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IMAGE PICKUP LENS, IMAGE PICKUP UNIT
AND PORTABLE TERMINAL

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The invention relates to an image pickup lens
preferable as an optical system of a solid state pickup
element such as a CCD type image sensor or a CMOS type
image sensor, an image pickup unit having the image pickup
lens, and a portable terminal having the image pickup unit.

[0003] 2. Description of Related Art

[0004] 1In recent years, with the heightened performance
and the miniaturization of an image pickup device using a
solid-state image pickup element such as a CCD (charge
coupled device) type image sensor or a CMOS (comple-
mentary metal oxide semiconductor) type image sensor, a
portable terminal and a personal computer respectively
having the image pickup device have spread to users.

[0005] Also, with the miniaturization and the dense
arrangement of pixels of the element due to the increase of
functions in the portable terminal and the personal computer,
the further miniaturization of an image pickup lens mounted
on the image pickup device is strongly required for the
miniaturization of the image pickup device.

[0006] In recent years, because a triplet lens structure can
have higher performance as compared with a single lens
structure and a doublet lens structure, the triplet lens struc-
tare composed of a first lens having the positive refractive
power, a second lens having the negative refractive power
and a third lens having the positive refractive power
arranged in that order from an object side has been generally
used as an image pickup lens of a small-sized image pickup
device. This triplet type image pickup lens is disclosed in
Published Unexamined Japanese Patent Application (Toku-
kai) No. 2001-75006.

[0007] However, in the image pickup lens disclosed in the
Application No. 2001-75006, though various types aberra-
tion are preferably corrected while maintaining the wide
angle of view, the image pickup lens is not appropriate to the
shortening of a total lens length (that is, a distance from an
aperture stop to a focal point on an image side) along an
optical axis.

SUMMARY OF THE INVENTION

[0008] 1In an order to solve the above problem, an object
of the present invention is to provide an image pickup lens
which is composed of a plurality of lenses and is miniatur-
ized, an image pickup unit and a portable terminal.

[0009] In an order to accomplish the above-mentioned
object, in accordance with the first aspect of the present
invention, an image pickup lens comprising four lenses
arranged in an order of a first lens, a second lens, a third lens
and a fourth lens from an object side,

[0010] wherein the first lens has positive refractive power
and has a convex surface facing toward the object side, the
second lens has the positive refractive power, the third lens
has negative refractive power and has a concave surface
facing toward the object side to be formed in a meniscus
shape, and the fourth lens has the positive or negative
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refractive power and has a convex surface facing toward the
object side to be formed in the meniscus shape.

[0011] Inthe above configuration, four lenses are arranged
in an order of the first, second, third and fourth lenses. In use,
the first lens is placed on the object side, and the fourth lens
is placed on an image side. In this use condition, the positive
lens group and the negative lens respectively having the
comparatively strong refractive power are arranged in that
order from the object side, and the convex surface of the first
lens faces toward the object side. Therefore, a total lens
length is shortened. Here, the total lens length denotes a
distance on an optical axis from the object side surface of the
first lens to an image side focal point of the whole image
pickup lens. However, in the image pickup lens having an
aperture stop arranged nearest to the object side, the total
lens length denotes a distance on an optical axis from the
aperture stop to the image side focal point of the whole
image pickup lens. This definition of the total lens length is
effective in this specification including claims.

[0012] Also, the concave surface of the third lens formed
in the meniscus shape faces toward the object side, and the
convex surface of the fourth lens formed in the meniscus
shape faces toward the object side. Therefore, an air lens
having the positive refractive power is formed between the
third and fourth lenses. Accordingly, the total lens length can
be further shortened, and a telecentric characteristic can be
maintained in the periphery of an image screen.

[0013] Here, the fourth lens has the shape and orientation
of the convex surface described above and can have the
positive or negative refractive power. Hereinafter, “positive
or negative refractive power” denotes that any of the posi-
tive refractive power and the negative refractive power is
allowed.

[0014] Preferably, following conditional formulas (1), (2)
and (3) are satisfied:

E/2¥<1.60 )
0.40<f12/f<0.70 (2)
25<{(v1+v2)2}—v3 3,
[0015] where L denotes a distance on an optical axis from

the object side surface of the first lens to an image side focal
point of the whole image pickup lens, 2Y denotes the length
of a diagonal line on an effective image screen, f12 denotes
a combined focal length of the first lens and the second lens,
f denotes a focal length of the whole image pickup lens, v1
denotes an Abbe number of the first lens, v2 denotes an Abbe
number of the second lens, and v3 denotes an Abbe number
of the third lens.

[0016] The conditional formulas (1) to (3) indicate con-
ditions for obtaining a miniaturized image pickup lens in
which aberration is preferably corrected. Here, L of the
conditional formula (1) denotes a distance on an optical axis
from the object side surface of the first lens to the image side
focal point of the whole image pickup lens. The “image side
focal point™ denotes an image point obtained when a parallel
ray parallel to the optical axis is incident on the image
pickup lens. Also, when an optical member of a plane
parallel plate shape such as a low pass filter is arranged in
a space between the surface of the image pickup lens nearest
to the image side and the image side focal point, the distance
L is converted into a distance L in air, and the distance L in
air satisfies the formula (1).
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[0017] The conditional formula (1) indicates a condition
for achieving the shortening of the total lens length. When

/2Y is lower than the upper limit of the conditional formula
(1), the total lens length is directed to be shortened.

[0018] Also, as to the conditional formula (2) for appro-
priately setting the combined focal length of the first lens
and the second lens, when 2/f is set to be higher than the
lower limit, the combined positive refractive power of the
first lens and the second lens is not excessively enlarged, the
generation of both the high-order spherical aberration and
the coma can be suppressed. Also, when 2/ is set to be
lower than the upper limit, the combined positive refractive
power of the first lens and the second lens is appropriately
obtained, and the total lens length can be shortened.

[0019] Also, as to the conditional formula (3) for the
correction of the chromatic aberration in the first and second
lenses having the positive refractive power and the third lens
having the negative refractive power, when {(v1+v2)/2}—v3
is set to be higher than the lower limit, the axial chromatic
aberration and the lateral chromatic aberration can be cor-
rected.

[0020] Preferably, an aperture stop is arranged nearest to
the object side. Because of the configuration of the aperture
stop arranged nearest to the object side, the position of an
exit pupil can be set away from an image surface. Therefore,
a principal ray of a light flux emerging from the final surface
of the lenses is incident on a solid-state image pickup
element at an angle near a right angle. That is, the image side
telecentric characteristic required for the image pickup lens
of the solid-state image pickup element can be preferably
obtained, and a shading phenomenon in the periphery of an
image screen can be reduced.

[0021] Preferably, the image pickup lens satisfies follow-
ing conditional formulas (4), (5) and (6):

L'/2Y<1.60 @
0.40<f12/f<0.70 &)
25<{(vi+v2y2}-v3 (6),

[0022] where L' denotes a distance on an optical axis from
the aperture stop to an image side focal point of the whole
image pickup lens, 2Y denotes the length of a diagonal line
on an effective image screen, f12 denotes a combined focal
length of the first lens and the second lens, f denotes a focal
length of the whole image pickup lens, v1 denotes an Abbe
number of the first lens, v2 denotes an Abbe number of the
second lens, and v3 denotes an Abbe number of the third
lens.

[0023] The conditional formulas (4} to (6) indicate con-
ditions for obtaining a miniaturized image pickup lens in
which aberration is preferably corrected. Here, L' of the
conditional formula (4) denotes a distance on an optical axis
from the aperture stop to the image side focal point of the
whole image pickup lens. The “image side focal point”
denotes an image point obtained when a parallel ray parallel
to the optical axis is incident on the image pickup lens. Also,
when an optical member of a plane parallel plate shape such
as a low pass filter is arranged in a space between the surface
of the image pickup lens nearest to the image side and the
image side focal point, the distance L' is converted into a
distance L' in air, and the distance L' in air satisfies the
formula (4).

Jan. 22, 2004

[0024] The conditional formula (4) indicates a condition
for achieving the shortening of the total lens length. When
L'/2Y is lower than the upper limit of the conditional
formula (4), the total lens length is directed to be shortened.

[0025] Also, as to the conditional formula (5) for appro-
priately setting the combined focal length of the first lens
and the second lens, when f2/f is set to be higher than the
lower limit, the combined positive refractive power of the
first lens and the second lens is not excessively enlarged, the
generation of both the high-order spherical aberration and
the coma can be suppressed. Also, when £2/f is set to be
lower than the upper limit, the combined positive refractive
power of the first lens and the second lens is appropriately
obtained, and the total lens length can be shortened.

[0026] Also, as to the conditional formula (6) for the
correction of the chromatic aberration in the first and second
lenses having the positive refractive power and the third lens
having the negative refractive power, when {(v1+v2)/2}—3
is set to be higher than the lower limit, the axial chromatic
aberration and the lateral chromatic aberration can be cor-
rected.

[0027] When an aperture stop is arranged nearest to the
object side, the total lens length can be set to a distance from
the aperture stop to the image side focal point of the whole
image pickup lens, and the calculation based on the total lens
length is preferred.

[0028] Preferably, following conditional formulas (7) and
(8) are satisfied:

—0.40<R5/((N3-1))<—0.20 0]
0.30<fa/f<0.50 8
[0029] where f denotes a focal length of the whole image

pickup lens, R5 denotes a curvature radius of the object side
surface of the third lens facing, N3 denotes a refractive index
of the third lens at a d-line, and fa denotes a focal length of
an air lens formed by an image side surface of the third lens
and the object side surface of the fourth lens.

[0030] When the negative refractive power of the object
side surface of the third lens is appropriately set, the
conditional formula (7) indicates a condition for easily
correcting a curvature of the image surface and flattening the
image surface. Here, the focal length of the object side
surface of the third lens is expressed by R5/(N3-1) by using
the curvature radius R5 and the refractive index N3 of the
third lens. The conditional formula (7) indicates a ratio of the
focal length of the object side surface of the third lens to the
focal length of the whole image pickup lens.

