Ay of the outermost optically functional surface
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satisfies 9A; = XAy = 1.1A;. Action and effect of the

invention stated above are the same as those of the invention
described in (2-14).
(2-82) In the optical pickup device described in (2-82), the
outermost optically functional surface is composed only of a
refracting interface. Action and effect of the invention
stated above are the same as those of the invention described
in (2-15).
(2-83) In the optical pickup device described in (2-83),
image forming magnification ml of the objective lens for
conducting recording or reproducing of information for the
first optical information recording medium satisfies the
following expression.

-1/4 = m1 = 1/8 ' (129)
Action and effect of the invention stated above are the same
as those of the invention described in (2-16).
(2-84) In the optical pickup device described in (2-84),
image forming magnification m2 of the objective lens for
conducting recording or reproducing of information for the
second optical information recording medium satisfies the

following expression.
0.98ml1 = m2 = 1.02ml (130)

Action and effect of the invention stated above are the same

as those of the invention described in (2-17).
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(2-85) In the optical pickup device described in (2-85), an
aperture-stop in the case of conducting recording or
reproducing of information for the first optical information
recording medium is the same as that in the case of
conducting recording or reproducing of information for the
second optical information recording medium. Action and
effect of the invention stated above are the same as those of
the invention described in (2-18).

(2-86) In the optical pickup device described in (2-86),
necessary numerical aperture NAL in the case of conducting
recording or reproducing of information for the first optical
information reqording medium satisfies the following
expression.

NAL = 0.60 (131)

Action and effect of the invention stated above are the same
as those of the invention described in (2-19).

(2~87) In the optical pickup device described in (2-87),
wavelength Al of the first light source is not more than 670
nm. Action and effect of the invention stated above are the
same as those of the invention described in (2-20).

(2-88) In the optical pickup device described in (2-88), the
optical material is represented by optical glass and

dispersion value vd is greater than 50. Action and effect of
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the invention stated above are the same as those of the
invention described in (2-21).

(2-89) In the optical pickup device described in (2-89), with
respect to an objective lens of the optical pickup device
having therein a first light source with wavelength A,

arranged to conduct recording or reproducing of information
by radiating a light flux to the first optical information
recording medium having transparent base board thickness ti,
a second light source with wavelength A; (A < A;) arranged to
conduct recording or reproducing of information by radiating
a light flux to the second optical information recording
medgum having transparent base board thickness t, (t; < ta),
and a light-converging optical system including an objective
lens that converges light fluxes radiated respectively from
the first and second light sources on information recoxrding
surfaces through transparent base boards respectively of the
first and second optical information recording media, the
objective lens is made of uniform optical material or is
composed of cemented lenses, and refractive index change
dn/dT for temperature changes of the optical material having
the strongest power among those used for constituting the

objective lens satisfies the following expression,

|dn/dT| = 10.0 x 107° (/°C) (127)
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and there is provided a restricting member which lowers
transmission factor of ray of light or intercepts the ray of
light in the course of conducting recording or reproducing of
information for the second optical information recording
medium on at least the peripheral portion of the objective
lens, and ray of light passing through at least the vicinity
of an optical axis has been corrected in terms of spherical
aberration in the course of conducting recording or
reproducing of information for the first and second optical
information recording media, thus, it is possible to conduct
recording or reproducing properly for a plurality of optical
information recording media each having a different
transparent base board thickness, by using a material having
less change in refractive index for temperature changes for
the objective lens and by restricting an amount of
irradiation for the second optical information recording
medium by the intercepting member.

(2-90) In the optical pickup device described in (2-90), if
there is provided a wavelength-selecting diaphragm that
transmits ray of light having wavelength A; emitted from the
first light source and intercepts ray of light emitted from
the second light source, the structure can be simplified,

which is preferable.
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(2-91) In the optical pickup device described in (2-91), at
least one side of the objective lens is entirely covered by
diffractive structure or is provided with two or more
optically functional surfaces, and therefore, it is possible
to conduct recording or reproducing of information properly
for a plurality of optical information recording media each
having a different transparent base board thickness.

(2-92) In the optical pickup device described in (2-92),
image forming magnification ml of the objective lens in the
case of conducting recording or reproducing of information
for the first optical information recording medium and image
forming magnification m2 of the objective lens in the case of
conducting recording or reproducing of information for the
second optical information recording medium satisfy the

following expression.
0.98ml1 = m2 = 1.02ml (130)

In the present specification, when “ an optical surface
area” is expressed with spherical aberration, if the
spherical aberration comes under either one of the following
cases, it is assumed that there exist optical surface areas
which are different from each other at a boundary represented
by h.

(a) Spherical aberration is discontinuous at h

representing a boundary (Fig. 1 (a)).
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(b) Though spherical aberration is continuous at h, the
first order differentiation is discontinuous (Fig. 1 (b)).

(c) Spherical aberration is discontinuous at h for a
certain wavelength (Fig. 1 (a)).

The area which is divided under the conditions stated
above and through which each light flux passes is
respectively regarded as “an optical surface area”.
Therefore, when one surface of a lens is loocked, if a
refraction section and a diffractive section exist on the
surface, these sections are regarded as separate “optical
surface areas” which are different from each other at a
boundary portion between the refraction section and the
diffractive section (see Figs. 2 (a) and 2 (c¢)). Further,
even when the diffractive section is formed on the entire
surface, when diffractive sections each designed for a
different object are mixed together, they are regarded as
separate optical surface areas based on the condition of the
Item (c) above (see Fig. 2 (b)). Furthermore, even when
aspheric surfaces expressed with the same aspheric surface
coefficient are formed on the surface on one side of a lens,
for example, when discontinuous portions are formed on the
surface on the other side, they are assumed to be the
separate optical surface areas.

In the present specification, “an area on the

peripheral side” is one optical surface area of the aforesaid
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“optical surface area”, and it means the optical surface area
closer to the peripheral side than the optical surface area
including an optical axis among a plurality of optical
surface areas. Further, “an area on the peripheral side” is
an area existing on a part of either one of the following
areas (a) - (f). It is preferable that 80% or more of either
one of the following areas (a) - (f) is represented by “the
area on the peripheral side”, and it is preferable that 100%
of either one of the following areas (a) - (f) is represented
by “the area on the peripheral side”. Next, areas (a) - (f)
will be explained.

With regard optical disks popularized presently, there
has generally been published a specification handbook in
which wavelengths to be used and numerical apertures of light
fluxes entering the optical disks are stipulated. Evaluation
of optical disks is made by an optical disk evaluating
instrument on which an optical pickup device having therein a
light source with a wavelength and a light-converging optical
system having a numerical aperture both based on the
specification handbook is mounted. However, a wavelength of
a light source on the optical pickup device provided omn an
actual optical disk apparatus does not always follow the

specification handbook.



10

15

20

25

WO 02/35537 PCT/JP01/09327

155

With regard to stipulations of the optical pickup
device for measurement of CD, as an example, a wavelength is
780 + 10 nm and a numerical aperture is 0.45 4+ 0.01.

However, in the case of the optical pickup device
provided on an actual CD player, a semiconductor laser whose
oscillation wavelength at an ordinary temperature is longer
than 790 nm is used as a light source from the viewpoint of a
laser life and cost, in an example of a wavelength. With
respect to the numerical aperture, on the other hand, there
is also an occasion to use NA 0.43 for avoiding an influence
of an error or to use NA 0.47 for improving basic
performances.

On an optical pickup device provided on a DVD player
having both functions for reproduction of DVD and that of CD,
a light source with a wavelength of 650 nm is used for
reproduction of DVD, and the same light source is used also
for reproduction of CD. In this case, a diameter of an image
forming spot of the light-converging optical system having no
aberration is proportional to a wavelength, and is inversely
proportional to a numerical aperture of a light flux entering
the optical disk. Therefore, NA to obtain, under 650 nmJ the
image forming spot with the same diameter as that for NA 0.45
under 780 nm is 0.375, and the numerical aperture of about
0.38 is used. The basis why the optical pickup device that

does not comply with the specifications of the optical disk
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has been put to practical use is considered to be the case
that needs in the market have been changed from those in the
initial stage of development and peripheral technologies have
made progress.

An apparatus to use both DVD and CD on an
interchangeable basis includes those in the following six
types presently.

(1) An optical disk apparatus which employs an optical
pickup device having only a light source with a wavelength of
about 655 nm to conduct reproducing of DVD and reproducing of
either one of CD and CD-ROM.

(2) An optical disk apparatus which employs an optical
pickup device having a first light source with a wavelength
of about 655 nm and a second light source with a wavelength
of about 785 nm to conduct reproducing of DVD, reproducing of
either one of CD-R and CD-RW.

(3) An optical disk apparatus which employs an optical
pickup device having a first light source with a wavelength
of about 655 nm and a second light source with a wavelength
of about 785 nm to conduct reproducing of DVD, reproducing of
either one of CD and CD-ROM and recording/reproducing of
either one of CD-R and CD-RW.

(4) An optical disk apparatus which employs an optical
pickup device having only a light source with a wavelength of

about 655 nm to conduct reproducing of DVD,
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recording/reproducing of either one of DVD-RAM, DVD-RW,
DVD+RW, DVD-R and MMVF and reproducing of either one of CD
and CD-ROM.

(5) An optical disk apparatus which employs an optical
pickup device having a first light source with a wavelength
of about 655 nm and a second light source with a wavelength
of about 785 nm to conduct reproducing of DVD,
recording/reproducing of either one of DVD-RAM, DVD-RW,
DVD+RW, DVD-R and MMVF and reproducing of either one of CD
and CD-ROM and of either one of CD-R and CD-RW.

(6) An optical disk apparatus which employs an optical
pickup device having a first light source with a wavelength
of about 655 nm and a second light source with a wavelength
of about 785 nm to conduct reproducing of DVD,
recording/reproducing of either one of DVD-RAM, DVD-RW,
DVD+RW, DVD-R and MMVF, reproducing of either one of CD and
CD-ROM and recording/reproducing of either one of CD-R and
CD-RW.

Since the numerical aperture necessary for recording
and reproducing for each type of disk is different from
others in each optical disk apparatus, the area on the
peripheral side mentioned in the invention varies.
Therefore, the area on the peripheral side is determined as
follows, in accordance with a type of the optical disk

apparatus.
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(a) The area on the peripheral side of the objective
lens in the apparatus of the aforesaid Item (1) is an area
where the numerical aperture ig 0.38 based on the maximum
numerical aperture (usually, 0.6 -~ 0.63) for the light flux
emitted from the first light source to enter the optical
disk.

(b) The area on the peripheral side of the objective
lens in the apparatus of the aforesaid Item (2) is an area
where the numerical aperture for the light flux emitted from
the second light source to enter the optical disk is 0.45
based on the numerical aperture (usually, 0.6 - 0.63) for the
light flux emitted from the first light source to enter the
optical disk.

(¢) The area on the peripheral side of the objective
lens in the apparatus of the aforesaid Item (3) is an area
where the numerical aperture for the light flux emitted from
the second light source to enter the optical disk is 0.50
based on the maximum numerical aperture (usually, 0.6 — 0.63)
for the light flux emitted from the first light source to
enter the optical disk.

(d) The area on the peripheral side of the objective
lens in the apparatus of the aforesaid Item (4) is an area
where the numerical aperture is 0.38 based on the maximum

numerical aperture (usually, 0.6 - 0.65) for the light flux
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emitted from the first light source to enter the optical
disk.

(e) The area on the peripheral side of the objective
lens in the apparatus of the aforesaid Item (5) is an area
where the numerical aperture for the light flux emitted from
the second light source to enter the optical disk is 0.45
based on the maximum numerical aperture (usually, 0.6 - 0.65)
for the light flux emitted from the first light source to
enter the optical disk.

(f) The area on the peripheral side of the objective
lens in the apparatus of the aforesaid Item (6) is an area
where the numerical aperture for the light flux emitted from
the second light source to enter the optical disk is 0.50
based on the maximum numerical aperture (usually, 0.6 — 0.65)
for the light flux emitted from the first light source to
enter the optical disk.

A diffractive structure (diffractive section) provided
on “the area on the peripheral side” may be provided either
on the side of an objective lens closer to a light sourxce or
on the side of an objective lens closer to an optical
information recording medium, or it may further be provided
on both sides thereof, and the diffractive structure is
provided with at least a function to correct temperatuzxre
characteristics for the prescribed light flux passing through

the area on the peripheral side.
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Incidentally, “the outermost optical surface area” or
“the outermost circumferential optical surface area” means an
optical surface area on the outermost side in the effective
diameter, and it is most preferable that a diffractive
structure is provided on that optical surface area. However,
it does not affect the invention to provide, without
departing from the technical spirit and the effect of the
invention, a refraction section having no diffractive
structure on a part of the outermost optical surface area in
an effective diameter within a range that a spot diameter and
light intensity both suitable for an optical information
recording medium (for example, DVD compared with CD) whose
necessary numerical aperture is relatively great are
obtained. On the other hand, providing an optical surface
area having no influence on recording or reproducing for the
optical information recording medium substantially on the
outermost optical surface area in an effective diameter has
no influence on the invention. Even when the optical surface
area of this kind exists in the effective diameter, it should
be ignored.

Further, “correcting temperature characteristics” means
that the following expression is satisfied by change (SA1/8T)

of spherical aberration for temperature changes, even when a

wavelength of a light source 1s changed and a refractive
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index of the objective lens is changed both by temperature

changes (A represents a wavelength of a light source).
|8sa1/8T| = 0.002Akrms/°C

In addition, “an average pitch” is assumed to be (a
width of an area of ring-shaped diffractive zone in the
direction perpendicular to an optical axis viewed in a
section including the optical axis) + (number of rings in a
ring-shaped diffractive zone). Further, “correcting

spherical aberration” is to correct to the level of not more

than the diffraction limit power, and it means that 0.07 Arms

and downward (hereat, A represents a wavelength of a light
source) 1s satisfied when wave front aberration is obtained.
Further, “m2 = ml” means relationship of magnification on

the level wherein recording and reproducing for each optical
information recording medium can be conducted with the same
sensor size for both the first optical information recording
medium and the second optical information recording medium.
The relationship of magnification on the level wherein both
recording and reproducing can be conducted with one sensor is
more preferable.

With regard to “under spherical aberration or over
spherical aberration”, it is assumed that “under” means an
occasion where an image intersects an optical axis at this

side of a paraxial image point, and “over” means an occasion
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where an image intersects an optical axis at the far side of
a paraxial image point, both in spherical aberration where a
position of a paraxial image point is the origin, as shown in
Fig. 3.

“Diffractive surface”, “diffractive section”,
“diffractive structure” or “ring-shaped diffractive zone”
used in the present specification means a section where a
relief is provided on the surface of an objective lens to
provide a function to converge or diverge a light flux
through diffraction. With regard to a form of the relief,
there is known a form wherein a ring-sghaped diffractive zone
that is almost in the form of concentric circle whose center
is an optical axis is formed on the surface of objective lens
OL as shown in Fig. 4 (b), and a section of the ring-shaped
diffractive zone on a plane including the optical axis looks
like a serration. The form of the relief includes a form of
this kind which is especially called “a ring-shaped
diffractive zone”.

An objective lens in a narrow sense in the present
specification is a lens having a light-converging function
arranged at the position closest to an optical information
recording medium to face it under the condition that the
optical information recording medium is loaded in an optical
pickup device, while‘an objective lens in a wide sense is a

lens group capable of being operated by an actuator at least
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in the direction of its optical axis together with that lens.
This lens group in this case means at least one or more
lenses (for example, two lenses). Therefore, numerical
aperture NA of the objective lens on the optical information
recording medium side (image side) in the present
specification means numerical aperture NA of the lens surface
positioned to be closest to the optical information recording
medium side on the objective lens. Further, necessary
numerical aperture NA in the present specification is a
numerical aperture stipulated by specifications of each
optical information recording medium, or it is a numerical
apertﬁre of the objective lens having the diffraction limit
power capable of obtaining a spot diameter necessary for
recording or reproducing of information in accordance with a
wavelength of a light source used for each optical
information recording medium.

In this specification, the second optical information
recording medium means CD type optical disks in various types
such as, for example, CD=R, CD-RW, CD-Video and CD-ROM, and
the first optical information recording medium means DVD type
optical disks in various types such as DVD-ROM, DVD-RAM, DVD-
R, DVD-RW, CD=RW and DVD-Video. Further, thickness t of a
transparent base board mentioned in the specification

includes t = 0. In addition, “when using DVD (CD)” means
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“when conducting recording or reproducing of information for

DVD (CD)”.

Brief Description of Drawings

N

e &fing a condition
that spherical aberration is discontinuoﬁé.

Figs. 2(a) to 2(c) are sectional views of an objective
lens for illustrating an optical surface area.

Fig. 3 is a diagram showing whether aberration is under

10 or over.

Figs. 4(a) and 4(b) are diagrams showing a ring-shaped
diffractive zone of a diffractive section. Fig. 4 (b) shows a
pitch of ring-shaped diffractive zomnes.

Fig. 5 is a schematic structure diagram of an optical

15 pickup device.

Fig. 6 is a sectional view showing a schematic
structure of an objective lens of the first embodiment.

Fig. 7 is a schematic structure diagram of an optical
pickup device.

20 Figs. 8(a) and 8(b) are sectional views showing a
schematic structure of an objective lens of the second
embodiment. Fig. 8(a) shows a condition that how a light flux
is used for the first optical information recording medium

(DVD) and Fig. 8(b) shows a condition that how a light flux
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is used for the second optical information recording medium

(CD) .

Fig.

structure

9 is a sectional view showing a schematic

of an objective lens of the third and fourth

embodiments.

Fig.

structure

Fig.

objective

Fig.

objective

Fig.

objective

Fig.

objective

Fig.

structure

example.

Fig.

objective

Fig.

objective

Fig.

objective

10 is a sectional view showing a schematic
of an objective lens of the fifth embodiment.
11 is a spherical aberration diagram for an

lens in Example 1 where DVD is used.

12 is a spherical aberration diagram for an
lens in Example 1 where CD is used.

13 is a spherical aberration diagram for an
lens in Example 2 where DVD is used.

14 is a spherical aberration diagram for an
lens in Example 2 where CD is used.

15 is a sectional view showing a schematic

of an objective lens related to a variation

16 is a spherical aberration diagram for an
lens in Example 3 where DVD is used.

17 is a spherical aberration diagram for an

lens in Example 3 where CD is used.

18 is a spherical is an aberration diagram for an

lens in Example 4 where DVD is used.
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Fig. 19 is a spherical aberration diagram for an
objective lens in Example 4 where CD is used.

Fig. 20 is a spherical aberration diagram for an
objective lens in Example 5 where DVD is used.

Fig. 21 is a spherical aberration diagram for an
objective lens in Example 5 where CD is used.

Fig. 22 is a spherical aberration diagram for an
objective lens in Example 6 where DVD is used.

Fig. 23 is a spherical aberration diagram for an
objective lens in Example 6 where CD is used.

Figs. 24(a) and 24 (b) are sectional views showing a
schematic structure of an objective lens related to another
variation example. Fig. 24 (a) shows a condition that how a
light flux is used for the first optical information
recording medium (DVD) and Fig. 24.(b) shows a condition that
how a light flux is used for the second optical information
recording medium (CD).

Figs. 25(a) and 25(b) are sectional views showing a
schematic structure of an objective lens related to still
another variation example. Fig. 25(a) shows a condition that
how a light flux is used for the first optical information
recording medium (DVD) and Fig. 25(b) shows a condition that
how a light flux is used for the second optical information

recording medium (CD).
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Figs. 26(a) and 26(b) are sectional views showing é
schematic structure of an objective lens related to still
another variation example. Fig. 26(a) shows a condition that
how a light flux is used for the first optical information
recording medium (DVD) and Fig. 26 (b) shows a condition that
how a light flux is used for the second optical information
recording medium (CD).

Fig. 27 is a schematic structure diagram of an optical
pickup device.

Figs. 28(a) and 28(b) are sectional views of primary
portions of an objective lens in the Seventh Embodiment.

Figs. 29(a) and 29(b) are diagrams showing an example
of a design (target characteristics) of spherical aberration
related to the Seventh Embodiment.

Fig. 30 is a sectional view of primary portions of an
objective lens related to the variation of the Seventh
Embodiment .

Fig. 31 is a diagram showing an example wherein a
wavelength selecting diaphragm is provided on an optical
pickup device.

Figs. 32(a) and 32(b) are sectional views of primary
portions of an objective lens related to the Eighth
Embodiment .

Figs. 33(a) and 33 (b) are diagraﬁs showing an example

of a design (target characteristics) of spherical aberxation
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related to the Eighth Embodiment. Fig. 33(a) show a spherical
aberration diagram for DVD and Fig. 33 (b) show a spherical
aberration diagram for CD.

Fig. 34 is a sectional view of primary portions of an
objective lens related to the variation of the Eighth
Embodiment.

Fig. 35 is a diagram showing an example wherein a
coupling lens is provided on an optical pickup device.

Fig. 36 is a sectional view of primary portions of an
objective lens related to the Ninth Embodiment.

Figs. 37(a) and 37(b) are diagrams showing an example
of a design (target characteristics) of spherical aberration
related to the Ninth Embodiment. Fig. 37(a) show a spherical
aberration diagram for DVD and Fig. 37 (b) show a spherical
aberration diagram for CD.

Fig. 38 is a sectional view of primary portions of an
objective lens related to the Tenth Embodiment.

Figs. 39(a) and 39(b) are diagrams showing an example
of a design (target characteristics) of spherical aberration
related to the Tenth Embodiment. Fig. 39(a) show a spherical
aberration diagram for DVD and Fig. 3(b) show a spherical
aberration diagram for CD.

Figs. 40(a) and 40(b) are spherical aberration diagrams

of an objective lens in Example 7. Fig. 40(a) show a
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spherical aberration diagram for DVD and Fig. 40(b) show a
spherical aberration diagram for CD.

Figs. 41(a) and 41(b) each shows a form of a spot on an
information recording surface of an optical information
recording medium for an objective lens in the Example 7.

Fig. 41(a) is a diagram for CD and Fig. 41(b) is a diagram
for DVD.

Figs. 42(a) and 42(b) are spherical aberration diagrams
of an objective lens in Example 8. Fig. 42(a) show a
spherical aberration diagram for DVD and Fig. 42 (b) show a
spherical aberration diagram for CD.

Figs. 43(a) and 43(b) each shows a form of a spot on an
information recording surface of an optical information
recording medium for an objective lens in the Example 8. Fig.
43(a) is a diagram for CD and Fig. 43(b) is a diagram for
DVD.

Figs. 44 (a) and 44(b) each is a spherical aberration
diagram of an objective lens in Example 9. Fig. 44 (a) show a
spherical aberration diagram for DVD and Fig. 44 (b) show a
spherical aberration diagram for CD.

Fig. 45(a) and 45(b) each shows a form of a spot on an
information recording surface of an optical information
recording medium for an objective lens in the Example 9. Fig.
45(a) is a diagram for CD and Fig. 45(b) is a aiagram for

DVD.
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Figs. 46 (a) and 46 (b) each is a spherical aberration
diagram of an objective lens in Example 10. Fig. 46(a) show a
spherical aberration diagram for DVD and Fig. 46 (b) show a
spherical aberration diagram for CD.

Figs. 47(a) and 47(b) each shows a form of a spot on an
information recording surface of an optical information
recording medium for an objective lens in the Example 10.
Fig. 47(a) is a diagram for CD and Fig. 47(b) is a diagram
for DVD.

Figs. 48(a) and 48(b) each is a spherical aberration
diagram of an objective lens in Example 11. Fig. 48(a) show a
spherical aberration diagram for DVD and Fig. 48 (b) show a
spherical aberration diagram for CD.

Figs. 49(a) and 49(b) each shows a form of a spot on an
information recording surface of an optical information
recording medium for an bbjective lens in the Example 11.
Fig. 49(a) is a diagram for CD and Fig. 49(b) is a diagram
for DVD.

Figs. 50(a) and 50(b) each is a spherical aberration
diagram of an objective lens in Example 12. Fig. 50(a) show a
spherical aberration diagram for DVD and Fig. 50(b) show a
spherical aberration diagram for CD.

Figs. 51(a) and 51(b) each shows a form of a spot on an
information recordiﬁg surface of an optical information

recording medium for an objective lens in the Example 12.
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Fig. 51(a) is a diagram for CD and Fig. 51(b) is a diagram
for DVD.

Fig. 52 is a diagram showing how residual aberration
(spherical aberration) is generated when a thickness of a

transparent base board is changed.

Best Mode for Carrying Out the Invention

Referring to the drawings, the invention will further
be explained in detail.
(First embodiment)

First embodiment will be explained as follows. Fig. 5
is a schematic structure diagram of an optical pickup device.
In optical pickup device 100 shown in Fig. 5, a light flux
emitted from semiconductor laser 111 representing a light
source passes through beam splitter 120 representing a light
merging means, then, stopped down by diaphragm 17 to the
prescribed numerical aperture, and forms a spot on
information recording surface 220 through diffraction-
integrated objective lens 160 and through transparent base
board 210 of high density recording optical disk 200
representing an optical information recording medium. A
wavelength (standard wavelength) of the semiconductor laser

light is 650 nm.
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A reflected light flux modulated by information bit on
information recording surface 220 passes through the
diffraction-integrated objective lens 160 again to be changed
into a converged light, then, further passes through
diaphragm 17 to be reflected on beam splitter 120 and passes
through cylindrical lens 180 to be subjected to astigmatism
and magnification change, and is converged on a light-
receiving surface of optical detector 300. Incidentally, the
numeral 150 in the drawing represents an actuator serving as
a distance adjusting means for focus control and tracking
control. Including an embodiment which will be explained
later, it is preferable that the actuator 150 drives
objective lens 160 in terms of focusing under the state
wherein an image forming magnification is substantially
constant.

Incidentally, including an embodiment which will be
explained later, when objective lens 160 is driven in terms
of tracking in the direction perpendicular to its optical
axis by actuator 150, the relative position of the objective
lens 160 to semiconductor laser 111 representing a light
source is changed, and in this case, the position where an
astigmatism component of wave front aberration of the light
flux emerging out of the objective lens 160 is minimum is a
position whéfe the optical axié of the objective lens 160 is

deviated from the center of a light flux emitted from the
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semiconductor laser 111, and therefore, it is possible to
expand a range where an astigmatism is smaller than the
prescribed value. When the distance between the
semiconductor laser and an information recording surface of
the optical image recording medium is made to be greater than
10 mm and to be smaller than 40 mm, optical pickup device 100
can be made compact, which is preferable.

Further, the diaphragm 17 was also established properly
to comply with specifications of the objective lens in the
example so that a numerical aperture on the digk 16 side may
be a prescribed value. In the present embodiment, it is also
possible to provide a liquid crystal shutter just ahead of
the diaphragm 17. Incidentally, in the present embodiment
and in another embodiment described later, it is conceivable
that a temperature sensor that detects a temperature of a
semiconductor laser representing a light source is provided,
and a temperature of the semiconductor laser (or an ambient
temperature) is adjusted by a temperature adjusting means
including a Peltier element by the use of signalsg outputted
from the temperature sensor.

