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FIG. 25B LATERAL ABERRATION
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FIG. 26B LATERAL ABERRATION
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FIG. 27B LATERAL ABERRATION
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FIG. 28B LATERAL ABERRATION
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FIG. 29B LATERAL ABERRATION
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FIG. 32B LATERAL ABERRATION
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FIG. 33B LATERAL ABERRATION
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FIG. 34B LATERAL ABERRATION
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FIG. 35B LATERAL ABERRATION
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WIDE-ANGLE OPTICAL SYSTEM, IMAGE
PICKUP LENS DEVICE, MONITOR CAMERA,
AND DIGITAL APPARATUS

RELATED APPLICATIONS

[0001] This application is a U.S. National Phase Applica-
tion under 35 U.S.C. 371 of International Application No.
PCT/IP2008/067075, filed Sep. 22, 2008, which claims pri-
ority to Japanese Patent Application No. 2007-254791, filed
Sep. 28, 2007.

TECHNICAL FIELD

[0002] The present invention relates to a wide-angle optical
system that is compact and copes with a wide angle of view,
and in particular, relates to a wide-angle optical system that is
suitable to a super wide-angle optical system that copes with
a super wide angle and has a total angle of view of 90° or
more. Further, the present invention relates to an image
pickup lens device equipped with the aforesaid wide-angle
optical system, and to a monitor camera and a digital appa-
ratus each housing therein the image pickup lens device.

BACKGROUND ART

[0003] When image information in surroundings is picked
up with a small number of cameras, wide-angle optical sys-
tems having a large angle of view for taking images (wide
angle of view) are employed in general. For example, such the
wide-angle optical system has been used for the purpose of a
surveillance system and onboard system.

[0004] Further, an onboard camera for monitoring rear
view of a vehicle, for example, has been required to be more
compact in addition to have a wide angle of view from a
viewpoint of a practical use to keep the visibility of a driver
and a viewpoint of a beautiful appearance of the vehicle.
[0005] Such the wide-angle optical systems are disclosed in
Patent Literature 1 and Patent Literature 2, for example. The
wide-angle optical system disclosed in Patent Literature 1
prevents shading that is a problem caused when the optical
system has a super wide angle and is formed of a small
number of lenses such as about four or five lenses. The wide-
angle optical system disclosed in Patent Literature 2 controls
fluctuations of an image forming position under various tem-
perature environments by employing glass members
arranged at proper positions.

[0006] Patent Literature 1: JP-A No. 2005-227426
[0007] Patent Literature 2: JP-A No. 2007-101920
DISCLOSURE OF INVENTION
Technical Problem
[0008] The wide-angle optical systems disclosed in Patent

Literature 1 and Patent Literature 2 achieve the prevented
shading and controlled fluctuation of image-forming posi-
tions under the various temperature environments. However,
chromatic aberrations which are caused because of downsiz-
ing of the optical system is not sufficiently corrected, and
contrast over the entire image area is lowered.

[0009] The present invention is achieved in view of the
aforesaid circumstances, and its object is to provide a wide-
angle optical system which is compact and has more excellent
optical property; an image pickup lens device equipped with
the aforesaid wide-angle optical system; and a monitor cam-
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era and digital apparatus each of which the aforesaid image
pickup lens device are mounted in.

Solution to Problem

[0010] For solving the aforesaid technical problems, the
present invention provides a wide-angle optical system, an
image pickup lens device, a monitor camera and a digital
apparatus, each having the following structures. Incidentally,
technical terms used in the following explanations are defined
as follows in the present description.

[0011] (a) A refractive index is defined as a refractive index
at the wavelength of d line (587.56 nm).

[0012] (b) The Abbe number is defined as the Abbe number
vd obtained by the definitional equation:

vd=(nd-1)/(nF-nC),
[0013] where nd, nF and nC represent respectively refrac-

tive indexes at d line, F line (486.13 nm) and C line (656.28
nm), and vd represents the Abbe number.

[0014] (c) A surface shape is expressed based on a paraxial
curvature.
[0015] (d) Denotations of “concave”, “convex” and

“meniscus” used for lenses, are defined to express lens forms
in the vicinity of the optical axis (vicinity of the center of
lens), namely, the denotations are based on a paraxial curva-
ture.

[0016] (e) A resin material used for a compound aspheric
lens is not handled as an independent optical member,
because it has only additional function to a glass material for
a substrate. The resin material is handled in the same way as
in the case where the glass material for the substrate is formed
to have an aspheric surface, and is handled as a single lens
together with the substrate. As for the refractive index of the
lens, a refractive index of the glass material forming the
substrate is considered as the refractive index of the lens. The
compound aspheric lens is a lens which is formed into an
aspheric surface with a thin resin member applied on a glass
member which is a substrate.

[0017] 1.A wide-angle optical system comprising:

[0018] a front lens group;

[0019] arear lens group; and

[0020] an aperture stop arranged between the front lens

group and the rear lens group,

[0021] wherein the front lens group includes at least two
negative lenses and at least one positive lens,

[0022] atleast one of a positive lens or positive lenses in the
front lens group includes at least one aspheric surface, and
[0023] the front lens group satisfies the following condi-
tional expression (1).

vdp<29 (1)

[0024] In the expression, vdp is a minimum Abbe number
of the positive lens or positive lenses in the front lens group.

[0025] 2. The wide-angle optical system of Item 1,

[0026] wherein the positive lens satisfying the conditional
expression (1) satisfies the following conditional expression

2).
|Hp|/Rp>0.65 )

[0027] Inthe expression, Hp is a height (a distance from an
optical axis) of a principal ray of a light flux corresponding to
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a maximum image height on an object-side surface of the
positive lens, and

[0028] Rp is a maximum effective radius of the object-side
surface of the positive lens.

[0029] 3. The wide-angle optical system of Item 1 or 2,
wherein the positive lens satisfying the conditional expres-
sion (1) satisfies the following conditional expression (3).

Ndp>1.6 3)

[0030] In the expression, Ndp is a refractive index of the
positive lens.

[0031] 4. The wide-angle optical system of any one of
Items 1 to 3, wherein the positive lens satistying the condi-
tional expression (1) is a lens made of a resin material.
[0032] 5. The wide-angle optical system of any one of
Items 1 to 4, wherein a lens arranged at a closest position to an
object is a negative lens which satisfies the following condi-
tional expression (4).

33<vd1<47 @

[0033] Inthe expression, vdl is an Abbe number of the lens
arranged at the closest position to the object.

[0034] 6. The wide-angle optical system of any one of
Items 1 to 5, wherein the front lens group consists of three
lenses, and the rear lens group consists of one lens.

[0035] 7. The wide-angle optical system of any one of
Items 1 to 5, wherein the front lens group consists of three
lenses, and the rear lens group consists of three lenses.
[0036] 8. The wide-angle optical system of any one of
Ttems 1 to 5, wherein the front lens group consists of four
lenses, and the rear lens group consists of two lenses.

[0037] 9. The wide-angle optical system of any one of
Items 1 to 5, wherein the front lens group consists of three
lenses, and the rear lens group consists of two lenses.

[0038] 10. The wide-angle optical system of any one of
Items 1 to 9, wherein a first lens and a second lens are defined
by numbering in order from an object side, and the first lens
and the second lens satisfy the following conditional expres-
sion (5).

2.1<D12/f<5.3 5)

[0039] In the expression, D12 is a distance on an optical
axis between the first lens and the second lens, and

[0040] fis afocal length of a total system of the wide-angle
optical system.
[0041] 11. The wide-angle optical system of any one of

Items 1 to 10, wherein a second lens and a third lens are
defined by numbering in order from an object side, and
[0042] the second lens and the third lens satisty the follow-
ing conditional expression (6).

1<D23/f<2.2 6

[0043] In the expression, D23 is a distance on an optical
axis between the second lens and the third lens, and

[0044] fis afocal length of a total system of the wide-angle
optical system.
[0045] 12. The wide-angle optical system of any one of

Items 1 to 11, wherein a third lens and a fourth lens are defined
by numbering in order from an object side, and the third lens
and the fourth lens satisfy the following conditional expres-
sion (7).

1.1<D34/<1.77 7

[0046] In the expression, D34 is a distance on an optical
axis between the third lens and the fourth lens, and

[0047] fis afocal length of a total system of the wide-angle
optical system.
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[0048] 13. The wide-angle optical system of any one of
Ttems 1 to 12, wherein the front lens group includes two
negative meniscus lenses whose convex surfaces face an
object side and a biconvex positive lens, arranged in order
from the object side, and the rear lens group includes a bicon-
vex positive lens arranged in order from the object side.
[0049] 14. The wide-angle optical system of any one of
Items 1 to 5, 7, and 10 to 12, wherein the wide-angle optical
system includes a negative meniscus lens whose convex sur-
face faces an object side, a negative lens, a biconvex lens, an
aperture stop, a biconvex lens, a negative meniscus lens
whose convex surface faces an image side, and an biconvex
lens, arranged in order from the object side.

[0050] 15. The wide-angle optical system of any one of
Ttems 1 to 5, 8, 10 to 12, wherein the wide-angle optical
system includes a negative meniscus lens whose convex sur-
face faces an object side, a negative lens, a biconvex lens, a
positive lens, an aperture stop, a positive lens, and a negative
meniscus lens whose convex surface faces an image side,
arranged in order from the object side.

[0051] 16. The wide-angle optical system of any one of
Ttems 1 to 5, 9 to 12, wherein the wide-angle optical system
includes a negative meniscus lens whose convex surface faces
an object side, a negative lens, a positive lens, an aperture
stop, a biconvex lens, and a negative meniscus lens whose
convex surface faces an image side, arranged in order from
the object side.

[0052] 17. The wide-angle optical system of any one of
Items 1 to 16, wherein a lens arranged at a closest position to
an object is a glass lens.

[0053] 18. The wide-angle optical system of Item 17,
wherein the lens arranged at the closest position to the object
satisfies the following conditional expression (8).

DA1<0.35 (8)

[0054] Inthe expression, DA is a value representing acid-
resistance which is obtained by putting powder of a glass
material of the lens arranged at the closest position to the
object into nitric acid solution with a concentration of 0.01
mol/l, heating the nitric acid solution in a boiling bath, and
measuring a reduced mass (%) of the powder of the glass
material as the value representing acid-resistance.

[0055] 19. The wide-angle optical system of any one of
Items 1 to 18, wherein a second lens is defined by numbering
in order from an object side, and the second lens is a lens made
of a resin material, including at least one aspheric surface.
[0056] 20. The wide-angle optical system of any one of
Items 1 to 19, wherein a fourth lens is defined by numbering
in order from an object side, and the fourth lens is a lens made
of a resin material, including at least one aspheric surface.
[0057] 21. The wide-angle optical system of any one of
Items 1 to 20, wherein the wide-angle optical system satisfies
the following conditional expression (9) for a principal ray of
a light flux with a half angle of view of 90 degrees.

-0.3<(¥12f)-1<0.7 &)

[0058] Intheexpression, Yr is a position (distance from an
optical axis) of the principal ray on an image plane, and

[0059] fis afocal length of atotal system of the wide-angle
optical system.
[0060] 22. The wide-angle optical system of any one of

Items 1 to 21, wherein the wide-angle optical system satisfies
the following conditional expression (10).

Y/TL>0.1 (10)

[0061] In the expression, Y'is a maximum image height,
and TL is a distance along an optical axis from a surface
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vertex on a lens surface arranged at a closest position to an
object, to an image plane (where a back focal length is mea-
sured in an air conversion length).

