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Description

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The invention relates to a small wide-angle lens system, and particularly relates to: an imaging lens that is
suitable for a variety of digital input devices employing a solid-state imaging element such as a charge coupled device
(CCD) or a complementary metal oxide semiconductor (CMOS) - for example, a digital camera, a television phone, and
a surveillance camera such as a vehicle-mounting camera and a door phone; and an imaging device that converts an
optical image formed by the imaging lens into imaging signals.

2. Description of the Related Art

[0002] For example, in surveillance cameras or vehicle-mounting cameras, a wide-angle type imaging lens having a
wide viewing angle is used to taking an image with a wide area. US 2006/187557,EP 0 024 326JP 2002-244031 A, JP
2005-227426 A and JP 2006-292988 A (corresponding to US 2006/0227434 A) has proposed, as such a wide-angle
lens, lenses having a smaller size than that of the conventional eight-lens-group wide-angle lens, by constructing the
lens system with 4 lenses in total. Further, wide-angle imaging lenses having a 5 lens system have been proposed in
US 2003/133199 and US 3,799,655.
[0003] In recent years, the wide-angle lens for use in the digital input devices is required a long back focus, a small
size, and a small image distortion. However, the wide-angle lenses described in the above publications are not sufficient
in downsizing. The total length of those lenses (distance from a vertex of a first lens to an image formation surface) is
large, and the diameter of the first lens increases together with the total length thereof. Also, in order to achieve wide
angle, those lens have a lens configuration similar to a fisheye type. Therefore, the distortion thereof is large and a
greatly distorted image is formed. Accordingly, there is a demand for development of a lens that has a wide viewing
angle, a small size, and a small image distortion.

SUMMARY OF THE INVENTION

[0004] The invention has been made in view of the above circumstances and provides an imaging lens with high
performance, that have a wide viewing angle, a small size, and small image distortion, and an imaging device.
[0005] According to the invention as defined by claim 1, an imaging lens includes, in order from an object side, a first
lens, a second lens, a third lens, an aperture stop and a fourth lens. The first lens is a negative lens having a meniscus
shape with a convex surface directed to the object side. The second lens is a negative lens. The third lens is a positive
lens having a convex surface directed to the object side. The fourth lens is a biconvex lens. The following conditional
expression is satisfied: 

where fa denotes a focal length of the whole lens system, and f4 denotes a focal length of the fourth lens.
[0006] The imaging lens satisfies the following conditional expression. 

where r3 denotes a curvature radius of an object-side surface of the second lens, and r4 denotes a curvature radius of
an image-side surface of the second lens.
[0007] Thereby, the decrease in size of the lens system and the elongation of the back focus can be efficiently performed
while the aberration is corrected well. Thereby, high optical performance can be obtained.
[0008] With this configuration, since the shapes and power distribution of the first to fourth lenses are defined appro-
priately, it is possible to obtain excellent optical performance with a wide angle, a small size, and a less image distortion.
Particularly, since the power of the fourth lens has a proper value by satisfying Conditional Expression (1), it is possible
to obtain a wide-angle lens system that is corrected well in aberration and that has a small size and a long back focus.
Since the third lens is the positive lens having the convex surface directed to the object side and the fourth lens is the
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biconvex lens, a light flux greatly diverged by the first lens and the second lens are gradually concentrated on the optical
axis. Accordingly, it is possible to correct the aberrations well while taking a long back focus on the optical axis. Field
curvature and distortion of an abaxial light flux can be corrected while an incidence angle of the abaxial light flux onto
the image formation surface can be made to gradually decrease by using the respective surfaces. Thereby, aberration
can be corrected well.
[0009] Furthermore, it is possible to further improve the optical performance by properly employing the following
preferable configurations.
[0010] The imaging lens may satisfy the following conditional expression.
[0011]

where fa denotes a focal length of the whole lens system, f1 denotes a focal length of the first lens.
[0012] Thereby, the decrease in size of the lens system and the elongation of the back focus can be efficiently performed
while the aberration is corrected well. Thereby, high optical performance can be obtained.
[0013] In the imaging lens, an object-side surface of the second lens may include an aspheric surface that has a
concave shape toward the object side in a vicinity of an optical axis and has a convex shape toward the object side in
a peripheral portion.
[0014] With this configuration, it is easy to obtain high resolution all over the image formation range.
[0015] In the imaging lens, the aperture stop may be positioned to satisfy the following conditional expression.. 

where d6 denotes a distance, on an optical axis, between the third lens and the aperture stop, d7 denotes a distance,
on the optical axis, between the aperture stop and the fourth lens, and d8 denotes a center thickness of the fourth lens.
[0016] With this configuration, an angle of a main beam of a light flux that is incident on the image formation surface
at each image height is properly adjusted.
[0017] In the imaging lens, an Abbe number vd3 of the third lens at a d-line and an Abbe number vd1 of the first lens
at the d-line may satisfy the following conditional expression. 