Fig. 6 is a sectional schematic view of objective lens
160. On surface S1 of the objective lens 160 closer to a
light source, there are formed three optical surface axeas
Al, A2 and A3. The optical surface area A2 between hl and h2

each representing a height from an optical axis is formed by
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a refraction section composed of an aspheric surface and each
of the optical surface areas Al and A3 which are adjacent to
the optical surface area A2 is formed by a diffractive
section.

The optical surface areas Al that is outside the height
hl determines power allocation for refraction power and
diffraction power of the outermost diffractive section so
that correction of spherical aberration and correction of
temperature characteristics in the course of using DVD may be
the prime object.

Now, when CD is used, over spherical aberration is
caused in the design wherein spherical aberration is
corrected with a transparent base board thickness (t; = 0.6
mm) of DVD, because the transparent base board thickness is
greater than the thickness of DVD. As it stands, therefore,
recording and reproducing are usually impossible. To realize
interchangeability, therefore, design of recording and
reproducing for CD is conducted for intermediate optical
surface area A2. To be concrete, the design is conducted to
correct spherical aberration for the assumed base board
(example, £t = 0.9 mm) whose thickness is in a range from t,
to t;, without making the spherical aberration to be zero
thoroughly in CD (ty = 1.2 mm).

On the paraxial optical surface area A3, thére is

formed a diffractive section in the same way as in the
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outermost area Al, and power allocation for refraction power
and diffraction power of the diffractive section is
determined so that correction of spherical aberration and
correction of temperature characteristics in the course of
using DVD may be the prime object. In this case, generation
of spherical aberration caused by a difference in transparent
base board thickness is proportional to the fourth power of
NA, and on the contrary, in the low NA area, the rate of
generation of spherical aberration is less, even when
deviated from the designed thickness of the base board.
Therefore, by designing properly the paraxial area A3 in
which a transparent base board thickness for DVD is designed
to be t; and intermediate optical surface area A2, it is
possible, even CD is used, to make a light spot formed by
optical surface area A3 including an optical axis and by
intermediate optical surface area A2 to be not more than the
diffraction limit (0.07 Arms or less: A represents a
wavelength of a light source here), at a certain position on
the over side from the paraxial image point.

In the case of using CD, a light flux passing through
the outermost area Al only turns out to be a flare component,
and only a light flux passing through the intermediate
optical surface area A2 and paraxial optical surface area A3

contributes to a CD spot. Though these are not always free
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from aberration completely, it is possible to realize an
amount of spherical aberration (about 0.04 Arms) which is

especially preferable for practical use. In the case of
using DVD, a light flux passing through the intermediate
optical surface area A2 only turns out to beva flare
component, and a light flux passing through the outermost
area Al and paraxial optical surface area A3 is used for
forming a spot. Therefore, correction of spherical
aberration and correction of temperature characteristics in
the course of using DVD are kept.

Incidentally, the invention is not limited to the
aforesaid embodiment. Though the intermediate optical
surface area A2 is composed of the refraction section, the
same effect is obtained even when the intermediate optical
surface area A2 is composed of the diffractive section having
the same spherical aberration. Further, it is naturally
possible to realize even when the refraction section and the
diffractive section exist mixedly on the intermediate optical
surface area A2. Further, diffractive sections may be formed
on both sides in the direction of the optical axis. In
addition, the paraxial optical surface area A3 does not need
to be established to be thoroughly free from aberration in
using DVD, and residual aberrationAqf CD may be made less as

shown in the second embodiment degcribed later. 1In this
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case, spherical aberration may be caused on the portion close
to the optical axis.

An optical surface of the objective lens does not need
to be composed strictly of three optical surface areas, and
it may be composed of more optical surface areas. In that
case, it is also possible to arrange so that at least one
optical surface area for correcting a base board thickness
and temperature characteristics in using DVD exists on the
optical surface area outside necessary numerical aperture NA
of CD, at least one optical surface area for forming CD spot
exists on at least one area inside necessary numerical
aperture NA of CD, and at least one optical surface area for
correcting a base board thickness and temperature
characteristics in using DVD exists on the area near an
optical axis.

(Second embodiment)

Next, the second embodiment will be explained. This
embodiment is one wherein a wavelength of a light source
under which DVD is used is different from that under which CD
is used, and explanation of portions in this embodiment which
are the same as those in the first embodiment will be
omitted. In the optical pickup device (that is of a type of
two light sources and one detector) related to the present

embodiment shown in Fig. 7, there are provided semiconductor



10

15

20

WO 02/35537 PCT/JP01/09327

178

laser 111 (designed wavelength AL = 650 nm) representing the
first light source for reproducing the first optical disk
(DVD) and semiconductor laser 112 (designed wavelength Al =

780 nm) representing the second light source for reproducing
the second optical disk (CD).

First, when reproducing the first optical disk, a beam
is emitted from the first semiconductor laser 111, and the
light flux thus emitted passes through beam splitter 190
which is a light merging means for light emitted from the
semiconductor laser 111 and for that emitted from the
semiconductor laser 112, then, passes through beam splitter
120, and is stopped down by diaphragm 17 to be converged by
objective lens 160 on information recording surface 220
through transparent base board 210 of first optical disk 200.

Then, the light flux modulated by information bit and
reflected on the information recording surface 220 passes
through the objective lens 160 as well as diaphragm 17 again,
then, enters the beam gplitter 120 to be reflected therein,
and is given astigmatism by cylindrical lens 180 to enter
optical detector 300, where signals are obtained through
reading of information recorded on the first optical disk 200

by the use of signals outputted from the optical detector

300.
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Further, detection of focusing and detection of
tracking are conducted by detecting a change in an amount of
light caused by changes in form and position of a spot on the
optical detector 300. Based on this detection, two-dimension
actuator 150 representing a distance adjusting means moves
objective lens 160 so that a light flux emitted from the
first semiconductor laser 111 may form images on recording
surface 220 of the first optical disgk 200, and moves
objective lens 160 so that a light flux emitted from the
first semiconductor laser 111 may form images on the
prescribed track.

When reproducing the second optical disk, a beam is
emitted from the second gsemiconductor laser 112, and the
light flux thus emitted is reflected on beam splitter 190
which is a light merging means, and is converged on
information recording surface 220 through beam splitter 120,
diaphragm 17 and objective lens 160 in the same way as in the
light flux emitted from the first semiconductor 111, and
through transparent base board 210 of the second optical digk
200.

Then, the light flux modulated by information bit and
reflected on information recording surface 220 enters the
optical detector 300 through the objective lens 160,
diaphragm 17, beam splitter 120 and cylindrical lens 180

again, and signals are obtained through reading of
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information recorded on the second optical disk 200 by the
use of signals outputted from the optical detector 300.

In the same way as in the first optical disk, detection
of focusing and detection of tracking are conducted by
detecting a change in an amount of light caused by changes in
a form and a position of the spot on the optical detector
300, and two-dimension actuator 150 moves objective lens 160
for focusing and tracking.

Fig. 8 shows a schematic sectional view of an objective
lens. On surface S1 of the objective lens 160 closer to a
light source, there are formed three optical surface areas
Al, A2 and A3. Each optical surface area is composed of a
diffractive section, and outermost optical surface area Al
and optical surface area A3 near an optical axis are
diffraction surfaces under the same design concept, while,
intermediate optical surface area A2 between hl and h2 each
representing a height from an optical axis is a diffractive
section designed from a viewpoint that is different from that
for diffractive sections on both sides of the intermediate
optical surface area A2.

The outermost optical surface area Al and optical
surface area A3 near an optical axis conduct correction of a
base board thickness and correction of temperature
characteristics in the course of using DVD. When using CD,

in this case, under spherical aberration is generated on the
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light flux passing through the aforesaid diffractive section
as spherical aberration for the color corresponding to ﬁhe
wavelength of the light source that is longer compared with
that for DVD. 1In this case, to make it possible to conduct
reproducing and recording for CD, the optical design of
intermediate optical surface area A2 is made so that
spherical aberration which is different from that for the
diffractive sections on both sides may be given to the
intermediate optical surface area A2. Even in the present
embodiment, spherical aberration is not made to be zero
perfectly in CD (t; = 1.2 mm), but a base board (for example,
t = 0.9 mm) having a certain thickness between t; and t; is
assumed, and spherical aberration is corrected for that base
board, in the design. Though the cbrresponding portion has
under spherical aberration when using DVD, it turns out to be
flare light which is far from the main spot.

On the other hand, when using CD, a light flux passing
through the outermost optical surface area A1l only turns out
to be flare component, and those contributing to CD spot are
only intermediate optical surface area A2 and optical surface
area A3 near an optical axis (see Fig. 8 (b)). Though these
are not free from aberration completely, an amount of

spherical aberration capable of being used practically (about

0.04 Arms) can be realized. When using DVD, a light flux



10

15

20

25

WO 02/35537 PCT/JP01/09327

182

passing through intermediate optical surface area A2 ig a
flare component (see Fig. 8 (a)), and outermost optical
surface area Al and optical surface area A3 near an optical
axis are used for forming the spot. Therefore,
interchangeability with CD can be realized under the
condition where correction of spherical aberration and
correction of temperature characteristics are kept in the
course of using DVD.

Incidentally, the invention is not limited to the
aforesaid embodiment. Though the intermediate optical
surface area A2 is composed of the refraction section, the
same effect is obtained even when the intermediate optical
surface area A2 is composed of the diffractive section having
the same spherical aberration. Further, it is naturally
possible to realize even when the refraction section and the
diffractive section exist mixedly on the intermediate optical
surface area A2. Further, diffractive sections may be formed
on both sides in the direction of the optical axis. In
addition, the paraxial optical surface area A3 does not need
to be established to be thoroughly free from aberration in
using DVD, and residual aberration of CD may be made less.

In this case, spherical aberration may be caused on the
portion close to the optical axis.

An optical surface of the objective lens does not need

to be composed strictly of three optical surface areas, and
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it may be composed of more optical surface areas. In that
case, 1t is also possible to arrange so that at least one
optical surface area for correcting a base board thickness
and temperature characteristics in using DVD exists on the
optical surface area outside necessary numerical aperture NA
of CD, at least one optical surface area for forming CD spot
exists on at least one area inside necessary numerical
aperture NA of CD, and at least one optical surface area for
correcting a base board thickness and temperature
characteristics in using DVD exists on the area near an
optical axis.

(Third embodiment)

Next, the third embodiment will be explained. This
embodiment is one wherein a wavelength of a light source
under which DVD is used is the same as that under which CD is
used, and explanation of portions in this embodiment which
are the same as those in the aforesaid embodiment will be
omitted. An optical pickup device is the same as one shown
in Fig. 5 in terms of structure. A schematic structure
diagram of an objective lens is shown in Fig. 9.

On surface S1 of objective lens 160 closer to a light
source, there are(formed three optical surface areas Al, A2
and A3 each being designed optically based on a different
concept. However, from the viewpoint of using a light flux,

a light flux passing through the outermost optical surface
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area Al and the innermost optical surface area A3 is used to
form an optical spot on a recording surface in the case of
using DVD, and a light flux passing through the intermediate
optical surface area A2 and the innermost optical surface
area A3 is used to form an optical spot in the case of using
CD, in the same way as in the embodiment explained already.
A diffraction surface of optical surface area Al
outside hl representing a height from optical axis X is
designed for correction of a base board thickness and
temperature characteristics in the case of using DVD, in the
same way as in the first embodiment, and when using CD, over
flare light is generated. Intermediate optical surface area
A2 is designed to correct spherical aberration for the
assumed base board having a certain thickness between t; and
ty (for example, t = 0.9 mm) for a purpose of
interchangeability with CD, and it is used for forming a spot
in the case of using CD, and an under flare light is
generated when DVD is used. On the innermost optical surface
area A3, the refraction surface is designed for correcting a
base board thickness of DVD basically, and a form of
spherical aberration on the portion near an optical axis is
devised for lessening residual aberration in the case of
using CD. This area is also uged for forming main spot 1light

for DVD and CD, which has been described already.
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Incidentally, the invention is not limited to the
aforesaid embodiment. Though the intermediate optical
surface area A2 is composed of the refraction section, the
same effect is obtained even when the intermediate optical
surface area A2 is composed of the diffractive section having
the same spherical aberration. Further, it is naturally
possible to realize even when the refraction section and the
diffractive section exist mixedly on the intermediate optical
surface area A2. Further, diffractive sections may be formed
on both sides in the direction of the optical axis. In
addition, the paraxial optical surface area A3 does not need
to be established to be thoroughly free from aberration in
using DVD, and residual aberration of CD may be made less.

In this case, spherical aberration may be caused on the
portion close to the optical axis.

An optical surface of the objective lens does not need .
to be composed strictly of three optical surface areas, and
it may be composed of more optical surface areas. In that
case, it is also possible to arrange so that at least one
optical surface area for correcting a base board thickness
and temperature characteristics in using DVD exists on the
optical surface area outside necessary numerical aperture NA
of CD, at least one optical surface area for forming CD spot
exists on at least one area inside necessary numerical

aperture NA of CD, and at least one optical surface area for
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correcting a base board thickness and temperature
characteristics in using DVD exists on the area near an
optical axis.

(Fourth embodiment)

Next, the fourth embodiment will be explained. This
embodiment is one wherein a wavelength of a light source
under which DVD is used is different from that under which CD
is used, and an optical pickup device is the same as one
shown in Fig. 7 in terms of structure. A schematic sectional
view of an objective lens is the same as one shown in Fig. 9.

On a surface of an objective lens closer to a light
source, there are formed three optical surface areas Al, A2
and A3 each being designed optically based on a different
concept. However, from the viewpoint of using a light flux,
a light flux passing through the out side and the inside is
used to form an spot light on a recording surface in the case
of using DVD, and a light flux passing through the
intermediate portion and the inside is used to form a spot
light in the case of using CD, in the same way as in the
embodiment explained already.

A diffraction surface of optical surface area Al
outside hl representing a height from optical axis X is
designed for correction of a‘base board thickness and
temperature characteristics in the case of using DVD, in the

same way as in the first embodiment, and when using CD, under
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flare light is generated. Intermediate optical surface area
A2 is designed to correct spherical aberration for the
assumed base board having a certain thickness between t; and
t> (for example, t = 0.9 mm) for a purpose of
interchangeability with CD, and it is used for forming a spot
in the case of using CD, and an over flare light is generated
when DVD is used. On the innermost optical surface area A3,
the refraction surface is designed for correcting a base
board thickness of DVD basically, and a form of spherical
aberration on the portion near an optical axis is devised for
lessening residual aberration in the case of using CD.
Spherical aberration of this area generated when CD ig used
is under one which is opposite to that in the third
embodiment. This area is also used for forming main spot
light for DVD and CD, which has been described already.
Incidentally, the invention is not limited to the
aforesaid embodiment. Though the intermediate optical
surface area A2 is composed of the refraction section, the
same effect is obtained even when the intermediate optical
surface area A2 is composed of the diffractive section having
the same spherical aberration. Further, it is naturally
possible to realize even when the refraction section and the
diffractive section exist mixedly on the intermediate optical
surface area A2. Further, diffractive sections may be formed

on both sides in the direction of the optical axis. In
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addition, the paraxial optical surface area A3 does not need
to be established to be thoroughly free from aberration in
using DVD, and residual aberration of CD may be made less.
In this case, spherical aberration may be caused on the
portion close to the optical axis.

An optical surface of the objective lens does not need
to be composed strictly of three optical surface areas, and
it may be composed of more optical surface areas. In that
case, it is also possible to arrange so that at least one
optical surface area for correcting a base board thickness
and temperature characteristics in using DVD exists on the
optical surface area outside necessary numerical aperture NA
of CD, at least one optical surface area for forming CD spot
exists on at least one area inside necessary numerical
aperture NA of CD, and at least one optical surface area for
correcting a base board thickness and temperature
characteristics in using DVD exists on the area near an
optical axis.

(Fifth embodiment)

Next, the fifth embodiment will be explained. This
embodiment is one wherein a wavelength of a light source
under which DVD is used is the same as that under which CD is
used, and an optical pickup device is the same as one shown
in Fig. 5 in terms of structure. A schematic structure

diagram of an objective lens is shown in Fig. 10.
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On surface S1 of objective lens 160 closer to a light
source, there are formed two optical surface areas Al and A2
each being designed optically based on a different concept.
From the viewpoint of using a light flux, a light flux
passing through the outside and the inside is used to form a
spot light on a recording surface in the case of using DVD,
and a light flux passing through the inside is used to form a
spot light on a recording surface in the case of using CD.

A diffraction surface of optical surface area Al
outside hl representing a height from optical axis X is
designed for correction of a base board thickness and
temperature characteristics in the case of using DVD, in the
same way as in the first embodiment, and when using CD, over
flare light is generated. Inside optical surface area A2 is
designed to correct spherical aberration for the assumed base
board having a certain thickness between t; and t, (for
example, t = 0.9 mm) for a purpose of interchangeability with
CD, and it is used for forming a spot in the case of using
CD, and it is used to contribute to forming a spot light when
DVD is used. Further, a form of spherical aberration on the
portion near an optical axis is devised for lessening
residual aberration in the case of using CD. Spherical
aberration generated on this area when CD is used is under
spherical aberration which is opposite to that in the third

embodiment. This area is also used for forming main spot
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light for DVD and CD, which has been described already.
Incidentally, the invention is not limited to the aforesaid
embodiment. Though the inside optical surface area A2 is
composed of the refraction section, the same effect is
obtained even when the inside optical surface area A2 is
composed of the diffractive section having the same spherical
aberration. Further, it is naturally possible to realize
even when the diffractive section and the refraction section
exist mixedly on the intermediate optical surface area A2.
Further, diffractive sections may be formed on both sides in
the direction of the optical axis.

(Sixth embodiment)

Next, the sixth embodiment will be explained. This
embodiment is one wherein a wavelength of a light source
under which DVD is used is different from that under which CD
is used, and an optical pickup device igs the same as one
shown in Fig. 7 in terms of structure. A schematic sectional
view of an objective lens is shown in Fig. 15.

On surface S1 of objective lens 160 closer to a light
gsource, there are formed two optical surface areas Al and A2
each being designed optically based on a different concept.
From the viewpoint of using a light f£lux, a light flux
passing through the outside and the inside is used to form a

spot light on a recording surface in the case of using DVD,



10

15

20

25

WO 02/35537 PCT/JP01/09327

191

and a light flux passing through the inside is used to form a
spot light on a recording surface in the case of using CD.

A diffraction surface of optical surface area Al
outside hl representing a height from optical axis X is
designed for correction of a base board thickness and
temperature characteristics in the case of using DVD, in the
same way as in the first embodiment, and when using CD, over
flare light is generated. Intermediate optical surface area
A2 is designed to correct spherical aberration for the
assumed base board having a certain thickness between t; and
tz (for example, t = 0.9 mm) while utilizing spherical
aberration for the color corresponding to the longer length
in terms of a length of a light source compared with DVD, for
a purpose of interchangeability with CD, and it is used for
forming a spot in the case of using CD, and it is used to
contribute to forming a spot light when DVD is used.
Therefore, when using CD, a light flux passing through the
outside optical surface area Al only turns out to be flare
component, and what is contributing to forming of a spot
light for CD is a light flux passing through the inside
optical surface area A2, and when using DVD, a light flux
passing through the outside optical surface area Al and a
light flux passing through the inside optical surface area A2
are used for forming a spot light. Therefore,

interchangeability with CD can be realized under the
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condition where correction of spherical aberration and
correction of temperature characteristics are kept in the
course of using DVD.

Further, in many actual optical pickup devices, a
distance between an emission point and each disk surface is
constant, and there is a high possibility that an actual
image forming magnification for DVD is different from that
for CD. However, the distance between an emission point and
a lens surface is made to be the same for DVD and CD in the
following examples, because that strictness does not matter
in substance of the invention.

Incidentally, the invention is not limited to the
present embodiment. Though a diffractive section is used to
constitute the inside optical surface area A2, the effect is
the same even when a refraction section having the same
spherical aberration is used. Further, even when the
diffractive section and the refraction section exit mixedly
on the inside optical surface area A2, it is naturally
possible to realize. In addition, the diffractive section
may further be formed on both sides in the direction of an
optical axis.

Examples of the objective lens which is favorably used
in the optical pickup device in the embodiment described

above will be explained as follows.
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In general, a pitch of a ring-shaped diffractive =zone
on the diffraction surface is defined by using a phase
difference function or an optical path difference function.
To be concrete, phase difference function ®b is expressed by
the following “Numeral 1” in a unit of radian, and optical
path difference function ®B is expressed by the following

“Numeral 27 in a unit of mm.

(Numeral 1)

O, = i b, h*
i=1

(Numeral 2)
@, = i B,,h*
i=1
These two expression methods are different each other
in terms of a unit, but they are the same in terms of
expressing a pitch of a ring-shaped diffractive zone.

Namely, if phase difference function coefficient b is
multiplied by A/2n for main wavelength A (unit mm), it is

possible to convert into optical path difference function

coefficient B, while, if optical path difference function
coefficient B is divided by A/2% on the contrary, it is

possible to convert into phase difference function

coefficient b.
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Based on the definition stated above, it is possible to
make a lens to have power, by making the secondary
coefficient of the phase difference function or of the
optical path difference function to be the value other than
zero. Further, it is possible to control spherical
aberration by making the coefficient of the phase difference
function or of the optical path difference function other
than the secondary coefficient, for example, quaternary
coefficient, 6-th order coefficient, 8-th order coefficient
and 10-th order coefficient. Controlling in this case means
that spherical aberration is corrected on the whole by giving
opposite spherical aberration to the diffractive section for
spherical aberration of the refraction section or that the
total spherical aberration is made to be a desired flare
amount by manipulating spherical aberration of the
diffractive section.

In addition, the diffraction surface mentioned above is
formed on the surface on at least one side, and that surface
has thereon an aspherical form expressed by the following
expression “Numeral 3”.

(Numeral 3)

2 oo
zZ = bR, + Y Ap™
1+41-0+®0 ®R)? &
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In the expression, Z represents an axis in the
direction of an optical axis, h represents an axis in the
direction perpendicular to an optical axis (height from an

optical axis: advancing direction of light is positive), RO
represents a paraxial radius of curvature, K represents the

constant of the cone, A represents the aspherical coefficient
and P represents the number of power of the aspheric surface.

Incidentally, from now on (including lens data of the
table), the power multiplier of 10 (for example, 2.5 x 107%)
is shown by the use of E (for example, 2.5 x E—3).

(Example 1)

With regard to the example of the objective lens which
can be used for the Embodimént 1 mentioned above, data of the
objective lens are shown in Table 1. Fig. 11 is a spherical
aberration diagram for DVD and Fig. 12 is that for CD.
Necessary numerical aperture NA of DVD is 0.60 and that of CD

is 0.45.



10

15

WO 02/35537 PCT/JP01/09327
196
Table 1
Example 1 f£1=3.05mm, £2=3.05mm, ml=-1/6.01, m2=-1/6.01
NAH=1.373mm, NAL=1.22mm
Pout=0.00367mm, Pin=0.04368mm
n=1 0SA1/8T = 0.0001Arms/°C
O0SA/8U = 0.063Arms/mm
DVD CD
ith - di ni di ni
surface (650nm) (6501m) (650nm) (650nm)
0 20.006 |1.0 20.006 [1.0 Bmission
point
A
1 . 0.0 1.0 0.0 1.0 perture
04 .452 mm
2 2.11184 1.72 1.54094 1.72 1.54094
2! 2.11184 1.72 1.54094 1.72 1.54094
A 2.11184 1.72 1.540094 1.72 1.54094
3 -5.3457 2.20 1.0 1.83 1.0
4 oo 0.6 1.577866 1.2 1.577866
5 [

Aspherical data
2nd surface
(0<h<1.22 mm: Optical surface area including optical axis)

Aspherical coefficient

K
Al
A2
A3
Ad

Optical path difference function

-1.
+1.
-1.
+1.
+1.

6695%xE~-0
0619xE-2
6783xE-3
2711xE-4
9174xE-8

Pl
b2
P3
P4

o O B
O O O

10.0

(Coefficient of optical path difference function: Standard
wavelength 650 nm)

B2
B4
B6
B8
B10

-3
-1
-2
+9
-1

8401xE-3
2957xE~-4
8158%xE-5
8536xE-6
9454 xE-~"7
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2'nd surface
(1.22 mm<h<1.373 mm: Intermediate optical surface area)
Aspherical coefficient

K -1.6536xE-0

Al +1.0637xE-2 Pl 4.0
A2 -1.6905xE-3 P2 6.0
A3 +1.2505xE-4 P3 8.0
Ad -1.7615%xE-7 P4 10.0

Optical path difference function
(Coefficient of optical path difference function: Standard
wavelength 650 nm)

B2 -3.8920xE-3
B4 -1.3036xE-4
B6 -2.4328xE-5
B8 +1.1263xE-5
B10 -1.3503xE-6

2"nd surface (1.373 mm<h: Outside optical surface area)
Aspherical coefficient

K -1.6695xE-0

Al +1.0619xE-2 P1 4.0
A2 -1.6783xE-3 P2 6.0
A3 +1.2711xE-4 P3 8.0
A4 +1.9174xE-8 P4 10.0

Optical path difference function
(Coefficient of optical path difference function: Standard
wavelength 650 nm)

B2 ~-3.8401xE-3
B4 -1.2957xE-4
B6 -2.8158xE-5
B8 +9.8536%xE-6
B10 -1.9454xE-7

3rd surface Aspherical coefficient
K -3.1740xE+1

Al +4.1021xE-3 Pl 4.0
A2 -6.9699xE-4 P2 6.0
A3 +6.7716xE-5 P3 8.0
A4 -6.4184xE-6 P4 10.0
A5 +1.8509%xE-7 P5 12.0
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(Example 2)

With regard to the example of the objective lens which
can be used for the Embodiment 2 mentioned above, data of the
objective lens are shown in Table 2. Fig. 13 is a spherical
aberration diagram for DVD and Fig. 14 is that for CD.