[0031] When R5/((N3-1)) is lower than the higher limit
of the conditional formula (7), the negative refractive power
of the object side surface of the third lens is not excessively
enlarged, and the generation of excessive spherical aberra-
tion and the generation of coma flare of an abaxial light flux
can be suppressed. When R5/((N3-1)) is higher than the
lower limit, the negative refractive power of the object side
surface of the third lens is maintained. Therefore, a positive
Petzval’s sum is lowered, the axial chromatic aberration and
the lateral chromatic aberration can be preferably corrected
in addition to the correction of the curvature of the image
surface.

[0032] The conditional formula (8) indicates a condition
for appropriately setting the positive refractive power of the
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air lens formed between the image side surface of the third
lens and the object side surface of the fourth lens. The focal
length fa of the air lens can be calculated according to a
formula:

fa=RGRTART (1-N3)+R6-(N4-1)-D6(1-N3) (V4-

D
[0033] where N3 denotes the refractive index of the third
lens at the d-line, N4 denotes a refractive index of the fourth
lens at the d-line, R6 denotes a curvature radius of the image
side surface of the third lens, R7 denotes a curvature radius
of the object side surface of the fourth lens, and D6 denotes
an interval of an air space on the optical axis between the
third and fourth lenses.

[0034] When the conditional formula (8) is satisfied, the
curvature of the image surface and the distortion can be
corrected, and the telecentric characteristic of the light flux
on the image side can be maintained.

[0035] Further preferably, in place of the conditional for-
mula (8), a following conditional formula (9) is satisfied:

~0.40<R5/((N3-1)f)<-0.25 (9.

[0036] Preferably, an image side surface of the fourth lens
satisfies a following conditional formula (10):

X-X0<0 {10

[0037] for a displacement value X of an aspherical surface
expressed in the formula (11):

H RS . {11)
X = _———————— + f’i,'g’l,
L++/1—(1 + K82 /RS
[0038] and a displacement value XO of a rotational qua-

dratic surface component of the aspherical surface expressed
in the formula (12):

W /R8 (12)
X0=
T+ 1—(1+ K82 /RS
[0039] in a range of h satisfying hmax X 0.5<h<hmax,

where a vertex of the image side surface of the fourth lens
is set as an origin, a direction of an optical axis is set as an
X-axis, h denotes a height in an arbitrary direction perpen-
dicular to the optical axis, Ai denotes an i-th order coefficient
of the aspherical surface for the image side surface of the
fourth lens, hmax denotes a maximum effective radius, R8
denotes a curvature radius of the image side surface of the
fourth lens, and K8 denotes a conic constant for the image
side surface of the fourth lens.

[0040] Here, the vertex of the image side surface denotes
the intersection of the surface and the optical axis.

[0041] Generally, a plurality of lenses combined with each
other are used. When the total lens length is shortened, a
back focal length is shortened. Therefore, it is difficult to
obtain the telecentric characteristic of the light flux on the
image side. In the present invention, the image side surface
of the fourth lens and nearest to the image side among the
surfaces of the lenses is formed in the aspherical surface
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shape satisfying the formulas (10), (11) and (12). Therefore,
the telecentric characteristic particularly for the light flux at
the high angle of view can be maintained.

[0042] Preferably, the first lens is formed out of glass
material, and the second, third and fourth lenses are formed
out of plastic material.

[0043] The term “formed out of plastic material” includes
that the coating processing is performed on the surface of a
substance including the plastic material as base material for
the purpose of the anti-reflection or the improvement of
surface hardness. This definition is available for following
all description.

[0044] Plastic lenses made by the injection molding are
used as the lenses composing the image pickup lens, the
miniaturized lightweight image pickup lens is advanta-
geously obtained at low cost. However, the refractive index
of the plastic material considerably changes with the tem-
perature. Therefore, assuming that plastic lenses are used for
all lenses of the image pickup lens, a problem has arisen that
the position of an image point of the whole image pickup
lens changes with the temperature.

[0045] The configuration of the present invention uses
many plastic lenses and compensates the change of the
position of the image point of the whole image pickup lens
caused by the temperature change. That is, the first positive
lens is formed out of the glass material of which the
refractive index hardly changes with the temperature, and
the second, third and fourth lenses are formed out of the
plastic material. The second lens has the comparatively
strong positive refractive power, and the third lens has the
comparatively strong negative refractive power. Therefore,
the influence of the second lens on the position of the image
point changing with the temperature cancels out that of the
third lens, and the positional change of the image point in the
whole image pickup lens caused by the temperature change
can be suppressed to a low degree.

[0046] Preferably, a following conditional formula (13) is
satisfied:

lfif234]<0.7 (13),

[6047] where £234 denotes a combined focal length of the
second, third and fourth lenses, and f denotes a focal length
of the whole image pickup lens.

[0048] The conditional formula (13) prescribes the com-
bined focal length of the lenses formed out of the plastic
material. Because the positional change of the image point
of a plastic lens caused by the temperature change depends
on a degree of the refractive power of the lens, the combined
focal length of the first, second and third lenses formed out
of the plastic material is set to a large value to suppress a
sum of values of the refractive power of the lenses to a low
value. Therefore, the positional change of the image point
caused by the temperature change can be suppressed to a low
degree.

[0049] Preferably, a saturated water absorption rate of the
plastic material is not more than 0.7%.

[0050] Because the saturated water absorption rate of the
plastic material is larger than that of the glass material, a
non-uniform distribution of absorbed water occurs in the
plastic lens due to a rapid change of humidity. Therefore, the
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refractive index of the plastic lens cannot be uniformly set,
and a preferable image forming performance cannot be
obtained. In the present invention, the lenses are formed out
of the plastic material having a low saturated water absorp-
tion rate, and the deterioration of the performance caused by
the change of humidity is reduced.

[0051] In accordance with the second aspect of the present
invention, an image pickup lens comprising four lenses
arranged in an order of a first lens, a second lens, a third lens
and a fourth lens from an object side,

[0052] wherein the first lens has positive refractive power
and has a convex surface facing toward the object side, one
lens or two lenses selected from the second, third and fourth
lenses have the positive refractive power, at least one lens of
the positive refractive power sclected from the first, second,
third and fourth lenses is formed out of glass material,

[0053] another lens of the positive refractive power and
one lens of negative refractive power selected from the first,
second, third and fourth lenses are formed out of plastic
material, and

[0054] an image side surface of the fourth lens satisfies a
following conditional formula (14):

X-X0<0 14)

[0055] for a displacement value X of an aspherical surface
expressed in the formula (15):

H RS . {15)
X = _———————— + f’i,'g’l,
L++/1—(1 + K82 /RS
[0056] and a displacement value XO of a rotational qua-

dratic surface component of the aspherical surface expressed
in the formula (16):

W /R8 (16)
X0=
T+ 1—(1+ K82 /RS
[0057] in a range of h satisfying hmax X 0.5<h<hmax,

where a vertex of the image side surface of the fourth lens
facing is set as an origin, a direction of an optical axis is set
as an X-axis, h denotes a height in an arbitrary direction
perpendicular to the optical axis, Ai denotes an i-th order
coefficient of the aspherical surface for the image side
surface of the fourth lens, hmax denotes a maximum cffec-
tive radius, R8 denotes a curvature radius of the image side
surface of the fourth lens, and K8 denotes a conic constant
for the image side surface of the fourth lens.

[0058] Here, the vertex of the image side surface denotes
the intersection of the surface and the optical axis.

[0059] 1Inthe above configuration, four lenses are arranged
in an order of the first, second, third and fourth lenses. In use,
the first lens is placed on the object side, and the fourth lens
is placed on the image side. In this use condition, the first
positive lens having the convex surface facing toward the
image side and nearest to the object side is arranged.
Therefore, as compared with the configuration having the
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first lens of a negative refractive power, the configuration
advantagecus to shorten the total lens length can be
obtained.

[0060] Also, in the configuration of the present invention,
lenses selected from the first, second, third and fourth lenses
are formed out of the plastic material. As described above,
though the plastic lens is advantageous to make a miniatur-
ized lightweight image pickup lens at low cost, the plastic
lens has a fault that the position of an image point of the lens
considerably changes due to a large change of the refractive
index of the lens caused by the temperature change.

[0061] Therefore, the configuration of the present inven-
tion uses many plastic lenses and compensates the change of
the position of the image point of the whole image pickup
lens caused by the temperature change. In the present
invention, one positive lens is formed out of the glass
material of which the refractive index hardly changes with
the temperature, and two lenses including at least one
positive lens and at least one negative lens are formed out of
the plastic material. Therefore, the large positive refractive
power can be distributed to the glass lens and the plastic
lenses. Also, because the plastic lenses include the positive
lens and the negative lens of the comparatively strong
refractive power, the influence of the positive lens on the
positional change of the image point caused by the tempera-
ture change cancels out that of the negative lens, and the
positional change of the image point in the whole image
pickup lens caused by the temperature change can be
suppressed to a low degree.

[06062] Also, in the configuration of the present invention,
the image side surface of the fourth lens is formed in the
aspherical surface shape satisfying the formulas (14), (15)
and (16). Therefore, the telecentric characteristic particu-
larly for the light flux at the high angle of view can be
maintained.

[0063] Preferably, the lenses other than the lens having the
positive refractive power and formed out of the glass mate-
rial are formed out of the plastic material.

[0064] In the above configuration, only one lens having
the positive refractive power is formed out of the glass
material, and the other three lenses are formed out of the
plastic material. Therefore, many plastic lenses are used.
Accordingly, the advantage of forming the lenses out of the
plastic material can be effectively obtained.

[0065] Preferably, the first lens is formed out of the glass
material.

[0066] In the above configuration, the first lens placed
nearest to the object side and damaged most easily due to
external causes is not formed out of the easily damaged
plastic material but formed out of the glass material. There-
fore, the generation of flaws of the first lens can be reduced,
and the first lens protects the other lenses formed out of the
plastic material.

[0067] Preferably, a following conditional formula (17) is
satisfied:

[f234]<0.7 (17,

[0068] where £234 denotes a combined focal length of the
second, third and fourth lenses, and f denotes a focal length
of the whole image pickup lens.

HP, Ex. 1006
Page 16



US 2004/0012861 Al

[0069] As described for the formula (9), the conditional
formula (13) prescribes the combined focal length of the
lenses formed out of the plastic material. Therefore, the
combined focal length of the second, third and fourth lenses
formed out of the plastic material is set to a high value
according to the conditional formula (13) to suppress a sum
of values of the refractive power of the lenses to a low value,
and the positional change of the image point caused by the
temperature change can be suppressed to a low degree.