[0018] With this configuration, it is advantageous in correction of lateral chromatic aberration.
[0019] Also, the first lens may be made of a glass material, and a surface treatment for giving a water-repellent property
may be applied to an object-side surface of the first lens. With this configuration, it is possible to obtain performance
suitable for the case where the imaging lens is used in outdoors for a surveillance camera or vehicle-mounting camera
and that the object-side surface of the first lens is exposed to the outside. For example, it is possible to improve the
impact resistance or friction resistance of the imaging lens.
[0020] Also, at least one lens of the second lens, the third lens, and the fourth lens may be made of a resin material.
In this case, a surface treatment for giving a property of reflecting or absorbing UV light may be applied to at least one
of the lens surfaces that are closer to the object side than the object-side surface of the most-object-side resin lens.
With this configuration, it is possible to prevent the resin lens from being deteriorated due to the ultraviolet rays.
[0021] According to another aspect of the invention, an imaging device includes the imaging lens having any of the
above configurations, and an imaging element that outputs imaging signals corresponding to an optical image formed
by the imaging lens.
[0022] In the imaging device having the above configuration, it is possible to obtain imaging signals with high resolution
on the basis of an optical image with high resolution formed by the imaging lens.
[0023] According to the imaging lens set forth above, since the shapes and power distributions of the first to fourth
lenses G1 to G4 are appropriately defined, particularly, since the fourth lens is the biconvex lens and its power is set to
an appropriate value, it is possible to provide a wide-angle lens system with high performance that has a wide viewing
angle, a small size, and small image distortion.
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[0024] Also, according to the imaging device set forth above, since the imaging signals are output which correspond
to the optical image formed by the imaging lens with high performance, it is possible to obtain imaging signals with high
resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a diagram that illustrates a first configuration example of an imaging lens according to an embodiment of
the invention and that shows a section view of lenses corresponding to Example 1.
Fig. 2 is a diagram that illustrates a second configuration example of the imaging lens according to the embodiment
of the invention and that shows a section view of lenses corresponding to Example 2.
Fig. 3 is a diagram that illustrates a comparative example of the imaging lens not according to the invention that
shows a section view of lenses corresponding to Example 3.
Fig. 4 is a diagram that illustrates a comparative example of the imaging lens that shows a section view of lenses
corresponding to Example 4.
Fig. 5 is a diagram that illustrates a comparative example of the imaging lens that shows a section view of lenses
corresponding to Example 5.
Fig. 6 is a diagram that illustrates a sixth configuration example of the imaging lens according to the embodiment
of the invention and that shows a section view of lenses corresponding to Example 6.
Fig. 7 is a diagram that illustrates a seventh configuration example of the imaging lens according to the embodiment
of the invention and that shows a section view of lenses corresponding to Example 7.
Fig. 8 is a diagram illustrating lens data of the imaging lens according to Example 1 of the invention, where Fig. 8A
shows basic lens data and Fig. 8B show aspheric lens data.
Fig. 9 is a diagram illustrating lens data of the imaging lens according to Example 2 of the invention, where Fig. 9A
shows basic lens data and Fig. 9B show aspheric lens data.
Fig. 10 is a diagram illustrating lens data of the imaging lens according to comparative Example 3, where Fig. 10A
shows basic lens data and Fig. 10B show aspheric lens data.
Fig. 11 is a diagram illustrating lens data of the imaging lens according to comparative Example 4, where Fig. 11A
shows basic lens data and Fig. 11B show aspheric lens data.
Fig. 12 is a diagram illustrating lens data of the imaging lens according to comparative Example 5, where Fig. 12A
shows basic lens data and Fig. 12B show aspheric lens data.
Fig. 13 is a diagram illustrating lens data of the imaging lens according to Example 6 of the invention, where Fig.
13A shows basic lens data and Fig. 13B show aspheric lens data.
Fig. 14 is a diagram illustrating lens data of the imaging lens according to Example 7 of the invention, where Fig.
14A shows basic lens data and Fig. 14B show aspheric lens data.
Fig. 15 is a diagram collectively illustrating values regarding conditional expressions of Examples.
Fig. 16 is an aberration diagram illustrating various aberrations in the imaging lens according to Example 1 of the
invention, where Fig. 16A shows a spherical aberration, Fig. 16B shows astigmatism, Fig. 16C shows distortion,
and Fig. 16D shows a lateral chromatic aberration.
Fig. 17 is an aberration diagram illustrating various aberrations in the imaging lens according to Example 2 of the
invention, where Fig. 17A shows a spherical aberration, Fig. 17B shows astigmatism, Fig. 17C shows distortion,
and Fig. 17D shows a lateral chromatic aberration.
Fig. 18 is an aberration diagram illustrating various aberrations in the imaging lens according to comparative Example
3, where Fig. 18A shows a spherical aberration, Fig. 18B shows astigmatism, Fig. 18C shows distortion, and Fig.
18D shows a lateral chromatic aberration.
Fig. 19 is an aberration diagram illustrating various aberrations in the imaging lens according to comparative Example
4, where Fig. 19A shows a spherical aberration, Fig. 19B shows astigmatism, Fig. 19C shows distortion, and Fig.
19D shows a lateral chromatic aberration.
Fig. 20 is an aberration diagram illustrating various aberrations in the imaging lens according to comparative Example
5, where Fig. 20A shows a spherical aberration, Fig. 20B shows astigmatism, Fig. 20C shows distortion, and Fig.
20D shows a lateral chromatic aberration.
Fig. 21 is an aberration diagram illustrating various aberrations in the imaging lens according to Example 6 of the
invention, where Fig. 21A shows a spherical aberration, Fig. 21B shows astigmatism, Fig. 21C shows distortion,
and Fig. 21D shows a lateral chromatic aberration.
Fig. 22 is an aberration diagram illustrating various aberrations in the imaging lens according to Example 7 of the
invention, where Fig. 22A shows a spherical aberration, Fig. 22B shows astigmatism, Fig. 22C shows distortion,
and Fig. 22D shows a lateral chromatic aberration.