[0062] 23. The wide-angle optical system of any one of
Items 1 to 22, wherein the wide-angle optical system satisfies
the following conditional expression (11).

|Epl/Lb>2.2 (11)
[0063] Inthe expression, Ep is a position (distance from an

image plane) of an exit pupil for a principal ray corresponding
to a maximum image height, and

[0064] Lb is a back focal length (measured in an air con-
version length).
[0065] 24. The wide-angle optical system of any one of

Ttems 4 to 23, further comprising a means controlling trans-
mission of an ultraviolet ray, arranged on an optical surface at
a closer position to an object than the positive lens satisfying
the conditional expression (1) or on an object-side surface of
the positive lens.

[0066] 25. The wide-angle optical system of any one of
Items 4 to 24, wherein the lens made of a resin material which
is the positive lens satisfying the conditional expression (1), is
a lens formed of a material such that particles with a maxi-
mum size of 30 nanometers or less are dispersed in a resin
material.

[0067] 26. The wide-angle optical system of Item 19 or 20,
[0068] wherein the lens made of a resin material is a lens
formed of a material such that particles with a maximum size
of 30 nanometers or less are dispersed in a resin material.
[0069] 27. An image pickup lens device comprising:
[0070] the wide-angle optical system of any one of Items 1
to 26 whose structure is capable of forming an image of an
object on a predetermined image-forming plane.

[0071] 28. A monitor camera to be attached to a predeter-
mined position and pick up an image of an object in a prede-
termined area surrounding the position where the monitor
camera is attached, the monitor camera comprising:

[0072] the image pickup lens device of Item 27, and
[0073] an image pickup element for converting an optical
image of the object guided by the image pickup lens device
into electric signal.

[0074] 29. A digital apparatus comprising:
[0075] the image pickup lens device of Item 27;
[0076] an image pickup element for converting an optical

image of an object guided by the image pickup lens device
into electric signal; and

[0077] a controller configured to make the image pickup
lens device and the image pickup element shoot at least one of
a static image of an object or a movie of the object.

[0078] 30. The digital apparatus of Item 29, further com-
prising:
[0079] animage processing section for correcting a distor-

tion in an optical image of the object formed on a light-
receiving surface of the image pickup element.

ADVANTAGEOUS EFFECTS OF INVENTION

[0080] According to the present invention, the front lens
group is arranged at a closer position to the object than the
aperture stop and the rear lens group is arranged at a closer
position to the image than the aperture stop, which makes
correction of off-axis aberrations at a wide angle of view easy.
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Further, when a negative lens is arranged in the front lens
group, the optical system becomes so called a retrofocus type
(Inverted telephoto lens), which allows the optical system to
secure a sufficient back focal length even when the optical
system copes with an wide angle or has a short focal length
required to realize a super wide angle. Further, when the
optical system forms an image on an image pickup element
such as a CCD, the incident angle of a ray entering an image
plane can be brought to a telecentric condition. When at least
one positive lens is arranged in the front lens group, Petzval’s
sum can be controlled and astigmatism can be corrected eas-
ily. A super wide-angle optical system is generally required to
employ a strong negative lens arranged in the front lens
group, and such the structure can cause a great magnification
chromatic aberration. However, the aberrations can be cor-
rected by a positive lens arranged in the front lens group.
[0081] Further, when at least one positive lens among a
positive lens or positive lenses included in the front lens
group, includes at least one aspheric surface, spherical aber-
ration, coma and astigmatism are improved greatly. When
trying to obtain desired negative optical power with one nega-
tive lens, its curvature radius becomes small, which hinders
easy manufacturing of the negative lens. However, when at
least two negative lenses are arranged in the front lens group,
desired negative optical power is distributed to at least two
negative lenses. As a result, its productivity is improved,
which enables a cost reduction. Then, when a value of the
conditional expression (1) exceeds the upper limit, correction
of the magnification chromatic aberration becomes insuffi-
cient to cause deterioration of image quality caused by a
decline of contrast. However, the decline of the contrast is
improved, when the front lens group satisfies the conditional
expression (1).

[0082] When a positive lens satisfies the conditional
expression (1), it is possible to correct magnification chro-
matic aberration that is caused when powers of the positive
lens(es) and negative lenses in the front lens group are
strengthened in order to make the optical system compact.
Therefore, the wide-angle optical system having such the
structure can provide a wide-angle optical system that has
more excellent optical property and becomes compact (down-
sized), an image pickup lens device, a monitor camera and a
digital apparatus.

BRIEF DESCRIPTION OF DRAWINGS

[0083] FIG. 1 is a sectional view of lenses for the explana-
tion of a wide-angle optical system in an embodiment, show-
ing the schematic structure.

[0084] FIG. 2 is a block diagram showing the structure of a
digital apparatus in an embodiment.

[0085] Each of FIGS. 3A and 3B is an external block dia-
gram of a cell-phone equipped with a camera, showing an
embodiment of a digital apparatus.

[0086] FIG. 4 is a diagram for explaining an outline of an
onboard monitor camera, showing an embodiment of a digital
apparatus.

[0087] FIG. 5 is a sectional view showing an arrangement
of'lens groups in a wide-angle optical system of Example 1.
[0088] FIG. 6 is a sectional view showing an arrangement
of'lens groups in a wide-angle optical system of Example 2.
[0089] FIG. 7 is a sectional view showing an arrangement
of'lens groups in a wide-angle optical system of Example 3.
[0090] FIG. 8 is a sectional view showing an arrangement
of'lens groups in a wide-angle optical system of Example 4.
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[0091] FIG. 9 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 5.
[0092] FIG.10is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 6.
[0093] FIG. 11 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 7.
[0094] FIG.12 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 8.
[0095] FIG. 13 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 9.
[0096] FIG. 14 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 10.
[0097] FIG.15is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 11.
[0098] FIG.16 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 12.
[0099] FIG.17 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 13.
[0100] FIG. 18 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 14.
[0101] FIG. 19 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 15.
[0102] FIG. 20 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 16.
[0103] FIG. 21 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 17.
[0104] FIG. 22 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 18.
[0105] FIG. 23 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 19.
[0106] FIG. 24 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 20.
[0107] Each of FIGS. 25A and 25B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 1.

[0108] Each of FIGS. 26A and 26B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 2.

[0109] Each of FIGS. 27A and 27B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 3.

[0110] Each of FIGS. 28A and 28B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 4.

[0111] Each of FIGS. 29A and 29B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 5.

[0112] Each of FIGS. 30A and 30B is an aberration dia-

gram of lens groups in a wide-angle optical system in
Example 6.
[0113] Each of FIGS. 31A and 31B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 7.

[0114] Each of FIGS. 32A and 32B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 8.

[0115] Each of FIGS. 33A and 33B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 9.

[0116] Eachof FIGS.34A and 348 is an aberration diagram

of lens groups in a wide-angle optical system in Example 10.
[0117] Each of FIGS. 35A and 35B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 11.
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[0118] Each of FIGS. 36A and 36B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 12.

[0119] Each of FIGS. 37A and 37B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 13.

[0120] Each of FIGS. 38A and 38B is an aberration dia-

gram of lens groups in a wide-angle optical system in
Example 14.

[0121] Each of FIGS. 39A and 39B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 15.

[0122] Each of FIGS. 40A and 40B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 16.

[0123] Each of FIGS. 41A and 41B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 17.

[0124] Each of FIGS. 42A and 42B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 18.

[0125] Each of FIGS. 43A and 43B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 19.

[0126] Each of FIGS. 44A and 44B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 20.

[0127] FIG. 45 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 21.
[0128] FIG. 46 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 22.
[0129] FIG. 47 is a sectional view showing an arrangement
of'lens groups in a wide-angle optical system of Example 23.
[0130] Each of FIGS. 48A and 48B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 21.

[0131] Each of FIGS. 49A and 49B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 22.

[0132] Each of FIGS. 50A and 50B is an aberration dia-
gram of lens groups in a wide-angle optical system in
Example 23.

REFERENCE SIGNS LIST
[0133] AX: Optical axis
[0134] 1, 1A-1T: Wide-angle optical system
[0135] 3: Digital apparatus
[0136] 5: Cell-phone
[0137] 7: Monitor camera
[0138] 9: Vehicle
[0139] 11, Grl: Front lens group
[0140] 12, Gr2: Rear lens group
[0141] 15, SR: Image pickup element
[0142] 21: Image pickup device

BEST MODE FOR CARRYING OUT THE
INVENTION

[0143] An embodiment relating to the present invention
will be described as follows, referring to the drawings. Mean-
while, items each having the same sign in respective drawings
are of the same items, and explanations for them are omitted
accordingly.
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[0144] FIG. 1 is a sectional view for the explanation of a
wide-angle optical system in an embodiment, and shows a
schematic structure.

[0145] Wide-angle optical system 1 in FIG. 1, is equipped
favorably on an image pickup lens device whose structure
capable of forming an optical image of an object (photo-
graphic object) on a predetermined image forming surface,
for example, on a light-receiving surface (image plane) of
image pickup element 15 that converts an optical image into
electric signal. Wide-angle optical system 1 is composed of
front lens group 11, rear lens group 12, and aperture stop 13
arranged between the front lens group and the rear lens group.
Incidentally, the structure of wide-angle optical system 1
exemplified in FIG. 1 is the same as that of wide-angle optical
system 1A (FIG. 5) in Example 1 which will be described
later.

[0146] FIG. 1 shows an example structured as follows: the
front lens group 11 arranged to be closer to the object side
than the aperture stop 13, is composed of negative meniscus
lens 111 whose convex surface faces the object side, negative
meniscus lens 112 whose convex surface faces the object side
and of biconvex positive lens 113; and the rear lens group 12
arranged to be closer to the image side than the aperture stop
13, is composed of biconvex positive lens 121. Namely, the
wide-angle optical system shown in FIG. 1 includes negative
meniscus lens 111, negative meniscus lens 112, positive lens
113, aperture stop 13 and positive lens 121, in order toward
the image side from the object side. Each of the negative
meniscus lens 112, the positive lens 113 and the positive lens
121 representing respectively the second, third and fourth
lens which are defined by numbering in order from the object
side, has opposing aspheric surfaces. Each of these negative
meniscus lens 112, positive lens 113 and positive lens 121 is
made of a resin material such as, for example, plastic.
[0147] Inthe wide-angle optical system 1 shown in FIG. 1
as stated above, front lens group 11 includes at least two
negative lenses and at least one positive lens. At least one
positive lens among a positive lens or positive lenses included
in front lens group 11 has at least one aspheric surface.
[0148] Further, with respect to this wide-angle optical sys-
tem 1, front lens group 11 satisfies the following conditional
expression (1), where vdp represents a minimum value of the
Abbe number, among the positive lens or positive lenses
included in the front lens group 11.

vdp<29 (1)

[0149] Inthe wide-angle optical system 1 having the struc-
ture of this kind, off-axis aberrations at a wide angle of view
can be corrected easily by arranging front lens group 11 and
rear lens group 12 with aperture stop 13 interposed between
these lens groups. Further, when a negative lens is arranged in
front lens group 11, where two negative meniscus lenses 111
and 112 are arranged in the example shown in FIG. 1, the
optical system becomes so called a retrofocus type (Inverted
telephoto lens). Therefore, a sufficient back focal length can
be secured even when the optical system copes with an wide
angle or has a short focal length required to realize a super
wide angle. Further, when an image is formed on an image
pickup element 15, the incident angle of a ray entering an
image plane can be brought to a telecentric condition. When
atleast one positive lens is arranged in the front lens group 11,
where positive lens 113 is arranged in the example shown in
FIG. 1, Petzval’s sum can be controlled and astigmatism can
be corrected easily. When at least one positive lens among a
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positive lens or positive lenses included in the front lens group
11 includes at least one aspheric surface, where two aspheric
surfaces are included in the example shown in FIG. 1, spheri-
cal aberration, coma and astigmatism are improved greatly.
When trying to obtain desired negative optical power with
one negative lens, its curvature radius becomes small, which
hinders easy manufacturing of the negative lens. However,
when at least two negative lenses are arranged in the front lens
group 11, where two negative meniscus lenses 111 and 112
are arranged in the example shown in FIG. 1, desired negative
optical power is distributed to at least two negative lenses,
which makes manufacturing of the negative lenses easy. As a
result, productivity is improved, and its cost is reduced. Then,
when a value of the conditional expression (1) exceeds the
upper limit, correction of the magnification chromatic aber-
ration becomes insufficient to cause deterioration of image
quality caused by a decline of contrast. However, the decline
of the contrast is improved when the front lens group 11
satisfies the conditional expression (1). Accordingly, wide-
angle optical system 1 with such the structure has more excel-
lent optical property, is manufactured at a reduced cost, and
makes to be compact (downsized).