[0070] Preferably, a saturated water absorption rate of the
plastic material is not more than 0.7%.

[0071] Plastic having a low saturated water absorption rate
is used as the lens material. Therefore, the performance of
the plastic lenses does not deteriorate regardless of the
change of humidity.

[0072] Preferably, following conditional formulas (18),
(19) and (20) are satisfied:

L/2Y<1.60 (18)
0.40<f12/f<0.70 {19)
25<vP-vN 20y,

[0073] where L denotes a distance on an optical axis from
the object side surface of the first lens to an image side focal
point of the whole image pickup lens, 2Y denotes the length
of a diagonal line on an effective image screen, f12 denotes
a combined focal length of the first lens and the second lens,
f denotes a focal length of the whole image pickup lens, vP
denotes an Abbe number of the lens having the strongest
positive refractive power, vN denotes an Abbe number of the
lens having the strongest negative refractive power.

[0074] The conditional formulas (18), (19) and (20) indi-
cate conditions for obtaining a miniaturized image pickup
lens in which the aberration is preferably corrected.

[0075] 1In the same manner as the formula (1), the condi-
tional formula (18) indicates a condition for achieving the
shortening of the total lens length.

[0076] Also, in the same manner as the formula (2), the
conditional formula (19) indicates a condition for appropri-
ately setting the combined focal length of the first lens and
the second lens. When f2/f is set to be higher than the lower
limit, the generation of both the high-order spherical aber-
ration and the coma can be suppressed. Also, when £2/f is set
to be lower than the upper limit, the total lens length can be
shortened.

[0077] Also, the conditional formula (20) indicates a con-
dition for prescribing the Abbe number of the positive lens
having the strongest positive refractive power and the Abbe
number of the negative lens having the strongest negative
refractive power to preferably correct the chromatic aberra-
tion. When vP—vN is set to be higher than the lower limit,
the axial chromatic aberration and the lateral chromatic
aberration can be corrected in good balance.

[0078] Preferably, the second lens has the positive refrac-
tive power, and the third lens has the negative refractive
power.

[0079] 1In the above configuration, because the positive
lenses and the negative lens having the comparatively strong
refractive power are arranged in that order from the object
side, the total lens length can be easily shortened.
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[0080] In accordance with the third aspect of the present
invention, an image pickup unit comprises:

[0081] a solid-state image pickup element having a
photoelectric transfer unit;

[0082] an image pickup lens for forming an image of
an object in the photoelectric transfer unit of the
solid-state image pickup element;

[0083] a substrate for holding the solid-state image
pickup element, the substrate comprising an external
connection terminal through which an electric signal
is transmitted or received; and

[0084] a casing made of a light shielding substance
and comprising an opening for incident light entering
an object side,

[0085] wherein the solid-state image pickup element,
the image pickup lens, the substrate and the casing
are combined with each other,

[0086] alength of the image pickup unit in a direction
of an optical axis of the image pickup lens is not
more than 15 mm,

[6087] the image pickup lens comprises four lenses
arranged in an order from the object side, and

[0088] the lens arranged nearest to the object side has
the positive refractive power.

[0089] The “opening for incident light” is not limited to a
space forming means such as a hole and indicates a means
for forming an area through which incident light entering the
object side can be transmitted. This definition is available for
the fourth aspect of the present invention described later.

[0090] The image pickup unit having the configuration
described above satisfies a request of the miniaturization and
the lightening-in-weight and is used to be mounted on a
small-sized portable electronic device. In this unit, the lens
arranged nearest to the object side is set to a positive lens,
and the structure advantageous for the shortening of the total
lens length is adopted. The image pickup lens comprises
four lenses while shortening the length of the whole image
pickup unit in the direction of the optical axis.

[6091] The description “the Iength of the image pickup
unit in the direction of the optical axis is not more than 15
mm” denotes a total length of the image pickup unit having
all the abowve-described elements along the direction of the
optical axis. For example, when the casing is placed on a
front surface of the substrate and electronic parts are
arranged on a back surface of the substrate, a distance from
an end portion of the casing on the object side to an end
portion of the electronic parts projecting from the back
surface of the substrate is not more than 15 mm. This
definition is available for the fourth aspect of the present
invention.

[0092] It is preferred that many lenses are arranged in the
image pickup lens to correct various types aberration and
improve the telecentric characteristic of the solid-state
image pickup element and the quality of the formed image.
However, the number of lenses of the image pickup unit
mounted on a small-sized electronic device is generally
three at most. Because four lenses are used for the image
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pickup unit of the present invention, the configuration of the
present invention is advantageous for the improvement of
the image quality.

[0093] Also, when the image pickup unit is miniaturized,
the miniaturization of the lenses composing the image
pickup lens is required, and the curvature radius of each lens
necessarily becomes small. However, as the curvature radius
is smaller, the difficulty in the keeping of the manufacturing
precision of the lens is increased. In the present invention,
because the image pickup lens comprises four lenses, the
refractive power is distributed to the lenses, and a degree of
the requirement for lowering the curvature radius of each
lens can be reduced. Therefore, the manufacturing precision
of the lens can be easily kept well, and the structure of the
image pickup unit is advantageous for the improvement of
the image quality.

[0094] Also, to lighten the whole image pickup unit, it is
better to form each lens of the image pickup lens out of the
plastic material in place of the glass material and to increase
the number of plastic lenses.

[0095] However, the change of the refractive index of the
plastic material caused by the temperature change is large.
Therefore, when all lenses of the image pickup lens are
formed of the plastic material, a problem has arisen that the
position of the image point of the whole image pickup lens
changes with the temperature. This positional change of the
image point causes a problem particularly in an image
pickup device (so-called pan-focus type image pickup
device) on which a solid-state image pickup element having
pixels densely arranged is mounted without having an
auto-focus mechanism. Because a pixel pitch in the solid-
state image pickup element having high dense pixels is
small, a focal depth proportional to the pixel pitch becomes
small, and an allowance width for the positional change of
the image point becomes narrow. Also, the pan-focus type
image pickup device is focused on an object spaced from the
device by tens cm denoting a referential distance, and an
image of an object spaced from the device by a distance
ranging from an infinite distance to a very short distance
near to zero is formed according to the depth of field.
Therefore, the image of the object spaced by the infinite
distance or the very short distance is slightly out of focus as
compared with that spaced by the referential distance. When
the position of the image point is changed due to the
temperature change, a problem has arisen that the quality of
the image of the object spaced by the infinite distance or the
very short distance is extremely degraded.

[0096] To solve this problem, it is preferred that at least
onc lens is set to a glass lens and two lenses or more
including at least one positive lens and at least one negative
lens are set to plastic lenses. Thereby, a sum of values of the
refractive power of the plastic lenses can be suppressed to a
low value while maintaining the positive refractive power of
the whole image pickup lens, and the influence of the
positive lens on the positional change of the image point
caused by the temperature change can cancel out that of the
negative lens. To obtain the structure of the image pickup
lens described above, when a degree of the design freedom
is considered, the triplet lens structure is not adequate, and
the image pickup lens having a quadruplet lens structure is
required. Here, assuming that the image pickup lens has five
lenses (quintuplet lens structure) or more, a large-sized

Jan. 22, 2004

image pickup unit is inevitably obtained. Therefore, the
structure of five lenses or more is not adequate.

[0097] In accordance with the fourth aspect of the present
invention, an image pickup unit comprises:

[6098] an image pickup lens having a photoelectric
transfer unit;

[6099] one image pickup lens described above for
forming an image of an object in the photoelectric
transtfer unit of the solid-state image pickup element;

[0106] a substrate for holding the solid-state image
pickup element, the substrate comprising an external
connection terminal through which an electric signal
is transmitted or received; and

[0101] a casing made of a light shielding substance
and comprising an opening for incident light entering
an object side,

[6102] wherein the solid-state image pickup element,
the image pickup lens, the substrate and the casing
are combined with each other, and

[0103] alength of the image pickup unit in a direction
of an optical axis of the image pickup lens is not
more than 15 mm.

[0104] In the above configuration, each image pickup lens
described above is mounted on the image pickup unit.
Therefore, the image pickup unit having effects of the
miniaturization, the lightening-in-weight and the high image
quality can be actualized.

[0105] In accordance with the fifth aspect of the present
invention, a portable terminal comprises the image pickup
unit described above.

[0106] In the above configuration, the image pickup unit
described above is mounted on the portable terminal. There-
fore, the portable terminal having effects of the miniatur-
ization, the lightening-in-weight and the high image quality
can be actualized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0107] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawing which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention, and wherein;

[0108] FIG. 1 is a perspective view of an image pickup
unit according to an embodiment of the present invention;

[0109] FIG. 2 is a sectional view taken along a section
including an optical axis of lenses of an image pickup lens;

[0110] FIG. 3A is a front view of a portable telephone to
which the image pickup unit is applied, and FIG. 3B is a
back view of the portable telephone to which the image
pickup unit is applied,;

[0111] FIG. 4 is a control block diagram of the portable
telephone shown in FIGS. 3A and 3B;

[0112] FIG. 5 is a representative sectional view of a
small-sized image pickup lens according to Examples 1 and
2 of the present invention;
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[0113] FIGS. 6A to 6E are views of various types aber-
ration according to Example 1, FIG. 6A shows spherical
aberration, FIG. 6B shows astigmatism, FIG. 6C shows
distortion, and FIGS. 6D and 6E show meridional coma;,

[0114] FIGS. 7A to 7E are views of various types aber-
ration according to Example 2, FIG. 7A shows spherical
aberration, FIG. 7B shows astigmatism, FIG. 7C shows
distortion, and FIGS. 7D and 7E show meridional coma;

[0115] FIG. 8 is a representative sectional view of a
small-sized image pickup lens according to Example 3 of the
present invention;

[0116] FIGS. 9A to 9E are views of various types aber-
ration according to Example 3, FIG. 9A shows spherical
aberration, FIG. 9B shows astigmatism, FIG. 9C shows
distortion, and FIGS. 9D and 9E show meridional coma;

[0117] FIG. 10 is a representative sectional view of a
small-sized image pickup lens according to Example 4 of the
present invention; and

[0118] FIGS. 11A to 11E are views of various types
aberration according to Example 4, FIG. 11A shows spheri-
cal aberration, FIG. 11B shows astigmatism, FIG. 11C
shows distortion, and FIGS. 11D and 11E show meridional

coma.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0119] Hereinafter, the embodiment of the present inven-
tion will be explained with reference to the FIGS. 1 and 2.
FIG. 1 is a perspective view of an image pickup unit 50
according to the embodiment, and FIG. 2 is a sectional view
taken along an optical axis of an image pickup system of the
image pickup unit 50.