EP 1 975 664 B1

5

5

10

15

20

25

30

35

40

45

50

55

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0026] Hereinafter, embodiments of the invention will be described in detail with reference to the drawings.
[0027] Fig. 1 shows a first configuration example of an imaging lens according to an embodiment of the invention.
This configuration example corresponds to a lens configuration of a first numerical example (Figs. 8A and 8B) which will
be described later. Figs. 2 to 7 show second to seventh configuration examples and correspond to lens configurations
of second to seventh numerical examples (Figs. 9A and 9B to Figs. 14A and 14B) which will be described later. In Figs.
1 to 7, reference numeral ri denotes a curvature radius of an i-th surface when a surface of the most-object-side element
is counted as the first surface and the surface number increases in order toward the image surface (the image forming
side). Reference numeral di denotes a surface separation between an i-th surface and an (i + 1)-th surface on an optical
axis Z1. The respective configuration examples basically have the same configuration.
[0028] The imaging lens is suitably used for various digital input devices, particularly for a digital camera, a television
phone or a surveillance camera such as a vehicle-mounting camera and a door phone. In addition, the imaging lens
may be used for an imaging system using near infrared rays of 750 nm to 1000 nm in wavelength, such as night vision
camera, a fingerprint recognition camera, and a vein recognition camera.
[0029] The imaging lens includes, in order from an object side along the optical axis Z1, a first lens G1, a second lens
G2, a third lens G3, an optical aperture stop St and a fourth lens G4.
[0030] An imaging element 100 such as a CCD is disposed on an image formation surface Simg of the imaging lens.
The imaging device according to the embodiment of the invention includes at least the imaging lens and the imaging
element 100. Various kinds of optical members GC may be disposed between the fourth lens G4 and the imaging element
100, in accordance with the configuration of a camera on which the lens is mounted. Flat-panel-shaped optical members
such as a cover glass for protecting an imaging surface or an UV cut filter may be disposed therebetween.
[0031] The first lens G1 is a negative lens having a meniscus shape with a convex surface directed to the object side.
The third lens G3 is a positive lens having a convex surface directed to the object side. In the configuration example
shown in Fig. 6, the third lens G3 is a biconvex positive lens. In the other examples, the third lens G3 is a positive lens
having the meniscus shape.
[0032] The second lens G2 is a negative lens. In the configuration examples shown in Figs. 1 and 2, the second lens
G2 is a negative lens having a meniscus shape. In the configuration examples shown in Figs. 3 to 7, the second lens
G2 is a biconcave negative lens. To correct aberrations, it is preferable that the second lens G2 is an aspheric lens.
Particularly, it is preferable that its object-side surface is an aspheric surface that has a concave shape toward the object
side in the vicinity of the optical axis and has a convex shape toward the object side in the peripheral portion thereof.
[0033] The fourth lens G4 is a biconvex positive lens. To correct aberrations, it is preferable that the fourth lens G4 is
an aspheric lens. The fourth lens G4 satisfies the following conditional expression. 

[0034] Here, fa denotes a focal length of the whole lens system and f4 denotes a focal length of the fourth lens.
[0035] It is preferable that the imaging lens satisfies the following conditional expression (2). The imaging lens satisfies
the following conditional expression (3A) 

[0036] Here, f1 denotes the focal length of the first lens G1, r3 denotes a curvature radius of the object-side surface
of the second lens G2, and r4 denotes a curvature radius of the image-side surface of the second lens G2.
[0037] Also, it is preferable that the aperture stop St is positioned to satisfy the following conditional expression. Here,
d6 denotes a distance on the optical axis between the third lens G3 and the aperture stop St, d7 denotes a distance on
the optical axis between the aperture stop St and the fourth lens G4, and d8 denotes a center thickness of the fourth
lens G4. 