[0150] Further, from the viewpoint of correcting magnifi-
cation chromatic aberration more effectively, it is more pref-
erable that wide-angle optical system 1 satisfies the following
conditional expression (1').

vdp<25 (1

[0151] In addition, on the image side of the wide-angle
optical system 1, there are arranged filter 14 and image pickup
element 15. The filter 14 is an optical element in a shape of
parallel flat plate, and indicates various types of optical filters
and a cover-glass of an image pickup element schematically.
An arbitral optical filter such as a lowpass filter and an infra-
red blocking filter can be arranged, depending on its purpose,
a type of image pickup element, and a camera construction.
The image pickup element 15 is an element that photo-elec-
trically converts an optical image of a photographic object
formed by wide-angle optical system 1 into image signal with
each of components of R (red), G (green) and B (blue),
corresponding to the light amount in the optical image, and
that outputs the signal to the predetermined image processing
circuit (which is not shown). Owing to the foregoing, the
optical image of a photographic object at the object side are
guided to a light-receiving surface of image pickup element
15 by wide-angle optical system 1 along the optical axis AX,
and the optical image of the photographic object is picked up
by image pickup element 15.

[0152] In wide-angle optical system 1, a positive lens that
satisfies the conditional expression (1) is a lens made of a
resin material. It is therefore possible to achieve cost reduc-
tion of wide-angle optical system 1.

[0153] In wide-angle optical system 1, when the second
lens is defined by numbering in order from the object side, the
second lens is a lens which is made of a resin material and
includes at least one aspheric surface. Namely, in the example
shown in FIG. 1, negative meniscus lens 112 is a lens which
is made of a resin material and includes opposing aspheric
surfaces. Since the second lens numbering in the order from
the object side includes at least one aspheric surface as stated
above, distortion can be corrected effectively. Further, by
forming the second lens with at least one aspheric surface out
of a resin material, it is possible to obtain a low cost lens with
relatively high property.
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[0154] Inwide-angle optical system 1, when the fourth lens
is defined by numbering in order from the object side, the
fourth lens is a lens which is made of a resin material and
includes at least one aspheric surface. Namely, in the example
shown in FIG. 1, positive lens 121 is a lens which is made of
a resin material and includes opposing aspheric surfaces.
Since the fourth lens numbering in the order from the object
side includes at least one aspheric surface as stated above,
spherical aberration, coma and astigmatism can be corrected
effectively. Further, by forming the fourth lens with at least
one aspheric surface out of a resin material, it is possible to
obtain a low-cost lens with relatively high property.

[0155] In wide-angle optical system 1, when the negative
second lens and the positive fourth lens are defined by num-
bering in order from the object side, each of the negative
second lens and the positive fourth lens is a lens made of a
resin material. Namely, in the example shown in FIG. 1, each
of the negative meniscus lens 112 and the positive lens 121 is
a lens made of a resin material. Therefore, even in the case
where a range of temperatures to be used is relatively broad as
in intended purposes like onboard application and monitoring
application, it is possible to control fluctuations of back focal
length corresponding to temperature changes.

[0156] In wide-angle optical system 1, front lens group 11
is composed of three lenses, and rear lens group 12 is com-
posed of one lens, which enables aberration correction and
downsizing and further enables cost reduction.

[0157] Alternatively, in wide-angle optical system 1, front
lens group 11 is composed of three lenses, and rear lens group
12 is composed of three lenses. By constituting the front lens
group with three lenses in total including two negative lenses
and one positive lens, the following matters is available with
the smallest number of lenses in a viewpoint of aberration
correction: it is possible to distribute an increased negative
power because of achieving a super-wide angle to two nega-
tive lenses, and further possible to satisfactory correct mag-
nification chromatic aberration and astigmatism caused by
the negative lenses with the positive lens. Furthermore, it is
possible to achieve low cost because the number of lenses
becomes small. By constituting the rear lens group with three
lenses, it becomes possible to control sensitivity for decen-
tration error and to improve productivity, in addition to excel-
lent correction of spherical aberration and longitudinal chro-
matic aberration.

[0158] Alternatively, in wide-angle optical system 1, front
lens group 11 is composed of four lenses, and rear lens group
12 is composed of two lenses. By constituting the front lens
group with four lenses, it is possible to loosen a surface angle
of negative lenses having a large outside diameter, and to
improve productivity of the negative lenses, compared with a
state that the front lens group is composed of three lenses.
Further, by constituting the rear lens group with two lenses,
spherical aberration and longitudinal chromatic aberration
can be corrected successfully.

[0159] Alternatively, in wide-angle optical system 1, front
lens group 11 is composed of three lenses, and rear lens group
12 is composed of two lenses. By constituting the front lens
group with three lenses in total including two negative lenses
and one positive lens, the following matters is available with
the smallest number of lenses in a viewpoint of aberration
correction: it is possible to distribute an increased negative
power because of achieving a super-wide angle to two nega-
tive lenses, and further possible to satisfactory correct mag-
nification chromatic aberration and astigmatism caused by
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the negative lenses with the positive lens. Furthermore, it is
possible to achieve low cost because the number of lenses
becomes small. By constituting the rear lens group with two
lenses, spherical aberration and longitudinal chromatic aber-
ration can by corrected successfully.

[0160] Alternatively, as for the wide-angle optical system
1, two negative meniscus lenses 111 and 112 whose convex
surfaces face the object side and biconvex positive lens 113
are arranged in order from the object side in front lens group
11, and biconvex positive lens 121 is arranged in order from
the object side in rear lens group 12. Therefore, optical power
of each lens can be controlled and productivity of lenses is
improved, while a wide angle of view or super wide angle of
view is achieved. Further, by arranging two negative menis-
cus lenses 111 and 112 in the order from the object side, back
focal length can be secured sufficiently, while optical power
of each negative lens is controlled. Further, when two bicon-
vex positive lenses 113 and 121 are arranged on the image
side (image side of negative meniscus lens 112) with aperture
stop 13 interposed between the biconvex positive lenses, the
structure becomes symmetry about aperture stop 13, and dis-
tortion and astigmatism are corrected effectively.

[0161] In the wide-angle optical system 1, it is preferable
that a positive lens satisfying the conditional expression (1)
satisfies the following conditional expression (2), where Hp
represents a height (distance from the optical axis) of a prin-
cipal ray of a light flux corresponding to the maximum image
height on the lens surface facing the object side in the afore-
said positive lens, and Rp represents a maximum effective
radius of the lens surface facing the object side in the afore-
said positive lens.

\Hp\/Rp>0.65 )

[0162] Ifa value of the conditional expression (2) becomes
lower than the lower limit, correction of magnification chro-
matic aberration becomes insufficient, which is not prefer-
able. However, since the positive lens satisfying the aforesaid
conditional expression (1) also satisfies the conditional
expression (2), it enables to correct the magnification chro-
matic aberration.

[0163] In the wide-angle optical system 1, it is preferable
that a positive lens satisfying the conditional expression (1)
also satisfies the following conditional expression (3), where
Ndp represents a refractive index of the aforesaid positive
lens.

Ndp>1.6 3)

[0164] Ifa value of the conditional expression (3) becomes
lower than the lower limit, restriction of Petzval’s sum
becomes difficult and correction of astigmatism becomes to
be insufficient, which are not preferable. However, since the
positive lens satisfying the aforesaid conditional expression
(1) also satisfies the conditional expression (3), it makes
Petzval’s sum small and enables to correct astigmatism.
[0165] In the wide-angle optical system 1, it is more pref-
erable that a positive lens satisfying the conditional expres-
sion (1) also satisfies the following conditional expression
3"

Ndp>1.62 3

[0166] When a positive lens satisfying the conditional
expression (1) also satisfies the following conditional expres-
sion (3'), it becomes possible to correct astigmatism more
effectively.
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[0167] In the wide-angle optical system 1, it is preferable
that a lens arranged at the closest position to the object is a
negative lens which satisfies the following conditional
expression (4), where vdl represents the Abbe number of the
lens arranged at the closest position to the object.

33<vd1<47 @

[0168] In this construction, when a negative lens is
arranged to be closest to the object side, the back focal length
is secured, and telecentricity on the image plane becomes
more excellent condition. If a value of the conditional expres-
sion exceeds the upper limit, or if the value becomes lower
than the lower limit, it becomes difficult to correct magnifi-
cation chromatic aberration, in both occasions, which is not
preferable. However, since the lens arranged at the closest
position to the object satisfies the conditional expression (4),
it enables to correct magnification chromatic aberration.

[0169] In the wide-angle optical system 1, it is preferable
that, when the first lens and the second lens are defined by
numbering in order from the object side, the first lens and the
second lens satisfy the conditional expression (5), where D12
represents a distance on the optical axis between the first lens
and the second lens, and frepresents a focal length of the total
system of wide-angle optical system 1.

2.1<D12/f<5.3 5)

[0170] Ifa value of the conditional expression (5) exceeds
the upper limit, an outside diameter of the first lens, namely,
negative meniscus lens 111 in the example shown in FIG. 1,
becomes too large, and the wide-angle optical system
becomes hard to be downsized, which is not preferable. Fur-
ther, if the value becomes lower than the lower limit of the
conditional expression (5), it becomes difficult to strengthen
optical power of the image-side surface of the first lens and of
the object-side surface of the second lens, namely, negative
meniscus lens 112 in the example shown in FIG. 1. As aresult,
the curvature of the image-side surface of the second lens
becomes extremely large, which is not preferable. In addition,
composite optical power of the first lens and the second lens
becomes too strong, and correcting distortion becomes diffi-
cult, which is not preferable. However, since the first lens and
the second lens which are defined by numbering from the
object side satisfy the conditional expression (5), it enables
downsizing and correction of distortion.

[0171] Further, in the wide-angle optical system 1, it is
preferable that the first lens and the second lens which are
defined by numbering in order from the object side, satisfy the
conditional expression (5").