[0120] The image pickup unit 50 comprises a CMOS type
image sensor 51 having a photoelectric transfer unit 514 and
functioning as a solid-state image pickup element, an image
pickup optical system 10 for forming an image of an object
on the photoelectric transfer unit 51a of the image sensor 51,
a base plate 52 for holding the image sensor 51, comprising
an external connection terminal 54 which receives or trans-
mits an electric signal from/to the image sensor 51, and a
casing 53 made of a light shielding substance to function as
a lens barrel and comprising an opening for incident light
entering an object side. These constitutional elements of the
image pickup unit 50 are combined with each other.

[0121] 1In the image sensor 51, the photoelectric transfer
unit 51a having pixels (photoelectric transfer element)
arranged in two dimensions in a central portion of a plane on
a light receiving side is arranged, and a signal processing
circuit 515 is arranged around the photoelectric transfer unit
51a. The signal processing circuit 515 comprises an actu-
ating circuit unit for actuating the pixels one after another to
obiain a signal charge from each pixel, an A/D converting
unit for converting each signal charge to a digital signal, and
a signal processing unit for producing an image output
signal from the digital signals. Also, a large number of pads
(not shown) are arranged in the neighborhood of the periph-
ery of the plane of the image sensor 51 on the light receiving
side, and each pad is connected to the base plate 52 through
a wire W. The image sensor 51 converts each signal charge
of the photoelectric transfer unit 514 to an image signal such
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as a digital YUV signal and outputs the image signal to a
prescribed circuit placed on the base plate 52 through the
wire W. Here, Y denotes a luminance signal, U (=R-Y)
denotes a color difference signal indicating the difference
between red and the luminance signal, and V (=B-Y)
denotes a color difference signal indicating the difference
between blue and the luminance signal.

[0122] The solid-state image pickup element is not limited
to the CMOS type image sensor, and it is preferable that
another element such as CCD be used as the solid-state
image pickup element.

[0123] The base plate 52 comprises a support flat plate 524
for supporting the image sensor 51 and the casing 53 on its
front surface, and a flexible base plate 525 of which one end
portion is connected to a back surface (a surface opposite to
the front surface) of the support flat plate 52a.

[0124] The support flat plate 52¢ has a large number of
signal transmission pads located on the front and back
surfaces. Each pad is connected to the wire W of the image
sensor 51 on the front surface and is connected to the flexible
base plate 52b on the back surface.

[0125] The one end portion of the flexible base plate 526
is, as described above, connected to the support flat plate
52a, and the flexible base plate 525 connects the support flat
plate 52a and an external circuit (for example, a control
circuit of a host processor having an image pickup unit)
through the external connection terminal 54 arranged in the
other end portion thereof. Therefore, the image pickup unit
50 can receive a voltage or clock signal supplied from the
external circuit to actuate the image sensor 51. Also, the
image pickup unit 5@ can output the digital YUV signal to
the external circuit. Further, a middle portion of the flexible
base plate 52b in the longitudinal direction thereof has
flexibility and deformation performance, and the deforma-
tion of the middle portion gives a degree of freedom to the
direction and arrangement of the external connection termi-
nal 54 with respect to the support flat plate 52a.

[0126] Next, the casing 53 and the image pickup optical
system 10 will be described below. The image sensor 51
glues onto the front surface of the support flat plane 524
while being arranged within the casing 53, so that the image
sensor 51 is fixed to the support flat plane 524. The image
pickup optical system 10 is arranged and held within/by the
casing 53.

[0127] As shown in FIG. 2, the image pickup optical
system 10 comprises an IR (infrared ray) cut filter 24 for
preventing infrared rays from being incident on the system
10, and an image pickup lens which comprises a first lens
L1, a stop S, a second lens 1.2, a third lens 1.3 and a fourth
lens L4 supported and arranged by/in the casing 53 in that
order from the object side. The image pickup optical system
10 transmits an image of an object through the lenses L.1,1.2,
L3 and L4 and performs the image formation in the photo-
electric transfer unit 51a of the image sensor 51. Here, in
FIG. 2, the left side denotes the object side, and the right
side denotes the image side, and a dot-dash-line denotes an
optical axis L. common to the lenses 1.1, 1.2, 1.3 and 1 4.

[0128] The IR cut filter 24 is made of a substance having
an infrared ray absorption characteristic and is glued onto an
object side surface of the casing 53.
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[0129] Also, the stop S has a function for determining an
F number of the whole image pickup lens.

[0130] The casing 53 comprises a base body 55 directly
fixed to the base plate 52, a lens holder 56 holding the fourth
lens L4, and a lens fixture 57 fixing and holding all the lenses
11, 12, I3 and 1.4 in cooperation with the lens holder 56.
The lens fixture 57, the lens holder 56 and the base body 55
are integrally connected to each other to form in an almost
cylindrical shape, and are set to place those center lines on
the same axis.

[0131] 1In the image formation, the lens fixture 57, the lens
holder 56 and the base body 55 are arranged in that order
from the object side and are respectively formed in the
almost cylindrical shape. The base body 55 has the largest
nner diameter and places the lens holder 56 within the base
body 55. The base body 55 has a female screw on its inner
circumferential surface, and the lens holder 56 has a male
screw on its outer circumferential surface. These screws gear
to each other to connect the base body 55 and the lens holder
56. The lens holder 56 has an inner diameter larger than that
of the lens fixture 57 and places the lens fixture 57 within the
lens holder 56. The lens holder 56 has a female screw on its
inner circumferential surface, and the lens fixture 57 has a
male screw on its outer circumferential surface. These
screws gear to each other to connect the lens holder 56 and
the lens fixture 57.

[0132] Next, the lenses L1 to 14 will be described below.

[0133] In the Japanese Patent Application No. 2002-
083880 of which the applicant is the same as that of this
application, all lenses are formed out of plastic lenses, so
that the high performance and the mass productivity of the
lenses can be obtained. However, the refractive index of the
plastic lens changes with temperature, so that a problem has
arisen that an image point is considerably changed. Also, a
small-sized image pickup device having a small-sized image
pickup lens is usually operated according to a pan-focus
method in which no lens focusing mechanism is used.
Therefore, when a solid-state image pickup element having
high image quality is used, the influence of the temperature
change cannot be disregarded.

[0134] Therefore, in this embodiment, the lens L1 is
formed out of the glass material, and the lenses 1.2 to 1.4 are
formed out of the plastic material. The lenses L1 to .4 will
be described later in detail.

[0135] 1In recent years, to miniaturize the image pickup
device without changing the number of pixels of the solid-
state image pickup element, a small-sized image pickup
device having the pixels of a shortened pixel pitch and a
light receiving unit {photoelectric transfer unit) of a small
image screen size determined by the shortened pixel pitch
has been developed. In the image pickup lens used for the
solid-state image pickup element of the small image screen
size, to obtain the same angle of view as that in an image
pickup lens corresponding to a normal image screen size, it
is required to shorten a focal length of the image pickup lens.
Therefore, a curvature radius and an outer diameter in each
lens are considerably shortened. As a result, it is difficult to
form the lens out of glass by polishing, and each lens [.2 to
1.4 is formed out of plastic by the injection molding.

[0136] Also, because cach lens 1.2 to 1.4 is formed by the
injection molding, each lens can have a flange portion in the
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periphery thereof. The fourth lens 1.4 has a flange portion
having the largest outer diameter among those of the lenses,
and a concave portion is formed on a plane of the flange
portion on the object side. A flange portion of the third lens
L3 is tightly fitted into the concave portion of the fourth lens
4. Here, the concave portion is formed so as to make the
optical axis of the fourth lens L4 agree with that of the third
lens L3.

[0137] The third lens L3 has a flange portion of an outer
diameter larger than that of the second lens L2, and a
concave portion is formed on a plane of the flange portion
on the object side. A flange portion of the second lens L2 is
tightly fitted into the concave portion of the third lens L3.
Here, the concave portion is formed so as to make the optical

axis of the third lens L3 agree with that of the second lens
2.

[0138] The second lens 1.2 has a flange portion of an outer
diameter larger than that of the first lens L1, and a concave
portion is formed on a plane of the flange portion on the
object side. The first lens L1 is tightly fitted into the concave
portion of the second lens [.2. Here, the concave portion is
formed so as to make the optical axis of the second lens 1.2
agree with that of the first lens L1.

[0139] Therefore, when the lenses L1 to 1.4 are piled up
through the flange portions, the optical axes of the lenses L1
to L4 can agree with each other.

[0140] Also, because the positional precision of the con-
cave portion and a convex portion of each lens L1 to L4 in
the axial direction can be set to that possible in the injection
molding, an interval of each pair of lens in the optical axial
direction can be maintained with a prescribed precision.
Therefore, an assembly precision of the optical system 10
can be improved. Further, the lenses can be easily
assembled, and the productivity is increased.

[0141] On the conditions of the lenses L1 to 1.4 described
above, the description of the casing 53 is restarted.

[0142] The lens holder 56 of the casing 53 has an end
portion projecting on the image side to form the lens holder
56 in a cylindrical shape with a bottom. A central portion of
the bottom has a large opening, and external light passes
through the opening. The lens fixture 57 has an end portion
projecting on the object side to form the lens fixture 57 in a
cylindrical shape with a bottom. A central portion of the
bottom has a large opening, and external light passes
through the opening. An inner diameter of the lens holder 56
is set to be equal to an outer diameter of the fourth lens L4.
‘When the fourth lens L4 is fitted to the lens holder 56, the
fourth lens 1.4 can be positioned so as to make the optical
axis of the fourth lens 1.4 agree with a center line of the lens
holder 56. Thereafter, as described above, when the lens
fixture 57 is attached to the lens holder 56 on condition that
the lenses .1 to 1.4 are piled up, each of the lenses L1 to .4
piled up is fitted and held to/on a bottom face of the adjacent
lens or the lens holder 56, and the center lines of the base
body 55, the lens holder 56 and the lens fixture 57 and the
optical axes of the lenses L1 to 1.4 can agree with the same
axis. Here, the casing 53 is fixed to the base plate 52 so as
to make the center lines of the lens holder 56 and the like
agree with the center of the photoelectric transfer plane S1a
of the image sensor 51. Also, the casing 53 supports the
fourth lens L4 on an inner circumferential surface and an
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inner bottom surface of the lens holder 56 and supports only
the periphery of the first lens L1 on only an inner bottom
surface of the lens fixture 57. No inner circumferential
portions of the lens fixture 57 contact with each lens L1 to
L4.