EP 1 975 664 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0038] The aperture stop St may be in close contact with the image-side surface of the third lens G3 (d6 = 0). For
example, the aperture stop may be formed by directly coating the image-side surface of the third lens G3 with a coating
material or the like. A virtual aperture stop may be disposed in the third lens G3 (d6 < 0). However, in this case, it is
necessary to separately provide means for regulating the brightness of the lens system on a front side of the object-side
surface of the third lens G3 and on a rear side of the image-side surface thereof. In this case, since shading occurs in
the peripheral light flux, it is not preferable.
[0039] It is preferable that an Abbe number vd3 of the third lens G3 at a d-line and an Abbe number vd1 of the first
lens G1 at the d-line satisfy the following conditional expressions: 

[0040] In the imaging lens, the first lens G1 is preferably a glass lens or a ceramic lens. When the object-side surface
of the first lens G1 is exposed to the outside for use, the first lens may be made of a material that is unlikely to be
scratched by impact or friction. It is preferable that the first lens is made of a material whose transmittance is not
deteriorated due to the UV light. Accordingly, the fist lens G1 may be made of a glass material. The glass material is
desirable because it is excellent in coating selectivity and high in adhesion strength. The object-side surface of the first
lens G1 may be subjected to the surface treatment for giving a water-repellent property. Particularly, when it is used in
outdoor for a surveillance camera or a vehicle-mounting camera, the coating treatment for giving the water-repellent
property is very effective.
[0041] In the imaging lens, it is preferable that at least one lens of three lenses of the second lens G2, the third lens
G3, and the fourth lens G4 is made of a resin material. Particularly, when the second lens G2 and the fourth lens G4
are aspheric, it is preferable that those lenses are made of the resin lens in terms of workability. Since the resin material
allows the shape of the lens surface to be freer than the glass material, it enhances the degree of freedom in design
regarding the correction of the distortion and/or the control of the ray angle. When the resin lens is employed, a surface
treatment giving a property of reflecting or absorbing an ultraviolet ray may be applied to any one of object-side surfaces
that is closer to the object side than the object-side surface of the most-object-side resin lens. Resin lenses are deteriorated
in transmittance due to application of the UV light for a long time. Accordingly, when a resin lens is employed in an
optical system used in outdoor or using the UV light, a coating process of giving the property for reflecting or absorbing
the UV light may be applied to the object-side surface (for example, the object-side or image-side surface of the first
lens G1) which is closer to the object side than the most-object-side resin lens.
[0042] It is preferable, from the viewpoint of decrease in the number of parts and decrease in cost, that a surface
treatment for giving a water-repellent function or the function of reflecting or absorbing the UV is applied to a lens surface.
However, a filter or the like having the same function may be newly provided. For example, the filter may be disposed
in just front of the first lens G1.
[0043] Next, operations and advantages of the imaging lens having the above-mentioned configuration will be de-
scribed.
[0044] In the imaging lens, since the shapes and power distribution of the first lens G1 to the fourth lens G4 are defined
appropriately, it is possible to obtain excellent optical performance, which has a wide viewing angle, a small size and
small image distortion, with a relatively small lens configuration of four lenses in total. Particularly, since Conditional
Expression (1) is satisfied and thus the power of the fourth lens G4 is defined appropriately, it is possible to obtain a
wide-angle lens system which is corrected well in aberration and which has a small size and a long back focus. Also, in
the imaging lens, the third lens G3 is the positive lens having the convex surface directed to the object side and the
fourth lens G4 is the biconvex positive lens. With this combination of the lens shapes, the light flux diverged by the first
lens G1 and the second lens G2 can be gradually concentrated on the optical axis. Accordingly, it is possible to correct
the aberrations well while taking the long back focus on the optical axis. A field curvature and distortion of an abaxial
light flux can be corrected and the incidence angle of the abaxial light flux on the image formation surface can be made
to gradually decrease by the use of the respective surfaces. Thereby, aberrations can be corrected well.
[0045] In the imaging lens, the second lens G2 may be formed in such a shape to give a strong divergence property
to the light flux in the vicinity of the center and to relax the divergence property or to give a light concentrating property
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to the peripheral portion. Therefore, the object-side surface of the second lens G2 may include an aspheric surface
which has a concave shape toward the object side in the vicinity of the optical axis and a convex shape toward the object
side in the peripheral portion. Accordingly, since the light flux in the vicinity of the peripheral portion which is excessively
curved by the first lens G1, particularly, its meridional image surface, can be corrected well, it is possible to obtain high
resolution all over the entire image forming range.
[0046] Conditional Expression (1) defines proper power to be given to the fourth lens G4. When f4/fa falls below the
lower limit of Conditional Expression (1) and the power of the fourth lens G4 becomes too strong, it is difficult to ensure
a long back focus. When f4/fa exceeds the upper limit and the power of the fourth lens G4 becomes too weak, the light
flux diverged by the negative lenses of the first lens G1 and the second lens G2 is concentrated slowly, thereby making