2.5<D12/f<4.5 )

[0172] Ifa value ofthe conditional expression (5') exceeds
the upper limit, composite optical power of the first lens and
the second lens is weakened, thus, telecentricity on the image
plane is worsened. Further, if the value becomes lower than
the lower limit of the conditional expression (5'), interference
between edge portions of the first lens and the second lens
tends to be caused, thus, avoiding this interference makes a
lens shape or a lens barrel shape to be complicated.

[0173] In the wide-angle optical system 1, it is preferable
that the second lens and the third lens which are defined by
numbering in order from the object side, satisfy the following
conditional expression (6), where D23 represents a distance
on the optical axis between the second lens and the third lens,
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and f represents a focal length of the total system of the
wide-angle optical system 1.

1<D23/f<2.2 (6)

[0174] If a value of the conditional expression (6) exceeds
the upper limit, the total optical length of wide-angle optical
system 1 and an outside diameter of the front lens are greatly
increased, which makes downsizing of wide-angle optical
system 1 difficult. If a value of the conditional expression (6)
becomes lower than the lower limit, interference between
edge portions of the second lens and the third lens, namely,
between negative meniscus lens 112 and positive lens 113 in
the example shown in FIG. 1, tends to be caused, thus, avoid-
ing this interference makes a lens shape or a lens barrel shape
to be complicated, which is not preferable. However, since the
second lens and the third lens which are defined by numbering
in order from the object side satisfy the conditional expres-
sion (6), it enables downsizing of the wide-angle optical
system and enables to avoid a lens shape or lens frame shape
from being complicated.

[0175] In the wide-angle optical system 1, it is preferable
that the third lens and the fourth lens which are defined by
numbering in order from the object side, and the third lens and
fourth lens satisfy the following conditional expression (7),
where D34 represents a distance on the optical axis between
the third lens and the fourth lens, and f represents a focal
length of the total system of the wide-angle optical system 1.

1.1<D34/f<1.77 0

[0176] If a value of the conditional expression (7) exceeds
the upper limit, composite optical power of the third lens and
the fourth lens, namely, of the positive lens 113 and positive
lens 121 in the example shown in FIG. 1, is weakened, and
correction of distortion and securing of telecentricity on the
image plane become difficult accordingly, which is not pref-
erable. If a value of the conditional expression (7) becomes
lower than the lower limit, an error sensitivity of a coaxial
system of the third lens and fourth lens and a decentration
system rises and cost is increased, which is not preferable. In
addition, because an off-axis ray passes low positions at the
third lens and fourth lens, magnification chromatic aberra-
tion, astigmatism, coma and distortion are insufficiently cor-
rected, which is not preferable. However, since the third lens
and the fourth lens which are defined by numbering in order
from the object side, satisfy the conditional expression (7), it
enables correction of distortion and securing of telecentricity
on the image plane, thus, avoids the cost from increasing, and
further enables to correct magnification chromatic aberration,
astigmatism, coma and distortion.

[0177] In the wide-angle optical system 1, it is preferable
that a negative meniscus lens whose convex surface faces the
object side, a negative lens, a biconvex lens, an aperture stop,
a biconvex lens, a negative meniscus lens whose convex sur-
face faces the image side, and a biconvex lens are arranged in
this order from the object side. By employing this structure, it
is possible to control respective lens powers, and to improve
productivity of lenses while a super-wide angle of view is
attained. In particular, by arranging two negative lenses at a
closer position to the object, it is possible to secure a sufficient
back focal length under the condition that power of each
negative lens is controlled. Further, by arranging two bicon-
vex lenses and a negative meniscus lens on the image side of
the two negative lenses, with a stop interposed among them,
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symmetric property concerning the stop in the total lens sys-
tem is greatly improved, which enhances correction effects of
distortion and astigmatism.

[0178] In the wide-angle optical system 1, it is preferable
that a negative meniscus lens whose convex surface faces the
object side, a negative lens, a biconvex lens, a positive lens, an
aperture stop, a positive lens, and a negative meniscus lens
whose convex surface faces the image side, are arranged in
this order from the object side. By employing this structure, it
is possible to control respective lens powers, and to improve
productivity of lenses while a super-wide angle of view is
attained. In particular, by arranging two negative lenses at a
closer position to the object, it is possible to secure a sufficient
back focal length under the condition than power of each
negative lens is controlled. Further, by arranging three posi-
tive lenses and a negative meniscus lens on the image side,
with a stop interposed among them, symmetric property con-
cerning the stop in the total lens system is greatly improved,
which enhances correction effects of distortion and astigma-
tism. By dividing the positive lens arranged closer to the
object than the stop, into two lenses, it is possible to control
occurrence of not only astigmatism and magnification chro-
matic aberration but also spherical aberration and longitudi-
nal chromatic aberration, which achieves higher image qual-
ity.

[0179] In the wide-angle optical system 1, it is preferable
that a negative meniscus lens whose convex surface faces the
object side, a negative lens, a positive lens, an aperture stop,
a biconvex lens, and a negative meniscus lens whose convex
surface faces the image side, are arranged in this order from
the object side. By employing this structure, it is possible to
control powers of respective lenses and to improve produc-
tivity of lenses, while super-wide angle of view is achieved. In
particular, by arranging two negative lenses at a closest posi-
tionto the object, it is possible to secure a sufficient back focal
length under the condition that power of each negative lens is
controlled. Further, by arranging three positive lenses and a
negative meniscus lens on the image side of the two negative
lenses, with a stop interposed among them, symmetric prop-
erty concerning the stop is greatly improved, which enhances
correction effects of distortion and astigmatism. By dividing
a positive lens arranged at the closer position to the object side
than the stop, into two lenses, it is possible to control occur-
rence of not only astigmatism and magnification chromatic
aberration but also spherical aberration and longitudinal
chromatic aberration, which achieves higher image quality.
[0180] In the wide-angle optical system 1, it is preferable
that a lens arranged at the closest position to the object is
made of glass. When the lens closest to the object side,
namely a negative meniscus lens 111 in the example shown in
FIG. 1 is composed of a glass lens as state above, the lens is
high in strength, and its anti-scratch property can be
improved, even when, for example, a lens protective member
is not arranged in front of wide-angle optical system 1 and the
lens closest to the object side is exposed. Therefore, occur-
rence of flare caused by a scratch can be reduced, and dete-
rioration of the image pickup efficiency can be controlled.
[0181] Further, it is preferable that such the positive glass
lens arranged at the closest position to the object side satisfies
the following conditional expression (8), where DA1 repre-
sents a value of acid resistance which is obtained by putting
powder of a glass material of the lens arranged at the closest
position into nitric acid solution with a concentration of 0.01
mol/l, heating the nitric acid solution in a boiling bath, and
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measuring a reduced mass (%) of the power of the glass
material as the value representing acid-resistance.

DA1<0.35 ®)

[0182] Considering the situation that the lens arranged at
the closest position to the object side is exposed to an outside
environment as the lens is bare, if a value of the conditional
expression (8) exceeds the upper limit, chemical reaction
such as so-called the tarnish is caused in lenses under the
situation and the optical property of wide-angle optical sys-
tem 1 is deteriorated, which is not preferable. However, since
the lens arranged the closest position to the object satisfies the
conditional expression (8), it is possible to control the dete-
rioration of the optical property. In this case, this numerical
value and its measurement methods are based on the descrip-
tion of the optical glass catalog of HOYA CORPORATION or
on the description of the optical glass catalog of SUMITA
Optical glass, Inc.

[0183] The wide-angle optical system 1 preferably satisfies
the following conditional expression (9) for a principal ray of
a light flux with a half angle of view of 90 degrees, where Yr
represents a position (distance from the optical axis) of a
principal ray on the image plane, and f represents a focal
length of the total system of the wide-angle optical system 1.

-03=(¥m2f)-1<0.7 ®

[0184] Ifa value of the conditional expression (9) exceeds
the upper limit, off-axis aberrations, in particular, astigma-
tism and magnification chromatic aberration become difficult
to be corrected, which is not preferable. Further, if a value of
the conditional expression (9) becomes lower than the lower
limit, a compressibility of a peripheral image becomes too
high to cause a lack of an information amount on the periph-
eral portion. As a result, resolution on the peripheral portion
deteriorates even after the image is corrected with image
processing, which is not preferable. However, since the con-
ditional expression (9) is satisfied for a principal ray of a light
flux with a half angle of view of 90 degrees, off-axis aberra-
tions can be corrected, and it is possible to control the lack of
an information amount of the peripheral portion.

[0185] The wide-angle optical system 1 more preferably
satisfies the following conditional expression (9') for the prin-
cipal ray of the light flux with a half angle of view of 90
degrees.

-0.2<(Y#/2/)-1<0.6 ©)

[0186] Ifa value of the conditional expression (9') exceeds
the upper limit, the number of lenses needs to be increased for
correction of off-axis aberrations, thus, the total optical
length increases, resulting in cost increase. If a value of the
conditional expression (9) becomes lower than the lower
limit, it causes the lack of an information amount on the
peripheral portion, and a merit of monitoring (surveillance)
over a wide angle of view is lost.

[0187] The wide-angle optical system 1 preferably satisfies
the following conditional expression (10), where Y' repre-
sents a maximum image height, and TL represents a distance
on the optical axis from a surface vertex on the lens surface
arranged at the closest position to the object, to the image
plane (where the back focal length measured in an air con-
version length).

Y/TL>0.1 (10)

[0188] If a value of the conditional expression (10)
becomes lower than the lower limit, the total optical length of
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the wide-angle optical system 1 unwillingly increases to
make downsizing of the wide-angle optical system 1 difficult,
which is not preferable. However, since the wide-angle opti-
cal system satisfies the conditional expression (10), it enables
the wide-angle optical system to be compact.

[0189] The wide-angle optical system 1 more preferably
satisfies the following conditional expression (10').

Y/TL>0.12

[0190] If a value of the conditional expression (10
becomes lower than the lower limit, an outside diameter of the
front lens unwillingly increases to make downsizing of the
wide-angle optical system 1 difficult.

[0191] The wide-angle optical system 1 preferably satisfies
the following conditional expression (11), where Ep repre-
sents a position (distance from the image plane) of an exit
pupil for a principal ray corresponding to the maximum
image height, and Lb represents a back focal length (mea-
sured in air conversion length).

(107

\Epl/Lb>2.2 (11

[0192] If a value of the conditional expression (11)
becomes lower than the lower limit, a decline in illuminance
on the periphery is hardly controlled, even when a lens array
is arranged at the front of the image pickup surface. However,
since the wide-angle optical system satisfies the conditional
expression (11), the decline in illuminance on the periphery
can be controlled.

[0193] Further, the wide-angle optical system 1 more pref-
erably satisfies the following conditional expression (11").

|Epl/Lb>2.6 an)

[0194] If a value of the conditional expression (11"
becomes lower than the lower limit, the deterioration in illu-
minance on the periphery caused by shading becomes con-
spicuous, and an amount of information is reduced on the
periphery of an image.

[0195] In the wide-angle optical system 1, it is preferable
that all the lens surfaces exposed to the air excluding the lens
arranged at the closest position to the object, are aspheric
surfaces. Employing such the structure enables to realize both
of downsizing and high image quality of the wide-angle opti-
cal system 1.