[0143] Also, because center lines of screws of the base
body 55 and the lens holder 56 agree with the optical axis L
of the lens L1 to L4, the positions of the lens L1 to 14
relative to the image sensor 51 can be adjusted while rotating
the lens holder 56 so as to set the focusing condition to the
best one. Here, after adjusting the positions of the lens .1 to
L4, the base body 55 and the lens holder 56 are fixed to each
other by using an adhesive.

[0144] Also, a first shielding mask 21 is arranged on an
end plane of the casing 53 on the object side, a second
shielding mask 22 is arranged between the second lens 1.2
and the third lens L3, and a third shielding mask 23 is
arranged between the third lens I.3 and the fourth lens 1.4,
Each shielding mask 21 to 23 has a circular opening and is
placed to cut off unnecessary light not contributing to the
image formation.

[0145] Each shielding mask 21 to 23 is made of a disk-
shaped light shielding substance and has a circular hole of a
prescribed inner diameter at the center of the disk-shaped
substance. Center lines of the holes of the masks 21 to 23
agree with the optical axis L of the lenses L1 to L4.

[0146] As described above, the first shielding mask 21 is
arranged on the end plane of the casing 53 on the object side.
The second shielding mask 22 is arranged in a concave
portion of the third lens 1.3 and is put and held between the
second and third lenses 1.2 and L.3. The third shielding mask
23 is arranged in a concave portion of the fourth lens 1.4 and
is put and held between the third and fourth lenses 1.3 and
14.

[0147] Here, each of the third and fourth lenses 1.3 and 1.4
has a cavity in the concave portion to arrange the shielding
mask 22 or 23. When the lenses 1.2 to 1.4 are tightly fitted
to the casing 53, the shielding masks 22 and 23 exert no
influence on the distance between the lenses .2 and 1.3 and
the distance between the lenses 1.3 and 14.

[0148] Mutual actions of the stop S and the shielding
masks 21 to 23 prevent light entering the object side from
being incident on areas out of lens effective diameters of the
lenses L1 to 1.4, and the generation of ghost or flare can be
suppressed.

[0149] An example of the use of the image pickup unit 50
will be described. FIGS. 3A and 3B show a portable
telephone 100 functioning as a portable terminal which is
equipped with the image pickup unit 50, and FIG. 4 is a
control block diagram of the portable telephone 160.

[0150] The image pickup unit 50 is, for example, arranged
in the portable telephone 100 having a liquid crystal display
on a front side so as to place the object side end plane of the
casing 53 of the image pickup optical system 10 on a back
side of the portable telephone 100. Also, the image pickup
unit 50 is arranged under the liquid crystal display.

[0151] The external connection terminal 54 of the image
pickup unit 50 is connected to a control unit 101 of the
portable telephone 100 and outputs an image signal such as
a luminance signal and a color difference signal to the
control unit 101.
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[0152] As shown in FIG. 4, the portable telephone 100
comprises the control unit (CPU) 101 for executing a
program corresponding to each type of processing, an input
unit 60 for receiving a number instructed by using a key, a
display unit 70 for displaying prescribed data and a formed
image, a wireless communication unit 80 for performing
various types of information communication with an exter-
nal server, a storing unit (ROM) 91 for storing a system
program of the portable telephone 100, various types of
processing programs and necessary data such as a terminal
ID, and a temporarily storing unit (RAM) 92, used as a work
area, for temporarily storing the various types of processing
programs and data executed or used by the control unit 101,
data processed by the control unit 101 and image data
obtained in the image pickup unit 50.

[0153] An image signal received from the image pickup
unit 50 is stored in the storing unit 92, displayed on the
display unit 7¢ and/or transmitted as image information to
the outside through the wircless communication unit 80
under control of the control unit 101.

EXAMPLE

[0154] Next, specifications of the image pickup lens will
be described below according to Examples 1, 2, 3 and 4.
Here, specifications of the image pickup lens are not limited
to Examples. Symbols used in Examples denote as follows.

[0155]
[0156]
[0157]

[0158] 2Y: length of diagonal line on effective image
screen (length of diagonal line of rectangular shaped
light receiving plane of solid-state image pickup
element)

f: focal length of the whole image pickup lens
fB: back focal length

F: F number

[6159] R: curvature radius of refractive surface
[6160] D: interval between refractive surfaces on axis
[0161] NA4: refractive index of lens material at d-line
[6162] ~vd: Abbe number of lens material

[0163] Also, in Examples, the shape of an aspherical
surface is expressed in a rectangular coordinate system,
which has a vertex of the surface set as an origin and an
optical axial direction set as an X axis, according to a
following formula by using R denoting a curvature radius of
the aspherical surface at the vertex, K denoting a conic
constant, and A4, A6, A8, A10 and A12 denoting ccefficients
of the aspherical surface.

IR

X =
e 1 . 717 o
T+viI-(1+KA/R2

+ A4h4 + A6h6 + Ashs + Agohlo + ,412’112,

[0164] where
h=YY*+2*
[0165]

[0166] FIG. 5 a representative sectional view of a small-
sized image pickup lens according to Examples 1 and 2 of
the present invention.

is satisfied
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Example 1
[0167] Lens data is shown in Tables 1, 2 and 3.

TABLE 1
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(Example 1)
f=4191 mm, fB = 1.795 mm, F = 2.88, 2Y = 5.08 mm

[0169]
TABLE 3
Example 1
(1), (18y L2Y 1.36
(2), (5), (19) f12/% 0.55
(3), (6) {(v1 +v2)/2} — 3 27.7
(7), (9) RS/{(N3 = 1) - £} -0.30
(8) fa/f 0.41

10y, (14) X - X0 h = hmax (2.2 mm) - 0.0758
h = 0.7 X hmax - 0.0169

h = 0.5 X hmax - 0.0050

Surface No. R (mm) D (mm) Nd vd
1 4.425 1.10 1.58313 594
2 -9.128 0.20
stop o 0.20
3 -3.207 1.20 1.53040 56.0
4 -1.092 0.34
5 -0.726 0.86 1.58300 30.0
6 -1.524 0.10
7 2538 1.14 1.53040 56.0
8 2712
[0168]
TABLE 2

Coeflicients of aspherical surface

Third surface

K= 921940
Ad = 190800 x 1072
A6 = 378880 x 1072
A8 = —1.01770 x 107¢
Al0 = 1.61350 x 107t
Fourth surface

K= -2.43830x 107¢

A4 = 1.33880 x 107!
A6 = 1.41590 x 1072
A8 = 9.87250 x 1072
Al0 = 231700 x 1072

Fifth surface

K= -1.91890
A4 = 113150 x 107*
A6 = 899300 x 107
A8 = -3.76430 x 107°

Al0 = 6.11200 x 1073
Al2 = -3.26330 x 107

Sixth surface

K= -337000x 107*
Ad = 835040 x 1077
A6 = 241350 x 1072
A8 = -517700 x 107°

Al10 = -3.05050 x 107°

Al2 = 1.39000 x 1073
Seventh surface
K= -11.9490
A4 = 226290 x 1072
A6 = —1.73770 x 107°

A8 = 1.64710 x 107°
A0 -3.32140 % 107
Al12 = -1.80240 x 107*

Eighth surface

K= -442490
Ad = —422960 x 1072
A6 = 9.36890 x 1072
A8 = 219520 x 1073
A10 = 215000 x 107*
A12 = -1.52000 x 107

(13, (17 7234} 0.46
(203 vP - ¥N 26.0
[0170] In FIG. 5, L1 indicates a first lens, 1.2 indicates a

second lens, I3 indicates a third lens, L4 indicates a fourth
lens, and S indicates a stop. FIGS. 6A to 6E are views of
various types aberration according to Example 1, FIG. 6A
shows spherical aberration, FIG. 6B shows astigmatism,
FIG. 6C shows distortion, and FIGS. 6D and 6E show
meridional coma.

[0171] The firstlens L1 is formed out of the glass material.
The second lens L2 and the fourth lens 1.4 are plastic lenses
of polyolefin, and saturated water absorption rates of the
lenses 1.2 and 14 are respectively not more than 0.01%.
Also, the third lens 1.3 is a plastic lens of polycarbonate, and
a saturated water absorption rate of the lens L3 is 0.4%.

[0172] The change of the refractive index Nd with the
temperature of the plastic material is shown in Table 4.
Thereby when the temperature is increased from a normal
temperature (20° C.) by +30° C,, a degree (AfB) of change
of length is +0.001 mm.

TABLE 4

Refractive index
at temperature

Refractive index increased by +30° C.

at normal from normal
temperature temperature
Second lens, 1.5304 1.5276
fourth lens
Third lens 1.5830 1.5788
Example 2

[0173] Lens data is shown in Tables 5, 6 and 7.