it difficult to decrease the size of the lens.
[0047] When Conditional Expressions (2) and (3) are satisfied together with Conditional Expression (1), it is possible
to efficiently accomplish the decrease in size of the lens system and the elongation of the back focus while aberration
is corrected well. Thereby, higher optical performance can be obtained. In order to obtain a long back focus, it is effective
that the light flux is made to diverge once by the negative lens and then is gradually concentrated by the positive lens.
Since the first lens G1 and the second lens G2 as the negative lens are configured to satisfy Conditional Expressions
(2) and (3), the distance from the object-side surface of the first lens G1 to the image formation surface can be reduced
to accomplish the decrease in size while it makes possible to correct the distortion and the field curvature with good
balance.
[0048] When f1/fa falls below the lower limit of Conditional Expression (2), the negative power of the first lens G1 is
decreased and thus the divergence of the light flux is lowered. Accordingly, if the first lens G1 and the second lens G2
are not disposed with a distance therebetween, the back focus cannot be elongated well, thereby hindering the decrease
in size. When f1/fa exceeds the upper limit of Conditional Expression (2), the negative power becomes too strong and
the image-side curvature radius of the first lens G1 becomes too small, thereby deteriorating the workability. Furthermore,
since the field curvature is in an excessive tilting state and the great negative distortion occurs, the resolution and the
image quality are deteriorated.
[0049] Conditional Expression (3A) is a condition for further efficiently diverging the light flux diverged by the first lens
G1. In Conditional Expression (3A), if the relation between the curvature radii r3 and r4 satisfies |r3| < |r4| and (r3 + r4)
/(r3 - r4) falls below the lower limit of Conditional Expression (3A) or if the relation between the curvature radii r3 and r4
satisfies |r3| > |r4| and (r3 + r4)/(r3 - r4) exceeds the upper limit of Conditional Expression (3A), the divergence of the
light flux is enhanced and is effective for elongating the back focus. However, since the great positive power is required
for a subsequent concentration lens, a high-order aberration is likely to occur in the peripheral portion of the light flux
and great distortion occurs. As a result, the resolution and the image quality would be deteriorated. Particularly, if the
relation between the curvature radii r3 and r4 satisfies |r3| > |r4| and (r3 + r4)/(r3 - r4) exceeds the upper limit of Conditional
Expression (3A), the second lens G2 has such a shape to increase the divergence of the peripheral light flux. Accordingly,
since the image surface is too curved, it is difficult to correct the field curvature while keeping other aberrations good.
As a result, it is difficult to obtain excellent performance all over the entire image formation surface.
[0050] Conditional Expression (4) is a condition for properly controlling an angle of a main beam of a light flux incident
onto the image formation surface at each image height. Since the imaging element 100 such as a CCD has a characteristic
that ununiformity in quantity of light occurs depending on the angle of the light flux incident onto the image formation
surface, it is important that the incidence angle of the light flux is kept within a proper angle range. When the aperture
stop St is positioned to satisfy Conditional Expression (4), an exit pupil can be disposed apart from the image surface,
thereby suppressing the incidence angle onto the image formation surface from being increased. Also, with this config-
uration, the shape of the fourth lens G4 has a great inclination at the peripheral portion, thereby preventing a high-order
comma aberration from occurring. When the aperture stop St gets close to the image formation surface so that (d7 +
d8) exceeds the upper limit of Conditional Expression (4), the incidence angle onto the image formation surface increases
and it is thus necessary to take a back focus longer than needed. Accordingly, the lateral chromatic aberration increases
to deteriorate the resolution and the burden on the fourth lens G4 in aberration correction increases. As a result, it is not
possible to satisfactorily correct the distortion.
[0051] Conditional Expression (5) is a condition for selection of a material of the third lens G3. Selecting a material
satisfying Conditional Expression (5) is particularly effective to correct the lateral chromatic aberration. It is possible to
correct the lateral chromatic aberration which has occurred due to the strong negative power of the first lens G1 and the
second lens G2, by using a material having a great dispersion for the positive third lens G3.
[0052] Conditional Expression (6) is a condition for selection of a material of the first lens G1. Selecting a material
satisfying conditional Expression (6) suppresses the longitudinal chromatic aberration. For the purpose of effective
correction of the chromatic aberrations and relaxation in difficulty of workability of the lens, it is more preferable that the
following conditional expression is satisfied. Here, Nd1 denotes a refractive index of the first lens G1 at the d-line. 
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[0053] With this configuration, the chromatic aberrations can be corrected well. Therefore, high resolution can be
obtained. Also, even if the first lens G1 has the proper power expressed by Conditional Expression (2), it is possible to
prevent the workability from being made difficult due to the too small curvature radius of the image formation surface side.
[0054] As described above, in the imaging lens according to this embodiment, it is possible to provide a wide-angle
lens system with high performance which has a wide viewing angle, a small size and small image distortion. In the
imaging device according to this embodiment, since the imaging signals are output which correspond to an optical image
formed by the imaging lens according to this embodiment with high performance, it is possible to obtain imaging signals
with high resolution.