[0196] Thewide-angle optical system 1 preferably includes
a means controlling transmission of an ultraviolet ray,
arranged on an optical surface at a closer position to the object
than the positive lens satisfying the conditional expression (1)
or on an object-side surface of the positive lens. Considering
that transmittance for wavelengths which are shorter than the
visible wavelength range, is lowered because of destruction
of resin structure resulted from irradiation of an ultraviolet
ray, employing such the structure prevents the lowering of the
transmittance and the color reproducibility of an image can be
kept to be excellent

[0197] In the wide-angle optical system 1, a glass lens
having an aspheric surface may also be a molded glass lens
with an aspheric surface, a grinded glass lens with an aspheric
surface, or a complex aspheric lens (a lens such that a resin
material is formed into an aspheric surface on a spherical
glass lens). The molded glass lens with an aspheric surface is
preferable because it is suitable for mass production, and the
complex aspheric lens provides increased latitude of design
because there are various types of glass materials which are
available for the substrates. In particular, as for an aspheric
lens formed of a material with a high refractive index, a
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complex type aspheric lens is preferable because the molding
process for the material is not easy. Further, a lens with a
single aspheric surface can use the maximum advantage of
the complex type aspheric lens.

[0198] Inwide-angle optical system 1, it is preferable that a
lens at the closest position to the object, satisfies any one of
the following conditional expressions (12) and (13), or satis-
fies both of them, where Hk1 represents Knoop hardness, and
DS1 is a value obtained as follows. There is prepared a glass
member which is 43.7 mm in diameter (30 cm? in the area of
the opposing surfaces), and is 5 mm in thickness. The oppos-
ing surfaces of the glass member are polished. There is further
prepared solution of pentasodium triphosphate (NasP;0,,)
which is 0.01 mol/l in concentration, is 50° C. in temperature,
and is stirred up sufficiently. The optical member is dipped in
the solution for one hour, and a reduced mass (mg/(cm*-h)) of
the dipped glass member per unit area is measured as the
value of DS1.

Hk1>350 (12)

DS1=0.01 (13)

[0199] A glass material that satisfies at least one of the
conditional expressions (12) and (13) is excellent on the
points of hardiness, chemical proofand water proof property.
Since the lens arranged at the closest position to the object is
formed of such the glass material, it is excellent on the points
of hardiness, chemical proof and on water proof property,
even when, for example, a lens protective member is not
arranged in front of the wide-angle optical system 1 and the
lens closest to the object side is exposed. It controls the
deterioration of the image pickup property, which is prefer-
able. In particular, the forefront surface is exposed in many
optical systems for the onboard application, and the glass
material is suitable to such the application.

[0200] In the wide-angle optical system 1, it is preferable
that the resin lens which is the positive lens satistying the
conditional expression (1) is formed of a material such that
particles with the maximum size of 30 nanometers or less are
dispersed in a resin material.

[0201] In the wide-angle optical system 1, it is preferable
that a lens made of resin material, for example, the second
lens and the fourth lens which is defined by numbering in
order from the object side, in the example shownin FIG. 1, are
formed of the material such that particles with the maximum
size of 30 nanometers or less are dispersed in a resin material.

[0202] In general, when particles are mixed with transpar-
ent resin material, light scatters and transmittance is lowered
in the material. Therefore, it has been difficult to use the resin
material as an optical material. However, by making a size of
the particles smaller than a wavelength of the transmitted
light flux, the resin material can be prepared so as not to cause
the scattering substantially.

[0203] A refractive index change due to temperature
change will be descried as follows. A change in refractive
index due to a temperature change n(T) is represented by the
expression (14), which is based on the Lorentz-Lorenz equa-
tion and is obtained by differentiating the refractive index n
by temperature T.

#()=((n2+2)x(n2-1))/6nx(-3a+(1//R])x(B[R]/AT))
[0204] In the aforesaid expression, a represents a linear

expansion coefficient, and [R] represents a molecular refrac-
tion.

(14
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[0205] With respect to a resin material, the second term in
the expression (14) makes a smaller contribution to the
dependence of refractive index on temperature than the first
term in the expression (14), which is almost negligible. For
example, as for a PMMA resin, linear expansion coefficient @
is 7x107>. When it is substituted in the expression (14), n(T)
=-1.2x107* (1° C.) is obtained, which agrees with an actual
measurement.

[0206] A resin material has a refractive index which is
lowered when a temperature raises, but inorganic particles
has a refractive index which is raised when a temperature
rises. Therefore, when these dependence properties on the
temperature is used such that the dependence properties on
temperature are acted to be cancelled mutually, a resin mate-
rial which does not cause the refractive index change substan-
tially, can be prepared. For example, by dispersing inorganic
particles with the maximum size of 30 nanometers or less into
a resin material as a base material, a material with extremely
low dependency of refractive index on temperature change
can be prepared. For example, by dispersing microparticles of
niobium oxide (Nb,Os) into acrylic resin, a material with low
dependency of refractive index on temperature change can be
prepared. According to the above structure, when such the
resin material in which inorganic particles are dispersed is
employed to the resin lens which is the positive lens satisfying
the conditional expression (1), or to resin lenses among lenses
excluding the positive lens satisfying the conditional expres-
sion (1), a shift of back focal length caused by change of
environmental temperature in the present wide-angle optical
system, can be controlled to be small.

[0207] From the viewpoint to control the shift of back focal
length caused by the environmental temperature change in the
wide-angle optical system 1 to be small, the change of refrac-
tive index due to temperature n(T) is preferable to be less than
8x1073(/° C.) in the absolute value, and is more preferable to
be less than 6x107>(/° C.) in the absolute value. When the
change of refractive index due to temperature n(T) is less than
6x107%(/° C.) in the absolute value, a shift amount of back
focal length caused by the environmental temperature change
in the wide-angle optical system 1 is controlled to be about a
half.

[0208] Therefore, as such the resin material, polyolefin-
based resin materials and polycarbonate-based resin materi-
als are preferable. In polyolefin-based resin materials, the
change of refractive index due to temperature n(T) becomes
about —11x1073(/° C.). In polycarbonate-based resin materi-
als, the change of refractive index due to temperature n(T)
becomes about —14x1073(/° C.).

<Digital Apparatus Equipped with a Wide-Angle Optical
System>

[0209] Next, a digital apparatus equipped with the afore-
said wide-angle optical system 1 will be explained.

[0210] FIG. 2 is a block diagram showing a structure of a
digital apparatus in the present embodiment. In FIG. 2, digital
apparatus 3 is composed of image pickup section 30, image
generating section 31, image data buffer 32, image processing
section 33, drive section 34, control section 35, storing sec-
tion 36 and of I/F section 37, for the image pickup functions.
As the digital apparatus 3, there are given, for example, a
digital still camera; a digital video camera; a monitor camera
for a surveillance and onboard purposes; a mobile terminal
such as a cell-phone and a mobile information terminal
(PDA), a personal computer, and a mobile computer, which
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may include peripheral devices of these apparatuses (for
example, a mouse, a scanner and a printer).

[0211] Image pickup section 30 is composed of image
pickup device 21 and image pickup element 16. The image
pickup device 21 is equipped with wide-angle optical system
1 shown in FIG. 1, and is further equipped with an image
pickup lens device which is not illustrated and has a structure
capable of forming an optical image of the photographic
object on image pickup element 16 in the example shown in
FIG. 2. Further, the image pickup device 21 is equipped with
a lens drive device which is not illustrated and is adopted to
drive a lens in the optical axis direction for focusing. The
wide-angle optical system 1 forms an image on a light-receiv-
ing surface of the image pickup element 16 with a ray from the
photographic object, and the ray becomes an optical image of
the photographic object.

[0212] Image pickup element 16 is an element which con-
verts the optical image of the photographic object guided by
the image pickup lens device of the image pickup device 21
into electric signal. As described above, the image pickup
element 16 converts the optical image of the photographic
object formed by the wide-angle optical system 1 into electric
signal (image signal) with each of color components of R, G,
and B, and outputs the resulting signal to image generating
section 31 as image signal of each of colors of R, G, and B.
The image pickup element 16 is controlled by control section
35 in terms of image pickup operations such as shooting of a
static image or video, and reading (horizontal synchronizing,
vertical synchronizing, and transmission) of output signal of
each pixel in image pickup element 16. The image pickup
element 16 can be a solid-state image pickup element such as
CCD and CMOS, and can be a color image pickup element or
a monochrome image pickup element.

[0213] Image generating section 31 applies an amplifica-
tion and a digital conversion processing to analog output
signal from image pickup element 16, and further applies
well-known image processing such as a definition of proper
black level, y correction, white balance adjustment (WB
adjustment), outline correction, and color shading correction,
for the whole area of the image, to generate image data of
respective pixels from the image signal. The image data gen-
erated by image generating section 31 is outputted to image
data buffer 32.

[0214] Image data buffer 32 is a memory that is used as a
working area on which image data temporarily is stored and
a processing which will be described later is applied to the
image data, and is structured by RAM (Random Access
Memory) representing a volatile storing element, for
example.

[0215] Image processing section 33 is a circuit that per-
forms image processing such as resolution conversion for the
image data in image data buffer 32. The image processing
section 33 may also be constructed, as occasion demands, to
correct aberrations that has not been corrected sufficiently by
wide-angle optical system 1 with well-known distortion cor-
rection processing that corrects distortion in an optical image
of'the photographic object which is formed on a light-receiv-
ing surface of image pickup element 16. The distortion cor-
rection makes it possible to correct the image that is deformed
by aberrations, for example, distortion, into a distortion-free
image which is natural and is in a similar figure that is the
same as that in the scene viewed by the naked eye.
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[0216] Drive section 34 is a circuit to drive the lens drive
device which is not illustrated, based on controlling signal
outputted from control section 35, to perform a focusing of
wide-angle optical system.

[0217] Control section 35 is composed of, for example, a
micro-processor, a storing element and their peripheral cir-
cuits. The control section 35 controls operations of respective
sections including image pickup section 30, image generating
section 31, image data buffer 32, image processing section 33,
drive section 34, storing section 36 and I/F section 37,
depending on their functions. Namely, the control section 35
controls image pickup device 21 to shoot at least one of a
static image of the photographic object or a movie the pho-
tographic object.

[0218] Storing section 36 is a storing circuit that stores
image data generated through shooting static image or movie
of the photographic object, and it is composed, for example,
of ROM (Read Only Memory) representing a nonvolatile
storing element, EEPROM (Electrically Erasable Program-
mable Read Only Memory) representing nonvolatile storing
element capable of rewriting, and RAM. In short, the storing
section 36 has functions as a memory for a static image and a
movie.

[0219] I/F section 37 is an interface that transmits and
receives image data with outer equipment and for example, it
is an interface that is in conformity to standards such as USB
and IEEE1294.

[0220] Image pickup operations of digital apparatus 3 hav-
ing such the structure will be described as follows.

[0221] When a static image is shot, control section 35 con-
trols to make image pickup device 21 shoot a static image.
The control section 35 further drives the image drive device,
which is notillustrated, in the image pickup device 21 through
drive section 34, to perform the focusing operation. Thereby,
optical images on which the focus is adjusted are periodically
and repeatedly formed on a light-receiving surface of image
pickup element 16, and are converted into image signal with
each of color components of R, G, and B, then, the image
signal is outputted to image generating section 31. The image
signal is stored in image data buffer 32 temporally, and image
processing section 33 applies image processing to the image
signal, then, an image based on the image signal is displayed
on a display (display device) which is not illustrated. Then, a
cameraman can adjust the main photographic object to be
placed at the desired position in an image area by viewing the
display. When a shutter button is pushed under this state, the
image data is stored in storing section 36 as a memory for a
static image, and a static image is obtained.