TABLE 5

{Example 2)
f=4200mm B =171 mm F=288 3¥Y=508mm

Surface No. R (mm) D (mm) Nd vd
1 3.917 1.10 1.51633 64.1

2 -8.052 0.20

stop @ 0.20
3 -3.422 1.20 1.53040 56.0

4 -1.083 0.31
5 -0.732 0.86 1.58300 30.0

6 -1.527 0.10
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TABLE 5-continued

(Example 2)
f=4200 mm, fB=1791 mm F =288 2Y =508 mxm

Surface No. R (mm) D (mm) Nd vd
7 2.426 1.07 153040 56.0
2.322
[0174]
TABLE 6

Coefficients of aspherical surface

Third surface

K= 9.31360
Ad = -3.44480 x 1072
A6 = 508930 x 1077
AR = -1.53070 x 10~
Al0 = 161750 x 107
Fourth surface

K= -431080 x 107*
A4 = 122030 x 107!
A6 = -1.44230 x 1077
A8 = 1.37060 x 1072

Al1D = 9.35930 x 107°
Fifth surface

K= -2.00120
A4 = 112270 x 107
A6 = 228080 x 1077

A8 = -R.64850 x 107°
Al0 = 7.55610 x 1077
Al12 = —2.07840 x 107°

Sixth surface

K= -6.31350 x 1071
A4 = B.67650 x 1072
A6 = 2.05150 x 1072
A8 = -8.87260 x 1073

A10 = -1.70460 x 107°
Al2 = 1.04610 x 2073
Seventh surface

K= -10.5550
A4 = -2.40450 x 1072
A6 = —1.81580 x 1072
A8 = 1.68150 x 1077
A10 = -3.21750 x 1074
Al2 = -1.78030 x 10~
Eighth surface

K = -4.87370
A4 = -4.23390 x 1072
A6 = 932800 x 107
A8 = -2.20080 x 107
AlD = 216970 x 107
Al12 = -1.49000 x 107>

[0175]
TABLE 7
Example 2
{1), (18) L2Y 1.34
(23, (53, (19) f12/£ 0.54
(33, (6) {(v1 + v2)r2} — v3 30.1
(73, (9 RSH(N3 - 1) - £} -0.30
(8) fa/f 0.40
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TABLE 7-continued

Example 2

{10), (14) X - X0 h = hmax (2.2 mm) — 0.0757
h = 0.7 X hmax - 0.0170
h = 0.5 X hmax - 0.0050

(13), (17) {234} 0.43

(20) vP - WN 26.0

[0176] FIGS. 7A to TE are views of various types aber-
ration according to Example 2, FIG. 7A shows spherical
aberration, FIG. 7B shows astigmatism, FIG. 7C shows
distortion, and FIGS. 7D and 7E show meridional coma.

[0177] The firstlens L1 is formed out of the glass material.
The second lens L2 and the fourth lens 1.4 are plastic lenses
of polyolefin, and saturated water absorption rates of the
lenses 1.2 and L4 are respectively not more than 0.01%.
Also, the third lens 1.3 is a plastic lens of polycarbonate, and
a saturated water absorption rate of the lens L3 is 0.4%.

[0178] The change of the refractive index Nd with the
temperature of the plastic material is shown in Table 8.
Thereby when the temperature is increased from a normal
temperature (20° C.) by +30° C,, a degree (AfB) of change
of the back focal length is +0.001 mm.

TABLE 8

Refractive index
at temperature

Refractive index increased by +30° C.

at normal from normal
temperature temperature
Second lens, 1.5304 1.5276
fourth lens
Third lens 1.5830 1.5788
Example 3

[0179] Lens data is shown in Tables 9, 10 and 11.

TABLE 9

(Example 3)
f=35.309 mm, fB = 0.511 mm. F = 2.88, 2Y = 6.48 mm

Surface No. R (mm) D (mm) Nd vd
stop 4 0.00
1 3.227 127 1.69680 355
2 -87.050 0.44
3 -3.364 1.40 1.52500 56.0
4 -1.626 0.35
5 -1.021 0.90 1.58300 30.0
6 -2.147 0.10
7 2.462 1.10 1.52500 56.0
8 2.283 1.00
9 @ 0.30 1.51633 64.1
10 @
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[0180]
TABLE 10
Coefficients of aspherical surface
Third surface
K= -3.69470
A4 = -2.00408 x 1072
A6 = 593561 x 107
A8 = 522016 x 107
Al10 = -2.38137 x 107*
Fourth surface
K = -8.46375 x 107!
Ad = -2.02564 x 1072
A6 = 1.62756 x 1072
A8 = -4.14965 x 107°
AlD = 6.66591 x 107
Fifth surface
K= -810560 x 107!
A4 = 631710 x 1072
A6 = 414530 x 107
A8 = 430470 x 10°°
A10 = -2.38210 x 1073
Al12 = 3.81300 x 107*
Sixth surface
K = -4.69690 x 101
Ad = 1.50160 x 1072
A6 = 994400 x 1072
A8 = -2.33030 x 107°
A10 = 3.92580 x 107*
A12 = -2.86340 x 10~
Seventh surface
K = -8.06986
A4 = —1.22203 x 1077
A6 = -1.10253 x 107°
A8 = 297022 x 107*
Al0 = -1.61617 x 107>
Al12 = —1.33104 x 107°
Eight surface
K= -495420
Ad = -1.49047 x 1072
A6 = 7293589 x 107*
A8 = -2.84963 x 107
Al10 =  4.02284 » 107°
Al2 = —2.14994 x 107°
[0181]
TABLE 11
Example 3
(H L2Y 1.12
(2), (33, (19) 12/ 0.60
(3), (6 {(v1 +v2)/2 } - v3 25.75
(7, (9 RSN - 1)- ) -0.33
(8) fa/f 0.39

10y, (14) X - X0 h = hmax (2.9 mm) - 1.1140
h =07 X hmax - 0.0247
h = 0.5 X hmax - 0.0063

(13), (17) 7234 0.15

{20) vP - WN 255
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spherical aberration, FIG. 9B shows astigmatism, FIG. 9C
shows distortion, and FIGS. 9D and 9E show meridional

coma.

[0183] In Example 3, the aperture stop S is arranged on the
side nearest to the object side, and a plane parallel plate
corresponding to an infrared ray cut filter is arranged nearest
to the image side.

[0184] The firstlens L1 is formed out of the glass material.
The second lens L.2 and the fourth lens 1.4 are plastic lenses
of polyolefin, and saturated water absorption rates of the
lenses 1.2 and L4 are respectively not more than 0.01%.
Also, the third lens 1.3 is a plastic lens of polycarbonate, and
a saturated water absorption rate of the lens L3 is 0.4%.

[0185] The change of the refractive index Nd with the
temperature of the plastic material is shown in Table 12.
Thereby, when the temperature is increased from a normal
temperature (20° C.) by +30° C., a degree (AfB) of change
of the back focal length is —0.006 mm.

TABLE 12

Refractive index
at temperature

Refractive index increased by +30° C.

at normal from normal
temperature temperature
Second lens, 1.5230 1.5214
fourth lens
Third lens 1.5830 1.5788
Example 4

[0186] Lens data is shown in Tables 13, 14 and 15.

TABLE 13

(Example 4)
£f=3952 mm, fB = 0437 mm F =288 2Y =476 mm

Surface No. R (mm) D (mm) Nd vd
stop @ 0.05
1 3913 0.93 1.69680 55.5
2 346.379 0.18
3 -20.920 1.20 1.52500 560
4 —-1.410 0.32
5 -0.566 0.80 1.58300 300
6 —1.702 0.10
7 1.248 1.04 1.52500 56.0
8 2707 Q.75
9 e 0.30 1.51633 64.1
10 o 0.20
11 @ 0.40 1.51633 64.1
12 @
[0187]
TABLE 14

Coefficients of aspherical surface

[0182] FIG. 8 is a representative sectional view of a
small-sized image pickup lens according to Example 3 of the
present nvention. FIGS. 9A to 9E are views of various
types aberration according to Example 3, FIG. 9A shows

Third surface

K= -1.34157 x 1072
Ad = -1.15552 x 1072
A6 = -0.72356 x 1072
A8 = 1.64161 x 1071
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TABLE 14-continued

Coefficients of aspherical surface

A10 = —1.69526 x 1074
Al2 = 593581 x 1072
Fourth surface

K = -3.64290
A4 = -TR7313 x 1072
A6 = —8.13418 x 1072
A8 = 6.80382 x 1072

Al10 = -1.35061 x 1072

A12 = -1.46313 x 1077

Fifth surface

K = -2.20465
A4 = —1.19476 x 1074
A6 = 1.02295 x 107*
A8 = -4.96877 x 1072
AlD = 3.08960 x 1072
Al2 = -8.23237 x 1077
Sixth surface

K= -1.11107
Ad = 310033 x 1072
AG = 214144 x 1072
A8 = —2.26865 x 1073
Al10 = -1.88014 x 1077
Al12 = 446605 x 107*
Seventh surface

K= -423704
A4 = -816271 x 107*
A6 = 175735 x 107°
A8 = -1.91328 x 1077
A10 = 488327 x 107!
Al12 = -5.69413 % 107
Eighth surface

K= -814983 x 10~
A4 = -2.99336 x 1072
A6 = 455187 x 107
AR = -1.39696 x 1072

A10 = 1.81788 x 107*
Al2 = -1.40282 x 107

[0188]
TABLE 15
Example 3
& L2y 1.35
(23, (53, (19) 112 0.58
(3), (6) {(vi + v2)12} - v3 25.75
(7L (HRSAN3-1)- ) -0.25
(8) fa/f 0.34

{10), 14) X - X0 b = hmax (2.3 ma) - 0.8121
h=0.7 X kmax - 0.1679
h=0.5 X hmax - 0.0454

(13), (17) |Fe234] 0.60

(20) vP - W 26.0

[0189] FIG. 10 is a representative sectional view of a
small-sized image pickup lens according to Example 4 of the
present invention, FIGS. 11A to 11E are views of various
types aberration according to Example 4, FIG. 11A shows
spherical aberration, FIG. 11B shows astigmatism, FIG.
11C shows distortion, and FIGS. 11D and 11E show
meridicnal coma.
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[0190] In Example 3, the aperture stop S is arranged
nearest to the object side, and a plane parallel plate corre-
sponding to an infrared ray cut filter is arranged.

[0191] The first lens L1 is formed out of the glass material.
The second lens L2 and the fourth lens L4 are plastic lenses
of polyolefin, and saturated water absorption rates of the
lenses 1.2 and L4 are respectively not more than 0.01%.
Also, the third lens L3 is a plastic lens of polycarbonate, and
a saturated water absorption rate of the lens 1.3 is 0.4%.

[0192] The change of the refractive index Nd with the
temperature of the plastic material is shown in Table 16.
Thereby, when the temperature is increased from a normal
temperature (20° C.) by +30° C,, a degree (AfB) of change
of the back focal length is +0.010 mm.