[Examples]

[0055] Next, specific numerical examples of the imaging lens according to this embodiment will be described. Here-
inafter, the first to seventh numerical examples will be described, where the third, fourth and fifth example are not part
of the invention.
[0056] Figs. 8A and 8B show specific lens data corresponding to the configuration of the imaging lens shown in Fig.
1. Particularly, the basic lens data is shown in Fig. 8A and the aspherical surface data are shown in Fig. 8B. In the
column of the surface number Si in the lens data of Fig. 8A, number of i-th (where i = 1 to 11) surface is shown when a
surface of the most-object-side element is counted as the first surface and the surface number increases in order toward
the image side. The curvature radius ri denotes a curvature radius (mm) of the i-th surface from the object side so as to
correspond to reference numeral ri shown in Fig. 1. The surface separation di denotes a separation (mm) between the
i-th surface Si from the object and the (i+1)-th surface Si+1 on the optical axis. Reference numeral Ndj denotes a refractive
index of the j-th (where j = 1 to 5) optical element from the object side at the d-line (587.6nm in wavelength). Reference
numeral vdj denotes Abbe number of the j-th optical element from the object side at the d-line.
[0057] In the imaging lens according to Example 1, both surfaces S3 and S4 of the second lens G2 and both surfaces
S8 and S9 of the fourth lens G4 are aspheric. In the basic lens data shown in Fig. 8A, numerical values of the curvature
radii in the vicinity of the optical axis are shown as the curvature radii of these aspheric surfaces. In the numerical values
shown as the aspheric data in Fig. 8B, sign "E" denotes that the numerical value subsequent thereto is an "exponent"
having 10 as a base thereof and represents that the numerical value expressed as the exponential function having 10
as the base thereof is multiplied by the numerical value in front of "E." For example, "1.0E-02" represents "1.0 � 10-2."
[0058] Values of coefficients Bn and K in an aspheric surface shape expression expressed by the following expression
(A) are shown as the aspheric data. More specifically, Z denotes a length (mm) of a perpendicular line connecting a
point on the aspheric surface located at a height Y from the optical axis Z1 to a tangential plane (plane perpendicular
to the optical axis Z1) at a vertex of the aspheric surface. The imaging lens according to Example 1 is represented by
the aspheric coefficients Bn up to the tenth order. 

where n denotes an integer equal to or greater than 2, Z denotes a depth (mm) of the aspheric surface, Y denotes a
distance (height) (mm) from the optical axis to the lens surface, K denotes an eccentricity (secondary aspheric coefficient),
C denotes a paraxial curvature = 1/r (r: a paraxial curvature radius), and Bn denotes the n-th aspheric coefficient.
[0059] Similarly to the imaging lens according to Example 1, specific lens data corresponding to the configuration of
the imaging lens shown in Fig. 2 are shown as Example 2 in Figs. 9A and 9B. Similarly, specific lens data corresponding
to the configuration of the imaging lens shown in Fig. 3 are shown as comparative Example 3 in Figs. 10A and 10B.
Similarly, specific lens data corresponding to the configuration of the imaging lens shown in Fig. 4 are shown as com-
parative Example 4 in Figs. 11A and 11B. Similarly, specific lens data corresponding to the configuration of the imaging
lens shown in Fig. 5 are shown as comparative Example 5 in Figs. 12A and 12B. Similarly, specific lens data corresponding
to the configuration of the imaging lens shown in Fig. 6 are shown as Example 6 in Figs. 13A and 13B. Similarly, specific
lens data corresponding to the configuration of the imaging lens shown in Fig. 7 are shown as Example 7 in Figs. 14A
and 14B. In the imaging lenses according to Examples 2 to 7, similarly to the imaging lens according to Example 1, both
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surfaces S3 and S4 of the second lens G2 and both surfaces S8 and S9 of the fourth lens G4 are aspheric.
[0060] Fig. 15 collectively shows values of the conditional expressions for the respective examples. As can be seen
from Fig. 15, the values of the respective examples are within the numerical ranges of the respective conditional ex-
pressions.
[0061] Figs. 16A to 16D show a spherical aberration, astigmatism, distortion and a lateral chromatic aberration of the
imaging lens according to Example 1. In the aberration diagrams, aberrations are shown with the d-line used as a
reference wavelength. In the diagrams of the spherical aberration and lateral chromatic aberration, aberrations at a F-
line (486.1 nm in wavelength) and at a c-line (656.3 in wavelength) are also shown. In the diagram of the astigmatism,
the solid line indicates the aberration in the sagittal direction and the dotted line indicates the aberration in the tangential
direction. FNO. denotes a value of F and ω denotes the semi viewing angle.
[0062] Similarly, various aberrations of the imaging lens according to Example 2 are shown in Figs. 17A to 17D, various
aberrations of the imaging lens according to comparative Example 3 are shown in Figs. 18A to 18D, various aberrations
of the imaging lens according to comparative Example 4 are shown in Figs. 19A to 19D, various aberrations of the
imaging lens according to comparative Example 5 are shown in Figs. 20A to 20D, various aberrations of the imaging
lens according to Example 6 are shown in Figs. 21A to 21D, and various aberrations of the imaging lens according to
Example 7 are shown in Figs. 22A to 22D.
[0063] As can be seen from the numerical data and the aberration diagrams, according to the examples, the wide-
angle lens system with high performance is embodied which has a wide viewing angle, a small size, and small image
distortion.
[0064] The invention is not limited to the embodiment and the examples, but may be modified in various manners.
For example, the curvature radii, the surface separations and the refractive indexes of the lens components are not
limited to the above-mentioned values, but may have different values.
[0065] Although such examples are described above that the second lens G2 and the fourth lens G4 are aspheric
lenses, the first lens G1 and the third lens G3 may be aspheric.