[0222] When a movie is shot, controller 35 controls image
pickup device 21 to shoot a movie. After the similar process-
ing to the static image, the cameraman can adjust the main
photographic object to be placed at the desired position in the
image area by viewing the display. When a shutter button is
pushed under this state, similarly to the static image, the
shooting operation of a movie starts.

[0223] When a move is shot, control section 35 controls to
make image pickup device 21 shoot a movie. The control
section 35 further drives the image drive device in the image
pickup device 21 through drive section 34, to perform the
focusing operation. Thereby, optical images on which the
focus is adjusted are periodically and repeatedly formed on a
light-receiving surface of image pickup element 16, and are
converted into image signal with each of color components of
R, G, and B, then, the image signal is outputted to image
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generating section 31. The image signal is stored in image
data buffer 32 temporally, and image processing section 33
applies image processing to the image signal, then, the image
based on the image signal is displayed on a display which is
not illustrated. When a shutter button is pushed again, the
shooting of the movie ends. The movie which has been shot is
led to storing section 36 to be stored.

[0224] Such the digital apparatus 3 and image pickup
device 21 (the above image pickup lens device) employ wide-
angle optical system 1 having an optical property which is
more excellent than that of the prior arts despite of its com-
pactness. Therefore, the digital apparatus 3 and image pickup
device 21 can employ image pickup element 16 with a large
number of pixels while downsizing of the digital apparatus 3
and image pickup device 21 is achieved.

[0225] Next, as a concrete example of the wide-angle opti-
cal system 1, image pickup device 21 built in a mobile cell-
phone and image pickup device 21 built in an onboard moni-
tor camera will be described below.

[0226] Each of FIGS. 3A and 3B is an external block dia-
gram of a cell-phone equipped with a camera showing an
embodiment of a digital apparatus. FIG. 3A shows an opera-
tion surface of the cell-phone, and FIG. 3B shows the oppo-
site side of the operation surface that is a back side.

[0227] In FIGS. 3A and 3B, antenna 51 is equipped on an
upper part of cell-phone 5. On its operation surface, there are
provided, as shown in FIG. 3 A, rectangular display 52; image
shooting button 53 that starts a mode of image shooting and
switches shooting of a static image and shooting of a movie;
shutter button 55; and dial button 56. In this cell-phone 5, a
circuit that realizes telephone functions through a cell-phone
network is incorporated. There are further equipped the
image pickup section 30, image generating section 31, image
data buffer 32, image processing section 33, drive section 34,
control section 35, and storing section 36, in the cell-phone 5.
The image pickup device 21 in the image pickup section 30 is
placed on its back surface.

[0228] When the image shooting button 53 is operated,
control signal indicating the operation contents are outputted
to control section 35, and the control section 35 carries out
operations depending on the contents of the operation. Then,
when shutter button 55 is operated, the control signal indicat-
ing the contents of the operation are outputted to control
section 35, thus, the control section 35 carries out operations
based on the contents of the operation. In this way, a static
image or movie is shot.

[0229] Further, wide-angle optical system 1 relating to the
present embodiment is attached on the prescribed position, to
be preferably built in a monitor camera which takes an image
of'a photographic object within a prescribed area surrounding
the position where the wide-angle optical system is attached,
for example, an onboard monitor camera which takes an
image within an area surrounding a vehicle.

[0230] FIG. 4 is a diagram for explaining an outline of an
onboard monitor camera showing an embodiment of a digital
apparatus. In FIG. 4, onboard monitor camera 7 is arranged at
apredetermined position at a rear portion of vehicle 9 so as to
take an image at a rear portion of vehicle 9, for example. The
image of a photographic object which has been taken is dis-
played on a monitor which is not illustrated and is placed on
a dash-board, for example. Onboard monitor camera 7 is
attached on vehicle 9 in a posture to be inclined downward
obliquely so that its optical axis AX may point downward
obliquely, because a field of view upward vehicle 9 is not
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generally requested. Then, in the vertical direction, the
onboard monitor camera 7 has an angle of view 2¢ whose
upper end is a horizontal line passing through a position
where monitor camera 7 is attached. In the present descrip-
tion, an angle of view in the horizontal direction is also 2¢ in
the same way as in the vertical direction, but the invention is
not limited to this, and an angle of view in the vertical direc-
tion may be different from that in the horizontal direction.

[0231] A flow of the processing in the case where onboard
camera 7 having the aforesaid structure is used as a rear-view
monitor, will be explained as follows as an outline. A user
(driver) reverses vehicle 7 while observing a monitor (display
device), which is not illustrated, installed on a dash board of
vehicle 9, for example. When an area where the driver desires
to observe is displaced from an area taken by onboard camera
7, the driver conducts prescribed operations such as opera-
tions of buttons provided on a dash board, which is not illus-
trated.

[0232] Receiving the operations, control section 35 con-
trols drive section 34 and adjusts a direction of image pickup
section 30. After that, control section 35 drives the aforesaid
lens drive device of the image pickup device 21, to adjust the
focus of wide-angle optical system 1. Owing to this, an opti-
cal image on which the focus is adjusted is formed on a
light-receiving surface of image pickup element 16, and is
converted in image signal with each of color components of
R, G, and B, then, the image signal is outputted to image
generating section 31. The image signal is stored temporarily
in image data buffer 32, and image processing is applied by
image processing section 33. Accordingly, an image which is
almost natural and is placed within an area where the driver
desires to observe, is displayed on the monitor installed on the
dash board.

[0233] As stated above, according to the present invention,
when the front lens group is arranged at a closer position to
the object than the aperture stop, and the rear lens group is
arranged at a closer position to the image than the aperture
stop, which enables to correct off-axis aberrations over the
wide angle of view easily. Further, when a negative lens is
arranged in the front lens group, the optical system becomes
so called a retrofocus type (Inverted telephoto lens), it allows
the optical system to secure a sufficient back focal length even
when the optical system copes with an wide angle or has a
short focal length required to realize a super wide angle.
Further, when the optical system forms an image on an image
pickup element such as a CCD, the incident angle of a ray
entering an image plane can be brought to a telecentric con-
dition. When at least one positive lens is arranged in the front
lens group, Petzval’s sum can be controlled and astigmatism
can be corrected easily. Further, when at least one positive
lens among a positive lens or positive lenses included in the
front lens group includes at least one aspheric surface, spheri-
cal aberration, coma and astigmatism are improved greatly.
When trying to obtain desired negative optical power with
one negative lens, its curvature radius becomes small, which
hinders easy manufacturing of the negative lens. However,
when at least two negative lenses are arranged in the front lens
group, desired negative optical power is distributed to at least
two negative lenses, resulting in improved productivity,
which enables a cost reduction. Then, if the value of the
conditional expression (1) exceeds the upper limit, correction
of the magnification chromatic aberration becomes insuffi-
cient to cause deterioration of image quality caused by a
decline of contrast. However, the decline of the contrast is

Aug. 5,2010

improved since the front lens group satisfies the conditional
expression (1). Therefore, the wide-angle optical system hav-
ing such the structure can provide a wide-angle optical system
that has more excellent optical efficiency and is made to be
compact (downsized), an image pickup lens device, a monitor
camera and a digital apparatus.

<Description of Specific Embodiment of Wide-Angle Optical
System>

[0234] Specific constructions of wide-angle optical system
1 shown in FIG. 1, namely, of wide-angle optical system 1
equipped on image pickup device 21 to be built in digital
apparatus 3 shown in FIG. 2 will be explained as follows,
referring to drawings.

EXAMPLES
Example 1

[0235] FIG. 5 is a sectional view showing an arrangement
of lens groups in wide-angle optical system of Example 1.
Each of FIGS. 25A and 25B is an aberration diagram of lens
groups in wide-angle optical system in Example 1.

[0236] Wide-angle optical system 1A of Example 1 has a
two-component structure of positive-positive components,
which includes, as shown in FIG. 5, front lens group (Grl)
having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side. Front lens group (Grl) and rear lens group (Gr2)
are arranged at the both sides of the aperture stop.

[0237] More specifically, in wide-angle optical system 1A
of Example 1, lens groups (Grl and G22) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0238] The first lens group (Grl) is composed of a negative
meniscus lens (first lens L.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side and of a biconvex positive
lens (third lens [.3). Each of the second lens [.2 and the third
lens L3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0239] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens L.4). The fourth lens .4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0240] On the image side of the lens group (Gr2) as the rear
lens group, there is arranged a light-receiving surface of
image pickup element SR through parallel flat plate FT serv-
ing as a filter. The parallel flat plate FT indicates various types
of optical filters and a cover glass of the image pickup ele-
ment.

[0241] The sign ri given to respective lens surfaces (i=1, 2,
3, ...)in FIG. 5 represents the i-th lens surface which is
defined by numbering from the object side (where the
cemented lens surfaces are defined to be numbered as one
surface). The surface represented by sign ri followed by the
asterisk “*” indicates that it is an aspheric surface. Inciden-
tally, each of aperture stop ST, opposing sides of parallel flat
plate FT and a light-receiving surface of image pickup ele-
ment SR is handled as one surface. Such the handling and the
meaning of signs are the same as those in Examples 2 to 23
which will be described later (in FIGS. 6 to 24 and FIGS. 45
to 47). However, the aforesaid meaning of “the same” does
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not signify “exactly the same”. For example, the lens surfaces
arranged at the closest position to the object is represented by
the same sign (r1) in FIGS. 6 to 24 and FIGS. 45 to 47 of
Examples 2 to 23, respectively. However, it does not mean
that each lens surface has the same curvature radius through
Examples 2 to 23.

[0242] Under the structure of this kind, a ray entering from
the object side passes through first lens group (Grl), aperture
stop ST, second lens group (Gr2) and parallel flat plate FT in
this order, along optical axis AX, and forms an optical image
of'a photographic object on a light-receiving surface of image
pickup element SR. Then, in the image pickup element SR,
the optical image is converted into electric signal. A prede-
termined digital image processing is applied to this electric
signal in case of need, and the resulting electric signal is
recorded on a memory of a digital apparatus such as, for
example, a digital camera, as digital image signals, or is
transmitted to other digital apparatuses through wire or
through wireless communications.

[0243] Construction data of respective lenses in wide-angle
optical system 1A of Example 1 will be shown below.

Numerical Example 1

[0244]
Unit: mm
Surface data
Surface Number r d nd vd
Object plane @ @
14.154 1.200 1.83481 42.72
2 3.840 2.530
3% 2.887 1.000 1.53048 55.72
4% 0.693 0.895
5% 1.942 1.729 1.63550 23.89
6* -5.435 0.671
7(Stop) @ 0.504
8* 3.154 1471 1.53048 55.72
o* -1.066 0.900
10 @ 0.500 1.51680 64.20
11 @ 0.100
Image plane ©
Aspheric surface data
Third surface

K =-3.0000e+001, A4 = -1.3364e-002, A6 = 1.3918e-003,
A8 =-6.9228e-005, A10 = 1.3057e-006, A12 = 0.0000e+000
Fourth surface

K =-1.0000e+000, A4 = —1.2584e-002, A6 = -8.8066e-002,
A8 =3.71501e-002, A10 = -4.8796e-003, A12 = 0.0000e+000
Fifth surface

K =0.0000e+000, A4 = 4.6932e-002, A6 = -6.3958e-002,
A8 =2.4821e-002, A10 = -3.6310e-003, A12 = 0.0000e+000
Sixth surface

K =0.0000e+000, A4 = 2.3370e-002, A6 = 1.8813e-003,
A8 =-2.2382¢-003, A10 = -5.8927¢-004, A12 = 5.1484e-004
Eighth surface

K =0.0000e+000, A4 = —8.2144e-002, A6 = 1.3260e-001,
A8 = -1.4095e-001, A10 = 5.9375e-002, A12 = 0.0000e+00
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-continued

Unit: mm

Ninth surface

K =-2.0000e+000, A4 = -7.4633e-002, A6 = 1.1084e-001,
A8 =-5.9296e-002, A10 = 1.2612e-002, A12 = 0.0000e+000

Various types of data
Focal length 0.753
F number 2.801
Half angle of view 101.595
Image height 1.700
Total lens length 11.352
BF 1.352

[0245] In the aforesaid surface data, each of the surface
numbers corresponds to number i in sign ri (i=1, 2,3, .. .)
given to each lens shown in FIG. 5. The surface represented
by the number i followed by the asterisk “*” indicates that it
is an aspheric surface (a surface having a refractive optical
surface in a aspheric shape, or having a refractive function
which are equivalent to an aspheric surface).