TABLE 16

Refractive index
at temperature

Refractive index increased by +30° C.

at normal from normal
temperature temperature
Second lens, 1.5250 15214
fourth lens
Third lens 1.5830 1.5788

[0193] Here, the degree (AfB) of change of the back focal
length caused by the increase of the temperature is calcu-
lated while disregarding the influence of thermal expansion
of the plastic lens caused by the increase of the temperature.
The reason is that the positional change of the image point
caused by the increase of the temperature is mainly caused
by the change of the refractive index of the plastic lens.

[6194] In Examples 1 to 4, the design for the maintenance
of a telecentric characteristic of a light flux on the image side
is not sufficiently performed. The telecentric characteristic
denotes that a principal ray of a light flux corresponding to
each image point becomes parallel to the optical axis after
the principal ray goes out from the final surface of the lenses.
In other words, the telecentric characteristic denotes that the
position of an exit pupil of the optical system is sufficiently
set away from an image surface. When the telecentric
characteristic deteriorates, the light flux is slantingly inci-
dent on the solid-state image pickup element, and a phe-
nomenon (shading) for substantially decreasing an aperture
efficiency in the periphery of an image screen is generated,
and an amount of light in the periphery of the image screen
runs short. However, in an earlier technique, the shading
phenomenon can be reduced by reconsidering a layout of
color filter and micro-lens array of the solid-state image
pickup element. Accordingly, each of Examples 1 to 4
denotes a design example of an optical system further
miniaturized according to the reduction of the requirement
degree of the telecentric characteristic.

[0195] In the present invention, the plurality of positive
lenses and the negative lens having the comparatively strong
refractive power are arranged in that order from the object
side, so that the total lens length can be easily shortened.
Also, when the convex surface of the first lens faces toward
the object side, the total lens length can be shortened.

[0196] Also, as 1o aberration correction, two positive
lenses of the first lens and the second lens respectively
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having the positive refractive power are arranged nearest to
the object side. Therefore, the positive refractive power can
be distributed to the first and second lenses, and the gen-
eration of both the spherical aberration and the coma can be
suppressed.

[0197] Also, the concave surface of the third lens faces
toward the object side, and the third lens is set to be a
negative lens (that is, a lens having the negative refractive
power) having the meniscus shape. Therefore, the spherical
aberration, the coma and the astigmatism can be preferably
corrected. Further, the convex surface of the fourth lens
faces toward the object side, and the fourth lens is formed in
the meniscus shape. Therefore, the telecentric characteristic
of the light flux on the image side can be easily maintained
in the periphery of the image screen.

[0198] Also, when 1/2Y or L'/2Y is set to be lower than
the upper limit by satistying the conditional formula (1) or
(4), the total lens length can be shortened, and the lens outer
diameter can be shortened by the multiplier effect. Accord-
ingly, the whole image pickup device can be miniaturized
and lightened in weight.

[0199] Also, when f2/f is set to be higher than the lower
limit by satisfying the conditional formula (2} or (5), the
combined positive refractive power of the first lens and the
second lens is appropriately suppressed. Therefore, the
generation of both the higher order spherical aberration and
the coma can be suppressed to a low degree. Further, £2/f is
set to be lower than the higher limit. Therefore, the com-
bined positive refractive power of the first lens and the
second lens is appropriately obtained, and the total lens
length can be shortened.

[0200] Also, when the term {(v1+v2)/2}-v3 is set to be
higher than the lower limit by satisfying the conditional
formula (3) or (6), the axial chromatic aberration and the
lateral chromatic aberration can be corrected in good bal-
ance.

[0201] The conditional formulas (1) to (3) and (4) to (6)
indicate conditions for obtaining a small-sized image pickup
lens in which the aberration is preferably corrected. In detail,
the conditional formulas (1) and (4) indicate conditions for
achieving the shortening of the total lens length. When L/2Y
or L'/2Y is lower than the upper limit of the conditional
formula (1) or (4), the total lens length is directed to be
shortened. Here, the symbol L of the conditional formula (1)
indicates a distance on the optical axis from the object side
surface of the first lens to the image side focal point of the
whole image pickup lens. The symbol L' of the conditional
formula (4) indicates a distance on the optical axis from the
aperture stop to the image side focal point of the whole
image pickup lens. Here, the “image side focal point”
denotes an image point obtained when a parallel ray parallel
to the optical axis is incident on the image pickup lens.

[0202] Also, when R5/((N3-1)1) is set to be lower than
the upper limit by satistying the conditional formula (7) or
(9), the excess of the negative refractive power of the object
side surface of the third lens can be avoided. Therefore, the
generation of the excessive spherical aberration and the
generation of coma flare of an abaxial light flux can be
suppressed, and a preferable image quality can be obtained.
Further, when R5 /((N3-1)1) is set to be higher than the
lower limit of the conditional formula (7) or (9), the negative
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refractive power of the object side surface of the third lens
can be maintained, and a positive Petzval’s sum is lowered.
Therefore, the curvature of image surface, the axial chro-
matic aberration and the lateral chromatic aberration can be
preferably corrected.

[0203] Also, the positive refractive power of the air lens
formed between the third lens and the fourth lens can be
appropriately set according to the conditional formula (8).
Therefore, the correction of the curvature of image surface
and the distortion and the maintenance of the telecentric
characteristic of the light flux on the image side can be
performed in good balance.

[0204] Also, when the image side surface of the fourth
lens and placed nearest to the image side is formed in the
aspheric shape satisfying the conditional formula (10), the
telecentric characteristic particularly for the light flux at the
high angle of view can be maintained.

[0205] Also, the positive first lens is formed out of the
glass material of which the refractive index hardly changes
with the temperature, and the second, third and fourth lenses
are formed out of the plastic material. The second lens is the
positive lens having the comparatively strong refractive
power, and the third lens is the negative lens having the
comparatively strong refractive power. Therefore, the influ-
ence of the second lens on the position of the image point
changing with the temperature can cancel out that of the
third lens, and the positional change of the image point in the
whole image pickup lens caused by the temperature change
can be suppressed to a low degree.

[0206] Accordingly, the influence of the plastic material is
reduced, and a miniaturized lightweight image pickup lens
can be obtained at low cost due to the effect of the plastic
material.

[0207] Also, because the first lens is set as the glass lens,
no plastic lens easily scratched is exposed to the outside.
Therefore, the maintenance of the image pickup lens can be
improved.

[0208] Also, the first lens and the second lens respectively
have the positive refractive power, and the required refrac-
tive power is distributed to the first and second lenses.
Therefore, it is not required to extremely lower the curvature
radius in each lens. Accordingly, the forming work for the
glass lens denoting the first lens can be easily performed,
and the productivity of the first lens can be improved.

[0209] Also, the second, third and fourth lenses are formed
out of the plastic material. Therefore, the shape of the flange
portion of each lens placed out of an area of the lens effective
diameter can be freely designed while integrally forming the
flange portion and the lens. Assuming that the flange por-
tions of the lenses are easily fitted onto each other, the
structure of the lenses can be obtained so as to easily make
the optical axes of the lenses agree with each other. Further,
when the lens structure is set to make each flange determine
the interval of the corresponding pair of lenses, no spacer is
required. Therefore, the number of parts of the image pickup
lens can be reduced, and the productivity of the image
pickup lens can be improved.

[0210] Also, because the lenses arc formed out of the
plastic material, each lens can be easily formed in the
aspheric shape, and the correction of aberration can be easily
performed.
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[0211] Also, the lenses are set so as to satisfy the condi-
tional formula (13). Therefore, the combined focal length of
the plastic lenses can be set to a large value to suppress a
sum of values of the refractive power of the lenses to a low
value, and the positional change of the image point caused
by the temperature change can be suppressed to a low
degree.

[0212] Also, the plastic material having the saturated
water absorption rate not more than 0.7% is used. Therefore,
the non-uniformity of the refractive index of the lens caused
by a rapid change of humidity can be suppressed, and the
effects of the plastic lens can be obtained while maintaining
a preferable image forming performance.

[0213] Also, the first positive lens having the convex
surface, which is placed nearest to the object side and faces
toward the object side, is arranged. Therefore, the total lens
length can be shortened as compared with a first negative
lens.

[0214] Also, one positive lens having the positive refrac-
tive power is set to a glass lens, and another positive lens and
one negative lens are set to plastic lenses. Therefore, the
large positive refractive power can be distributed to the glass
lens and the plastic lens. Further, the influence of the plastic
lens having the positive refractive power on the positional
change of the image point caused by the temperature change
cancels out that of the plastic lens having the negative
refractive power. Therefore, effects of the miniaturization,
the lightening-in-weight and the mass productivity of the
lens can be obtained due to the plastic lens.

[0215] Also, in the present invention, the image side
surface of the fourth lens is formed in the aspheric shape.
Therefore, the telecentric characteristic particularly for the
light flux at the high angle of view can be maintained.

[0216] In the present invention, three lenses selected from
the first, second, third and fourth lenses are formed out of the
plastic material. Therefore, effects of the miniaturization, the
lightening-in-weight, the low cost based on the mass pro-
ductivity and the easy formation of the aspherical surface
can be obtained due to the lenses formed out of the plastic
material.

[0217] Also, the first Iens is formed out of the glass
material. Therefore, the generation of flaws in the first lens
of the position damaged most easily can be reduced, the first
lens protects the other lenses formed out of the plastic
material, and the maintenance of the first lens can be
improved.

[0218] Also, the lenses are set so as to satisfy the condi-
tional formula (17). Therefore, the combined focal length of
the plastic lenses can be set to a large value to suppress a
sum of values of the refractive power of the lenses to a low
value, and the positional change of the image point caused
by the temperature change can be suppressed to a low
degree.

[0219] Also, the plastic material having the saturated
water absorption rate not more than 0.7% is used. Therefore,
the non-uniformity of the refractive index of the lens caused
by a rapid change of humidity can be suppressed, and the
effects of the plastic lens can be obtained while maintaining
a preferable image forming performance.
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[0220] Also, the total lens length can be shortened accord-
ing to the conditional formula (18), and the whole mmage
pickup device can be miniaturized and lightened in weight.

[06221] Also, the total lens length can be appropriately
shortened according to the conditional formula (19) while
suppressing the generation of both the higher order spherical
aberration and the coma to a low degree.