Necessary numerical aperture NA of DVD is 0.60 and that of CD

is 0.45.
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Table 2

Example 2 £,=3.05mm, £2=3.06mm,ml=-1/6.01,m2=-1/5.97
NAH=1.370mm, NAL=0.81lmm
Pout=0.00369mm, Pin=0.1600mm

n=1 0SA1/8T = 0.0001Axrms/°C
O0SA/8U = 0.063Arms/mm

DVD cD
ith , di ni di ni
surface td (650mm) | (650mm) | (780mm) | (780mm)

0 20.006 | 1.0 20.006 1.0 Buission
point

1 - 0.0 1.0 0.0 1.0 Aperture
04.452 mm

2 2.11184 | 1.72 1.54094 1.72  |1.53729

X 2.11184 | 1.72 1.54094 1.72  |1.53729

on 2.11184 | 1.72 1.54094 1.72  |1.53729

3 -5.3457 2.20 1.0 1.83 1.0

4 0 0.6 1.577866 | 1.2 1.570839

5 o

Aspherical data

2nd surface

(0<h<0.81 mm: Optical surface area including optical axis)
Aspherical coefficient

X -1.6695%xE-0

Al +1.0619xE-2 P1 4.0
A2 -1.6783xE-3 P2 6.0
A3 +1.2711xE-4 P3 8.0
A4 +1.9174xE-8 P4 10.0

Optical path difference function (Coefficient of optical path
difference function: Standard wavelength 650 nm)
B2 -3.8401xE-3
B4 -1.2957xE-4
B6 -2.8158xE-5
B8 +9.8536xE-6
B10 -1.9454xE-7
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2'nd surface
(0.81 mm<h<1.370 mm: Intermediate optical surface area)
Aspherical coefficient

K -1.5361xE-0

Al +1.2030xE-2 Pl 4.0
A2 -7.7324%xE-4 P2 6.0
A3 +4.5188%xE-4 P3 8.0
A4 -1.3696%xE-4 P4 10.0

Optical path difference function (Coefficient of optical path
difference function: Standard wavelength 780 nm)
B2 -2.5830xE-3
B4 +3.8438xE-4
B6 +2.0764xE-5
B8 -~1.9229xE-5
B10 -8.1530xE-6

2"nd surface (1.370 mm<h: Outside optical surface area)
Aspherical coefficient

K -1.6695xE-0

Al +1.0619%xE-2 P1 4.0
A2 -1.6783xE-3 P2 6.0
A3 +1.2711xE-4 P3 8.0
A4 +1.9174%xE-8 P4 10.0

Optical path difference function (Coefficient of optical path
difference function: Standard wavelength 650 nm)
B2 ~3.8401xE-3
B4 -1.2957xE-4
B6 -~-2.8158xE-5
B8 +9.8536xE-6
B10 -1.9454xE-7

3rd surface Aspherical coefficient
K -3.1740xE+1

Al +4.1021xE-3 P1 4.0
A2 -6.9699xE-4 P2 6.0
A3 +6.7716XxE-5 P3 8.0
A4 -6.4184xE-6 P4 10.0

A5 +1.8509xE-7 P5 12.0
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(Example 3)

With regard to the example of the objective lens which
can be used for the Embodiment 6 mentioned above, data of the
objective lens are shown in Table 2. Fig. 16 is a spherical
aberration diagram for DVD and Fig. 17 is that for CD.

Necessary numerical aperture NA of DVD is 0.60 and that of CD

is 0.45.
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Table 3

£1=3.20mm, £2=3.21mm,ml=-1/6.8,m2=-1/6.8
NAH=1.66681mm
Pout=0.0217mm, Pin=0.11llmm

5 n=1 8SA2/8T = 0.00077Axrms/°C
0SA1/8U = 0.066Arms/mm

ith , di ni di ni
surface £ (655rm) | (655rm) | (785mm) | (785nm)
0 2.43289 24.699
1 o 0.0 1.0 0.0 1.0 Pperture
04.3108 mm
2 2.219924| 2.6 1.54094 | 2.6 1.53716
o 2.321811| 2.5938 | 1.54094 | 2.5938 | 1.53716
3 -4.6282 1.97666] 1.0 1.60656 | 1.0
4 - 0.6 1.57752 | 1.2 1.57063
5 o0

Aspherical data
2nd surface

10 (0<h<1.66681 mm: Optical surface area including optical axis)
Aspherical coefficient

K -2.0664%xE-0

Al +1.4172xE-2 Pl 4.0
A2 +1.8597xE-4 P2 6.0
A3 -7.6246%xE-4 P3 8.0
Ad +2.9680xE-4 P4 10.0
A5 -5.9552xE-5 P5 12.0
A6 +5.2766xE-6 P6 14.0

Optical path difference function (Coefficient of optical path
difference function: Standard wavelength 720 nm)

B4 -1.9684xE-3

B6 +5.8778xE-4

B8 -1.7198xE-4

B1l0 +1.8183xE-5
15
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2'nd surface (1.66681 mm<h: Outside optical surface area)
Aspherical coefficient

K -5.2B21xE-1

Al +7.2310xE-3 Pl 4.0
A2 -5.3542xE-3 P2 6.0
A3 +1.6587xE-3 P3 8.0
A4 -2.9617xE-4 P4 10.0
A5 +3.0030%xE-5 P5 12.0
A6 -1.6742xE-6 P6 14.0

Optical path difference function (Coefficient of optical path
5 difference function: Standard wavelength 655 nm)

B2 +2.7391xE-3
B4 -4.3035xE-3
Bé6 +1.1732xE-3
B8 -1.6358xE-4
B10 +7.6874xE-6

3rd surface Aspherical coefficient
K -2.14215xE-0

Al +3.14404xE-2 P1 4.0
A2 -1.58639xE-2 P2 6.0
A3 +6.63865xE-3 P3 8.0
A4 -1.73208xE-3 P4 10.0
A5 +2.34860xE-4 P5 12.0
A6 -1.30087xE-5 P6 14.0
(Example 4)
10 With regard to another example of the objective lens

which can be used for the Embodiment 6 mentioned above, data
of the objective lens are shown in Table 2. Fig. 18 is a

spherical aberration diagram for DVD and Fig. 19 ig that for
CD. Necessary numerical aperture NA of DVD is 0.60 and that

15 of CD is 0.45.
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Table 4

£1=3.20mm, f£2=3.21mm,ml=-1/6.8,m2=-1/6.8
NAH=1.66681mm
Pout=0.0190mm, Pin=0.11lmm

5 n=1 0SA2 /dT 0.00070Axrms/°C

It

0SA1/0U = 0.054Arms/mm
ith - di ni di ni
surface (655mm) (655nm) | (785nm) (785nm)
0 24.3312 24.7024
1 oo 0.0 1.0 0.0 1.0 Fperture
$»4.3108 mm
2 2.21708 | 2.6 1.54094| 2.6 1.53716
2! 2.315273| 2.5938 |1.54094| 2.5938 | 1.53716
3 -4.6451 1.9744 1.0 1.6032 | 1.0
4 o 0.6 1.57752| 1.2 1.57063
5 oo

Agpherical data
2nd surface

10 (0<h<1.66681 mm: Optical surface area including optical axis)
Aspherical coefficient

K -1.9916xE-0

Al +1.2271xE-2 P1L 4.0
A2 +2.6623xE-4 P2 6.0
A3 -4.8051xE-4 P3 8.0
A4 +9.4489xE-5 P4 10.0
A5 -2.6250xE-6 P5 12.0
A6 -1.0534%xE-6 P6 14.0

Optical path difference function
(Coefficient of optical path difference function: Standard
15 wavelength 720 nm)

B4 -2.3605xE-3
B6 +8.08435xE-4
B8 -2.1222xE-4
B10 +1.7503xE-5
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2'nd surface (1.66681 mm<h: Outside optical surface area)
Aspherical coefficient

K -5.5582xE-1

Al +6.7989%xE-3 PL 4.0
A2 -5.4908xE-3 P2 6.0
A3 +1.6536%xE-3 P3 8.0
A4 -2.9300xE-4 P4 10.0
A5 +3.0799xE-5 P5 12.0
A6 -1.7778xE-6 P6 14.0

Optical path difference function
(Coefficient of optical path difference function: Standard
wavelength 655 nm)

B2 +2.8609xE-3
B4 -4.3411xE-3
B6 +1.1344xE-3
B8 -1.6710xE-4
B10 +9.1424xE-6

3rd surface Aspherical coefficient
K -6.70263xE-1

Al +2.98350xE-2 P1 4.0
A2 -1.51427xE-2 P2 6.0
A3 +6.64091xE-3 P3 8.0
A4 -1.74128xE-3 P4 10.0°
A5 +2.32281xE-4 P5 12.0
A6 -1.25448%xE-5 P6 14.0

(Example 5)

With regard to another example of the objective lens
which can be used for the Embodiment 6 mentioned above, data
of the objective lens are shown in Table 2. Fig. 20 is a
spherical aberration diagram for DVD and Fig. 21 is that for
CD. Necessary numerical aperture NA of DVD is 0.60 and that

of CD is 0.45.
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Table 5

£1=3.20mm, £2=3.21mm,ml=-1/6.8,m2=-1/6.8
NAH=1.66681mm '
Pout=0.0144mm, Pin=0.0556mm

5 n=1 0SA2 /8T 0.00102Arms/°C

0SA1/8U = 0.057Arms/mm
ith i di ni di ni
surface (655nm) (655mm) | (785nm) (785nm)
0 24.3403 24.7307
Aperture
1 o 0.0 1.0 0.0 1.0 4?3108 o
2 2.28859 | 2.6 1.54094| 2.6 1.53716
21 2.43366 | 2.5928 |1.54094| 2.5928 | 1.53716
3 -4.7132 1.9653 |1.0 1.5749 | 1.0
4 o 0.6 1.57752| 1.2 1.57063
5 oo

Aspherical data
2nd surface

10 (0O<h<1.66681 mm: Optical surface area including optical axis)
Aspherical coefficient

K -1.0061xE-0

Al +4.2439%xE-3 P1L 4.0
A2 -1.4759xE-3 P2 6.0
A3 +9.3408x%xE-4 P3 8.0
A4 -5.109SxE-4 P4 10.0
A5 +1.5021xE-4 P5 12.0
A6 -1.5815%xE-5 P6 14.0

Optical path difference function
(Coefficient of optical path difference function: Standard
15 wavelength 720 nm)

B2 -4.8645%xE-3
B4 -7.2782xE-4
B6 -1.8032xE-4
B8 -4.9114xE-6
B10 +1.3132xE-5
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2’'nd surface (1.66681 mm<h: Outside optical surface area)
Aspherical coefficient

K -7.9917xE-1

Al +1.2236x%xE-2 Pl 4.0
A2 -5.6577xE-3 P2 6.0
A3 +1.6609xE-3 P3 8.0
A4 -2.9009%xE-4 P4 10.0
A5 +2.9096%xE-5 P5 12.0
A6 -1.5424xE-6 P6 14.0

Optical path difference function
(Coefficient of optical path difference function: Standard
wavelength 655 nm)
B2 -2.8166xE-3
B4 -3.1771xE-3
B6 +1.0641xE-3
B8 -1.9508xE-4
B10 +1.2278xE-5

3rd surface Aspherical coefficient
K -5.47493xE-1

Al +2.95069%xE-2 P1 4.0
A2 -1.46461xE-2 P2 6.0
A3 +6.39635xE-3 P3 8.0
A4 -1.71136%xE-3 P4 10.0
A5 +2.35330xE-4 P5 12.0
A6 -1.31514xE-5 P6 14.0

(Example 6)

With regard to still another example of the ocbjective
lens which can be used for the Embodiment 6 mentioned above,
data of the objective lens are shown in Table 2. Fig. 22 is
a spherical aberration diagram for DVD and Fig. 23 is that
for CD. Necessary numerical aperture NA of DVD is 0.60 and

that of CD is 0.45.
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Table 6

£1=3.20mm, £2=3.21mm,ml=-1/6.8,m2=-1/6.8
NAH=1.66681mm
Pout=0.0135mm, Pin=0.0450mm

5 n=1 0sa2/8T 0.00097Arms/°C
O0SA1/0U = 0.057Arms/mm

ith . di ni di ni
surface i (655mm) | (655nm) | (7850m) (785rm)
0 24.3320 24.7315
Aperture
1 o 0.0 1.0 0.0 1.0 41?3108m
2 2.32575 | 2.6 1.54094| 2.6 1.53716
o 2.45552 | 2.5963 |1.54094| 2.5963 | 1.53716
3 -4.6504 1.9653 |1.0 1.5749 | 1.0
4 o 0.6 1.57752| 1.2 1.57063
5 co

Aspherical data
2nd surface

10 (0<h<1.66681 mm: Optical surface area including optical axis)
Aspherical coefficient

¥ -1.1171xE-0

Al +3.1061xE-3 P1 4.0
A2 +1.6363xE-3 P2 6.0
A3 -1.1145%xE-3 P3 8.0
A4 +3.1702xE-4 P4 10.0
AL -4.9061xE-5 P5 12.0
A6 +5.3895xE-6 P6 14.0

Optical path difference function
(Coefficient of optical path difference function: Standard
15 wavelength 720 nm)

B2 -6.3187xE-3
B4 -1.7269%xE-3
B6 +8.2815xE-4
B8 -4.0856xE-4
B10 +6.8845x%xE-5
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2'nd surface (1.66681 mm<h:

Aspherical coefficient

K -8.2400xE-1
Al +1.1865xE-2
A2 -5.4663xE-3
A3 +1.6917xE-3
A4 -2.9856xE-4
A5 +2.6842xE-5
A6 -1.1008xE-6
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Outside optical surface area)

Pl
b2
P3
P4
b5
b6

Optical path difference function
(Coefficient of optical path difference function: Standard

wavelength 655 nm)
B2 -5.3662xE-3
B4 -2.7368xE-3
B6 +1.0893xE-3
B8 -2.3018xE-4
B10 +1.6566%xE-5

3rd surface
K -1.22207xE-0

Al +3.03718xE-2

A2 -1.45690xE-2

A3 +6.19508xE-3

A4 -1.71672xE-3

A5 +2.51638xE-4

A6 -1.50897xE-5

Pl

I O
NI S S
e e . O O O
o oo

Aspherical coefficient

o O O

4.
6.
8.
10.0
12.0
14.0

Table 7 shows refractive indexes of the objective lens

and of the transparent base board of the optical information

recording medium for each wavelength, and temperature

characteristics data of the semiconductor laser (light

source) .
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Table 7
Refractive index of Refractive index of
, . transparent base

objective lens
board
644nm 1.5412 1.5783
650nm 1.5409 1.5779
656nm 1.5407 1.5775
780nm 1.5373 1.5708

dn/dT/ (/°C) -1.2 x 107° -1.4 x 10°

Temperature characteristics
of wavelength emitted from OA/&T/=+0.2nm/°C)
light source

In the examples stated above, Example 1 exemplifies the
objective lens wherein outermost optical surface area Al is
composed of a diffractive section, intermediate optical
surface area A2 is composed of a refraction section and near-
optical-axis optical surface area A3 is composed of a
diffractive section, as shown in Fig. 6, and Example 2
exemplifies the objective lens wherein outermost optical
surface area Al is composed of a diffractive section as shown
in Fig. 8. However, it i1s also possible to employ the
constitution wherein outermost optical surface area Al is
composed of a diffractive section, intermediate optical
surface area A2 is composed of a mixture of a diffractive
section and a refraction section and near-optical-axis
optical surface area A3 is composed of a diffractive section,
as shown in Fig. 24. It is further possible to employ the

constitution wherein outermost optical surface area Al is
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composed of a diffractive section, intermediate optical
surface area A2 is composed of a diffractive section and
near-optical-axis optical surface area A3 is composed of a
refraction section, as shown in Fig. 9, the constitution
wherein outermost optical surface area Al is composed of a
diffractive section, intermediate optical surface area A2 is
composed of a refraction section and near-optical-axis
optical surface area A3 is composed of a refraction section,
as shown in Fig. 25, or the constitution wherein outermost
optical surface area Al is composed of a diffractive section,
intermediate optical surface area A2 is composed of a mixture
of a diffractive section and a refraction section and near-
optical-axis optical surface area A3 is composed of a
refraction section, as shown in Fig. 26.

Though there is exemplified an objective lens wherein
outside optical surface area Al is composed of a diffractive
section and inside optical surface area A2 is composed of a
diffractive section as shown in Fig. 15, in Examples 3 - 6,
it is also possible to make the outside optical surface area
Al to be composed of a diffractive section and to make the
inside optical surface area A2 to be composed of a refraction
section as shown in Fig. 10. It is further possible to make
the inside optical surface area A2 to be composed of a mixed
existence of the diffractive section and the refraction

section.
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Though an explanation of examples of these concrete
structures will be omitted, they may easily be worked if the
spirit of the invention is obserxved. It is further possible
to modify variously without departing from the spirit of the
invention. For example, four or more optical surface areas
may be used for composition as stated above, without being
limited to the structure wherein functions can be divided by
two optical surface areas or three optical surface areas.

Incidentally, the diffractive section may naturally be
provided on the surface of the corresponding area closer to a
light source, or on the surface of the corresponding area
closer to an image, or even on both surfaces.

In the foregoing, "“mixed existence” ig not limited to
the occasion where a diffractive section and a refraction
section are formed almost half-and-half as illustrated, and
it can take various embodiments of mixed existence.

Further, an embodiment of the optical pickup device is
not limited to the aforesaid embodiment, and for example, it
can also be applied to a type of 2-light source and 2-optical
detector.

The invention can naturally be applied not only to an
optical pickup device capable of recording and/or reproducing
of information for DVD and CD, but also to at least two
optical information recording media each having a different

transparent base board thickness. In particular, it is
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especially beneficial to apply to optical information
recording media each having a different transparent base
board thickness and having a different necessary numerical
aperture. Further, for example, the invention can also be
applied to an optical pickup device capable of recording
and/or reproducing of information for only DVD, or it can be
applied as an objective lens to which a divergent light flux
enters, or as an optical information recording medium
employing that objective lens.

Further, in the invention, with regard to a divergent
light flux entering an objective lens, it is not limited to
the occasion wherein a divergent light flux emitted from a
light source enters directly an objective lens, and a
coupling lens which changes an angle of divergence of a
divergent light flux emitted from a light source may be
interposed between the light source and the objective lens,
and what is essential is that the divergent light flux can
enter the objective lens.

The invention makes it possible to provide a practical
objective lens and an optical pickup apparatus wherein a
divergent light emitted from a light source enters the
objective lens for a plurality of optical information
recording media each having a different transparent base

board thickness, and sufficient capacity for changes of
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ambient temperature used is satisfied while recording or
reproducing of each information is being made possible.
(Embodiment of the invention)

The invention will further be explained in detail,
referring to the drawings as follows.
(Seventh embodiment)

The seventh embodiment will be explained. Fig. 27 is a
schematic structure diagram of an optical pickup device
including an objective lens of the present embodiment. The

optical pickup device is composed of first light source 101

with wavelength A, for DVD (first optical information

recording medium), second light source 102 with wavelength A,
for CD (second optical information recording medium), beam
splitter 103 that makes a path for a light flux emitted from
the light source 101 to agree with that for a light flux
emitted from the light source 102, objective lens 105 that
converges each light flux, diaphragm 104 that determines a
diameter of a light flux incident on the objective lens 105,
an actuator (not shown) that drives the objective lens 105,
and a sensor (not shown) that detects a reflected light from
optical information recording medium ORM.

When recording or reproducing either one of DVD and CD,
light-emitting light source 101 or 102 is selected

appropriately. Since a divergent light flux enters the
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objective lens 105 and lateral magnification is finite,
aberration deterioration caused by temperature changes is
worsened compared with an occasion wherein infinite light
flux enters as stated above.

Fig. 28 is a sectional view of primary portions of
objective lens 105. The objective lens 105 is composed of
two-sided aspheric surfaces 105A and 105B, and three
optically functional surfaces 105a, 105b and 105¢c are formed
on the surface 105A closer to the light source. The
innermost optically functional surface 105a and outermost
optically functional surface 105c¢ are represented by a
refracting interface expressed by the same aspherical
coefficient. Intermediate optically functional surface 105b
is a refracting interface expressed by aspherical coefficient
which is different from that for adjoining optically
functional surfaces 105a and 105c on both sides, and
aspherical aberration correction for the intermediate
optically functional surface is different from that for
adjoining surfaces on both sides. Further, it is preferable
that refractive index temperature dependency of a material
(for example, glass) for the objective lens is lower, and the

following expression is satisfactory.

|dn/dT| = 10.0 x 10°° (/°C) (2)
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In that case, temperature characteristics are satisfactory
even when a diffractive structure for improving temperature
characteristics is not used. In this case, it is preferable
that each of optically functional surfaces 105a, 105b and
105¢ is formed to have a step at a boundary section, and it
is preferable that the step at the boundary section that is
farther from an optical axig is greater than that at the
boundary section that is closer to an optical axis, on the
intermediate optically functional surface 105b.

Now, a design for interchangeability for making it
possible to record or reproduce for both DVD and CD will be
explained. For light fluxes passing respectively through the
inside and outside optically functional areas 105a and 105c,
it is possible to carry out spherical aberration correction,
assuming thg use of DVD. However, with regard to light
fluxes passing respectively these optically functional
surfaces 105a and 105c¢, over spherical aberration is
generated because of a difference of a base board thickness
when CD is used, which usually makes them to be unsuitable
for recording or reproducing of CD. Therefore, intermediate
optically functional surface 105b is constituted as follows.

Fig. 29 is a diagram showing an example of design
(target characteristics) for spherical aberration related to
the present embodiment. According to Fig. 29, a light flux

passing through innermost optically functional area 105a is
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not aplanatic. However, when a light flux diameter is
stopped down at the position defocused from the paraxial
image point by +10 um, it is possible to secure the state
where the residual aberration is smaller than Marechal
criterion. However, since it is insufficient as a spot
diameter formed on a recording surface of an optical
information recording medium, there is formed intermediate
optically functional area 105b representing CD-exclusive area
where a spot diameter for CD is stopped down. To be
concrete, it is preferable to form intermediate optically
functional area 105b so that light-converging is made on the
vicinity of the light spot formed on the optical information
recording medium at the aforesaid defocused position, and
spherical aberration may be designed with assumed transparent
base board thickness t. (tc = (t1 + ta) / 2) which ig between
DVD transparent base board thickness tl and CD transparent
base board thickness t2.

When CD is used, a light flux passing through outside
optically functional surface 105c¢c becomes a flare light to
exist at the position which is away by a distance that is
about 10 times a size of a main spot diameter. When DVD is
used, a light flux passing through an intermediate optically
functional surface becomes a flare light to exist on an

outside zone which is away by a distance that is several
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times a size of a main spot diameter. Therefore, if this
flare light does not enter an unillustrated sensor element,
or if the flare light is on the level that is not problematic
electrically for practical use, an aperture diameter can also
be the same for both DVD and CD.

Further, for wavelength variation of light sources 101
and 102, objective lens 105 composed of a refracting
interface is more stable, compared with an objective lens
that is provided with a diffractive structure which changes
power depending on a wavelength. However, wavelength
dependency of the refractive index is lowered as a dispersion
value of glass material grows greater, which is preferable.

In this way, the objective lens 105 in the present
embodiment can conduct recording or reproducing of
information properly for both DVD and CD each having a
different base board thickness, while correcting temperature
characteristics and wavelength characteristics appropriately,
even under the specifications which turn out to be more
strict for temperature characteristics.

Incidentally, the invention is not limited to the
present embodiment. Namely, it is possible either to make
the objective lens to be composed of cemented lenses or to
make the surface of glass lens 105’ to be composed of
aspheric surface 105S made of UV-setting resin, as shown in

Fig. 30. When the objective lens is made of different glass
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materials as stated above, at least the following expression
needs to be satisfied for the glass material having stronger
power (105’ in this case).

|dn/dT| = 10.0 x 107° (/°Q) (2)

When processing is taken into consideration, it is
preferable to provide the aforesaid three optically
functional surfaces 105a, 105b and 105¢ on the side of the
surface 105 made of UV-setting resin. In this case, the
objective lens can be applied also to the occasion where the
same light source wavelength isg used for conducting recording
and reproducing for both DVD and CD. Even when three or more
optically functional surfaces are used, the same effect can
be attained sufficiently. It can further be applied to those
wherein lateral magnification makes temperature
characteristics to be mild, namely, the lateral magnification
is infinite. In some cases, there may be provided wavelength
selecting diaphragm (restricting member) 104’ that restricts
a light flux passing through outside optically functional
surface 105¢ in the case of using CD, as shown in Fig. 31.
(Eighth embodiment)

Next, the eighth embodiment will be explained. Fig. 32
is a sectiomal view of primary portions related to the eighth
embodiment. The present embodiment is different from the

first embodiment on the point that the diffractive structure
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is given to the objective lens so that it may attain
interchangeability, and explanation for the portions in the
present embodiment overlapping with those in the first
embodiment will be omitted.

With regard to objective lens 205, diffractive
structure 205D is formed on aspheric surface 205A closer to a
light source to be solid with it as shown in Fig. 32 (a),
among aspheric surfaces 205A and 205B on both gsides. This
diffractive structure 205D is composed of two optically
functional surfaces 205a and 205c¢c which are different in
terms of design concept with a certain height that is close
to the ray of light stipulating numerical aperture NA in the
case of using CD and serves as a boundary, as shown in Fig.
32 (b).

Namely, the inside optically functional surface 205a
has a diffractive structure for correcting aberration for
each transparent base board thickness of DVD and CD, while
the outside optically functional surface 205b has a
diffractive structure that corrects aberration for a
transparent base board thickness and creates a flare light
for CD. Fig. 33 is a diagram showing a design example
(target characteristics) of spherical aberration related to
the present embodiment.

Even in the present embodiment, it is preferable that

refractive index temperature dependency of the glass material
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of the objective lens 205 is low, and the following

expression is preferable.
|dn/aT| = 10.0 x 107 (/°C) (2)

If the range mentioned above is exceeded, it is necegsgary to
enhance effectiveness of diffraction for temperature
correction in the diffractive structure 205D, resulting in
narrowed diffraction pitch and a decline of diffraction
efficiency.

The invention is not limited to the present embodiment.
Namely, it is possible either to make the objective lens to
be composed of cemented lenses or to make the surface of the
objective lens to be composed of aspheric surface 2058 made
of UV-setting resin, as shown in Fig. 34. In this case, it
is preferable to provide the aforesaid two optically
functional surfaces 205a and 205b on the surface of the UV-
setting resin. The reason for the foregoing is as follows.
It is necessary to increase a depth of each diffraction for
obtaining the same diffraction effect, because a relative
refractive index of materials becomes smaller when the
diffractive structure is tried to be provided on the cemented
portion. It is possible either to provide diffractive
structures on both sides of the objective lens 205, or to
provide diffraction surfaces on the plane where the

diffractive section on the outside is different from that on
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the inside. Even when three or more optically functional
surfaces are used for the structure, it is possible to form
one having the same function. As shown in the example of the
optical pickup device in Fig. 35, it is also possible to
provide coupling lens 206 between the second light source 102
and objective lens 205 to use it for the optical information
recording medium on the other side (CD in this case), taking
divergence angle characteristics of the second light source
102 into consideration. The objective lens can be applied
also to an optical system wherein lateral magnification of
individual objective lens 205 for DVD is not the same as that
of individual objective lens 205 for CD.

(Ninth embodiment)

Next, the ninth embodiment will be explained. In the
present embodiment, a diffractive structure is formed on an
objective lens, and design of each functional surface is
different from that in the eighth embodiment, and explanation
for the portions in the present embodiment overlapping with
those in the eighth embodiment will be omitted.

Fig. 36 is a sectional view of primary portions of the
objective lens in the present embodiment, and a value of
refractive index temperature characteristics dn/dT of the

material for objective lens 305 is expressed as follows.

|dn/dT| = 10.0 x 107° (/°C) (2)
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Both sides of the objective lens 305 are composed
respectively of refracting interfaces 305A and 305B both
representing an aspheric surface, and diffractive structure
305D is formed partially on an area of surface 305A of the
objective lens 305 closer to a light source. In this case,
the objective lens 305 is composed of three optically
functional surfaces 305a, 305b and 305c, and further, a part
of the area in the vicinity of ray of light stipulating
numerical aperture NA in the case of using CD is made to be
of a diffractive structure, thus the objective lens 305 is of
the diffractive structure that makes the objective lens 305
to be used for both of DVD and CD. Each of the optically
functional surfaces 305a and 305c on both sides is composed
of a refracting interface to be an aspheric surface which is
corrected in terms of spherical aberration mainly for DVD.
Though the inside optically functional surface 305a is not
designed for CD, it is possible to stop down a spot diameter
on the surface of an optical digc even for CD, when the
inside optically functional surface 305a is connected
together to spherical aberration on intermediate optically
functional surface 305b. Fig. 37 is a diagram showing an
example of design (target characteristics) for spherical
aberration related to the present embodiment.