Claims

1. An imaging lens comprising, in order from an object side:

a first lens (G1) that is a negative lens having a meniscus shape with a convex surface directed to the object side;
a second lens (G2) that is a negative lens;
a third lens (G3) that is a positive lens having a convex surface directed to the object side;
an aperture stop (St); and
a fourth lens (G4) that is a biconvex lens, wherein
the following conditional expression is satisfied: 

where fa denotes a focal length of the whole lens system, and
f4 denotes a focal length of the fourth lens,

characterized in that
the following conditional expression is satisfied: 

where r3 denotes a curvature radius of an object-side surface of the second lens, and
r4 denotes a curvature radius of an image-side surface of the second lens.

2. The imaging lens according to claim 1, wherein the following conditional expression is satisfied: 
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where fa denotes a focal length of the whole lens system,
f1 denotes a focal length of the first lens (G1).

3. The imaging lens according to any one of claims 1 to 2, wherein an object-side surface of the second lens (G2)
includes an aspheric surface that has a concave shape toward the object side in a vicinity of an optical axis (Z1)
and has a convex shape toward the object side in a peripheral portion.

4. The imaging lens according to any one of claims 1 to 3, wherein the aperture stop (St) is positioned to satisfy the
following conditional expression: 

where d6 denotes a distance, on an optical axis (Z1), between the third lens (G3) and the aperture stop,
d7 denotes a distance, on the optical axis, between the aperture stop and the fourth lens (G4), and
d8 denotes a center thickness of the fourth lens.

5. The imaging lens according to any one of claims 1 to 4, wherein an Abbe number vd3 of the third lens (G3) at a d-
line satisfies the following conditional expression: 

6. The imaging lens according to any one of claims 1 to 5, wherein an Abbe number vd1 of the first lens (G1) at a d-
line satisfies the following conditional expression: 

7. The imaging lens according to claim 6, wherein the first lens (G1) is made of a glass material.

8. The imaging lens according to claim 7, wherein a surface treatment for giving a water-repellent property is applied
to an object-side surface of the first lens (G1).

9. The imaging lens according to any one of claims 7 to 8, wherein at least one lens of the second lens (G2), the third
lens (G3), and the fourth lens (G4) is made of a resin material.

10. The imaging lens according to claim 9, wherein a surface treatment for giving a property of reflecting or absorbing
UV light is applied to at least one of the lens surfaces that are closer to the object side than the object-side surface
of the most-object-side resin lens.

11. An imaging device comprising:

the imaging lens according to any one of claims 1 to 10; and
an imaging element (100) that outputs imaging signals corresponding to an optical image formed by the imaging
lens.

Patentansprüche

1. Abbildungsobjektiv, umfassend in der Reihenfolge von der Objektseite her:
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eine erste Linse (G1), die eine Negativlinse in Meniskusform mit einer zur Objektseite gewandten konvexen
Oberfläche ist;
eine zweite Linse (G2), die eine Negativlinse ist;
eine dritte Linse (G3), die eine Positivlinse ist und eine zu der Objektseite hin gewandte konvexe Oberfläche
aufweist;
eine Aperturblende (St); und
eine vierte Linse (G4), die eine bikonvexe Linse ist, wobei
die folgende Bedingungsformel erfüllt ist: 

wobei fa eine Brennweite des gesamten Objektivsystems ist, und
f4 eine Brennweite der vierten Linse ist,

dadurch gekennzeichnet, dass die folgende Bedingungsformel erfüllt ist: 

wobei r3 ein Krümmungsradius einer objektseitigen Oberfläche der zweiten Linse ist, und
r4 der Krümmungsradius einer bildseitigen Oberfläche der zweiten Linse ist.

2. Abbildungsobjektiv nach Anspruch 1, bei dem die folgende Bedingungsformel erfüllt ist: 

wobei fa eine Brennweite des gesamten Objektivsystems bezeichnet,
f1 eine Brennweite der ersten Linse (G1) bezeichnet.

3. Abbildungsobjektiv nach einem der Ansprüche 1 bis 2, bei dem eine objektseitige Oberfläche der zweiten Linse
(G2) eine asphärische Oberfläche aufweist, die zu der Objektseite hin in der Nähe einer optischen Achse (Z1) eine
konkave Form und zu der Objektseite hin in einem Umfangsbereich eine konvexe Form besitzt.

4. Abbildungsobjektiv nach einem der Ansprüche 1 bis 3, bei dem die Aperturblende (St) derart gelegen ist, dass die
folgende Bedingungsformel erfüllt ist: 

wobei d6 einen Abstand zwischen der dritten Linse (G3) und der Aperturblende auf einer optischen Achse (Z1)
bezeichnet,
d7 einen Abstand zwischen der Aperturblende und der vierten Linse (G4) auf der optischen Achse bezeichnet, und
d8 eine Mitten-Dicke der vierten Linse bezeichnet.