[0222] Also, the axial chromatic aberration and the lateral
chromatic aberration can be corrected in good balance
according to the conditional formula (20).

[0223] Also, the plurality of positive lenses and the nega-
tive lens respectively having the comparatively strong
refractive power are arranged in that order from the object
side, so that the total lens length can be easily shortened.

[0224] Also, the fens placed nearest to the object side has
the positive refractive power to shorten the length in the
optical axis, and the image pickup lens comprises four
lenses.

[06225] Because the number of lenses is four, the correction
of various types aberration, the improvement of the telecen-
tric characteristic and the distribution of the refractive power
can be easily obtained, and the image pickup unit advanta-
geous for the miniaturization, the high image quality and the
lightening-in-weight can be provided.

[0226] In the present invention, the image pickup lens
having the above-described effects is mounted on the image
pickup unit. Therefore, the image pickup unit having effects
of the miniaturization, the lightening-in-weight and the high
image quality can be provided.

[0227] In the present invention, the image pickup unit
described above is mounted on the portable terminal. There-
fore, a miniaturized lightweight portable terminal capable to
form an image at the high image quality can be provided.

[0228] The entire disclosure of Japanese Patent Applica-
tion No. Tokugan 2002-209625 filed on Jul. 18§, 2002
including specification, claims, drawings and summary are
incorporated herein by reference in its entirety.

What is claimed is:

1. An image pickup lens comprising four lenses arranged
in an order of a first lens, a second lens, a third lens and a
fourth lens from an object side,

wherein the first lens has positive refractive power and
has a convex surface facing toward the object side, the
second lens has the positive refractive power, the third
lens has negative refractive power and has a concave
surface facing toward the object side to be formed in a
meniscus shape, and the fourth lens has the positive or
negative refractive power and has a convex surface
facing toward the object side to be formed in the
meniscus shape.

2. The image pickup lens of claim 1; wherein following

conditional formulas (1), (2) and (3) are satisfied:

L/2V<1.60 o
0.40<f12/f<0.70 2
25<{(vi+v2)/2}-v3 (33,

where L denotes a distance on an optical axis from the
object side surface of the first lens to an image side
focal point of the whole image pickup lens, 2Y denotes
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the length of a diagonal line on an effective image
screen, £12 denotes a combined focal length of the first
lens and the second lens, f denotes a focal length of the
whole image pickup lens, v1 denotes an Abbe number
of the first lens, ¥2 denotes an Abbe number of the
second lens, and v3 denotes an Abbe number of the
third lens.
3. The image pickup lens of claim 1; wherein an aperture
stop 1s arranged nearest to the object side.
4. The image pickup lens of claim 3; wherein following
conditional formulas (4), (5) and (6) are satisfied:

L'[2Y<1.60 9
0.40<f12/f<0.70 3
25<{(v1+v2)2}-v3 (6,

where L' denotes a distance on an optical axis from the
aperture stop to an image side focal point of the whole
image pickup lens, 27Y denotes the length of a diagonal
line on an effective image screen, f12 denotes a com-
bined focal length of the first lens and the second lens,
f denotes a focal length of the whole image pickup lens,
v1 denotes an Abbe number of the first lens, v2 denotes
an Abbe number of the second lens, and v3 denotes an
Abbe number of the third lens.

5. The image pickup lens of claim 1; wherein following

conditional formulas (7) and (8) are satisfied:

—0.40<R5J((N3-1)fy<—0.20 @)
0.30<fa/f<0.50 (®),

where f denotes a focal length of the whole image pickup
lens, R5 denotes a curvature radius of the object side
surface of the third lens facing, N3 denotes a refractive
index of the third lens at a d-line, and fa denotes a focal
length of an air lens formed by an image side surface
of the third lens and the object side surface of the fourth
lens.

6. The image pickup lens of claim 5; wherein a following

conditional formula (9) is satisfied:

—0.40<RSH((N3-1)$<-0.25 (9).

7. The image pickup lens of claim 1; wherein an image
side surface of the fourth lens satisfies a following condi-
tional formula (10):

X-X0<0 {10)

for a displacement value X of an aspherical surface
expressed in the formula (11):

/RS . (1D
X = + AH

Loy L= (1+ K82 [RE

and a displacement value X0 of a rotational quadratic
surface component of the aspherical surface expressed
in the formula (12):

/RS (12)
X0=

—_——
1+ 1-{1+K8R /RS
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in a range of h satisfying hmax X 0.5<h<hmax, where a
vertex of the image side surface of the fourth lens is set
as an origin, a direction of an optical axis is set as an
X-axis, h denotes a height in an arbitrary direction
perpendicular to the optical axis, Ai denotes an i-th
order coeflicient of the aspherical surface for the image
side surface of the fourth lens, hmax denotes a maxi-
mum effective radius, R8 denotes a curvature radius of
the image side surface of the fourth lens, and K8
denotes a conic constant for the image side surface of
the fourth lens.

8. The image pickup lens of claim 1; wherein the first lens
is formed out of glass material, and the second, third and
fourth lenses are formed out of plastic material.

9. The image pickup lens of claim 8; wherein a following
conditional formula (13) is satisfied:

lr1234)<0.7 (13),

where {234 denotes a combined focal length of the
second, third and fourth lenses, and f denotes a focal
length of the whole image pickup lens.

10. The image pickup lens of claim 8; wherein a saturated
water absorption rate of the plastic material is not more than
0.7%.

11. An image pickup lens comprising four lenses arranged
in an order of a first lens, a second lens, a third lens and a
fourth lens from an object side,

wherein the first lens has positive refractive power and
has a convex surface facing toward the object side, one
lens or two lenses selected from the second, third and
fourth lenses have the positive refractive power, at least
one lens of the positive refractive power selected from
the first, second, third and fourth lenses is formed out
of glass material,

another lens of the positive refractive power and one lens
of negative refractive power selected from the first,
second, third and fourth lenses are formed out of plastic
material, and

an image side surface of the fourth lens satisfies a fol-
lowing conditional formula (14):
X-X0<0 14

for a displacement value X of an aspherical surface
expressed in the formula (15):

h* /RS . (15}
X = d +ZA;H

T+ 1—(1+K8h2/RS?

and a displacement value X0 of a rotational quadratic
surface compeonent of the aspherical surface expressed
in the formula (16):

K2 /R8 (16}
X0 =

—_
L+ 1—(l+ K82/ RE

in a range of h satisfying hmax X 0.5<h<hmax, where a
vertex of the image side surface of the fourth lens is set
as an origin, a direction of an optical axis is set as an
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X-axis, h denotes a height in an arbitrary direction
perpendicular to the optical axis, Al denotes an i-th
order coefficient of the aspherical surface for the image
side surface of the fourth lens, hmax denotes a maxi-
mum effective radius, R8 denotes a curvature radius of
the image side surface of the fourth lens, and K8
denotes a conic constant for the image side surface of
the fourth lens.

12. The image pickup lens of claim 11; wherein the lenses
other than the lens having the positive refractive power and
formed out of the glass material are formed out of the plastic
material.

13. The image pickup lens of claim 12; wherein the first
lens is formed out of the glass material.

14. The image pickup lens of claim 13; wherein a fol-
lowing conditional formula (17) is satisfied:

[fif234)<0.7 @an,

where {234 denotes a combined focal length of the
second, third and fourth lenses, and f denotes a focal
length of the whole image pickup lens.

15. The image pickup lens of claim 11; wherein a satu-
rated water absorption rate of the plastic material is not more
than 0.7%.

16. The image pickup lens of claim 11; wherein following
conditional formulas (18), (19) and (20) are satisfied:

L2Y<1.60 18
0.40<f12/f<0.70 (19
25<vP-vN 20)

where L denotes a distance on an optical axis from the
surface of the first lens to an image side focal point of
the whole image pickup lens, 2Y denotes the length of
a diagonal line on an effective image screen, f12
denotes a combined focal length of the first lens and the
second lens, f denotes a focal length of the whole image
pickup lens, vP denotes an Abbe number of the lens
having the strongest positive refractive power, vN
denotes an Abbe number of the lens having the stron-
gest negative refractive power.

17. The image pickup lens of claim 11; wherein the
second lens has the positive refractive power, and the third
lens has the negative refractive power.

18. An image pickup unit comprising:

a solid-state image pickup element having a photoelectric
transfer unit;

an image pickup lens for forming an image of an object
in the photoelectric transfer unit of the solid-state
image pickup element;

a substrate for holding the solid-state image pickup ele-
ment, the substrate comprising an external connection
terminal through which an electric signal is transmitted
or received; and

a casing made of a light shielding substance and com-
prising an opening for incident light entering an object
side,

17
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wherein the solid-state image pickup element, the image
pickup lens, the substrate and the casing are combined
with each other,

a length of the image pickup unit in a direction of an
optical axis of the image pickup lens is not more than
15 mm,

the image pickup lens comprises four lenses arranged in
an order from the object side, and

the lens arranged nearest to the object side has the positive
refractive power.
19. An image pickup unit comprising:

a solid-state image pickup element having a photoelectric
transfer unit;

the image pickup lens of claim 1 for forming an image of
an object in the photoclectric transfer unit of the
solid-state image pickup element;

a substrate for holding the solid-state image pickup ele-
ment, the substrate comprising an external connection
terminal through which an electric signal is transmitted
or received; and

a casing made of a light shielding substance and com-
prising an opening for incident light entering an object
side,

wherein the solid-state image pickup element, the image
pickup lens, the substrate and the casing are combined
with each other, and

a length of the image pickup unit in a direction of an
optical axis of the image pickup lens is not more than
15 mm.

20. An image pickup unit comprising:

a solid-state image pickup element having a photoelectric
transfer unit;

the image pickup lens of claim 11 for forming an image
of an object in the photoelectric transfer unit of the
solid-state image pickup element;

a substrate for holding the solid-state image pickup ele-
ment, the substrate comprising an external connection
terminal through which an electric signal is transmitted
or received; and

a casing made of a light shielding substance and com-
prising an opening for incident light entering an object
side,

wherein the solid-state image pickup element, the image
pickup lens, the substrate and the casing are combined
with each other, and

a length of the image pickup unit in a direction of an
optical axis of the image pickup lens is not more than
15 mm.
21. A portable terminal comprising the image pickup unit
of claim 18.
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