Incidentally, the invention is not limited to the

present embodiment. Namely, it is possible either to make
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the objective lens 305 to be composed of cemented lenses or
to make the surface of a glass lens to be composed of an
aspheric surface made of UV-setting resin. In this case, it
is preferable that the aforesaid three optically functional
surfaces are provided on the surface side of the UV-setting
resin.

(Tenth embodiment)

Next, the fourth embodiment will be explained. In the
present embodiment, a diffractive structure is formed on an
objective lens, and design of each functional surface is
different from those in the eighth embodiment and the ninth
embodiment, and explanation for the portions in the present
embodiment overlapping with those in each embodiment will be
omitted.

Fig. 38 is a sectional view of primary portions of the
objective lens in the present embodiment, and a value of
refractive index temperature characteristics dn/dT of the
material for the objective lens is expressed as follows.

|dn/dT| = 10.0 x 107 (/°Q) (2)

Both sides of the objective lens 405 are composed
respectively of refracting interfaces 405A and 405B both
representing an aspheric surface, and diffractive structure
405D is formed partially on an area of surface 4057 of the

objective lens 405 closer to a light source. In this case,



10

15

20

25

WO 02/35537 PCT/JP01/09327

225

the objective lens 405 is composed of three optically
functional surfaces 405a, 405b and 405c, and further, a part
of the area in the vicinity of ray of light stipulating
numerical aperture NA in the case of using CD is made to be
of diffractive structure 405D that makes the objective lens
405 to be used for both of DVD and CD. A diffraction surface
is formed on outside optically functional surface 405c,
spherical aberration is corrected on DVD, and a diffractive
structure which creates a flare is formed in CD. Fig. 39 is
a diagram showing a design example (target characteristics)
of spherical aberration related to the present embodiment.

Incidentally, the invention is not limited to the
present embodiment. Namely, it is possible either to make
the objective lens to be composed of cemented lenses or to
make the surface of a glass lens to be composed of an
aspheric surface made of UV-setting resin. In this case, it
is preferable that the aforesaid three optically functional
surfaces are provided on the surface side of the UV-setting
resin.

Examples of the invention will be explained as follows.
(Example 7)

The present example is one for the objective lens
related to the Seventh Embodiment stated above. Table 8

shows lens data.
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Table 8
Example 7

f1=3.00mm, ml=-1/7.0
NA1=0.60,NA2=0.45

5 dn2/dT=+3.8xE-6 (/°C) at 632.8nm , vd=61.2

DVD CD
ith - .o di ni di ni
surface (650mm) (650nm) {(780nm) (780nm)

0 23.576 | 1.0 23.576 | 1.0 Eﬁiil‘m
Aperture

1 o 0.0 1.0 0.0 1.0
$4.06 mm

2 2.1759 2.2 1.58642 2.2 1.58252

2! 2.1759% 2.1962 1.58642 2.1962| 1.58252

AL 2.1759 2.2 1.58642 2.2 1.58252

3 -5.7537 1.928 1.0 1.566 1.0

4 0 0.6 1.58 1.2 1.55

5 =)

Aspherical data

2nd surface

(0<h<1.32 mm: Inside optically functional surface)
10 Aspherical coefficient

K -0.92846xE-0

Al -0.11050xE-2 P1 3.0
A2 +0.51090xE-2 P2 4.0
A3 -0.16336xE-2 P3 5.0
A4 +0.57112xE-3 P4 6.0
A5 +0.17007xE-4 P5 8.0
A6 -0.73062xE-5 Pe 10.0

2'nd surface (1.32 mm<h<l.54 mm: Intermediate optically
functional surface)
Aspherical coefficient

K -0.92421xE-0

Al -0.99146x%xE-3 P1 3.0
A2 +0.51636xE-2 P2 4.0
A3 -0.16069xE-2 P3 5.0
A4 +0.58391xE-3 P4 6.0
A5 +0.19303xE-4 P5 8.0

A6 -0.73840xE-5 P6 10.0
15
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2”"nd surface (1.54 mm<h: Outside optical surface area)
Aspherical coefficient

K -0.92846xE-0

Al -0.11050xE-2 P1 3.0
A2 +0.51090xE-2 P2 4.0
A3 -0.16336xE-2 P3 5.0
A4 +0.57112xE-3 P4 6.0
A5 +0.17007xE-4 P5 8.0
A6 -0.73062xE-5 P6 10.0
3rd surface Aspherical coefficient
Al +0.16009%xE-1 P1 4.0
A2 -0.26764xE-2 P2 6.0
A3 +0.30016xE-3 P3 8.0
A4 -0.17687xE-4 P4 10.0

Each surface is composed of an aspheric surface, and
each aspheric surface has an aspherical form expressed by
“Numeral 4”.

Where, Z represents an axis along the optical axis
direction, h represents a height perpendicular to the optical
axis, r represents axial curvature of radius, k represents
the constant of the cone, A represents the aspherical
coefficient and P represents the number of power of the
aspheric surface. Further, three optically functional
surfaces exist on the aspheric surface of the objective lens
closer to a light source, and each of them is an aspheric
surface expressed by “Numeral 4”.

Those to which the present example can be applied are
simple optical systems wherein a divergent light flux emitted

from each light source of DVD and CD enters an objective lens
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directly. Glass materials for the objective lens whose
refractive index temperature dependency dn/dT is -5.8 x 10°°
(/°C) were used. NA, temperature characteristics in the case
of using wavelength DVD and others are shown in Table 14. It
is possible to confirm that both temperature characteristics
and wavelength characteristics are improved, compared with a
conventional example.

Fig. 40 represents a spherical aberration diagram of
the present example wherein three optically functional
surfaces are formed. Fig. 41 shows simulation of PSF in the
case of an occasion where a light flux with Gaussian
distribution enters the aforesaid objective lens by using a
fixed diaphragm that regulates a light flux corresponding to
NA 0.60 on the DVD side, and it shows a form of a spot on the
information recording surface of the optical information
recording medium. The aperture diameter in the case of CD is
a result of simulation for the occasion where a light flux

with the same aperture diameter as in DVD is made to enter.

As is understood from this, a spot diameter (0.831 x A/NA

(Um) ) requested on the recording surface is satisfied.
On the inside optically functional surface, residual
spherical aberration of about 0.02 A;rms is generated on

purpose for DVD. The design of this kind makes it possible

to reduce residual spherical aberration in CD. In the
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present example, a light flux passing through the
intermediate optically functional surface is corrected in
terms of spherical aberration for the optical information
recording medium with assumed transparent base board
thickness of tc= 1.0 mm, to be used for forming a spot in CD
at a defocus position that is located on the over side by
about 10 pum from a paraxial image point for CD.

As shown in Table 14, it is posgsible to realize an
objective lens having lateral magnification of m = -1/7, NA
of 0.60 and severe temperature characteristics, wherein error
characteristics are improved so that the objective lens may
by used for both DVD and CD.

(Example 8)
The present example 1s one related to the objective

lens concerning the seventh embodiment stated above. Table 9

shows lens data.
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Table 9

Example 8
£f1=3.00mm, ml=-1/7.0
NA1=0.60,NA2=0.45

5 dn2/dT=-1.2xE-4 (/°C) at 632.8nm ,vd=57.0
dn3/dT=+0.8xE-6 (/°C) at 632.8nm ,vd=55.3

DVD CD
ith . di ni di ni
surface L (650mm) (650rm) | (780mm) | (780mnm)

0 23.205 | 1.0 23.205 | 1.0 Emission
point

1 o 0.0 1.0 0.0 1.0 Bperture
$4.01 mm

2 2.600 | 0.1 1.48953 | 0.1 1.48616

2 2.600 | 0.0958| 1.48953 | 0.0958| 1.48616

n 2.600 | 0.1 1.48953 | 0.1 1.48616

3 2.1270 | 2.8 1.67447 | 2.8 1.66959

4 ~6.0270| 1.638 | 1.0 1.276 | 1.0

5 o 0.6 1.58 1.2 1.55

6 =)

Aspherical data

10 2nd surface
(0<h<1.32 mm: Inside optically functional surface)
Aspherical coefficient

K -0.43271xE+01

Al -0.26060xE-2 Pl 3.0
A2 +0.34891xE-1 P2 4.0
A3 -0.65070%xE-2 P3 5.0
A4 -0.25906x%xE-2 P4 6.0
A5 +0.57180xE-3 '* PS5 8.0
A6 -0.54866x%xE-4 P6 10.0



10

15

20

WO 02/35537 PCT/JP01/09327

231

2'nd surface

(1.32 mm<h<1.51 mm: Intermediate optically functional
surface)

Aspherical coefficient

K -0.41771xE+01

Al -0.34857xE-2 P1 3.0
A2 +0.35107xE-1 P2 4.0
A3 -0.64174xE-2 P3 5.0
A4 -0.25658%xE-2 P4 6.0
A5 +0.58143xE-3 P5 8.0
A6 -0.57791xE-~-4 P6 10.0

2”nd surface
(1.51 mm<h: Outside optical surface area)
Aspherical coefficient

K -0.43271xE+01

Al -0.26060xE-2 P1 3.0
A2 +0.34891xE-1 P2 4.0
A3 -0.65070xE-2 P3 5.0
A4 -0.25906xE-2 P4 6.0
A5 +0.57180xE-3 P5 8.0
A6 -0.54866xE-4 P6 10.0
3rd surface Aspherical coefficient
K -0.16931xE+01
Al +0.47202xE-2 P1L 4.0

The objective lens in the present example is one
wherein three optically functional surfaces (see Fig. 32) are
formed with UV-setting resin on the surface of one side of a
glass lens. Refractive index temperature dependency of the
resin itself is -1.2 x 10™* (/°C) which is the same as that
in conventional example 2. However, it is possible to
correct temperature characteristics for the totallobjective
lens, by reducing power of the resin portion and by using one

whose refractive index temperature dependency of a glass lens
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on the other side is as small as +0.8 x 10°° (/°C). Since the
design of interchangeability for DVD and CD is the same as in
Example 1, the explanation therefore will be omitted.

Fig. 42 shows a spherical aberration diagram of the
present example. The spot form on the recording surface of
each optical information recording medium is shown in Fig.
43.

As shown in Table 14, it is possible to realize an
objective lens having lateral magnification of m = -1/7, NA
of 0.60 and severe temperature characteristics, wherein error
characteristics are improved so that the objective lens may
by used for both DVD and CD.

(Example 9)
The present example is one related to the eighth

embodiment stated above. Table 10 shows lens data.



WO 02/35537 PCT/JP01/09327

233

Table 10

Example 9
£1=3.00mm, m1=0
NA1=0.65,NA2=0.45

5 dn2/dT=-5.7xE-6 (/°C) at 632.8nm ,vd=81.6

DVD CD
ith . i ni 5t ni
surface L (660nm) | (660mm) | (790mm) | (790rm)

0 = 1.0 = 1.0 Emission
point

1 o 0.0 1.0 0.0 1.0 Aperture
$3.90 wm

2 1.770 | 1.6 1.58642| 1.6 1.58252

2 1.798 | 1.5999| 1.58642] 1.5999] 1.58252

3 ~6.422 | 1.725 | 1.0 1.353 | 1.0

4 - 0.6 1.577 1.2 1.570

5 oo

Aspherical data

2nd surface

(0<h<1.37 mm: Inside optically functional surface)
10 Aspherical coefficient

K -9.9350xE-1

Al +6.4273xE-3 P1 4.0
A2 4+6.2694xE-4 P2 6.0
A3 -4.4974%xE-5 P3 8.0
A4 +2.8692xE-5 P4 10.0
A5 -2.5654%xE-5 P5 12.0

Optical path difference function
(Coefficient of optical path difference function: Design
basis wavelength 720 nm)

B2 +2.4918xE-4
B4 -2.0024xE-3
B6 -3.7862xE-4
B8 +2.0983xE-4

B10 -5.8311xE-5
15
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2’'nd surface
(1.37 mm<h: Outside optical surface area)’
Aspherical coefficient

K -8.7077xE-1

Al +6.2127xE-3 Pl

4.0
A2 +6.3107xE-4 P2 6.0
A3 +1.3601xE-4 P3 8.0
A4 -2.5299xE-5 P4 10.0
A5 -8B.0092xE-6 P5 12.0

Optical path difference function
(Coefficient of optical path difference function: Design
basis wavelength 660 nm)

B2 -2.2736xE-3
B4 -3.2476xE-4
B6 -8.8656xE-5
B8 -1.5681xE-5
B10 +5.2484xE-6

3rd surface Aspherical coefficient

Al +0.20368%xE-~-1 Pl 4.0
A2 -0.48550xE-2 P2 6.0
A3 +0.72231xE-3 P3 8.0
A4 -0.97114xE-4 P4 10.0
A5 +0.78427xE-5 P5 12.0
A6 -0.94305xE-8 P6 14.0

Each of both sides of the objective lens of the present
example is an aspheric surface, and a diffractive structure
is provided solidly on the surface of the aspheric surface on
one side. As shown in Fig. 32, thié diffractive structure isg
designed to be two different connected portions on both sides
of the boundary represented by distance h from an optical
axis. Namely, two optically functional surfaces are formed

on the diffractive structure. The objective lens is made of
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glass material whose refractive index temperature dependency
is -5.7 x 107® (/°Q).

For the light flux passing through the inside optically
functional surface, there is provided a diffractive structure
that corrects spherical aberration for a wavelength and a
transparent base board thicknesg used for DVD and for those
used for CD. Further, on the outside optically functional
surface, there is provided a diffractive structure that
corrects spherical aberration for DVD, and generates over
flare on purpose for CD.

In general, with respect to the diffractive structure,

phase difference function ®B is expressed by Numeral 1 with

a unit of radian. By making the secondary coefficient to be
a nonzero value, it is possible to give paraxial power to the
diffraction portion. In addition, by making the coefficient
of a phase difference function other than the secondary
coefficient such as, for example, fourth order coefficient or
sixth order coefficient to be a nonzero value, it is possible
to control spherical aberration. “Control” in this case
means that the spherical aberration of the refraction portion
is corrected as a whole by giving spherical aberration that
is opposite in terms of characteristic to the aforesaid
spherical aberration to the diffraction portion, or total

spherical aberration is made to be a desired flare amount by
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manipulating the spherical aberration of the diffraction
portion. It is therefore possible to consider spherical
aberration in temperature changes to be total of changes of
spherical aberration of the refraction portion caused by
temperature changes and spherical aberration changes of the
diffraction portion.

With respect to changes caused by temperature in the
refraction portion, an amount of changeg is small because
temperature dependency for refractive index change of glass
material is small. Therefore, it can be said that
temperature characteristics of the total objective lens turn
out to be better, though spherical aberration caused by
change of spherical aberration of the diffraction portion.
Small change of spherical aberration of the diffraction
portion in this case means is to weaken wavelength
dependency, which results in that effectiveness of
diffraction is weakened and a pitch of ring-shaped
diffractive zone (diffraction pitch of the diffractive
structure) is broadened.

With respect to the diffractive structure formed on the
inside optically functional surface, a homogeneous diffracted
light is used for DVD and CD, which is preferable compared
with an occasion where a non-homogeneous diffracted light is
used. In the present example, first order diffracted 1 ight

is used for both DVD and CD. For the outside optically
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functional surface, a number of the order may either be the
one which is the same as that for the inside optically
functional surface, or be the one whose absolute value
increases. Since the outside optically functional surface is
not used usually for CD, it is preferable that the standard
wavelength (blazed wavelength) which makes the diffraction
efficiency to be highest on this functional surface is made
to be the wavelength that is close to DVD. If an absolute
value of the number of the order for diffraction is made to
be greater in this case, it is possible to lower the
diffraction efficiency on the CD side and thereby to lower CD
flare, when the blazed wavelength is set in the vicinity of
DVD. Incidentally, in the present example, the first order
was used as a number of the order for also the outside
optically functional surface, and with respect to the blazed
wavelength, 720 nm was used for the inside optically
functional surface and 660 nm was used for the outside
optically functional surface.

Fig. 44 is an aspheric surface diagram in the present
example, and its spot profile is shown in Fig. 45. Error
characteristics are shown in Table 14. As shown in this
table, it is understood that an objective lens capable of
being used for both DVD and CD which are improved in terms of
error characteristics can be realized. It is also understood

that the minimum value of a pitch of the ring-shaped
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diffractive zone is greater than that in Conventional example
'3,
(Example 10)
The present example is also an example related to the

5 eighth embodiment stated above. Table 11 shows lens data.
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Table 11
Example 10

f1=3.00mm, m1=0

NA1=0.65,NA2=0.50

dn2/dT=-1.2xE-4 (/°C) at 632.8nm ,vd=56.0
dn3/dT=+7.4xE-6 (/°C) at 632.8nm ,vd=37.2

DVD CDh
ith i di ni di ni
gurface (660nm) (660nm) (790nm) (790mm)

0 o 1.0 o 1.0 Emission
point

1 o 0.0 1.0 0.0 |1.0 Bperture
$3.90 wm

2 2.480 0.1 1.54076 0.1 1.53704

2! 2.492 0.101 1.54076 0.101| 1.53704

3 2.505 2.0 1.82708 2.0 1.81900

4 -302.939 1.491 1.0 1.136}1 1.0

5 co 0.6 1.577 1.2 1.570

6 oo

Aspherical data

2nd surface

(0<h<1.53 mm: Inside optically functional surface)
Aspherical coefficient

K -9.4998xE-1

Al -2.1815xE-4 Pl 4.0
A2 -3.7775xE-4 P2 6.0
A3 -2.4169xE-4 P3 8.0
A4 -~7.3177xE-6 P4 10.0

Optical path difference function (Coefficient of optical path
difference function: Design basis wavelength 720 nm)

B2 -4.2048xE~-4
B4 -3.8051xE-4
B6 -4.0549xE-4
B8 -3.1443%xE-5
B1l0 -1.1611xE-5
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2'nd surface (1.53 mm<h: Outside optical surface area)
Aspherical coefficient

K -8.4719xE-1

Al +6.6073xE-4 Pl 4.0
A2 -~2.2175xE-4 P2 6.0
A3 -3.0955%xE-5 P3 8.0
Ad -4.4414%xE-7 P4 10.0

Optical path difference function (Coefficient of optical path
difference function: Design basis wavelength 660 nm)
B2 -5.0466xE-4
B4 -1.3513xE-5
B6 -2.3685xE-5
B8 -4.8511xE-6
B10 +2.0574%E-6

3rd surface Aspherical coefficient
K -0.90540xE-2

Al +0.16292xE-4 Pl 4.0
A2 -0.10622xE-3 P2 6.0
A3 -0.48106xE-4 P3 8.0
A4 -0.90706%xE-5 P4 10.0
A5 -0.10113xE-4 P5 12.0
A6 -0.41941xE-5 P6 14.0
4th surface Aspherical coefficient
¥ +0.17083xE+5
Al +0.25872xE-3 P1 4.0
A2 -0.44991xE-4 P2 6.0
A3 -0.69101lxE-4 P3 8.0
A4 -0.22469xE-3 P4 10.0
A5 -0.58317xE-4 P5 12.0
A6 +0.29543xE-4 Pe 14.0

The objective lens is one wherein two optically
functional surfaces each having a diffractive structure made
of UV-getting resin are formed on the surface on one side of
a glass lens. Refractive index temperature dependency of the
resin itself is -1.2 x 10™* (/°C) which is the same as that

in conventional example 2. However, it is possible to
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correct temperature characteristics of the total objective
lens by weakening power of the resin portion and by using one
wherein refractive index temperature dependency of a glass
lens on the other side is as small as +7.4 x 10°° (/°C).

Since the design for interchangeability of DVD and CD
is the same as that in Example 9, the explanation thereof
will be omitted. Fig. 46 shows a spherical aberration
diagram of the present example. A form of a spot on a
recording surface of each optical information recording
medium is shown in Fig. 47.

Ag shown in Table 14, it is undérstood that an
objective lens capable of being used for both DVD and CD
improved in terms of error characteristics can be realized in
an objective lens wherein NA is 0.65 and temperature
characteristics are severe. It is also understood that the
minimum value of a pitch of the ring-shaped diffractive zone
is greater than that in Conventional example 3.

(Example 11)
The present example is an example related to the eighth

embodiment stated above. Table 12 shows lens data.
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Table 12

Example 11
£f1=3.00mm,ml=-1/7.0
NA1=0.60,NA2=0.45

dn2/dT=-1.2xE-4 (/°C) at 632.8nm ,vd=56.0
dn3/dT=+0.8xE-6 (/°C) at 632.8nm ,vd=55.3

DVD cD
ith . a ni a ni
surface rL (650mnm) {6501nm) (780nm) (780nm)

0 26.225 (1.0 26.225| 1.0 Emission
point

1 o 0.0 |1.0 0.0 1.0 Aperture
04.0 mm

2 2.619 ] 0.1 |1.54112 0.1 | 1.53727

2! 2.654 | 0.101|1.54112 0.101] 1.53727

3 2.824 | 2.6 |1.67424 2.0 1.66959

4 -4.928 | 1.7881.0 1.429| 1.0

5 o 0.6 |1.577 1.2 1.570

6 oo

Aspherical data

2nd surface

(0<h<1.584 mm: Inside optically functional surface)
Aspherical coefficient

K -4.6299xE-0

Al +2.0834xE-2 Pl1 4.0
A2 -5.7851xE-3 P2 6.0
A3 +9.6195%xE-4 P3 8.0
A4 -1.2123xE-4 P4 10.0

Optical path difference function
(Coefficient of optical path difference function: Design
basis wavelength 720 nm)

B2 +7.9637xE-4
B4 -1.4993xE-3
B6 -9.9900xE-5
B8 +5.0721xE-5
B10 -~-9.3677xE-6
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2'nd surface (1.584 mm<h: Outside optical surface area)
Aspherical coefficient

K -4.8750xE-0

Al +2.2234xE-2 P1 4.0
A2 -5.7025%xE-3 P2 6.0
A3 +9.4382xE-4 P3 8.0
A4 -1.2143xE-4 P4 10.0

Optical path difference function
(Coefficient of optical path difference function: Design
basis wavelength 650 nm)

B2 -9.4134xE-4
B4 -2.4877xE-4
B6 -8.0210xE-5
B8 -1.3836xE-5
B10 +2.0287xE-6

3rd surface Aspherical coefficient
K -0.25987xE-0

Al -0.31934xE-2 PL 4.0
A2 -0.60892xE-3 P2 6.0
A3 -0.10705xE-3 P3 8.0
A4 -0.55001xE-4 P4 10.0
4th surface Asgpherical coefficient
K +0.15272xE+0
Al +0.84547xE-2 P1L 4.0
A2 -0.32078xE-2 P2 6.0
A3 +0.16251xE-3 P3 8.0
A4 +0.10235%xE-4 P4 10.0
A5 +0.30261xE-5 P5 12.0
A6 -0.64029xE-6 P6 14.0

This is an example wherein a divergent light flux
enters an objective lens. The objective lens is one wherein
two optically functional surfaces each having a diffractive
structure made of UV-setting resin are formed on the surface
on one side of a glass lens. Refractive index temperature

dependency of the resin itself is -1.2 x 10™® (/°C) which is
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the same as that in conventional example 2. However, it is
possible to correct temperature characteristics of the total
objective lens by weakening power of the resin portion and by
using one wherein refractive index temperature dependency of
a glass lens on the other side is as small as +0.8 x 107°
(/°C).

Since an idea for forming two optically functional
surfaces by providing a diffractive structure and a concept
of design for aberration are the same as those in Example 9,
explanation therefore will be omitted. Fig. 48 is a
spherical aberration diagram of the present example, and a
form of a spot on a recording surface of each optical
information recording medium is shown in Fig. 49.

Table 14 shows error characteristics. As shown in this
table, it is understood that an objective lens capable of
being used for both DVD and CD improved in terms of error
characteristigs can be realized in an objective lens with
specifications wherein lateral magnification ml is -1/7 and
NA is 0.65 and temperature characteristics are severe. It is
also understood that the minimum value of a pitch of the
ring-shaped diffractive zone is greater than that in
Conventional example 3.

(Example 12)
The present example.is an example related to the eighth

embodiment stated above. Table 13 shows lens data.
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Table 13

Example 12
£1=3.00mm,ml=-1/10.0
NA1=0.60,NA2=0.45

dn2/dT=-5.8xE-6 (/°C) at 632.8nm ,vd=81.6

DVD CD
ith - di ni di ni
surface (650mm) (650nm) (780nm) (780nm)
0 Emission
32.5 1.0 32.5 1.0 point
1 Aperture
o 0.0 1.0 0.0 1.0 ¢3.91 mm
2 2.001 2.2 1.49528% 2.2 1.49282
21 1.959 2.205 11.49529 2.205 ] 1.49282
3 -4.141 1.776 (1.0 1.381 41 1.0
4 oo 0.6 1.577 1.2 1.570
5 - L

Aspherical data

2nd surface

(O<h<1.37 mm: Inside optically functional surface)
Aspherical coefficient

K -1.1326%E-0

Al +3.273xE-3 Pl 4.0
A2 +6.2694xE-4 P2 6.0
A3 -4.4974xE-5 P3 8.0
A4 +2.8692xE-5 P4 10.0
A5 -2.5654xE-5 P5 12.0

Optical path difference function
(Coefficient of optical path difference function: Design
basis wavelength 720 nm)

B2 +2.4918xE-4
B4 -2.0024%xE-3
B6 -3.7862xE-4
B8 +2.0983xE-4
B10 -5.8311xE-5
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2'nd surface :
(1.37 mm<h: Outside optical surface area)
Aspherical coefficient

K -8.7077xE-1

Al +6.2127xE-3 P1L 4.0
A2 +6.3107xE-4 P2 6.0
A3 +1.3601xE-4 P3 8.0
A4 -2.5299xE-5 P4 10.0
A5 -8.0092xE-6 P5 12.0

Optical path difference function
(Coefficient of optical path difference function: Design
basis wavelength 660 nm)

B2 -2.2736xE-3
B4 -3.2476xE-4
B6 -8.8656%E-5
B8 -1.5681xE-5
B10 +5.2484xE-6

3rd surface Aspherical coefficient

Al 40.20368xE-1 P1 4.0
A2 -0.48550xE-2 P2 6.0
A3 +0.72231xE-3 P3 8.0
A4 -0.97114xE-4 P4 10.0
A5 +0.78427xE-5 P5 12.0
A6 -0.94305xE-8 P6 14.0

This is an example wherein a divergent light flux
enters an objective lens. ’The objective lens wherein
refractive index temperature dependency is -5.8 x 107° (/°Q)
was used. Each of both sides of the objective lens ig an
aspheric surface, and a diffractive structure is provided
solidly on the surface of the aspheric surface on one zide as
shown in Fig. 32, and two optically functional surfaces are
arranged thereon. Since the design of aberration is the same
as that in Example 3, it will be omitted. Fig. 50 is a

spherical aberration diagram of the present example, and a
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form of a spot on a recording surface of each optical
information recording medium is shown in Fig. 51.