[0246] Further, “r” represents a curvature radius (where,
unit is mm) of each surface, “d” represents a space between
lens surfaces on the optical axis (an axial surface distance)
under the condition that the focus is adjusted to infinity, “nd”
represents a refractive index atd line (wavelength 587.56 nm)
of'each lens, and “vd” represents the Abbe number. Inciden-
tally, the curvature radius of each surface of aperture stop ST,
opposing sides of parallel flat plate, and of a light-receiving
surface of imaging element SR is o (infinity), because the
each surface is flat.

[0247] The aforesaid aspheric surface data shows values of
a quadratic surface parameter (conic constant K) and aspheric
surface constant Ai (i=4, 6, 8, 10, and 12) of a surface repre-
sented as an aspheric surface (the surface represented by the
number i followed by the asterisk “*””). An aspheric shape of
an optical surface is defined by the following expression with
alocal orthogonal coordinate system (X, y, z), where a surface
vertex is at the origin and the direction from the object toward
the image pickup element is defined to direct a positive direc-
tion of z-axis.

2(h)=ch*/{1+V{1-(1+K)Ph>}+Z4ihi

[0248] In the expression, z(h) represents an amount of dis-
placement (measured from the surface vertex) in the z-axis
direction at a position of height h, h represents a height (h*=x>
y?) in the direction perpendicular to the z-axis, ¢ represents a
paraxial curvature (reciprocal of curvature radius), Ai repre-
sents an aspheric surface coefficient in i-th order, and K
represents a quadratic surface parameter (conic constant).
Aberrations of wide-angle optical system 1A of Example 1
under the aforesaid lens arrangement and structure are shown
in FIGS. 25A and 25B. In respective diagrams of FIG. 25A,
spherical aberration (sine condition) (LONGITUDINAL
SPHERICAL ABERRATION), astigmatism (ASTIGMA-
TISM FIELD CURVER) and distortion aberration (DIS-
TORTION) are shown in this order from the left. The hori-
zontal axis of the spherical aberration indicates shift of a focal
point position in a unit of mm, and its vertical axis indicates a
value normalized by an incident height. The horizontal axis of
the astigmatism indicates shift of a focal point position in a
unit of mm, and its vertical axis indicates an image height in
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a unit of mm. The horizontal axis of the distortion indicates a
ratio (%) of an actual image height to an ideal image height,
which represents the distortion, and the vertical axis indicates
its angle of view in a unit of degree (which indicates the angle
of view up to a half angle of view of 90° in this case). In the
diagram of astigmatism, dotted lines indicate a sagittal sur-
face, and solid lines indicate a tangential surface respectively.
Then, FIG. 25B shows a lateral aberration, and the left portion
indicates that for a tangential (meridional) surface, the right
portion indicates that for a sagittal (radial) surface. Further,
FIG. 25B shows the lateral aberrations for the maximum
angle of view and the medium angle of view, and that on the
axis, in this order from the upper part. The horizontal axis
indicates a height of incident ray corresponding to the prin-
cipal ray, as a value normalized by the coordinates of the
aperture stop, and the vertical axis indicates shift from the
principal ray on the image plane in a unit of mm.

[0249] The diagrams of spherical aberration and lateral
aberration show aberrations of three rays: d line in a solid line
(wavelength 587.56 nm), g line in a broken line (wavelength
435.84 nm) and C line in a one-dot chain line (wavelength
656.28 nm). Diagrams of astigmatism and distortion are
results of using the aforesaid d line (wavelength 587.56 nm).

[0250] The arrangement mentioned above is the same as
those in the construction data relating to Examples 2 to 23
shown below and those in FIGS. 26A to 44B and FIGS. 48A
to 50B which show the various aberrations.

Example 2

[0251] FIG. 6 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 2.
Each of FIGS. 26 A and 26B is an aberration diagram of lens
groups in a wide-angle optical system in Example 2.

[0252] The wide-angle optical system 1B of Example 2 has
a two-component structure of positive-positive components
which includes, as shown in FIG. 6, front lens group (Grl)
having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0253] More specifically, in the wide-angle optical system
1B of Example 2, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.

[0254] The first lens group (Grl) is composed of a negative
meniscus lens (first lens L1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L.3). Each of the second lens [.2 and the
third lens L3 has opposing aspheric surfaces, and made, for
example, of a resin material.

[0255] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens .4). The fourth lens [.4 has
a single aspheric surface at one side.

[0256] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.
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[0257] Construction data of respective lenses in wide-angle
optical system 1B of Example 2 will be shown below.

Numerical Value Example 2

[0258]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 14.266 1.198 1.83481 42.72
2 3.882 2.547
3* 2.690 1.000 1.53048 55.72
4% 0.694 0.859
5% 1.967 1.745 1.63550 23.89
6* -6.055 0.671
7(Stop) @ 0.547
8 3.184 1.433 1.58913 61.24
9% -1.177 0.900
10 @ 0.500 1.51680 64.20
11 @ 0.100
Image plane @

Aspheric surface data

Third surface

K =-3.0000e+001, A4 = -1.3478e-002, A6 = 1.3586e-003,
A8 =-5.5396e-005, A10 = 4.5377e-007, A12 = 0.0000e+000
Fourth surface

K = -1.0000e+000, A4 = -1.4175e-002, A6 = -8.8830e-002,
A8 =3.8392e-002, A10 = -5.0309¢-003, A12 = 0.0000e+000
Fifth surface

K =0.0000e+000, A4 = 5.6194e-002, A6 = -6.4821e-002,
A8 =2.4513e-002, A10 = -3.5021e-003, A12 = 0.0000e+000
Sixth surface

K =0.0000e+000, A4 = 3.2029e-002, A6 = -6.3523e-003,
A8 =1.7772e-003, A10 = -1.4859¢-003, A12 = 5.7499¢-004
Ninth surface

K =-2.0000e+000, A4 = -2.3177e-002, A6 = 9.0449e-002,
A8 =-4.5930e-002, A10 = 8.6151e-003, A12 = 0.0000e+000

Various types of data
Focal length 0.753
F number 2.796
Half angle of view 102.149
Image height 1.701
Total lens length 11.350
BF 1.350

[0259] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration of
wide-angle optical system 1B of Example 2 under the afore-
said lens arrangement and structure are shown in FIGS. 26 A
and 26B.

Example 3

[0260] FIG. 7 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 3.
Each of FIGS. 27A and 276 is an aberration diagram of lens
groups in a wide-angle optical system in Example 3.

[0261] The wide-angle optical system 1C of Example 3 has
a two-component structure of positive-positive components
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which includes, as shown in FIG. 7, front lens group (Grl)
having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0262] More specifically, in the wide-angle optical system
1C of Example 3, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0263] The first lens group (Grl) is composed of a negative
meniscus lens (first lens L.1) whose convex surface faces the
object side, a negative meniscus lens (second lens .2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L.3). Each of the second lens [.2 and the
third lens 1.3 has opposing aspheric surfaces, and the second
lens [.2 is made, for example, of a resin material.

[0264] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens L.4). The fourth lens .4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0265] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0266] Construction data of respective lenses in wide-angle
optical system 1C of Example 3 will be shown below.

Numerical Example 3

[0267]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 13.984 1200  1.83481 42.72
2 3.657 2473
3% 2.957 1.000 1.53048 55.72
4% 0.692  0.863
5% 2.001 1.650  1.80542 26.13
6* -11.213  0.646
7(Stop) @ 0.385
8* 5.618 1.513 1.53048 55.72
9* -0.907  0.900
10 @ 0.500  1.51680 64.20
11 @ 0.100
Image plane @
Aspheric surface data
Third surface

K =-3.0000e+001, A4 = -1.7603e-002, A6 = 2.2353e-003,
A8 =-1.4527e-004, A10 = 4.0508e-006, A12 = 0.0000e+000
Fourth surface

K =-1.0000e+000, A4 = -4.7670e-002, A6 = -6.3674e-002,
A8 =3.2022e-002, A10 = -4.5557e-003, A12 = 0.0000e+000
Fifth surface

K =0.0000e+000, A4 = 3.0319e-002, A6 = -4.6400e-002,
A8 =1.9102e-002, A10 = -2.8174¢-003, A12 = 0.0000e+000
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Unit mm

Sixth surface

K =0.0000e+000, A4 = 1.0089¢-003, A6 = 1.9847¢-002,
A8 =-8.0153e-003, A10 = -4.5280e-004, A12 = 8.4110e-004
Eighth surface

K =0.0000e+000, A4 = -1.8624e-001, A6 = 2.8312e-001,
A8 =-3.0529¢-001, A10 = 1.2919e-001, A12 = 0.0000e+000
Ninth surface

K =-2.0000e+000, A4 = -1.5315e-001, A6 = 1.3069e-001,
A8 =-9.6264e-002, A10 = 2.8352e-002, A12 = 0.0000e+000

Various types of data
Focal length 0.753
F number 2.796
Half angle of view 100.105
Image height 1.699
Total lens length 11.082
BF 1.351

[0268] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1C of Example 3 under the afore-
said lens arrangement and structure are shown in FIGS. 27A
and 27B.

Example 4

[0269] FIG. 8 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 4.
Each of FIGS. 28A and 28B is an aberration diagram of lens
groups in a wide-angle optical system in Example 4.

[0270] The wide-angle optical system 1D of Example 4 has
a two-component structure of positive-positive components
which includes, as shown in FIG. 8, front lens group (Grl)
having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0271] More specifically, in the wide-angle optical system
1D of Example 4, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0272] The first lens group (Grl) is composed of a negative
meniscus lens (first lens L.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side and of a biconvex positive
lens (third lens L3). Each of the second lens [.2 and the third
lens 1.3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0273] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens L.4). The fourth lens L4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0274] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.
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Each of FIGS. 29A and 29B is an aberration diagram of lens
groups in a wide-angle optical system in Example 5.

[0279] The wide-angle optical system 1E of Example 5 has
a two-component structure of positive-positive components
which includes, as shown in FIG. 9, front lens group (Grl)

[0275] Construction data of respective lenses in wide-angle
optical system 1D of Example 4 will be shown below.