5. Abbildungsobjektiv nach einem der Ansprüche 1 bis 4, bei dem eine Abbe-Zahl vd3 der dritten Linse (G3) bei einer
d-Linie der folgenden Bedingungsformel genügt: 
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6. Abbildungsobjektiv nach einem der Ansprüche 1 bis 5, bei dem eine Abbe-Zahl vd1 der ersten Linse (G1) bei einer
d-Linie der folgenden Bedingungsformel genügt: 

7. Abbildungsobjektiv nach Anspruch 6, bei dem die erste Linse (G1) aus einem Glaswerkstoff besteht.

8. Abbildungsobjektiv nach Anspruch 7, bei dem eine Oberflächenbehandlung zum Verleihen einer wasserabweisen-
den Eigenschaft auf eine objektseitige Oberfläche der ersten Linse (G1) angewendet ist.

9. Abbildungsobjektiv nach einem der Ansprüche 7 bis 8, bei dem mindestens eine von der zweiten Linse (G2), der
dritten Linse (G3) und der vierten Linse (G4) aus einem Harzwerkstoff gefertigt ist.

10. Abbildungsobjektiv nach Anspruch 9, bei dem eine Oberflächenbehandlung zum Verleihen einer reflektierenden
oder UV-Licht absorbierenden Eigenschaft auf mindestens eine der Linsenoberflächen angewendet ist, die dichter
an der Objektseite gelegen sind als die objektseitige Oberfläche der am weitesten auf der Objektseite befindlichen
Harzmateriallinse.

11. Bildgebungsvorrichtung, umfassend:

das Abbildungsobjektiv nach einem der Ansprüche 1 bis 10; und
ein Abbildungselement (100), welches Bildsignale entsprechend einem von dem Abbildungsobjektiv erzeugten
optischen Bild ausgibt.

Revendications

1. Lentille d’imagerie comprenant, dans l’ordre depuis un côté objet :

une première lentille (G1) qui est une lentille négative ayant une forme de ménisque avec une surface convexe
dirigée vers le côté objet ;
une deuxième lentille (G2) qui est une lentille négative ;
une troisième lentille (G3) qui est une lentille positive ayant une surface convexe dirigée vers le côté objet ;
un diaphragme (St) ; et
une quatrième lentille (G4) qui est une lentille biconvexe, dans laquelle l’expression conditionnelle suivante est
satisfaite : 

où fa désigne une longueur focale de l’ensemble du système de lentilles, et
f4 désigne une longueur focale de la quatrième lentille,

caractérisée en ce que l’expression conditionnelle suivante est satisfaite : 

où r3 désigne un rayon de courbure d’une surface côté objet de la deuxième lentille, et
r4 désigne un rayon de courbure d’une surface côté image de la deuxième lentille.
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2. Lentille d’imagerie selon la revendication 1, dans laquelle l’expression conditionnelle suivante est satisfaite : 

où fa désigne une longueur focale de l’ensemble du système de lentilles,
f1 désigne une longueur focale de la première lentille (G1).

3. Lentille d’imagerie selon l’une quelconque des revendications 1 à 2, dans laquelle une surface côté objet de la
deuxième lentille (G2) comprend une surface asphérique qui a une forme concave vers le côté objet au voisinage
d’un axe optique (Z1) et a une forme convexe vers le côté objet dans sa partie périphérique.

4. Lentille d’imagerie selon l’une quelconque des revendications 1 à 3, dans laquelle le diaphragme (St) est positionné
pour satisfaire l’expression conditionnelle suivante : 

où d6 désigne une distance, sur un axe optique (Z1), entre le diaphragme et la troisième lentille (G3) et le diaphragme,
d7 désigne une distance, sur un axe optique, entre le diaphragme et quatrième lentille (G4), et
d8 désigne une épaisseur du centre de la quatrième lentille.

5. Lentille d’imagerie selon l’une quelconque des revendications 1 à 4, dans laquelle un nombre d’Abbe vd3 de la
troisième lentille (G3) sur une ligne d satisfait l’expression conditionnelle suivante : 

6. Lentille d’imagerie selon l’une quelconque des revendications 1 à 5, dans laquelle un nombre d’Abbe vd1 de la
première lentille (G1) sur une ligne d satisfait l’expression conditionnelle suivante : 

7. Lentille d’imagerie selon la revendication 6, dans laquelle la première lentille (G1) est fabriquée en verre.

8. Lentille d’imagerie selon la revendication 7, dans laquelle un traitement de surface destiné à procurer une propriété
hydrofuge est appliqué sur une surface côté objet de la première lentille (G1).

9. Lentille d’imagerie selon l’une quelconque des revendications 7 à 8, dans laquelle au moins une lentille parmi la
deuxième lentille (G2), la troisième lentille (G3) et la quatrième lentille (G4) est fabriquée en résine.

10. Lentille d’imagerie selon la revendication 9, dans laquelle un traitement de surface destiné à procurer une propriété
de réflexion ou d’absorption du rayonnement UV est appliqué à au moins une des surfaces de lentille qui sont plus
proches du côté objet que la surface côté objet de la lentille en résine au côté le plus proche de l’objet.

11. Dispositif d’imagerie comprenant :

la lentille d’imagerie selon l’une quelconque des revendications 1 à 10 ; et
un élément d’imagerie (100) qui délivre en sortie des signaux d’imagerie correspondant à une image optique
formée par la lentille d’imagerie.
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