Table 14 shows error characteristics. As shown in this
table, it is understood that an objective lens capable of
being used for both DVD and CD improved in terms of error
characteristics can be realized in an objective lens wherein
lateral magnification ml is ~-1/7 and NA is 0.60. It ig also
understood that the minimum value of a pitch of the riﬁg—
shaped diffractive zone is greater than that in Conventional
example 3.

In addition to the examples described above, it is also
possible to constitute as follows. For example, an
intermediate optically functional surface is made to be of a
diffractive structure as illustrated in the ninth embodiment,
and both sides of the intermediate optically functional
surface are constituted with a refracting interface as shown
in the seventh embodiment. In this case, the diffractive
structure corrects spherical aberration of DVD, and it may be
one which gives the same spherical aberration as in CD of the
First embodiment, for CD. Fig. 36 shows a schematic
sectional view of a lens, and Fig. 37 shows an example of
spherical aberration.

It is further possible to provide a diffractive
structuré on the ouﬁside opticallyifunctionai surface as

mentioned in the tenth embodiment. In this case, correction
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of spherical aberration in DVD and control of flare amount in
CD are possible. Fig. 38 shows a schematic sectional view of
a lens, and Fig. 39 shows an example of spherical aberration.
Furthermore, it is naturally possible to improve focus
characteristics on the CD side by providing a diaphragm with
a structure that lowers a transmission factor or blocks for a
light flux passing through the outside optically functional
surface in the case of CD, or an antireflection coating.

The invention makes it possible to provide an objective lens
and an optical pickup device wherein recording and
reproducing for optical information recording media each
having a different transparent base board thickness are made
possible, by forming different optically functional surfaces
on the objective lens while keeping temperature
characteristics in the objective lens having specifications

which make temperature characteristics to be strict.
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CLATIMS

1. An optical pickup apparatus, comprising:

a light source; and

a light converging optical system including an
objective leng and for converging a light flux emitted from
the light source onto a information recording surface of an
optical information recording medium;

wherein the optical pickup apparatus records and/or
reproduces information for a first recording medium including
a first transparent base board having a thickness tl and a
second recording medium including a second transparent base
board having a thickness t2 (tl1 < t2);

wherein the objective lens is a plastic lens,

wherein when the information is recorded for oxr
reproduced from the first or second optical information
recording medium, the objective lens converges a divergent
light flux emitted from the light source onto an information
recording surface of the first or second optgcal information
recording medium; and

wherein the following conditional formula is satisfied:

|dsa./8u| - |8U| + |8sAx/8T| - |8T| = 0.07 Arms

where A represents a wavelength of the light source,
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0SA;/8U represents a change of spherical aberration for an

object-to-image distance change 8U (|8U| = 0.5 mm) and

dSA,/8T represents a change of spherical aberration for a
temperature change 8T (|86T| = 30°Q).

2. The optical pickup apparatus of claim 1, wherein at
least one surface of the objective lens is provided with a
diffractive structure on at least a peripheral region within

an effective diameter, and the following conditional formula
is satisfied when 8SALl/8T represents a change of spherical
aberration for temperature change 0T in a light £lux which

has passed the diffractive structure on the peripheral region

among light fluxes emitted from the light source:

|88A1/8T| = 0.002 Arms/°C

3. The optical pickup apparatus of claim 2, wherein the
following conditional formula is satisfied when 8SA1/dT
represents a change of spherical aberration for temperature
change 0T in a light flux which has passed the diffractive

structure on the peripheral region among light fluxes emitted

from the light source:

|882,/8T| = 0.0005 Arms/°C
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4. The optical pickup apparatus of claim 2, wherein

the diffractive structure on the peripheral region of
the objective lens is ring-shaped diffractive zones, and with
regard to a light flux passing through the diffractive
structure of the peripheral region of the objective lens
among light fluxes emitted from the light source, an average
pitch Pout of the ring-shaped diffractive zones and a focal
length of the objective lens f satisfy the folloﬁing

conditional formula:

2.00 x 10™* = pout/(|n| - f) = 3.00 x 1072

5. The optical pickup apparatus of claim 4, wherein the
average pitch Pout of the ring-shaped diffractive zones

satisfies the following conditional formula:

1.00 x 107 £ pout/(|n| - £) £ 3.00 x 1073

6. The optical pickup apparatus of claim 4, wherein the
average pitch Pout of the ring-shaped diffractive zone

satisfies the following conditional formula:

3.00 x 107 = Pout/(|n| - £) < 8.00 x 1073

7. The optical pickup apparatus of claim 2, wherein the
optical surface of the objective lens comprises three or more

kinds of optical surface regions arranged in the direction
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perpendicular to an optical axis, and when the three or more
kinds of optical surface regions are represented by an
optical surface region closer to the optical axis, an
intermediate optical surface region and an optical surface
region closer to the outgide, all arranged in this order from
the optical axis side, the optical surface region closer to

the outside is the peripheral region.

8. The optical pickup apparatus of claim 7, wherein
spherical aberration ig discontinuous in at least one of a
boundary between the optical surface region closer to the
optical axis and the intermediate optical surface and a
boundary between the intermediate optical surface region and

the optical surface region closer to the outside.

9. The optical pickup apparatus of claim 7, wherein a
diffractive section where ring-shaped diffractive zones are
formed on the optical surface region closer to the optical
axig, and average pitch Pin of the ring-ghaped diffractive
zones satisfies the following conditional formula, when n-th
order light ray represents a diffracted light ray with a
maximum amount of light generated by the diffractive
structure from a light flux passing through the diffractive

structure on the optical surface region closer to the dight
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source among light fluxes emitted from the light source, and

f represents a focal length of the objective lens:

3.00 x 10 = Pin/(|n| - £) = 8.0 x 1072

10. The optical pickup apparatus of claim 7, wherein the
optical surface region closer to the outside has a function
to correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.

11. The optical pickup apparatus of claim 7, wherein when
recording or reproducing information for the first optical
information recording medium, spherical aberration of the
light flux passing through the intermediate optical surface
region is made to be discontinuous and to be flare component,
for spherical aberration of the light flux passing through
the optical surface region closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through

the intermediate optical surface region is used.

12. The optical pickup apparatus of claim 7, wherein the

intermediate optical surface region has a function to correct
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spherical aberration for thickness t‘(tl < t < ty) of a

transparent base board.

13. The optical pickup apparatus of claim 7, wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing mainly
through the optical surface region closer to the optical axis.
and the optical surface region closer to the outside is used,
while when recording or reproducing information for the
second optical information recording medium, a light flux
passing mainly through the optical surface region closer to
the optical axis and the intermediate optical surface region

is used.

14. The optical pickup apparatus of claim 7, wherein when
recording or reproducing information for the second optical
information recording medium, the following conditional
formulas are satisfied under the assumption that the
intermediate optical surface region is formed within a range
from the shortest distance from an optical axis NAH mm to NAL
mm when a necessary numerical aperture is represented by NA,
and a focal length of the objective lens is represented by

£a.

(NA, ~ 0.03) f, = NAH = (NA, + 0.03) f,



10

15

20

WO 02/35537 PCT/JP01/09327

255

(NA, - 0.20) £, < NAL < (NA, - 0.04) f,

15. The optical pickup apparatus of claim 7, wherein when
recording or reproducing information for the first optical
information recording medium, the optical pickup apparatus
has a function to make the spherical aberration to be under
for the light flux passing through the intermediate optical

surface region.

16. The optical pickup apparatus of claim 7, wherein the
optical surface region closer to the optical axis has a
function to correct spherical aberration when recording or
reproducing information for the first optical information

recording medium.

17. The optical pickup apparatus of claim 7, wherein the
optical surface region closer to the optical axis has a
function to correct temperature characteristics when
recording or reproducing information for the first optical

information recording medium.

18. The optical pickup apparatus of claim 2, wherein the
optical surface of the objective lens comprises two or more

kinds of optical surface regions arranged in the direction
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perpendicular to an optical axis, and when the two kinds of

optical surface regions are represented by an optical surface

region closer to the optical axis and an optical surface
region closer to the outside, the optical surface region

closer to the outside is the region on the peripheral side.

19. The optical pickup apparatus of claim 18, wherein a
diffractive sgection where ring-shaped diffractive zones are
formed on the optical surface region closer to the optical
axis, and average pitch Pin of the ring-shaped diffractive
zones satisfies the following conditional formula, when nth
order light ray represents a diffracted light ray with a
maximum amount of light generated by the diffractive
structure from a light flux passing through the diffractive
structure on the optical surface region closer to the light
source among light fluxes emitted from the light source, and

f represents a focal length of the objective lens.

3.00 x 107 £ Pin/(|n| - £) £ 8.0 x 107

20. The optical pickup apparatus of claim 18, wherein the

optical surface region closer to the outside has a function

to correct spherical aberration when recording or reproducing

information for the first optical information recording

medium.
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21. The optical pickup apparatus of claim 18, wherein the
optical surface region closer to the optical axis has a
function to correct spherical aberration for thickness t (ti

< t < ty) of a transparent base board.

22. The optical pickup apparatus of claim 21, wherein when
recording or reproducing information for the second optical
information recording medium, the following conditional
formula is satisfied under the assumption that the optical
surface region closer to the optical axis is formed within a
range of the shortest distance NAH mm from the optical axis,
when a necessary numerical aperture is represented by NA; and

a focal length of the objective lens is represented by £,.

(NA, - 0.03) f, = NAH = (NA, + 0.03) f,

23, The optical pickup apparatus of claim 18, wherein the
optical surface region closer to the light source has a
function to make a spherical aberration to be under for the
light flux passing through the optical surface region closer
to the optical axis when recording or reproducing infoxmation
for the first optical information recording medium and a
function to make a spherical aberration to be over for the

light flux passing through the optical surface region closer
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to the optical axis when recording or reproducing information

for the second optical information recording medium.

24 . The optical pickup apparatus of claim 1, wherein the
following conditional formula is satisfied by image forming
magnification.ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.

-1/2 S ml £ -1/7.5

25. The optical pickup apparatus of claim 24, wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recording medium is nearly the

same as ml.

26. An optical pickup apparatus, comprising:

a first light source to emit a light flux having a
wavelength Al;

a second light source to emit a light flux having a
wavelength A2;

a light converging optical system including an

objective lens and for converging a light flux emitted from
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the first and second light sources onto a information
recording surface of an optical information recording medium;

wherein the optical pickup apparatus record and/or
reproduce information for a first recording medium including
a first transparent base board having a thickness tl by using
the first light source and the light converging optical
system; and the optical pickup apparatus record and/or
reproduce information for a second recording medium including
a second transparent base board having a thickness t2 (tl <
t2) by using the second light source and the light converging
optical system;

wherein the objective lens is a plastic lens,

wherein when the information is recorded for or
reproduced from the first optical information recording
medium, the objective lens converges a divergent light flux
emitted from the first light source onto the first optical
information recording medium and the following conditional

formula is satisfied:

|6sAs/8U| - |dU| + |8SA./8T| - |8T| £ 0.07 Alrms

where 0SA;/0U represents a change of spherical
aberration for object-to-image distance change 8U (|8U| = 0.5
mm) and 0SA,/0T represents a change of spherical aberration

for temperature change 3T (|8T| = 30°C) when the information
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is recorded for or reproduced from the first optical
information recording medium; and

wherein when the information is recorded for or
reproduced from the second optical information recording
medium, the objective lens converges a divergent light flux
emitted from the second light source onto the second optical
information recording medium and the following conditional
formula ig satisfied:

|8sas/8U) - |8U| + |8SAs/8T| - |8T| = 0.07 A2rms

where 0SAs/0U represents a change of spherical
aberration for object-to-image distance change 8U (|8U| = 0.5
mm) and 8SAs/dT represents a change of spherical aberration
for temperature change 8T (|8T| = 30°C) when the information

is recorded for or reproduced from the second optical

information recording medium.

27. The optical pickup apparatus of claim 26, wherein
at least one surface of the objective lens is provided with a
diffractive structure on at least a peripheral region in an

effective diameter, and the following conditional formula is

satisfied when 8SA1/8T represents a change of spherical

aberration for temperature change 8T in a light flux which
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has passed the diffractive structure on the peripheral region

among light fluxes emitted from the first light source.

|8SAL1/3T| = 0.002 Alrms/°C

28. The optical pickup apparatus of claim 27, wherein

0SA1/0T representing a change of spherical aberration for

temperature change 0T in a light flux which has passed the
diffractive structure on the peripheral region among light
fluxes emitted from the first light source satisfies the

following conditional formula.

|0sA1/8T| = 0.0005 Alrms/°C

29. The optical pickup apparatus of claim 27, wherein

the diffractive structure on the peripheral region of the
objective lens is a ring-shaped diffractive zone, and an
average pitch Pout of the ring-shaped diffractive zone
satisfies the following conditional formula when n*® order
light ray represents a diffracted light ray with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure oni the
peripheral region of the bbjective lens among light fluxes
emitted from the first light source, and f represents a focal

length of the objective lens.

2.00 x 10™* = pout/(|n| - £) = 3.00 x 1072
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30. The optical pickup apparatus of claim 29, wherein
the average pitch Pout of the ring-shaped diffractive zone

satisfies the following conditional formula.

1.00 x 107 = pPout/(|n| - £) £ 3.00 x 107°

31. The optical pickup apparatus of claim 29, wherein
the average pitch Pout of the ring-shaped diffractive zone

satisfies the following conditional formula.

3.00 x 10 = Pout/(|n| - £) = 8.00 x 1073
32. The optical pickup apparatus of claim 27, wherein the
optical surface of the objective lens comprises three or more
kinds of optical surface regions arranged in the direction
perpendicular to an optical axis, and when the three or more
kinds of optical surface regions are represented by an
optical surface region closer to the optical axis, an
intermediate optical surface region and an optical surface
region closer to the outside, all arranged in this order from
the optical axis side, the optical surface region closer to

the outside is the region on the peripheral side.

33. The optical pickup apparatus of claim 32, wherein

spherical aberration is discontinuous in at least one of a
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boundary between the optical surface region closer to the
optical axis and the intermediate optical surface and a
boundary between the intermediate optical surface region and

the optical surface region closer to the outside.

34. The optical pickup apparatus of claim 32, wherein a
diffractive section where ring-shaped diffractive zones are
formed on the optical surface region closer to the optical
axis, and average pitch Pin of the ring-shaped diffractive
zones satisfies the following conditional formula, when nt®
order light ray represents a diffracted light ray with a
maximum amount of light generated by the diffractive
structure from a light flux passing through the diffractive
structure on the optical surface region closer to the second
light source among light fluxes emitted from the second light
source, and f represents a focal length of the objective

lens.

3.00 x 10 £ Pin/(|n| - £) £ 8.0 x 1072

35. The optical pickup apparatus of claim 32, wherein
the optical surface region closer to the outside has a
function to correct spherical aberration when recording or

reproducing information for the first optical information

recording medium.
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36. The optical pickup apparatus of claim 32, wherein when
recording or reproducing information for the first optical
information recording medium, spherical aberration of the
light flux passing through the intermediate optical surface
region is made to be discontinuous and to be flare component,
for spherical aberration of the light flux passing through
the optical surface region éloser to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through

the intermediate optical surface region is used.

37. The optical pickup apparatus of claim 32, wherein the
intermediate optical surface region has a function to correct
spherical aberration for thickness t (t1 < t < t;) of a

transparent base board.

38. The optical pickup apparatus of claim 32, wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing mainly
through the optical surface region closer to the optical axis
and the optical surface region closer to the outside is used,
while when recording or reproducing information for the
second optical information recording medium, a light flux

passing mainly through the optical surface region closer to
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the optical axis and the intermediate optical surface region

i used.

39. The optical pickup apparatus of claim 32, wherein when
recording or reproducing information for the second optical
information recording medium, the following conditional
formulas are satisfied under the assumption that the
intermediate optical surface region is formed within a range
from the shortest distance from an optical axis NAH mm to NAL
mm when a necessary numerical aperture is represented by NA,

and a focal length of the objective lens is represented by

fa.
(NA, - 0.03) £, < NAH = (NA, + 0.03) £,
(NA, — 0.20) £, = NAL = (NA; - 0.04) £,
40. The optical pickup apparatus of claim 32, wherein

when recording or reproducing information for the first
optical information recording medium, the optical pickup
apparatus has a function to make the spherical aberration to
be under for the light flux passing through the intermediate

optical surface region.

41, The optical pickup apparatus of claim 32, wherein the

optical surface region closer to the optical axis has a
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function to correct spherical aberration when recording or
reproducing information for the first optical information

recording medium.

42. The optical pickup apparatus of claim 32, wherein the
optical surface region closer to the optical axis has a
function to correct temperature characteristics when
recording or reproducing information for the first optical

information recording medium.

43. The optical pickup apparatus of claim 27, wherein the
optical surface of the objective lens comprises two or more
kinds of optical surface regions arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface regions are represented by an optical surface
region closer to the optical axis and an optical surface
region closer to the outside, the optical surface region

closer to the outside is the region on the peripheral side.

44 . The optical pickup apparatus of claim 43, wherein a
diffractive section where ring-shaped diffractive zones are
formed on the optical surface region closer to the optical
axis, average pitch Pin of the ring-shaped diffractive zones

satisfies the following conditional formula, when n*® order
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light ray represents a diffracted light ray with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface region closer to the second light source
among light fluxes emitted from the second light source, and

f represents a focal length of the objective lens.

3.00 x 107 = Pin/(|n| - £)

iIA

8.0 x 1072

45, The optical pickup apparatus of claim 43, wherein the
optical surface region closer to the outside has a function
to correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.

46. The optical pickup apparatus of claim 43, wherein the
optical surface region closer to the optical axis has a
function to correct spherical aberration for thickness t (t;

< t < ty) of a transparent base board.

47. The optical pickup apparatus of claim 46, wherein when
recording or reproducing information for the second optical
information recording medium, the following conditional
formula is satisfied under the assumption that the optical

surface region closer to the optical axis is formed within a
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range of the shortest distance NAH mm from the optical axis,
when a necessary numerical aperture is represented by NA; and

a focal length of the objective lens is represented by £,.

(NA, - 0.03) f, = NAH = (NA, + 0.03) £,

48. The optical pickup apparatus of claim 43, wherein the
optical surface region closer to the optical axis has a
function to correct gpherical aberration for a light flux
passing through that optical surface region when recording or
reproducing information for the second optical information
recording medium, while the optical surface region closer to
the outside has a function to make the light flux passing
through that optical surface region to be a flare component
when recording or reproducing information for the second

optical information recording medium.

49. The optical pickup apparatus of claim 26, wherein the
following conditional formula is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.

-1/2 Eml £ -1/7.5
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50. The optical pickup apparatus of claim 49, wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recording medium is nearly the

same as ml.

51. An objective lens for use in an optiéal pickup
apparatus having a light source and a light converging
optical system, wherein the optical pickup apparatus can
record and/or reproduce information for a first recording
medium including a first transparent base board having a
thickness tl and a second recording medium including a second
transparent base board having a thickness t2 (tl < t2);
comprising:

a diffractive structure on at least a peripheral region
within an effective diameter of at least one surface;

wherein the objective lens is a plastic lens,

wherein the objective lens converges a divergent light
flux emitted from the light source onto an information
recording surface of the first or second optical information
recording medium; and

wherein the following conditional formula is satisfied
when O0SALl/dT represents a change in gpherical aberration for

temperature change 0T in a light flux passing through the
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diffractive structure on the peripheral region among light
fluxes emitted from the light source, and A represents a

wavelength of the light source.

|65A1/8T| = 0.002 Arms/°C

52. The objective lens of claim 51, wherein 8SA1/06T
representing a change of spherical aberration for temperature
change 0T in a light flux which has passed the diffractive

structure on the peripheral region among light fluxes emitted
from the light source satisfies the following conditional

formula.

O0SA1/8T| = 0.0005 Arms/°C
l

53. The objective lens of claim 51, wherein the diffractive
structure on the peripheral region of the objective lens ig a
ring-shaped diffractive zone, and average pitch Pout of the
ring-shaped diffractive zone satisfies the following

conditional formula, when n™®

order light ray represents a
diffracted light ray with the greatest amount of light
generated by the diffractive structure and by a light £lux
passing through the diffractive structure on the peripheral
region of the object lens among light fluxes emitted from the

light source, and f represents a focal length of the

objective lens.
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2.00 x 107* = Pout/(|n| - £) = 3.00 x 1072
54 . The objective lens of claim 53, wherein average pitch

Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

1.00 x 10 £ pPout/(|n| - £) = 3.00 x 1073

55. The objective lens of claim 53, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

3.00 x 107° = pout/(|n| - £) = 8.00 x 1073

56. The objective lens of claim 51, wherein the optical
surface of the objective lens comprises three or more types
of optical surface regions arranged in the direction
perpendicular to the optical axis, and when the three types
of optical surface regions are represented by an optical
surface region closer to the optical axis, an intermediate
optical surface region and an optical surface region closer
to the outside, in this order from the optical axis side, the
optical surface region closer to the outside is the aforesaid

peripheral region.
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57. The objective lens of claim 56, wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface region closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface region and the optical

surface region closer to the outside.

58. The objective lens of claim 56, wherein a diffractive
section having thereon a ring-shaped diffractive zone is
formed on the optical surface region closer to the optical
axis, and average pitch Pin of the ring-shaped diffractive
zone satisfies the following conditional formula, when n'™®
order light ray represents a diffracted light ray with the
greatest amount of light generated by the diffractive
structure and by a light flux passing through the diffractive
structure on the optical surface region closer to the light
source among light fluxes emitted from the light source, and

f represents a focal length of the objective lens.

3.00 x 107 = pPin/(|n| - £f) = 8.00 x 1072

59. The objective lens of claim 56, wherein the optical
surface region closer to the outside has a function to

correct spherical aberration when recording or reproducing
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information for the first optical information recording

medium.

60. The objective lens of claim 56, wherein when recording
or reproducing information for the first optical information
recording medium, spherical aberration of the light flux
passing through the intermediate optical surface region is
made to be discontinuous and to be flare component, for
spherical aberration of the light flux passing through the
optical surface region closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through

the intermediate optical surface region is used.

61. The objective lens of claim 56, wherein the
intermediate optical surface region has a function to correct
spherical aberration for thickness t (t; < t < t,) of a

transparent base board.

62. The objective lens of claim 56, wherein when recording
or reproducing information for the first optical information
recording medium, a light flux passing mainly through the
optical surface region closer to the optical axis and the
optical surfaée region closer to the outéide is used, while

when recording or reproducing information for the second
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optical information recording medium, a light flux passing
mainly through the optical surface region closer to the
optical axis and the intermediate optical surface region is

used.

63. The objective lens of claim 56, wherein when recording
or reproducing information for the second optical information
recording medium, the following conditional formulas are
satisfied under the assumption that the intermediate optical
surface region is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.

(NA, - 0.03) £, = NAH = (NA, + 0.03) £,

(NA, - 0.20) £, < NAL £ (NA, - 0.04) £,

64. The objective lens of claim 56, wherein when recording
or reproducing information for the first optical information
recording medium, the objective lens has a function to make

the spherical aberration to be under for the light flux

passing through the intermediate optical surface region.

65. The objective lens of claim 56, wherein the optical

surface region closer to the optical axis has a function to
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correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.

66. The objective lens of claim 56, wherein the optical
surface region closer to the optical axis has a function to
correct temperature characteristics when recording or
reproducing information for the first optical information

recording medium.

67. The objective lens of claim 51, wherein the optical
surface of the objective lens compriges two or more kinds of
optical surface regions arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface regions are represented by an optical surface
region closer to the optical axis and an optical surface
region closer to the outside, the optical surface region

closer to the outside is the region on the peripheral side.

68. The objective lens of claim 67, wherein a diffractive
section where ring-shaped diffractive zones are formed on the
optical surface region closer to the optical axis, average
pitch Pin of the ring-shaped diffractive zones satisfies the

following conditional formula, when n™ order light ray
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represents a diffracted light ray with a maximum amount of
light generated by the diffractive structure from a light
flux passing through the diffractive structure on the optical
surface region closer to the light source among light £luxes
emitted from the light source, and f represents a focal

length of the objective lens.

IA

3.00 x 10 £ Pin/(|n] - £) = 8.0 x 1072

69. The objective lens of claim 67, wherein the optical
surface region closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.

70. The objective lens of claim 67, wherein the optical
surface region closer to the optical axis has a function to
correct sgspherical aberration for thickness t (t; < t < t3) of

a transparent base board.

71. The objective lens of claim 70, wherein when recording
or reproducing information for the second optical infoxrmation
recording medium, the following conditional formula is
satisfied under the assumption that the optical surface

region closer to the optical axis is formed within a range of
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the shortest distance NAH mm from the optical axis, when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by £,

(NA, -~ 0.03) £, = NAH £ (NA; + 0.03) £,

72. The objective lens of claim 67, wherein when recording
or reproducing information for the first optical information
recording medium, the optical surface region closer to the
optical axis makes a light flux passing through the optical
surface region closer to the optical axis to have under
spherical aberration, and when recording or reproducing
information for the second optical information recording
medium, the optical surface region closer to the optical axis
makes a light flux passing through the optical surface region

closer to the optical axis to have over gpherical aberration.

73. The objective lens of claim 51, wherein the following
conditional formula is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.

-1/2 S ml £ ~-1/7.5
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74 . The objective lens of claim 73, wherein image forming
magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as

ml.

75. An objective lens for usge in an optical pickup
apparatus having first and second light sources to emit a
light flux having a different wavelength from each other and
a light converging optical system including the objective
lens, wherein the optical pickup apparatus record and/or
reproduce information for a first recording medium including
a first transparent base board having a thickness tl by using
the first light source and the light converging optical
system; and the optical pickup apparatus record and/or
reproduce information for a second recording medium including
a second transparent base board having a thickness t2 (tl <
t2) by using the second light source and the light converging
optical system, comprising:

a diffractive structure on a peripheral region within
an effective diameter of at least one surface;

wherein the objective lens is a plastic lens,

wherein the objective lens converges a divergent light

flux emitted from the first and second light sources onto an
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information recording surface of the first or second optical
information recording medium; and

wherein the following conditional formula is satisfied

when 0SA1/dT represents a change in spherical aberration for

temﬁerature change 8T in a light flux passing through the
diffractive structure on the peripheral fegion among light
fluxes emitted from the light source, and Al represents a
wavelength of the first light source.

|8sA1/8T| = 0.002 Alrms/°C

76. The objective lens of claim 75, wherein 8SA1/8T
representing a change of spherical aberration for temperature
change 8T in a light flux which has passed the diffractive
structure on the peripheral region among light fluxes emitted
from the first light source satisfies the following

conditional formula.

|0SAL/8T| = 0.0005 Alrms/°C

77. The objective lens of claim 75, wherein the diffractive
structure on the peripheral region of the objective lens is a
ring-shaped diffractive zone, and average pitch Pout of the
ring-shaped diffractive zone satisfies the following

conditional formula, when n-th order light ray represents a
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diffracted light ray with the greatest amount of light
generated by the diffractive structure and by a light flux

passing through the diffractive structure on the peripheral

region of the object lens among light fluxes emitted from the

first light source, and f represents a focal length of the

objective lens.

2.00 x 107 = pout/(|n| - £) £ 3.00 x 1072

78. The objective lens of claim 77, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

1.00 x 107 £ pout/(|n] - £) =< 3.00 x 1073

79. The objective lens of claim 77, wherein average pitch
Pout of the ring-shaped diffractive zone gatisfies the

following conditional formula.

3.00 x 107° = Pout/(|n| - £) £ 8.00 x 1073

80. The objective lens of claim 75, wherein the optical
surface of the objective lens comprises three or more types
of optical surface regions arranged in the direction
perpendicular to the optical axis, and when the three types
of optical surface regions are represented by an optical

surface region closer to the optical axis, an intermediate
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optical surface region and an optical surface region closer
to the outside, in this order from the optical axis side, the
optical surface region closer to the outside is the aforesaid

peripheral region.

81. The objective lens of claim 80, wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface region closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface region and the optical

surface region closer to the outgide.

82. The objective lens of claim 80, wherein a diffractive
section having thereon a ring-shaped diffractive zone is
formed on the optical surface region closer to the optical
axis, and average pitch Pin of the ring-shaped diffractive
zone satisfies the following conditional formula, when n®®
order light ray represents a diffracted light ray with the
greatest amount of light generated by the diffractive
structure and by a light flux passing through the diffractive
structure on the optical surface region closer to the second
light source among light fluxes emitted from the second light

source, and f represents a focal length of the objective

lens.
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3.00 x 107 = Pin/(|n| - £) = 8.00 x 107?
83. The objective lens of claim 80, wherein the optical

surface region closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.

84. The objective lens of claim 80, wherein when recording
or reproducing information for the first optical information
recording medium, spherical aberration of the light flux
passing through the intermediate optical surface region is
made to be discontinuous and to be flare component, for
spherical aberration of the light flux passing through the
optical surface region closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through

the intermediate optical surface region is used.

85. The objective lens of claim 80, wherein the
intermediate optical surface region has a function to correct
spherical aberration for thickness t (t1 < t < t,) of a

transparent base board.



10

15

20

WO 02/35537 PCT/JP01/09327

283

86. The objective lens of claim 80, wherein when recording
or reproducing information for the first optical information
recording medium, a light flux passing mainly through the
optical surface region closer to the optical axis and the
optical surface region closer to the outside is used, while
when recording or reproducing information for the second
optical information recording medium, a light flux passing
mainly through the optical surface region closer to the
optical axis and the intermediate optical surface region is

used.

87. The objective lens of claim 80, wherein when recording
or reproducing information for the second optical information
recording medium, the following conditional formulas are
satisfied under the assumption that the intermediate optical
surface region is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA; and a

focal length of the objective lens is represented by f,.

(NA; — 0.03) £, = NAH = (Na, + 0.03) f,

(NA, - 0.20) £, & NAL £ (Na, - 0.04) f,

88. The objective lens of claim 80, wherein when recording

or reproducing information for the first optical information
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recording medium, the objective lens has a function to make
the spherical aberration to be under for the light flux

passing through the intermediate optical surface region.

89. The objective lens of claim 80, wherein the optical
surface region closer to the optical axis has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.

90. The objective lens of claim 80, wherein the optical
surface region closer to the optical axis has a function to
correct temperature characteristics when recording or
reproducing information for the first optical information

recording medium.

91. The objective lens of claim 75, wherein the optical
surface of the objective lens comprises two or more kinds of
optical surface regions arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface regions are represented by an optical surface
region closer to the optical axig and an optical surface
region closer to the outside, the optical surface region

closer to the outside is the region on the peripheral side.
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92. The objective lens of claim 91, wherein a diffractive
section where ring-shaped diffractive zones are formed on the
optical surface region closer to the optical axis, average
pitch Pin of the ring-shaped diffractive zoneg satisfies the
following conditional formula, when n-th order light ray
represents a diffracted light ray with a maximum amount of
light generated by the diffractive structure from a light
flux passing through the diffractive structure on the optical
surface region closer to the second light source among light
fluxes emitted from the second light source, and f represents

a focal length of the objective lens.

3.00 x 107> £ Pin/(|n] - £) = 8.0 x 1072

93. The objective lens of claim 91, wherein the optical
surface region closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.

94. The objective lens of claim 91, wherein the optical
surface region closer to the optical axis has a function to
correct spherical aberration for thickness t; of a

transparent base board.
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95. The objective lens of claim 94, wherein when recording
or reproducing information for the second optical information
recording medium, the following conditional formula is
satisfied under the assumption that the optical surface
region closer to the optical axis is formed within a range of
the shortest distance NAH mm from the optical axis, when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.

(NA, - 0.03) f;, = NAH £ (NA; + 0.03) £,

96. The objective lens of claim 91, wherein when recording
or reproducing information for the second optical information
recording medium, the optical surface region closer to the
optical axis has a function to correct spherical aberration
for the light flux passing through that optical surface
region, while when recording or reproducing information for
the second optical information recording medium, the optical
surface region closer to the outside has a function to make

the light flux passing through that optical surface to be

flare components.

97. The objective lens of claim 75, wherein the following

conditional formula is satisfied by image forming
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magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.

-1/2 S ml £ -1/7.5

98. The objective lens of claim 97, wherein image forming
magnification m2 of the objective lens in conducting
recording or reproduction of information for the second

optical information recording medium is nearly the same as

ml.

99. An objective lens for use in an optical pickup
apparatus having a light source and a light converging
optical system including the objective lens, wherein the
optical pickup apparatus can record and/or reproduce
information for a first recording medium including a first
transparent base board having a thickness tl and a second
recording medium including a second transparent base board
having a thickness t2 (tl < t2), comprising:

two kinds of regions toward a peripheral region from an
optical axis within an effective diameter of at least one
surface; and

a diffractive structure on at least the peripheral

region within the effective diameter;
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wherein the objective lens is a plastic lens,

wherein the objective lens converges a divergent light
flux emitted from the light source onto the first or second
optical information recording medium; and

wherein the following conditional formula is satisfied

when 0SALl/dT represents a change in spherical aberration for

temperature change 8T in a light flux passing through the
diffractive structure on the peripheral region among light
fluxes emitted from the light source, and A represents a
wavelength of the light source;

|8sA1/8T| = 0.002 Arms/°C, and

wherein an inner side region for the peripheral region
has a function to correct a spherical aberration when

recording or reproducing information for the second optical

information recording medium.

100. The objective lens of claim 99, wherein 8Sa1/8T
representing a change of spherical aberration for temperature
change 8T in a light flux which has passed the diffractive

structure on the peripheral region among light fluxes emitted
from the light source satisfies the following conditional

formula.

|8SAL1/8T| = 0.0005 Arms/°C
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101. The objective lens of claim 99, wherein the diffractive
structure on the peripheral region of the objective lens is a
ring-shaped diffractive zone, and average pitch Pout of the
ring-shaped diffractive zone satisfies the following
conditional formula, when n-th order light ray represents a
diffracted light ray with the greatest amount of light
generated by the diffractive structure and by a light flux
passing through the diffractive structure on the peripheral
region of the object lens among light fluxes emitted from the
light source, and f represents a focal length of the

objective lens.

2.00 x 10 = Pout/(|n| - £) < 3.00 x 1072

102. The objective lens of claim 101, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

1.00 x 107 < pout/(|n| - £) =< 3.00 x 1073

103. The objective lens of claim 101, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

3.00 x 107 = Pout/(|n] - f) = 8.00 x 1073
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104. The objective lens of claim 99, wherein the optical
surface of the objective lens comprises three or more kinds
of optical surface regions arranged in the direction
perpendicular to an optical axis, and when the three or more
kinds of optical surface regions are represented by an
optical surface region closer to the optical axis, an
intermediate optical surface region and an optical surface
region closer to the outside, all arranged in this order from
the optical axis side, the optical surface region closer to

the outside is the region on the peripheral side.

105. The objective lens of claim 104, wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface region closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface region and the optical

surface region closer to the outside.

106. The objective lens of claim 104, wherein a diffractive
section having thereon a ring-shaped diffractive zone is
formed on the optical surface region closer to the optical
axis, and average pitch Pin of the ring-shaped diffractive
zone satisfies the following conditional formula, when n™
order light ray represents a diffracted light ray with the

greatest amount of light generated by the diffractive
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structure and by a light flux passing through the diffractive
structure on the optical surface region closer to the light
source among light fluxes emitted from the light source, and

f represents a focal length of the objective lens.

3.00 x 107 £ Pin/(|n| - £) = 8.00 x 1072

107. The objective lens of claim 104, wherein the optical
surface region closer to the outsgside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.

108. The objective lens of claim 104, wherein when recording
or reproducing information for the first optical information
recording medium, spherical aberration of the light flux
passing through the intermediate optical surface region is
made to be discontinuous and to be flare component, for
spherical aberration of the light flux passing through the
optical surface region closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through

the intermediate optical surface region is used.
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109. The objective lens of claim 104, wherein the
intermediate optical surface region has a function to correct
spherical aberration for thickness t (t; < £t < t;) of a

transparent base board.

110. The objective lens of claim 104, wherein when recording
or reproducing information for the first optical information
recording medium, a light flux passing mainly through the
optical surface region closer to the optical axis and the
optical surface region closer to the outside is used, while
when recording or reproducing information for the second
optical information recording medium, a light flux passing
mainly through the optical surface region closer to the
optical axis and the intermediate optical surface region is

used.

111. The objective lens of claim 104, wherein when recording
or reproducing information for the second optical information
recording medium, the following conditional formulas are
satisfied under the assumption that the intermediate optical
surface region is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.
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IA

(NA, - 0.03) £, = NAH (NA, + 0.03) £,

(NA, - 0.20) £, < NAL = (NA, - 0.04) f,

112. The objective leng of claim 104, wherein when recording
or reproducing information for the first optical information
recording medium, the objective lens has a function to make
the spherical aberration to be under for the light flux

passing through the intermediate optical surface region.

113. The objective lens of claim 104, wherein the optical

surface region closer to the optical axis has a function to
correct spherical aberration when recording or reproducing

information for the first optical information recording

medium.

114. The objective lens of claim 104, wherein the optical
surface region closer to the optical axis has a function to
correct temperature characteristics when recording or
reproducing information for the first optical information

recording medium.

115. The objective lens of claim 99, wherein the optical
surface of the objective lens comprises two or more kinds of

optical surface regiong arranged in the direction
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perpendicular to an optical axisg, and when the two kinds of
optical surface regions are represented by an optical surface
region closer to the optical axis and an optical surface
region closer to the outside, the optical surface region

closer to the outside is the region on the peripheral side.

116. The objective lens of claim 115, wherein a diffractive
section where ring-shaped diffractive zones are formed on the
optical surface region closer to the optical axis, and
average pitch Pin of the ring-shaped diffractive zones
satisfies the following conditional formula, when n*® order
light ray represents a diffracted light ray with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface region closer to the light source among light
fluxes emitted from the light source, and f represents a

focal length of the objective lens.

3.00 x 107 £ Pin/(|n| - £f) = 8.0 x 1072

117. The objective lens of claim 115, wherein the optical
surface region closer to the outside has a function to
correct spherical aberration when recording or reproducing
information for the first optical information recording

medium.
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118. The objective lens of claim 115, wherein the optical
surface region closer to the optical axis has a function to
correct spherical aberration for thickness t (t; < t < t,) of

a transparent base board.

119. The objective lens of claim 118, wherein when recording
or reproducing information for the first optical information
recording medium, the optical surface region closer to the
optical axis makes a light flux passing through the optical
surface region closger to the optical axis to have under
spherical aberration, and when recording or reproducing
information for the second optical information recording
medium, the optical surface region closer to the optical axis
makes a light flux passing through the optical surface region

closer to the optical axis to have over spherical aberration.

120. The objective lens of claim 115, wherein when recording
or reproducing information for the first optical information
recording medium, the optical surface region closer to the
optical axis makes a light flux passing through the optical
surface region closer to the optical axis to have underxr
spherical aberration, and when recording or reproducing
information for the second optical information recording

medium, the optical surface region closer to the optical axis
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makes a light flux passing through the optical surface region

closer to the optical axis to have over spherical aberration.

121. The objective lens of claim 99, wherein the following
conditional formula is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.

-1/2 S ml £ -1/7.5

122. The objective lens of claim 121, wherein image forming
magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as

ml.

123. An objective lens for use in an optical pickup
apparatus having first and second light sources to emit a
light flux having a different wavelength from each other and
a light converging optical system including the objective
lens, wherein the optical pickup apparatus record and/or
reproduce information for a first recording medium including
a first transparent base board having a thickness tl by using

the first light source and the light converging optical
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system; and the optical pickup apparatus record and/or
reproduce information for a second recording medium including
a second transparent base board having a thicknegs t2 (tl <
t2) by using the second light source and the light converging
optical system, comprising:

at least two kinds of regions toward a peripheral
region from an optical axis within an effective diameter of
at least one surface; and

a diffractive structure on at least the peripheral
region within the effective diameter;

wherein the objective lens is a plastic lens,

wherein the objective lens converges a divergent light
flux emitted from each light source onto an information
recording surface of the first or second optical information
recording medium; and

wherein the following conditional formula is satisfied
when 0SA1/8T represents a change in spherical aberration for
temperature change 0T in a light flux passing through the
diffractive structure on the peripheral region among light
fluxes emitted from the first light source, and Al
represents a wavelength of the first light source;

|8sA1/8T| = 0.002 Alrms/°C, and

wherein an inner side region for the peripheral region

has a function to correct a spherical aberration when



10

15

20

WO 02/35537 PCT/JP01/09327

298

recording or reproducing information for the second optical

information recording medium.

124. The objective lens of claim 123, wherein 0SA1/8T
representing a change of spherical aberration for temperature
change 0T in a light flux which has passed the diffractive
structure on the peripheral region among light fluxes emitted

from the first light source satisfies the following

conditional formula.

|9sA1/8T| = 0.0005 Alrms/°C

125. The objective lens of claim 123, wherein the
diffractive structure on the peripheral region of the
objective lens is a ring-shaped diffractive zone, and average
pitch Pout of the ring-shaped diffractive zone satisfies the
following conditional formula, when n*® order light ray
represents a diffracted light ray with the greatest amount of
light generated by the diffractive structure and by a light
flux passing through the diffractive structure on the
peripheral region of the object lens among light fluxes
emitted from the first light source, and f represents a focal

length of the objective lens.

2.00 x 10™* = Pout/(|n| - £) = 3.00 x 1072
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126. The objective lens of claim 125, wherein average pitch
Pout of the ring-shaped diffractive zone mentioned above

satisfies the following conditional formula.

1.00 x 10 = pout/(|n| - £) £ 3.00 x 1073

127. The objective lens of claim 125, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

3.00 x 107 < pout/(|n| - £) = 8.00 x 107°

128. The objective lens of claim 123, wherein the optical
surface of the objective lens comprises three or more kinds
of optical surface regions arranged in the direction
perpendicular to an optical axis, and when the three or more
kinds of optical surface regions are represented by an
optical surface region closer to the optical axis, an
intermediate optical surface region and an optical surface
region closer to the outsgide, all arranged in this order from
the optical axis side, the optical surface region clogser to

the outside is the region on the peripheral gide.

129. The objective lensg of claim 128, wherein spherical
aberration is discontinuous in at least one of a boundary

between the optical surface region closer to the optical axis
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and the intermediate optical surface and a boundary between

the intermediate optical

surface region closer to

130. The objective lens

section having thereon a

surface region and the optical

the outside.

of claim 128, wherein a diffractive

ring-shaped diffractive zone is

formed on the optical surface region closer to the optical

axis, and average pitch Pin of the ring-shaped diffractive

zone satisfies the following conditional formula, when n®®

order light ray represents a diffracted light ray with the

greatest amount of light
structure and by a light
structure on the optical
light source among light
source, and f represents

lens.

3.00 x 1072 £ Pin/(

131. The objective lens

surface region closer to

generated by the diffractive

flux passing through the diffractive
surface region closer to the second
fluxes emitted from the second light

a focal length of the objective

n] - £) = 8.00 x 1072

of claim 128, wherein the optical

the outside has a function to

correct spherical aberration when recording or reproducing

information for the first optical information recording

medium.
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132. The objective lens of claim 128, wherein when recording
or reproducing information for the first optical information
recording medium, spherical aberration of the light flux
passing through the intermediate optical surface region is
made to be discontinuous and to be flare component, for
spherical aberration of the light flux passing through the
optical surface region closer to the outside, while when
recording or reproducing information for the second optical
information recording medium, the light flux passing through

the intermediate optical surface region is used.

133. The objective lens of claim 128, wherein the
intermediate optical surface region has a function to correct
spherical aberration for thickness t (t; < t < t,) of a

transparent basge board.

134. The objective lens of claim 128, wherein when recording
or reproducing information for the first optical information
recording medium, a light flux passing mainly through the
optical surface region closer to the optical axis and the
optical surface region closer to the outside is used, while
when recording or reproducing information for the second
optical information recording medium, a light flux passing

mainly through the optical surface region closer to the
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optical axis and the intermediate optical surface region is

used.

135. The objective lens of claim 128, wherein when recording
or reproducing information for the second optical information
recording medium, the following conditional formulas are
satisfied under the assumption that the intermediate optical
surface region is formed within a range from the shortest
distance from an optical axis NAH mm to NAL mm when a
necessary numerical aperture is represented by NA; and a

focal length of the objective lens is represented by f,.

(NA, — 0.03) f; = NAH = (NA, + 0.03) £,

(NA, — 0.20) f, = NAL < (NA, - 0.04) f,

136. The objective lens of claim 128, wherein when recording
or reproducing information for the first optical information
recording medium, the objective lens has a function to make
the spherical aberration to be over for the light flux

passing through the intermediate optical surface region.

137. The objective lens of claim 128, wherein the optical
surface region closer to the optical axis has a function to

correct spherical aberration when recording or reproducing
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information for the first optical information recording

medium.

138. The objective lens of claim 128, wherein the optical
surface region closer to the optical axis has a function to
correct temperature characteristics when recording or
reproducing information for the first optical information

recording medium.

139. The objective lens of claim 123, wherein the optical
surface of the objective lens comprises two or more kinds of
optical surface regiongs arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface regions are represented by an optical surface
region closer to the optical axis and an optical surface
region closer to the outside, the optical surface region

closer to the outside is the region on the peripheral side.

140. The objective lens of claim 139, wherein a diffractive
section where ring-shaped diffractive zones are formed on the
optical surface region closer to the optical axis, and
average pitch Pin of the ring-shaped diffractive zones
satisfies the following conditional formula, when n*® oxrder

light ray represents a diffracted light ray with a maximum
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amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface region closer to the second light source
among light fluxes emitted from the second light source, and

f represents a focal length of the objective lens.

3.00 x 10 = Pin/(|n| - £) =< 8.0 x 1072

141. The objective lens of claim 139, wherein the optical
surface region closer to the outside has a function to
correct spherical aberration when recording or reproducing

information for the first optical information recording

medium.

142. The objective lens of claim 139, wherein the optical
surface region closer to the optical axis has a function to
correct spherical aberration for thickness t, of a

transparent base board.

143. The objective lens of claim 142, wherein when recording
or reproducing information for the second optical information
recording medium, the optical surface region closer to the
optical axis has a function to correct spherical aberration
for the light flux passing through that optical surface

region, while when recording or reproducing information for
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the second optical information recording medium, the optical
surface region closer to the outside has a function to make
the light flux passing through that optical surface region to

be a flare component.

144. The objective lens of claim 139, wherein when recording
or reproducing information for the second optical information
recording medium, the following conditional formula is
satisfied under the assumption that the optical surface
region closer to the optical axis is formed within a range of
the shortest distance NAH mm from the optical axis, when a
necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by fs.

(NA, - 0.03) f, = NAH = (NA, + 0.03) £,

145. The objective lens of claim 123, wherein the following
conditional formula is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.

-1/2 Eml £ -1/7.5

146. The objective lens of claim 145, wherein image forming

magnification m2 of the objective lens in conducting
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recording or reproduction of information for the second
optical information recording medium is nearly the same as

ml.

147. An objective lens for use in an optical pickup
apparatus having a light source and a light converging
optical system, wherein the optical pickup apparatus can
record and/or reproduce information for a recording medium
including a transparent base board having a thickness t1;
comprising:

a diffractive structure on at least a peripheral region
wiﬁhin an effective diameter of at least one surface;

wherein the objective lens is a plastic lens,

wherein the objective lens converges a divergent light
flux emitted from the light source onto an information
recording surface of the optical information recording
medium; and

wherein the following conditional formula is satisfied
when 0SA1/0T represents a change in spherical aberration for
temperature change 6T in a light flux passing through the
diffractive structure on the peripheral region among light
fluxes emitted from the light source, and A represents a
wavelength of the light source.

|6sA1/8T| <= 0.002 Arms/°C
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148. The objective lens of claim 147, wherein 8SA1/8T
representing a change of spherical aberration for temperature
change 8T in a light flux which has passed the diffractive

structure on the peripheral region among light fluxes emitted
from the light source satisfies the following conditional

formula.

0SAL/8T| £ 0.0005 Arms/°C
l

149. The objective lens of claim 147, wherein the
diffractive structure on the peripheral region of the
objective lens is a ring-shaped diffractive zone, and average
pitch Pout of the ring-shaped diffractive zone satisfies the
following conditional formula, when n-th order light ray
represents a diffracted light ray with the greatest amount of
light generated by the diffractive structure and by a light
flux passing through the diffractive structure on the
peripheral region of the object lens among light fluxes
emitted from the light source, and £ represents a focal

length of the objective lens.

2.00 x 10™* = Pout/(|n| - £) £ 3.00 x 1072
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150. The objective lens of claim 149, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

1.00 x 107 = Pout/(|n| - £) = 3.00 x 10°°

151. The objective lens of claim 149, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

3.00 x 10 = pout/(|n| - £) =< 8.00 x 1073

152. The objective lens of claim 147, wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface region closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface region and the optical

surface region closer to the outside.

153. The objective lens of claim 152, wherein spherical
aberration is discontinuous in at least one of a boundary
between the optical surface region closer to the optical axis
and the intermediate optical surface and a boundary between
the intermediate optical surface region and the optical

surface region closer to the outside.
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154. The objective lens of claim 152, wherein a diffractive
section having thereon a ring-shaped diffractive zone is
formed on the optical surface region closer to the optical
axis, and average pitch Pin of the ring-shaped diffractive
zone satisfies the following conditional formula, when nt®
order light ray represents a diffracted light ray with the
greatest amount of light generated by the diffractive
structure and by a light flux passing through the diffractive
structure on the optical surface region closer to the light
source among light fluxes emitted from the light source, and

f represents a focal length of the objective lens.

3.00 x 107 = Pin/(|n| - £) = 8.00 x 1072

155. The objective lens of claim 152, wherein the optical
surface region closer to the outside has a function to

correct spherical aberration.

156. The objective lens of claim 152, wherein when recording
or reproducing information for the optical information
recording medium, the following conditional formulas are
satisfied under the assumption that the intermediate optical
surface region is formed within a range from the shortest

distance from an optical axis NAH mm to NAL mm when a
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necessary numerical aperture is represented by NA, and a

focal length of the objective lens is represented by f,.

(NA; - 0.03) £, = NAH < (NA, + 0.03) £,

(NA, - 0.20) f, = NAL < (NA, - 0.04) £,

157. The objective lens of claim 152, wherein the optical
surface region closer to the optical axis has a function to

correct spherical aberration.

158. The objective lens of claim 152, wherein the optical
surface region closer to the optical axis has a function to

correct temperature characteristics.

159. The objective lens of claim 147, wherein the optical
surface of the objective lens comprises two or more kinds of
optical surface regions arranged in the direction
perpendicular to an optical axis, and when the two kinds of
optical surface regions are represented by an optical surface
region closer to the optical axis and an optical surface
region closer to the outside, the optical surface region

closer to the outside is the region on the peripheral side.

160. The objective lens of claim 159, wherein a diffractive

section where ring-shaped diffractive zones are formed on the
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optical surface region closer to the optical axis, and
average pitch Pin of the ring-shaped diffractive zones
satisfies the following conditional formula, when n-th order
light ray represents a diffracted light ray with a maximum
amount of light generated by the diffractive structure from a
light flux passing through the diffractive structure on the
optical surface region closer to the light source among light
fluxes emitted from the light source, and f represents a

focal length of the objective lens.

3.00 x 10 = Pin/(|n| - £) £ 8.00 x 1072

161. The objective lens of claim 159, wherein the optical
surface region closer to the outside has a function to

correct spherical aberration.

162. The objective lens of claim 159, wherein when recording
or reproducing information for the optical information
recording medium, the following conditional formula is
satisfied under the assumption that the optical surface
region closer to the optical axis is formed within a range of
the shortest distance from an optical axis NAH mm from the
optical axis when a necessary numerical aperture is

represented by NA; and a focal length of the objective lens
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is represented by f, and a focal length of the objective lens

is represented by f,.

(NA, -~ 0.03) f, £ NAH < (NA, + 0.03) £,

163. The objective lens of claim 147, wherein the following
conditional formula is satisfied by image forming
magnification ml of the objective lens in conducting
recording or reproduction of information for the first

optical information recording medium.

-1/2 = ml £ -1/7.5

164. The objective lens of claim 163, wherein image forming
magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as

ml.

165. An optical pickup apparatus, comprising:

an objective lens described in claim 51.

166. An optical pickup apparatus, comprising:

an objective lens described in claim 75.

167. An optical pickup apparatus, comprising:
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an objective lens described in claim 99.

168. An optical pickup apparatus, comprising:

an objective lens described in claim 123.

169. An optical pickup apparatus, comprising:

an objective lens described in claim 147.

170. An objective lens for conducting recording and/or
reproducing of information for an optical information
recording medium by converging light emitted from a light
source on an information recording surface of the optical
information recording medium through a transparent base
board, comprising:

at least two or more kinds of optical surface regions
provided in an effective diameter on at least one side
surface;

a diffractive section formed on an outermost optical
surface on the one side surface or on an outermost optical
surface on the other side surface at which a light flux
having passed through the outermost optical surface on the
one side surface further passes, wherein ring-shaped
diffractive zones to utilize n*™ order light ray are foxrmed

on the diffractive section;
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wherein average pitch Pout of the ring-shaped
diffractive zones satisfies the following conditional formula

when a focal length of the objective lens is represented by

£.

2.00 x 107" = pout/(|n| - £) £ 3.50 x 1073

171. The objective lens of claim 170, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

1.00 x 107 = pPout/(|n| - £) £ 3.00 x 1073

172. The objective lens of claim 170, wherein the optical
surface on at least one side of the objective lens is
constituted with three or more types of optical surface
regions arranged in the direction perpendicular to the
optical axis, and an intermediate optical surface region
among the aforesaid optical surface regions is provided with
a discontinuous section in terms of spherical aberration for
at least one optical surface region among the outside and

inside optical surface regions.

173. The objective lens of claim 172, wherein at least one
of the refraction section and the diffractive section is

formed on the intermediate optical surface region.
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174. The objective lens of claim 172, wherein there is
formed a diffractive section on which a ring-shaped
diffractive zone is formed, on the optical surface region
including an optical axig excluding the aforesaid
intermediate optical surface region, and average pitch Pin of
that ring-shaped diffractive zone satisfies the following

conditional formula.

3.00 x 10 £ Pin/(|n| - £) = 6.00 x 1072
175. The objective lens of claim 170, wherein the surface on
at least one side of the objective lens is constituted with
two types of optical surfaces and a diffractive section on
which a ring-shaped diffractive zone is formed on the optical
surface region including an optical axis, and average pitch
Pin of that ring-shaped diffractive zone satisfies the

following conditional formula.

3.00 x 10°® £ Pin/(|n| - £) = 6.00 x 1072

176. The objective lens of claim 170, wherein the objective

lens is made of plastic materials.
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177. The objective lens of claim 170, wherein the expression
of |n| = 1 holds for the diffraction number of order

represented by n.

178. An objective lens for use in an optical pickup
apparatus having a light source and a light converging
optical system including the objective lens, wherein the
optical pickup apparatus record and/or reproduce information
for a first recording medium including a first transparent
base board having a thickness tl and a second recording
medium including a second transparent base board having a
thickness té (t1 < t2) by using the light source and the
light converging optical system, comprising:

at least two kinds of optical surface regions
comprising, in a direction perpendicular to the optical axis
in the order from an optical axis, an optical surface region
including the optical axis and an outermost optical surface
region within an effective diameter of at least one surface;
and

a diffractive section formed on the outermost optical
surface on the one side surface or on an outermost optical
surface on the other sgide surface at which a light flux
having passed through the outermost optical surface on the

one side surface further passes, wherein ring-shaped
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diffractive zones to utilize n*" order light ray are formed
on the diffractive section;

wherein average pitch Pout of the ring-shaped
diffractive zones satisfies the following conditional formula
when a focal length of the objective lens is represented by

f.

2.00 x 10™ = pout/(|n| - £) = 3.50 x 107°

179. The objective lens of claim 178, wherein average pitch
Pout of the ring-shaped diffractive zone satisfies the

following conditional formula.

1.00 x 107 £ Pout/(|n| - £) = 3.00 x 107°

180. The objective lens of claim 178, wherein the light
source emits a divergent light flux and the emitted divergent

light flux enters to be incident on the objective lens.

181. The objective lens of claim 178, wherein the following
conditional formula is satisfied by image forming
magnification ml of the objective lens in the course of
conducting recording or reproduction of information fox the

first optical information recording medium.

-1/2 Eml £ -1/7.5
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182. The objective lens of claim 181, wherein image forming
magnification m2 of the objective lens in conducting
recording or reproduction of information for the second
optical information recording medium is nearly the same as

ml.

183. The objective lens of claim 178, wherein the outermost
optical surface region has a function to correct spherical
aberration when recording or reproducing information for the

first optical information recording medium.

184. The objective lens of claim 178, wherein the objective
lens comprises three optical surface regions comprising, in a
direction perpendicular to the optical axis in the order from
an optical axis, an optical surface region including the
optical axis, an intermediate optical surface region an
outermost optical surface region within an effective diameter
of at least one surface,

wherein the intermediate optical surface region has a
function to make a spherical aberration of a light flux
passing the intermediate optical surface region to be an
discontinuous flare component for a spherical aberration of a
light flux passing through the outermost optical surface
region when recording or reproducing information for the

first optical information recording medium, and
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wherein the intermediate optical surface region is used
when recording or reproducing information for the second

optical information recording medium.

185. The objective lens of claim 184, wherein the
intermediate optical surface region has a function to correct
spherical aberration for thickness t (t1 < t < t;) of a

transparent base board.

186. The objective lens of claim 184, wherein light fluxes
passing respectively through the optical surface region
mainly including an optical axis and the outermost optical
surface region are used when recording or reproducing
information for the first optical information recording
medium, and light fluxes passing respectively through the
optical surface region mainly including an optical axis and
the intermediate optical surface region are used when
recording or reproducing information for the second optical

information recording medium.

187. The objective lens of claim 184, wherein when recording
or reproducing information for the second optical infoxmation
recording medium, the following conditional formulas axe
satisfied under the assumption that the intermediate optical

surface region is formed within a range from NAH mm to NAL mm
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in terms of the distance from an optical axis, when a
necessary numerical aperture is represented by NA; and a

focal length of the objective lens is represented by £,.

(NA, - 0.03) f, = NAH < (NA, + 0.03) f,

(NA, - 0.20) f, = NAL = (NA, - 0.04) f,

188. The objective lens of claim 184, wherein when recording
or reproducing information for the first optical information
recording medium and the second optical information recording
medium, a light flux having the same wavelength is used, and
wherein the objective lens has a function to make an
under spherical aberration for a light flux passing through
the intermediate optical surface region when recording or
reproducing information for the first optical information

recording medium.

189. The objective lens of claim 184, wherein when recording
or reproducing information for the first optical information
recording medium and the second optical information recording
medium, a light flux having a different wavelength is used
respectively, and

wherein the objective lens has a function to make an
over spherical aberration for a light flux passing through

the intermediate optical surface region when recording or
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reproducing information for the first optical information

recording medium.

190. The objective lens of claim 184, wherein the optical
surface region including the optical axis has a function to
correct spherical aberration when conducting recording or
reproducing of information for the first optical information

recording medium.

191. The objective lens of claim 184, wherein the optical
surface region including the optical axis has a function to
correct temperature characteristics when conducting recording
or reproducing of information for the first optical

information recording medium.

192. The objective lens of claim 178, wherein when recording
or reproducing information for the first optical information
recording medium and the second optical information recording
medium, a light flux having the same wavelength is used, and
wherein the optical surface region including the
optical axis corrects a spherical aberration for a thickness

t (E1 < t < t2) of the transparent base board.

193. The objective lens of claim 192, wherein the optical

surface region including the optical axis has a function to
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make an under spherical aberration for a light flux passing
through the optical surface region including the optical axis
when recording or reproducing information for the first
optical information recording medium, and the optical surface
region including the optical axis has a function to make an
over spherical aberration for a light flux passing through
the optical surface region including the optical axis when
recording or reproducing information for the second optical

information recording medium.

194. The objective lens of claim 192, wherein when recording
or reproducing information for the second optical information
recording medium, the following conditional formula is
satisfied under the assumption that the region where
spherical aberration is corrected for thickness t of the
transparent base board is formed within a range of distance
NAH mm from the optical axis, when a necessary numerical
aperture is represented by NA; and a focal length of the

objective lens is represented by £,.

(NA, - 0.03) £, < NAH = (NA, + 0.03) £,

195. The objective lens of claim 178, wherein the expression
of |n| = 1 holds for the diffraction number of order

represented by n.
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196. An optical pickup apparatus, comprising:

a light source; and

a light converging optical system including the
objective lens,

wherein the optical pickup apparatus records and/or
reproduces information for a first recording medium including
a first transparent base board having a thickness tl and a
second recording medium including a second transparent base
board having a thickness t2 (tl < t2) by using the light
source and the light converging optical system;

the objective comprising

at least two kinds of optical surface regions
comprising, in a direction perpendicular to the optical axis
in the order from an optical axis, an optical surface region
including the optical axis and an outermost optical surface
region within an effective diameter of at least one surface;
and

a diffractive section formed on the outermost optical
surface on the one side surface or on an outermost optical
surface on the other side surface at which a light flux
having passed through the outermost optical surface on the
one side surface further passes, wherein ring-shaped
diffractive zones to utilize n*™® order light ray are formed

on the diffractive section;
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wherein average pitch Pout of the ring-shaped
diffractive zones satisfies the following conditional formula

when a focal length of the objective lens is represented by

£.

2.00 x 10 = Pout/([n]| - £) £ 3.50 x 107°

197. The optical pickup apparatus of claim 196, wherein
average pitch Pout of the ring-shaped diffractive zone

satisfies the following conditional formula.

1.00 x 107® = pout/(|n| - £) £ 3.00 x 1073

198. The optical pickup apparatus of claim 196, wherein the
light source emits a divergent light flux and the emitted

divergent light flux enters to be incident on the objective

lens.

199. The optical pickup apparatus of claim 196, wherein the
following conditional formula is satisfied by image forming
magnification ml of the objective lens in the course of

conducting recording or reproduction of information for the

first optical information recording medium.

-1/2 Eml £ -1/7.5
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200. The optical pickup apparatus of claim 199, wherein the
objective lens is driven in terms of focusing under the state
in which the image forming magnification is constant

substantially.

201. The optical pickup apparatus of claim 199, wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recording medium is nearly the

same as ml.

202. The optical pickup apparatus of claim 196, wherein
there is provided a distance adjustment means that adjusts a
distance between the light source and the objective lens or
between the light source and an information recording surface

of the optical information recording medium.

203. The optical pickup apparatus of claim 202, wherein the
distance adjustment means adjusts the distance in accordance

with a wavelength of the light source in room temperature.

204. The optical pickup apparatus of claim 202, wherein
there is provided a temperature adjustment means that adjusts

an ambient temperature.
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205. The optical pickup apparatus of claim 204, wherein the
light source is a semiconductor laser, and the temperature
adjustment means adjusts a temperature of the semiconductor

laser.

206. The optical pickup apparatus of claim 196, wherein the
outermost optical surface region has a function to correct
spherical aberration when recording or reproducing
information for the first optical information recording

medium.

207. The optical pickup apparatus of claim 196, wherein the
objective lens comprises three optical surface regions
comprising, in a direction perpendicular to the optical axis
in the order from an optical axis, an optical surface region
including the optical axis, an intermediate optical surface
region an outermost optical surface region within an
effective diameter of at least one surface,

wherein the objective lens has a function to make a
spherical aberration of a light flux passing the intermediate
optical surface region to be an discontinuous flare component
for a spherical aberration of a light flux passing through
the outermost optical surface region when recording or
reproducing information for the first optical information

recording medium, and
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wherein a light flux having passed through the
intermediate optical surface region is used when recording or
reproducing information for the second optical information

recording medium.

208. The optical pickup apparatus of claim 207, wherein the
intermediate optical surface region has a function to correct
spherical aberration for thickness t (t; < t < t,) of a

transparent base board.

209. The optical pickup apparatus of claim 207, wherein when
recording or reproducing information for the first optical
information recording medium, a light flux passing through
the optical surface region including mainly the optical axis
and the outermost optical surface region is used, and when
recording or reproducing information for the second optical
information recording medium, a light flux passing through
the optical surface region including mainly the optical axis

and the intermediate optical surface region is used.

210. The optical pickup apparatus of claim 207, wherein when
recording or reproducing information for the second optical
information recording medium, the following conditional
formulas are satisfied under the assumption that the

intermediate optical surface region is formed within a range
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from NAH mm to NAL mm in terms of the distance from an
optical axis, when a necessary numerical aperture is
represented by NA, and a focal length of the objective lens

is represented by f,.

A

(NA, - 0.03) f, = NAH (NA, + 0.03) f,

(NA, - 0.20) f; £ NAL = (NA, - 0.04) f,

211. The optical pickup apparatus of claim 207, wherein when
recording or reproducing information for the first optical
information recording medium and the second optical
information recording medium, a light flux having the same
wavelength is used, and

wherein the objective lens has a function to make an
under spherical aberration for a light flux passing through
the intermediate optical‘surface region when recording or
reproducing information for the first optical information

recording medium.

212. The optical pickup apparatus of claim 207, wherein when
recording or reproducing information for the first optical
information recording medium and the second optical
information recording medium, a light flux having a different

wavelength is used respectively, and
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wherein the objective lens has a function to make an
over spherical aberration for a light flux passing through
the intermediate optical surface region when recording or
reproducing information for the first optical information

recording medium.

213. The optical pickup apparatus of claim 207, wherein the
optical surface region including the optical axis has a
function to correct spherical aberration when conducting
recording or reproducing of information for the first optical

information recording medium.

214. The optical pickup apparatus of claim 207, wherein the
optical surface region including the optical axis has a
function to correct temperature characteristics when
conducting recording or reproducing of information for the

first optical information recording medium.

215. The optical pickup apparatus of claim 196, wherein when
recording or reproducing information for the first and second
optical information recording media, light fluxes relating to
the same light source wavelength are used, and the surface on
at least one side comprises optical surfaces of two or more

kinds, and the optical surface region including the optical
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axis has a function to correct spherical aberration for

thickness t (t; < t < tz) of a transparent base board.

216. The optical pickup apparatus of claim 215, wherein the
optical surface region including the optical axis has a
function to make an under spherical aberration for a light
flux passing through the optical surface region including the
optical axis when recording or reproducing information for
the first optical information recording medium, and the
optical surface region including the optical axis has a
function to make an over spherical aberration for a light
flux passing through the optical surface region including the
optical axis when recording or reproducing information for

the second optical information recording medium.

217. The optical pickup apparatus of claim 215, wherein when
recording or reproducing information for the second optical
information recording medium, the following conditional
formula is satisfied under the assumption that the
intermediate optical surface region is formed within a range
of distance NAH mm from an optical axis when a necessary
numerical aperture is represented by NA, and a focal length

of the objective lens is represented by f,.

(NA, — 0.03) £, = NAH < (NA, + 0.03) f,
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218. The optical pickup apparatus of claim 196, wherein a
change of spherical aberration for temperature change in a

light flux which has passed the outermost optical surface
region is in the following range, when Al represents a
wavelength of the light source.

|6sA1/8T| = 0.0005 Alrms/°C

219. The optical pickup apparatus of claim 196, wherein the
expression of |n| = 1 holds for the diffraction number of

order represented by n.

220. An objective lens for use in an optical pickup
apparatus having a light source and a light converging
optical system including the objective lens, wherein the
optical pickup apparatus record and/or reproduce information
for a first recording medium including a first transparent
base board having a thickness tl and a second recording
medium including a second transparent base board having a
thickness t2 (tl < t2) by using the light source and the
light converging optical system, comprising:

at least two kinds of optical surface regions
comprising in a direction perpendicular to the optical axis

in the order from an optical axis within an effective
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diameter of at least one surface, wherein the light source
emits a divergent light flux and the emitted divergent light
flux enters to be incident on the objective lens; and

a ring-shaped diffractive zone formed on an outermost
optical surface on the one gide surface or on an outermost
optical surface on the other side surface at which a light
flux having passed through the outermost optical surface on
the one side surface further passes so that a temperature
characteristic of the light flux having passed through the
outermost optical surface is corrected;

wherein the objective lens comprises an optical surface
region at an inside of the outermost optical surface region
and the optical surface is applied with a spherical
aberration design proper for recording or reproducing
information for the second optical information recording

medium.

221. The objective lens of claim 220, wherein the following
conditional formula is satisfied by image forming
magnification ml of the objective lens in the course of
conducting recording or reproduction of information for the

first optical information recording medium.

-1/2 Eml £ -1/7.5
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222. The objective lens of claim 221, wherein image forming
magnification m2 of the objective lens in conducting
recording or reproduction of information for the second

optical information recording medium is nearly the same as

ml.

223. The objective lens of claim 220, wherein the optical
surface region on at least one side of the objective lens
comprises three or more kinds of optical surface regions
arranged in the direction perpendicular to an optical axis,
and the optical surface region to correct spherical
aberration for a light flux for recording or reproducing
information for the first optical information recording
medium is arranged inside the optical surface region for
recording or reproducing information for the second optical

information recording medium.

224. The objective lens of claim 220, wherein the optical
surface region on at least one side of the objective lens
comprises three or more kinds of optical surface regions
arranged in the direction perpendicular to an optical axis,

and the optical surface region to correct temperature

characteristics for a light flux for recording or reproducing

information for the first optical information recording

medium is arranged inside the optical surface region for
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recording or reproducing information for the second optical

information recording medium.

225. The objective lens of claim 220, wherein average pitch
Pout of the ring-shaped diffractive zone utilizing n-th order
light ray satisfies the following conditional formula, when a

focal length of the objective lens is represented by f.

2.00 x 10 = Pout/ (|n| - f) £ 3.50 x 107°

226. The objective lens of claim 225, wherein the expresgsion
of |n| = 1 holds for the diffraction number of order

represented by n.

227. An objective lens for use in an optical pickup

apparatus having a first light source to emit a light flux

having a wavelength Al, a second light source to emit a

light flux having a wavelength A2 (Al < A2), and a light
converging optical system including the objective lens, the
optical pickup apparatus record and/or reproduce information
for a first recording medium including a first transparent
base board having a thickness tl1 by using the first light
source and the light converging optical system; and the
optical pickup apparatus record and/or reproduce information

for a second recording medium including a second transparent
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base board having a thickness t2 by using the second light
source and the light converging optical system; the objective
lens comprising:
at least two kinds of optical surface regions

comprising in a direction perpendicular to the optical axis
in the order from an optical axis within an effective
diameter of at least one surface; and

a ring-shaped diffractive zone formed on an outermost
optical surface on the one side surface or on an outermost
optical surface on the other side surface at which a light
flux having passed through the outermost optical surface on
the one side surface further passes so that a temperature
characteristic of the light flux having passed through the
outermost optical surface is corrected when recording or
reproducing information for the first optical information
recording medium;

wherein the objective lens comprises an optical surface
region at an inside of the outermost optical surface region
and the optical surface is applied with a spherical
aberration design proper for recording or reproducing

information for the second optical information recording

medium.

228. The objective lens of claim 227, wherein the following

conditional formula is satisfied by image forming
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magnification ml of the objective lens in the course of
conducting recording or reproduction of information for the

first optical information recording medium.

-1/2 S ml = -1/7.5

229. The objective lens of claim 228, wherein image forming
magnification m2 of the objective lens in conducting
recording or reproduction of information for the second

optical information recording medium is nearly the same as

ml.

230. The objective lens of claim 227, wherein the objective
lens comprises at least three optical surface regions
arranged in a direction perpendicular to an optical axis in a
effective diameter of at least one surface, an intermediate
optical surface region among the three optical surface
regions is used only when the second light source is used,
the objective lens comprises an optical surface region to
correct a spherical aberration for a light flux emitted from
the first light source at an inside of the intermediate

optical surface region.

231. The objective lens of claim 230, wherein an optical

surface region for the exclusive use of the light flux from
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the second light source and the outermost optical surface

region regiondjacent to each other.

232. The objective lens of claim 230, wherein spherical
aberration in light fluxes passing respectively through the
outermost optical surface region and the intermediate optical
surface region adjacent to the outermost optical surface

region 1is discontinuous.

233. The objective lens of claim 230, wherein at least one
of a diffractive section and a refraction section is arranged

on the intermediate optical surface region.

234. The objective lens of claim 230, wherein the objective

lens is made of a plastic material.

235. The objective lens of claim 227, wherein the objective
lens comprises at least three optical surface regions
arranged in a direction perpendicular to an optical axis on
at least one surface, an intermediate optical gurface region
among the three optical surface regions is used only when the
second light source is used, the objective lens comprises an
optical surface region to correct a temperature

characteristic for a light flux emitted from the first light
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source at an inside of the intermediate optical surface

region.

236. The objective lens of claim 235, wherein an optical
surface region for the exclusive use of the light flux from
the second light source and the outermost optical surface

region regiondjacent to each other.

237. The objective lens of claim 235, wherein spherical
aberration in light fluxes passing respectively through the
outermost optical surface region and the intermediate optical
surface region adjacent to the outermost optical surface

region is discontinuous.

238. The objective lens of claim 235, wherein at leagst one
of a diffractive section and a refraction section is arranged

on the intermediate optical surface region.

239. The objective lens of claim 235, wherein the objective

lens is made of a plastic material.

240. The objective lens of claim 227, wherein average pitch
Pout of the ring-shaped diffractive zone utilizing n-th order
light ray satisfies the following conditional formula, when a

focal length of the objective lens is represented by £.
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2.00 x 10™ = pout/ (|n| - £) £ 3.5 x 1073

241. The objective lens of claim 240, wherein spherical

aberration in light fluxes passing respectively through the
outermost optical surface region and‘the intermediate optical
surface region adjacent to the outermost optical surface

region is discontinuous.

242. The objective lens of claim 240, wherein at least one
of a diffractive section and a refraction section is arranged

on the intermediate optical surface region.

243. The objective lens of claim 240, wherein the objective

lens is made of a plastic material.

244. An optical pickup apparatus, comprising: '
a light source; and
a light converging optical system including the
objective lens, wherein the optical pickup apparatus record
and/or reproduce information for a first recording medium
including a first tfansparent base board having a thickness
tl and a second recording medium including a second

transparent base board having a thickness t2 (tl < t2) by
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using the light source and the light coﬁverging optical
system,

the objective lens comprising

at least two kinds of optical surface regions
comprising in a direction perpendicular to the optical axis
in the order from an optical axis within an effective
diameter of at least one surface, wherein the light source
emits a divergent light flux and the emitted divergent light
flux enters to be incident on the objective lens; and

a ring-shaped diffractive zone formed on an outermost
optical surface on the one gide surface or on an outermost
optical surface on the other side surface at which a light
flux having passed through the outermost optical surface on
the one side surface further passes so that a temperature
characteristic of the light flux having passed through the
outermost optical surface is corrected;

wherein the objective lens comprises an optical surface
region at an inside of the outermost optical surface region
and the optical surface is applied with a spherical
aberration design proper for recording or reproducing

information for the second optical information recording

medium.

245. The optical pickup apparatus of claim 244, wherein the

following conditional formula is satisfied by image forming
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magnification ml of the objective lens in the course of
conducting recording or reproduction of information for the

first optical information recording medium.

-1/2 Eml £ -1/7.5

246. The optical pickup apparatus of claim 245, wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recording medium is nearly the

same as ml.

247. The optical pickup apparatus of claim 244, wherein the
objective lens comprises at least three optical surface
regions arranged in a direction perpendicular to an optical
axis in a effective diameter of at least one surface, and the
objective lens comprises an optical surface applied with a
spherical aberration design proper for recording or
reproducing information for the second optical information
recording medium and another optical surface region to
correct a spherical aberration for a light flux for recording
or reproducing information for the first optical information

recording medium at an inside of the optical surface region.
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248. The optical pickup apparatus of claim 244, wherein the
objective lens comprises at least three optical surface
regions arranged in a direction perpendicular to an optical
axis in a effective diameter of at least one surface, and the
objective lens comprises an optical surface region applied
with a spherical aberration design proper for recording or
reproducing information for the second optical information
recording medium and another optical surface region to
correct a temperature characteristic for a light flux for
recording or reproducing information for the first optical
information recording medium at an inside of the optical

surface region.

249. The optical pickup apparatus of claim 244, wherein
average pitch Pout of the ring-shaped diffractive zone
utilizing n*® order light ray satisfies the following
conditional formula, when a focal length of the objective

lensg is repregented by £.

2.00 x 10™* £ pPout/ (|n| - £) £ 3.50 x 107°

250. The optical pickup apparatus of claim 249, wherein the
expression of |n| = 1 holds for the diffraction number of

order represented by n.
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251. The optical pickup apparatus of claim 244, wherein the
objective lens comprises an optical surface region applied
with a spherical aberration design proper for recording or
reproducing information for the second optical information
recording medium and a spherical aberration at an outermost

optical surface region is made to be discontinuous.

252. The optical pickup apparatus of claim 244, wherein the
objective lens comprises an optical surface region applied
with a spherical aberration design proper for recording or
reproducing information for the second optical information
recording medium and at least one of a refractive section and
a diffractive section 1s provided on the optical surface

region.

253. The optical pickup apparatus of claim 244, wherein a
change of spherical aberration for temperature change in a
light flux which has passed the outermost optical surface
region is in the following range, when Al represents a
wavelength of the light source at the room temperature.

|6SAL/8T| = 0.0005 Alrms/°C

254. The optical pickup apparatus of claim 244, wherein the

objective lens is made of a plastic material.
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255. An optical pickup apparatus, comprising:

a first light source to emiﬁ a light flux having a
wavelength Al;

a second light source to emit a light flux having a
wavelength A2 (Al < A2); and

a light converging optical system including the

objective lens,

wherein the optical pickup apparatus records and/or

reproduces information for a first recording medium including

a first transparent base board having a thickness tl1 and a
second recording medium including a second transparent base
board having a thickness t2 (tl < t2) by using the first and
second light sources and the light converging optical system;

the objective lens comprising:

at least two kinds of optical surface regions
comprising in a direction perpendicular to the optical axis
in the order from an optical axis within an effective
diameter of at least one surface; and

a ring-shaped diffractive zone formed on an outermost
optical surface on the one side surface or on an outermost
optical sufface on the other side surface at which a light
flux having passed through the outermost optical surface on

the one side surface further passes so that a temperature
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characteristic of the light flux having passed through the
outermost optical surface is corrected when recording or
reproduciqg information for the first optical information
recording medium;

wherein the objective lens comprises an optical surface
region at an inside of the outermost optical surface region
and the optical surface is applied with a spherical
aberration design proper for recording or reproducing
information for the second optical information recording

medium.

256. The optical pickup apparatus of claim 255, wherein the
following conditional formula is satisfied by image forming
magnification ml of the objective lens in the course of

conducting recording or reproduction of information for the

first optical information recording medium.

-1/2 £ ml £ -1/7.5

257. The optical pickup apparatus of claim 255, wherein
image forming magnification m2 of the objective lens in
conducting recording or reproduction of information for the
second optical information recording medium is nearly the

same as ml.
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258. The optical pickup apparatus of claim 255, wherein the
objective lens comprises at least three optical surface
regions arranged in a direction perpendicular to an optical
axis in a effective diameter of at least one surface, and the
objective lens comprises an optical surface applied with a
spherical aberration design proper for recording or
reproducing information for the second optical information
recording medium and another optical surface region to
correct a spherical aberration for a light flux emitted from
the first light source at an inside of the optical surface

region.

259. The optical pickup apparatus of claim 258, wherein in
the objective lens, the optical surface applied with a
spherical aberration désign proper for recording or
reproducing information for the second optical information
recording medium adjoins to an outermost optical surface

region.

260. The optical pickup apparatus of claim 255, wherein the
ocbjective lens comprises at least three optical surface
regions arranged in a direction perpendicular to an optical
axis in a effective diameter of at least one surface, and the
objective lens comprises an optical surface applied with a

spherical aberration design proper for recording or
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reproducing information for the second optical information
recording medium and another optical surface region to
correct a temperature characteristic for a light flux emitted
from the first light source at an inside of the optical

surface region.

261. The optical pickup apparatus of claim 260, wherein in
the objective lens, the optical surface applied with a
spherical aberration design proper for recording or
reproducing information for the second optical information

recording medium adjoins to an outermost optical surface

regiom.

262. The optical pickup apparatus of claim 255, wherein
average pitch Pout of the ring-shaped diffractive zone
utilizing n*® order light ray satisfies the following
conditional formula, when a focal length of the objective

lens is represented by f.

2.00 x 10™* = pPout/ (|n|] - £) £ 3.50 x 1073

263. The optical pickup apparatus of claim 255, wherein in
the objective lens, a spherical aberration of an outermost
optical surface region is discontinuous to a spherical

aberration of the optical surface applied with a spherical
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aberration design proper for recording or reproducing
information for the second optical information recording

medium.

264. The optical pickup apparatus of claim 255, wherein in
the objective lens, at least one of a refractive section and
a diffractive section is provided on the optical surface
applied with a spherical aberration design proper for
recording or reproducing information for the second optical

information recording medium.

265. The optical pickup apparatus of claim 255, wherein a
change of spherical aberration for temperature change in a

light flux which has passed the outermost optical surface
region is in the following range, when Al represents a
wavelength of the light source at the room temperature.

|8SA1/8T| = 0.0005 Alrms/°C

266. The optical pickup apparatus of claim 255, wherein the

objective lens is made of a plastic material.

267. An objective lens for an optical pickup device having a

first light source to emit a light flux having a wavelength

A1, a second light source to emit a light flux having a
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wavelength A2 (Al < A2) and a light converging optical

system, wherein the optical pickup apparatus conducts
recording or reproducing information for a first optical
information recording medium including transparent base board
having a thickness t; by using the first light source and the
light converging optical system, and the optical pickup
apparatus conducts recording or reproducing information for a
second optical information recording medium including a
transparent base board having a thickness t, (t: < t3),
comprising:

at least two kinds of optically functional surfaces
which regionrranged in a direction perpendicular to an
optical axis and have a different optical action from others;

wherein at least an outermost optically functional
surface among the optically functional surfaces is used only
when recording or reproducing information for the first
optical information recording medium,

wherein the objective lens is made of a uniform optical
material, and

wherein a value of refractive index change dn/dT for a
temperature change of the optical material satisfies the
following conditional formula under the conditions of the

wavelength of the light source and a room temperature

environment.
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|dn/dT| £ 10.0 x 107° (/°C)

268. The cobjective lens of claim 267, wherein each optically
functional surface is formed so as to have a step at a

boundary section.

269. The objective lens of claim 267, wherein the objective
lens is made of only a refractive surface and the optically
functional surface is formed at least three, and

wherein a light flux passing through an innermost
optically functional surface is utilized for recording or
reproducing information the first and second optical
information recording medium, a light f£lux passing through an
intermediate optically functional surface is utilized for
recording or reproducing information the second optical
information recording medium and a light flux passing through
an outermost optically functional surface ig utilized for
recording or reproducing information the first optical

information recording medium.

270. The objective lens of claim 267, wherein in the
intermediate optically functional surface, a step on a
boundary section farther from the optical axis is greater

than that on a boundary section closer to the optical axis.
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271. The objective lens of claim 269, wherein the innermost
optically functional surface and the outermost optically

functional surface have a function to correct an spherical
aberration 0.04 A; rms or less when recording or reproducing

of information for the first optical information recording
medium and the intermediate optically functional surface has
a function to éorrect a spherical aberration to be smallest
for an optical information recording medium having a

thickness tc (tl < tc < t2).

272. The objective lens of claim 267, wherein the objective
lens has at least two optically functional surfaces and at
least one optically functional surface has a diffractive
structure, the optically functional surface closest to the
optical axis is designed so that spherical aberration in the
course of conducting recording or reproducing of information
for the first and second optical information recording media
may be corrected by the use of a light flux passing through
the optically functional surface closest to the optical axis,
and on the outermost optically functional surface, spherical
aberration in the first optical information recording medium
is corrected, and over spherical aberration is generated on

the second optical information recording medium.
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273. The objective lens of claim 272, wherein a light flux
passing through each optically functional surface passes
through the diffractive structure with either surface of the
objective lens, and a diffraction pitch of the diffractive
structure of the outermost optically functional surface is in

a range from 5 pm to 40 um.

274. The objective lens of claim 272, wherein over spherical
aberration generated in the course of conducting recording or
reproducing of information for the second optical information
recording medium is increased toward the periphery from the

optical axis.

275. The objective lens of claim 272, wherein spherical
aberration generated in the course of conducting recording or
reproducing of information for the second optical information
recording medium is discontinuous on the boundary section of
the optically functional surface, and an amount of

discontinuousness of spherical aberration is in a range from

10 pym to 30 um.

276. The objective lens of claim 272, wherein recording or
reproducing of information is conducted by the use of the

diffracted light ray in the same order on the innermost
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optically functional surface for both the first optical
information recording medium and the second optical

information recording medium.

277. The objective lens of claim 272, wherein diffraction
order ne. of the diffracted light ray having the highest
intensity generated at the diffractive structure on the
outside optically functional surface

and diffraction order n;, of the diffracted light ray having
the highest intensity generated at the diffractive structure
on the inside optically functional surface satisfy the
following conditional formula when conducting recording or
reproducing of information for the first optical information

recording medium.

[noe| = |nia

278. The objective lens of claim 272, wherein in the
diffractive structure, a serrated ring-shaped diffractive
zone is formed, and a design basis wavelength of the ring-
shaped diffractive zone formed on the outside optically
functional surface is different from that of the ring-shaped
diffractive zone formed on the inside optically functional

surface.
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279. The objective lens of claim 272, wherein the objective
lens has at least three optically functional surfaces wherein
the innermost optically functional surface is composed only
of a refracting interface and the intermediate optically
functional surface has a diffractive structure, and when a
light flux used for recording or reproducing of information
for the first and second optical information recording media

passes through the intermediate optically functional surface.

280. The objective lens of claim 279, wherein a serrated

ring-shaped diffractive zone is formed on the outermost
optically functional surface and a design basis wavelength Ao
satisfies the following conditional formula.

0.9 Ay £ X S 1.1 M

281. The objective lens of claim 279, wherein the outermost
optically functional surface can also be composed only of a

refracting interface.

282. The objective lens of claim 267, wherein image forming
magnification ml of the objective lens for recording or
reproducing of information for the first optical information

recording medium satisfies the following conditional formula.

-1/4 = ml £ 1/8
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283. The objective lens of claim 282, wherein image forming
magnification m2 of the objective lens for recording or
reproducing of information for the second optical information

recording medium satisfy the following conditional formula.

0.98 mL = m2 = 1.02 ml

284. The objective lens of claim 267, wherein an aperture-
stop in the case of conducting recording or reproducing of
information for the first optical information recording
medium is the same as that in the case of conducting
recording or reproducing of information for the second

optical information recording medium.

285. The objective lens of claim 267, wherein necessary
numerical aperture NALl in the case of conducting recording or
reproducing of information for the first optical information

recording medium satisfies the following conditional formula.

NAL =2 0.60

286. The objective lens of claim 267, wherein wavelength Al

of the first light source is not more than 670 nm.
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287. The objective lens of claim 267, wherein the optical

material is an optical glass and a dispersion value vd is

greater than 50.

288. An optical ?ickup device, comprising:
a first light source to emit a light flux having a

wavelength Al;

a second light source to emit a light flux having a
wavelength A2 (Al < A2); and

a light converging optical system;
wherein the optical pickup apparatus conducts recording or
reproducing information for a first optical information
recording medium including transparent base board having a
thickness t; by using the first light source and the light
converging optical system, and the optical pickup apparatus
conducts recording or reproducing information for a second

optical information recording medium including a transparent

base board having a thickness t, (ti1 < t;) by using the second

light source and the light converging optical system,

wherein the object lens comprises at least two kinds of

optically functional surfaces which regionrranged in a
direction perpendicular to an optical axis and have a

different optical action from others;
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wherein at least an outermost optically functional
surface among the optically functional surfaces is used only
when recording or reproducing information for the first
optical information recording medium,

wherein the objective lens is made of a uniform optical
material, and

wherein a value of refractive index change dn/dT for a
temperature change of the optical material satisfies the
following conditional formula under the conditions of the
wavelength of the light source and a room temperature

environment.

|dn/dT| = 10.0 x 107°¢ (/°C)

289. The optical pickup apparatus of claim 288, wherein each
optically functional surface mentioned above is formed to

have a step at the boundary section.

290. The optical pickup apparatus of claim 288, wherein the
objective lens is made of only a refractive surface and the
optically functional surface is formed at least three, and
wherein a light flux passing through an innermost
optically functional surface is utilized for recording or
reproducing information the first and second optical

information recording medium, a light flux passing through an
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intermediate optically functional surface is utilized for
recording or reproducing information the second optical
information recording medium and a light flux passing through
an outermost optically functional surface is utilized for
recording or reproducing information the first optical

information recording medium.

291. The optical pickup apparatus of claim 290, wherein in
the intermediate optically functional surface, a step on a
boundary section farther from the optical axis is greater

than that on a boundary section closer to the optical axis.

292. The optical pickup apparatus of claim 290, wherein the
innermost optically functional surface and the outermost
optically functional surface have a function to correct an
spherical aberration 0.04 A; rms or less when recording or
reproducing of information for the first optical information
recording medium and the intermediate optically functional
surface has a function to correct a spherical asberration to
be smallest for an optical information recording medium

having a thickness tc (tl < tc < t2).

293. The optical pickup apparatus of claim 288, wherein the

objective lens has at least one of them has a diffractive
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structure among the optically functional surfaces, and a
optically functional surface closest to the optical axis has
a function to correct a spherical aberration when recording
or reproducing information for the first and second optical
information recording media, and an outermost optically
functional surface has a function to correct a spherical
aberration when recording or reproducing information for the
first optical information recording media and to make an over
spherical aberration when recording or reproducing
information for the second optical information recording

media.

294. The optical pickup apparatus of claim 293, wherein the
objective lens has a diffractive structure on the outermost
optically functional surface and a diffraction pitch of the
diffractive structure on the outermost optically functional

surface ig in a range from 5 pm to 40 pm.

295. The optical pickup apparatus of claim 293, wherein the
over spherical aberration generated in the course of
conducting recording or reproducing of information for the
second optical information recording medium is made to be
increased gradually in the direction from the optical axis

gide toward the periphery.
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296. The optical pickup apparatus of claim 293, wherein the
spherical aberration generated in the course of conducting
recording or reproducing of information for the second
optical information recording medium is discontinuous at the
boundary section of the optically functional surface, and an
amount of discontinuousness of the spherical aberration is in

a range from 10 pm to 30 pm.

297. The optical pickup apparatus of claim 293, wherein
recording or reproducing of information is conducted by the
use of the diffracted light ray in the éame order on the
innermost optically functional surface, for the first and

second optical information recording media.

298. The optical pickup apparatus of claim 293, wherein when
conducting recording or reproducing of information for the
first optical information recording medium, diffraction order
Noe of the diffracted light ray having the highest intensity
generated at the diffractive structure on the outsgide
optically functional surface and diffraction order ni, of the
diffracted light ray having the highest intensity generated
at the diffractive structure on the inside optically

functional surface satisfy the following conditional formula.

IIlot | = IIlinl
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299. The optical pickup apparatus of claim 293, wherein in
the diffractive structure, a serrated ring-shaped diffractive
zone is formed, and a design basis wavelength of the ring-
shaped diffractive zone formed on the outside optically
functional surface is different from that of the ring-shaped
diffractive zone formed on the inside optically functional

surface.

300. The optical pickup apparatus of claim 293, wherein the
objective lens has at least three optically functional
surfaces wherein the innermost optically functional surface
is composed only of a refracting interface and the
intermediate optically functional surface has a diffractive
structure, and a light flux used for recording or reproducing
of information for the first and second optical information
recording media passes through the intermediate optically

functional surface.

301. The optical pickup apparatus of claim 300, wherein a
serrated ring-shaped diffractive zone is formed on the

outermost optically functional surface, and design basis
wavelength Ay of the outermost optically functional surface

satisfies 0.9\ = Ap = 1.1M,.
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302. The optical pickup apparatus of claim 300, wherein the
outermost optically functional surface is composed only of a

refracting interface.

303. The optical pickup apparatus of claim 288, wherein
image forming magnification ml of the objective lens for
conducting recording or reproducing of information for the
first optical information recording medium satisfies the

following conditional formula.

-1/4 = ml = 1/8

304. The optical pickup apparatus of claim 303, wherein
image forming magnification m2 of the objective lens for
conducting recording or reproducing of information for the
second optical information recording medium satisfies the

following conditional formula.

0.98m1 = m2 = 1.02ml

305. The optical pickup apparatus of claim 288, wherein an
aperture-stop in the case of conducting recording or
reproducing of information for the first optical information

recording medium is the same as that in the case of
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conducting recording or reproducing of information for the

second optical information recording medium.

306. The optical pickup apparatus of claim 288, wherein
necessary numerical aperture NALl in the case of conducting
recording or reproducing of information for the first optical
information recording medium satisfies the following

conditional formula.

NALl = 0.60

307. The optical pickup apparatus of claim 288, wherein
wavelength Al of the first light source is not more than 670

nm.

308. The optical pickup apparatus of claim 288, wherein the

optical material is an optical glass and dispersion value vd

is greater than 50.

309. An objective lens for use in an optical pickup device

having a first light source to emit a light flux having a
wavelength Al; a second light source to emit a light flux
having a wavelength A2 (Al < A2); and a light converging

optical system; wherein the optical pickup apparatus conducts

recording or reproducing information for a first optical
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information recording medium including transparent base board
having a thickness t; by using the first light source and the
light converging optical system, and the optical pickup
apparatus conducts recording or reproducing information for a
second optical information recording medium including a
transparent base board having a thickness t, (t; < t;) by
using the second light source and the light converging
optical system, the object lens comprising:

at least two kinds of optically functional surfaces
which regionrranged in a direction perpendicular to an
optical axis and have a different optical action from others;

wherein at least an outermost optically functional
surface among the optically functional surfaces is used only
when recording or reproducing information for the first
optical information recording medium,

wherein the objective lens is a pasted lens in which at
least two kinds of optical elements each made of a different
optical material from other, and

wherein a value of refractive index change dn/dT for a
temperature change of an optical material used for an optical
element having a power component stronger than that of other
satisfies the following conditional formula under the
conditions of the wavelength of the light source and a room

temperature environment.
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[dn/dT| = 10.0 x 10°° (/°C)

310. The objective lens of claim 309, wherein at least one
of optical elements other than those having stronger power
components among the aforesaid plural optical elements is

made of plastic material.

311. The objective lens of claim 310, wherein a plurality of
optically functional surfaces are formed on an optical
surface of the optical element that is made of plastic

material.

312. The objective lens of claim 311, wherein each optically
functional surface mentioned above is formed to have a step

at the boundary section.

313. The objective lens of claim 309, wherein the objective
lens is composed only of a refracting interface, at least
three optically functional surfaces are formed, a light flux
passing through the innermost optically functional surface is
used for conducting recording or reproducing of information
for the first and second optical information recording media,
a light flux passing through the intermediate optically

functional surface is used for conducting recording or
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reproducing of information for the second optical information
recording medium, and a light flux passing through the
outermost optically functional surface is used for conducting

recording or reproducing of information for the first optical

10

15

20

information recording medium.

314. The objective lens of claim 313, wherein a height of
the step on the boundary section that is farther from an
optical axis is greater than that on the boundary section
that is closer to the optical axis, on the intermediate

optically functional surface.

315. The objective lens of claim 313, wherein the innermost
optically functional surface and the outermost optically

functional surface have a function to correct an spherical

aberration 0.04 A; rms or less when recording or reproducing
of information for the first optical information recording
medium and the intermediate optically functional surface has
a function to correct a spherical aberration to be smallest
for an optical information recording medium having a

thickness te (t1 < tc < t2).

316. The objective lens of claim 309, wherein the objective

lens has at least one of them has a diffractive structure
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among the optically functional surfaces, and a optically
functional surface closest to the optical axis has a funétion
to correct a spherical aberration when recording or
reproducing information for the first and second optical
information recording media, and an outermost optically
functional surface has a function to correct a spherical
aberration when recording or reproducing information for the
first optical information recording media and to make an over
spherical aberration when recording or reproducing

information for the second optical information recording

media.

317. The objective lens of claim 316, wherein the objective
lens has a diffractive structure on the outermost optically
functional surface and a diffraction pitch of the diffractive
structure on the outermost optically functional surface is in

a range from 5 um to 40 um.

318. The objective lens of claim 316, wherein the over
spherical aberration generated in the course of conducting
recording or reproducing of information for the second
optical information recording medium is made to be increased
gradually in the direction from the optical axis side toward

the periphery.
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319. The objective lens of claim 316, wherein the spherical
aberration generated in the course of conducting recording or
reproducing of information for the second optical information
recording medium is discontinuous at the boundary section of
the optically functional surface, and an amount of
discontinuousness of the spherical aberration is in a range

from 10 yum to 30 um.

320. The objective lens of claim 316, wherein recording or
reproducing of information is conducted by the use of the
diffracted light ray in the same order on the innermost
optically functional surface, for the first and second

optical information recording media.

321. The objective lens of claim 316, wherein when
conducting recording or reproducing of information for the
first optical information recording medium, diffraction order
not of the diffracted light ray having the highest intensity
generated at the diffractive structure on the outside
optically functional surface and diffraction order n;, of the
diffracted light ray having the highest intensity generated
at the diffractive structure on the inside optically

functional surface satisfy the following conditional formula.

Inee| Z |nial
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322. The objective lens of claim 316, wherein in the
diffractive structure, a serrated ring-shaped diffractive
zone is formed, and a design basis wavelength of the ring-
shaped diffractive zone formed on the outside optically
functional surface is different from that of the ring-shaped
diffractive zone formed on the inside optically functional

surface.

323. The objective lens of claim 317, wherein the objective
lens has at least three optically functional surfaces wherein
the innermost optically functional surface is composed only
of a refracting interface and the intermediate optically
functional surface has a diffractive structure, and a light
flux used for recording or reproducing of information for the
first and second optical information recording media passes

through the intermediate optically functional surface.

324. The objective lens of claim 323, wherein a serrated

ring-shaped diffractive zone is formed on the outermost
optically functional surface, and design basis wavelength A,
of the outermost optically functional surface satisfies

0.9A; = Qg = 1.1A;.
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325. The objective lens of claim 323, wherein the outermost
optically functional surface is composed only of a refracting

interface.

326. The objective lens of claim 309, wherein image forming
magnification ml of the objective lens for conducting
recording or reproducing of information for the first optical
information recording medium satisfies the following

conditional formula.

-1/4 = ml = 1/8

327. The objective lens of claim 326, wherein image forming
magnification m2 of the objective lens for conducting
recording or reproducing of information for the second
optical information recording medium satisfies the following

conditional formula.

0.98m1 = m2 = 1.02ml

328. The objective lens of claim 309, wherein an aperture-
stop in the case of conducting recording or reproducing of
information for the first optical information recording
medium is the same as that in the case of conducting
recording or reproducing of information for the second

optical information recording medium.
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329. The objective lens of claim 309, wherein necessary

numerical aperture NAl in the case of conducting recording or
reproducing of information for the first optical information
recording medium satisfies the following conditional formula.

NAl 2 0.60

330. The objective lens of claim 309, wherein wavelength AL

of the first light source is not more than 670 nm.

331. The objective lens of claim 309, wherein the optical

material is an optical glass and dispersion value vd is

greater than 50.

332. An optical pickup device, comprising:
a first light source to emit a light flux having a

wavelength Al;

a second light source to emit a light flux having a
wavelength A2 (Al < Al); and

a light converging optical system;

wherein the optical pickup apparatus conducts recording
or reproducing information for a first optical information
recording medium including transparent base board having a

thickness t; by using the first light source and the light
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converging optical system, and the optical pickup apparatus
conducts recording or reproducing information for a second
optical information recording medium including a transparent
base board having a thickness t, (t: < t;) by using the second
light source and the light converging optical system,

wherein the object lens comprises at least two kinds of
optically functional surfaces which regionrranged in a
direction perpendicular to an optical axis and have a
different optical action from others;

wherein at least an outermost optically functional
surface among the optically functional surfaces is used only
when recording or reproducing information for the first
optical information recording medium,

wherein the objective lens is a pasted lens in which at
least two kinds of optical elements each made of a different
optical material from other, and

wherein a value of refractive index change dn/dT for a
temperature change of an optical material used for an optical
element having a power component stronger than that of other
satisfies the following conditional formula under the
conditions of the wavelength of the light source and a room

temperature environment.

|dn/dT] < 10.0 x 107° (/°Q)
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333. The optical pickup apparatus of claim 332, wherein at
least one of optical elements other than the optical element
having stronger power component among the aforesaid plural

optical elements is made of a plastic material.

334. The optical pickup apparatus of claim 333, wherein a
plurality of optically functional surfaces are formed on an
optical surface of the optical element that is made of

plastic material.

335. The optical pickup apparatus of claim 332, wherein each
optically functional surface mentioned above is formed to

have a step at the boundary section.

336. The optical pickup apparatus of claim 332, wherein the
objective lens is composed only of a refracting interface, at
least three optically functional surfaces are formed, a light
flux passing through the innermost optically functional
surface is used for conducting recording or reproducing of
information for the first and second optical information
recording media, a light flux passing through the
intermediate optically functional surface is used for
conducting recording or reproducing of information for the
second 6ptical information recording médium, and a iight flux

passing through the outermost optically functional surface is
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used for conducting recording or reproducing of information

for the first optical information recording medium.

337. The optical pickup apparatus of claim 336, wherein a
height of the step on the boundary section that is farther
from an optical axis is greater than that on the boundary
section that is closer to the optical axis, on the

intermediate optically functional surface.

338. The optical pickup apparatus of claim 332, wherein the
innermost optically functional surface and the outermost
optically functional surface have a function to correct an
spherical aberration 0.04 A; rms or less when recording or
reproducing of information for the first optical information
recording medium and the intermediate optically functional
surface has a function to correct a spherical aberration to

be smallest for an optical information recording medium

having a thickness tc (tl < tc < t2).

339. The optical pickup apparatus of claim 332, wherein the
objective lens has at least one of them has a diffractive
structure among the optically functional surfaces, and a
optically functional surface closest to the optical axis has

a function to correct a spherical aberration when recording
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or reproducing information for the first and second optical
information recording media, and an outermost optically
functional surface has a function to correct a spherical
aberration when recording or reproducing information for the
first optical information recording media and to make an over
spherical aberration when recording or reproducing

information for the second optical information recording

media.

340. The optical pickup apparatus of claim 339, wherein the
objective lens has a diffractive structure on the outermost
optically functional surface and a diffraction pitch of the
diffractive structure on the outermost optically functional

surface is in a range from 5 um to 40 um.

341. The optical pickup apparatus of claim 339, wherein the
over spherical aberration generated in the course of
conducting recording or reproducing of information for the
second optical information recording medium is made to be
increased gradually in the direction from the optical axis

side toward the periphery.

342. The optical pickup apparatus of claim 339, wherein the
spherical aberration generated in the course of éonducting

recording or reproducing of information for the second
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optical information recording medium is discontinuous at the
boundary section of the optically functional surface, and an
amount of discontinuousness of the spherical aberration is in

a range from 10 pm to 30 um.

343. The optical pickup apparatus of claim 339, wherein
recording or reproducing of information ig conducted by the
use of the diffracted light ray in the same order on the
innermost optically functional surface, for the first and

second optical information recording media.

344. The optical pickup apparatus of claim 339, wherein when
conducting recording or reproducing of information for the
first optical information recording medium, diffraction order
not of the diffracted light ray having the highest intensity
generated at the diffractive structure on the outside
optically functional surface and diffraction order n;, of the
diffracted light ray having the highest intensity generated
at the diffractive structure on the inside optically

functional surface satisfy the following conditional formula.

'not‘ = lninl

345. The optical pickup apparatus of claim 339, wherein in

the diffractive structure, a serrated ring-shaped diffractive
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zone is formed, and a design basis wavelength of the ring-
shaped diffractive zone formed on the outside optically
functional surface is different from that of the ring-shaped
diffractive zone formed on the inside optically functional

surface.

346. The optical pickup apparatus of claim 339, wherein the
objective lens has at least three optically functional
surfaces wherein the innermost optically functional surface
is composed only of a refracting interface and the
intermediate optically functional surface has a diffractive
structure, and a light flux used for recording or reproducing
of information for the first and second optical information
recording media passes through the intermediate optically

functional surface.

347. The optical pickup apparatus of claim 346, wherein a
serrated ring-shaped diffractive zone is formed on the

outermost optically functional surface, and design basis

wavelength A, of the outermost optically functional surface

satisfies 0.9A; = Ag = 1.1A;4.
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348. The optical pickup apparatus of claim 346, wherein the
outermost optically functional surface is composed only of a

refracting interface.

349. The optical pickup apparatus of claim 332, wherein
image forming magnification ml of the objective lens for
conducting recording or reproducing of information for the
first optical information recording medium satisfies the

following conditional formula.

-1/4 = ml = 1/8

350. The optical pickup apparatus of claim 349, wherein
image forming magnification m2 of the objective lens for
conducting recording or reproducing of information for the
second optical information recording medium satisfies the

following conditional formula.

0.98m1 = m2 = 1.02ml

351. The optical pickup apparatus of claim 332, wherein an
aperture-stop in the case of conducting recording or
reproducing of information for the first optical information
recording medium is the same as that in the case of
conducting recording or reproducing of information for the

second optical information recording medium.
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352. The optical pickup apparatus of claim 332, wherein
necessary numerical aperture NAl in the case of conducting
recording or reproducing of information for the first optical
information recording medium satisfies the following

conditional formula.

NAl = 0.60

353. The optical pickup apparatus of claim 332, wherein

wavelength Al of the first light source is not more than 670

nm.

354. The optical pickup apparatus of claim 332, wherein the

optical material is an optical glass and dispersion value vd

is greater than 50.

355. An optical pickup device, comprising:

a first light source to emit a light flux having a
wavelength Al;

a second light source to emit a light flux having a
wavelength A2 (Al < A2); and

a light converging optical system;

wherein the optical pickup apparatus conducts recording

or reproducing information for a first optical information
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recording medium including transparent base board having a
thickness t; by using thé first light source and the light
converging optical system, and the optical pickup apparatus
conducts recording or reproducing information for a second
optical information recording medium including a transparent
base board having a thickness t, (ti < t;) by using the second
light source(and the light converging optical system,

wherein the objective lens is a pasted lens in which at
least two kinds of optical elements each made of a different
optical material from other or is made of a uniform optical
material, and

wherein a value of refractive index change dn/dT for a
temperature change of an optical material used for an optical
element having a strongest power component in the objective
lens satisfies the following conditional formula under the
conditions of the wavelength of the light source and a room

temperature environment,
|dn/dT| = 10.0 x 107° (/°C)

wherein the object lens comprises a limiting member at
a peripheral section for an optical axis in order to reduce a
transmittance for a light ray or in order to intercept the
light ray when recording or reproducing information for the

second optical information recording medium, and
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wherein the objective lens has a function to correct a
spherical aberration for a light ray transmitting a portion
near to an optical axis when recording or reproducing
information for the first optical information recording

medium or the second optical information recording medium.

356. The optical pickup apparatus of claim 355, further

comprising a wavelength-selecting diaphragm that transmits
ray of light having wavelength A; emitted from the first

light source and intercepts ray of light emitted from the

second light source.

357. The optical pickup apparatus of claim 355, wherein at
least one side of the objective lens is entirely covered by
diffractive structure or is provided with two or more

optically functional surfaces.

358. The optical pickup apparatus of claim 355, wherein
image forming magnification ml of the objective lens in the
case of conducting recording or reproducing of information
for the first optical information recording medium and image
forming magnification m2 of the objective lens in the case of

conducting recording or reproducing of information for the
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second optical information recording medium satisfy the

following conditional formula.

0.98m1 = m2 = 1.02ml
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