Numerical Example 4

[0276] having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the

Unit mm image side.
Surface data [0280] More specifically, in the wide-angle optical system
- 1E of Example 5, lens groups (Grl and Gr2) as the front lens
Surface Number T d nd vd group and the rear lens group are arranged in order from the
Object plane - - object side to the image side and are structured as followg.
1 13999 1100  1.88300 2081 [0281] The first lens group (Grl) is composed of a negative
2 3.837  2.690 meniscus lens (first lens [.1) whose convex surface faces the
3* 29399 1000  1.53048 55.72 object side, a negative meniscus lens (second lens [.2) whose
il Lol 0799 convex surface faces the object side and of a biconvex positive
5% 1962 1747  1.63200 23.41 . .
6t _5.019  0.640 lens (third lens L3). Each of the second lens L2 and the third
7(Stop) @ 0478 lens L3 has opposing aspheric surfaces, and is made, for
8% 4.008 1.461 1.53048 55.72 examp]e, of a resin material.
1(9)* _1£98 8:283 151680 4700 [9282] The. .second lens group (Gr2) is composed of a
11 @ 0.520 biconvex positive lens (fourth lens L4). The fourth lens L4 has
Image plane @ opposing aspheric surfaces, and is made, for example, of a
: resin material.
Aspheric surface data [0283] Then, on the image side of the lens group (Gr2) as
Third surface the rear lens group, there is arranged a light-receiving surface

of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0284] Construction data of respective lenses in wide-angle
optical system 1E of Example 5 will be shown below.

K =-3.0000e+001, A4 = -5.4043e-003, A6 = 4.0794e-005,
A8 =5.0085e-005, A10 = —3.0399e-006, A12 = 0.0000e+000
Fourth surface

K = ~2.0788¢+000, Ad = 2.4740e-001, A6 = ~1.7754-001,
A8 = 5.76036-002, A10 = —6.9424¢-003, A12 = 0.0000+000
Fifth surface

K = 0.0000e+000, A4 = 5.5106e-002, A6 = —6.35956-002, Numerical Example 5
A8 = 2.4535¢-002, A10 = ~3.6937¢-003, A12 = 0.0000e+000

Sixth surface [0285]
K = 0.0000e-+000, A4 = 4.9789¢-002, A6 = -3.3464e-002,
A8 =2.1739e-002, A10 = —9.4383e-003, A12 = 1.9006e-003
Eighth surface .
_—_ Unit mm
K = 0.0000e+000, A4 = —1.2333e-001, A6 = 1.7672e-001, Surface data
A8 =-2.1232¢-001, A10 = 8.5862¢-002, A12 = 0.0000e+000 _—
N—mth surface Surface Number T d nd vd
K = -2.0000e+000, A4 = -7.5634e-002, A6 = 5.8591e-002, Object plane © @
A8 =-2.2662e-002, A10 = 1.3248e-003, A12 = 0.0000e-+000 1 14435 1400 188300 40.81
- 2 4201 2.806
Various types of data 3% 18046  1.000 153048 55.72
4% 1.035 1311
Focal length 0.753 5% 1901 1740  1.63200 23.41
F number . 2.887 6% _7.145 0.540
Halfanglg of view 103.802 7(Stop) w 0.725
Image height 1.750 g* 2.837  1.629  1.53048 55.72
Total lens length 11.345 0% ~1.663 0.502
BF 1.430 10 ® 0500  1.56400 47.00
11 B 0.100
Image plane @

[0277] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1D of Example 4 under the afore-
said lens arrangement and structure are shown in FIGS. 28A
and 28B.

Example 5

[0278] FIG. 9 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 5.

Aspheric surface data

88

Third surface

K = -5.0000e+000, A = -2.8407e-003, A6 = -2.0654e-004,
A8 =1.8328e-005, A10 = 1.3083e-006, A12 = —-1.1270e-007
Fourth surface

K =-2.0000e+000, A4 = 1.6634e-001, A6 = -8.7701e-002,
A8 =12.0131e-002, A10 = -1.3772e-003, A12 = -9.1985e-005
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-continued
Unit mm
Fifth surface

K =0.0000e+000, A4 = 3.0146e-003, A6 = -2.1090e-002,
A8 =5.9446e-003, A10 = -2.8002e-005, A12 = -3.0303e-004
Sixth surface

K =0.0000e+000, A4 = 2.0048e-002, A6 = -2.3632¢-003,
A8 =2.2588e-004, A10 = -2.2209¢-003, A12 = 9.1617e-004
Eighth surface

K =0.0000e+000, A4 = -6.6502e-002, A6 = 7.7287e-002,
A8 =-5.9858e-002, A10 = 2.3673e-002, A12 = -4.0895e-003
Ninth surface

K =-2.0000e+000, A4 = —1.3332e-002, A6 = 2.3115¢-002,
A8 =1.7916e-003, A10 = -3.5067e-003, A12 = 4.7323e-004

Various types of data

Focal length 0.891
F number 2.795
Half angle of view 104.564
Image height 2.068
Total lens length 12.508
BF 1.357

[0286] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1E of Example 5 under the lens
arrangement and structure are shown in FIGS. 29A and 29B.

Example 6

[0287] FIG. 10 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 6.
Each of FIGS. 30A and 30B is an aberration diagram of lens
groups in a wide-angle optical system in Example 6.

[0288] The wide-angle optical system 1F of Example 6 has
a two-component structure of positive-positive components
which includes, as shown in FIG. 10, a front lens group (Grl)
having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0289] More specifically, in the wide-angle optical system
1E of Example 6, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0290] The first lens group (Grl) is composed of a negative
meniscus lens (first lens 1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side and of a biconvex positive
lens (third lens L.3). Each of the second lens [.2 and the third
lens L3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0291] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0292] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
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serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0293] Construction data of respective lenses in wide-angle
optical system 1F of Example 6 will be shown below.

Numerical Example 6

[0294]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 14.723 1.400 1.88300 40.81
2 4376  2.824
3* 11.328 1.000 1.53048 55.72
4% 1.060 1.144
5% 1.997 1.870 1.63200 23.41
6* -10.601 0.479
7(Stop) @ 0.881
8* 3.921 1.973 1.53048 55.72
9% -1.761 1.024
10 @ 0.500 1.56400 47.00
11 @ 0.500
Image plane @
Aspheric surface data
Third surface

K =-2.8612e+001, A4 = -2.0350e-003, A6 = -1.6746e-004,
A8 =7.2034e-006, A10 = 1.3033e-006, A12 = -7.3695e-008
Fourth surface

K = -2.0000e+000, A4 = 1.1433e-001, A6 = -4.2316e-002,
A8 =5.1180e-003, A10 = 4.1021e-004, A12 = -1.0701e-004
Fifth surface

K =0.0000e+000, A4 = -3.0906e-003, A6 = —3.3491e-003,
A8 =-2.9631e-003, A10 = 1.8309e-003, A12 = -3.3866e-004
Sixth surface

K =0.0000e+000, A4 = 1.6870e-002, A6 = -1.1841e-003,
A8 =4.9275¢-003, A10 = -5.8262¢-003, A12 = 1.7245¢-003
Eighth surface

K = 0.0000e+000, A4 = -3.2047e-002, A6 = 2.2974e-002,
A8 =-1.0720e-002, A10 = 2.7148e-003, A12 = -3.1166e-004
Ninth surface

K = 2.0000e+000, A4 = -2.4097e-003, A6 = 1.8993e-003,
A8 =1.5419e-003, A10 = -3.7264e-004, A12 = 9.0955e-006

Various types of data
Focal length 1.122
F number 2.791
Halt angle of view 104.156
Image height 2.757
Total lens length 13.462
BF 1.891

[0295] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1F of Example 6 under the afore-
said lens arrangement and structure are shown in FIGS. 30A
and 30B.

Example 7

[0296] FIG. 11 is a sectional view showing an arrangement
of'lens groups in a wide-angle optical system of Example 7.
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Each of FIGS. 31A and 31B is an aberration diagram of lens
groups in a wide-angle optical system in Example 7.

[0297] The wide-angle optical system 1G of Example 7 has
a two-component structure of negative-positive components
which includes, as shown in FIG. 11, a front lens group (Grl)
having a negative optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0298] More specifically, in the wide-angle optical system
1G of Example 7, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0299] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a biconcave negative lens (second lens [.2) and of
a biconvex positive lens (third lens L3). Each of the second
lens L2 and the third lens L3 has opposing aspheric surfaces,
and is made, for example, of a resin material.

[0300] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0301] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0302] Construction data of respective lenses in wide-angle
optical system 1G of Example 7 will be shown below.

Numerical Example 7

[0303]
Unit mm
Surface data
Surface Number T d nd vd
Object plane @ @
1 11.636 1.400 1.88300 40.81
2 3.826 3.513
3% -5.985 0.764  1.53048 55.72
4% 0.772 0.407
5% 1.168 1.413 1.63200 23.41
6* -8.197 0.361
7(Stop) ] 0.185
8% 3.200 1.441 1.53048 55.72
9* -0.917 0.800
10 @ 0.300 1.56400 47.00
11 @ 0.300
Image plane @
Aspheric surface data
Third surface

K =-5.0000e+000, A4 = -3.6223e-003, A6 = 1.1909e-003,
A8 =-6.3586e-005, A10 = 1.9291e-005, A12 = -3.0988e¢-006
Fourth surface

K =-3.6201e+000, A4 = 1.0213e+000, A6 = -1.1904e+000,
A8 =5.4191e-001, A10 = 2.9634e-002, A12 = -7.9731e-002
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Unit mm

Fifth surface

K =0.0000e+000, A4 = 1.3442e-001, A6 = 5.5084e-002,
A8 =-6.8268e-001, A10 = 8.1707e-001, A12 = -3.6301e-001
Sixth surface

K =0.0000e+000, A4 = 2.4454e-001, A6 = -2.9441e-001,
A8 =-9.8690e-002, A10 = 6.1323e-003, A12 = 8.8561e-002
Eighth surface

K =0.0000e+000, A4 = -2.9917e-001, A6 = 2.3425e+000,
A8 =-8.9235e+000, A10 = 1.5921e+001, A12 = -8.2016e+000
Ninth surface

K =-2.0000e+000, A4 = -1.8169¢-001, A6 = 2.8826e-001,
A8 =-1.8024e-001, A10 = 9.6407e-002, A12 = 7.3851e-003

Various types of data
Focal length 0.665
F number 2.806
Half angle of view 104.016
Image height 1.378
Total lens length 10.799
BF 1.315

[0304] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1G of Example 7 under the afore-
said lens arrangement and structure are shown in FIGS. 31A
and 31B.

Example 8

[0305] FIG. 12 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 8.
Each of FIGS. 32A and 32B is an aberration diagram of lens
groups in a wide-angle optical system in Example 8.

[0306] The wide-angle optical system 1H of Example 8 has
a two-component structure of negative-positive components
which includes, as shown in FIG. 12, a front lens group (Grl)
having a negative optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0307] More specifically, in the wide-angle optical system
1H of Example 8, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0308] The first lens group (Grl) is composed of a negative
meniscus lens (first lens 1) whose convex surface faces the
object side, a negative meniscus lens (the second lens [.2)
whose convex surface faces the object side and of positive
meniscus lens (third lens [.3) whose convex surface faces the
object side. Each of the second lens L.2 and the third lens L3
has opposing aspheric surfaces, and the second lend L2 is
made of, for example, a resin material.

[0309] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made of, for example, a
resin material.

[0310] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
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serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0311] Construction data of respective lenses in wide-angle
optical system 1H of Example 8 will be shown below.

Numerical Example 8

[0312]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 15.120 1.400 1.89800 34.01
2 4.206 2.648
3% 5.115 1.000 1.53048 55.72
4% 0.689 1.042
5% 2432 1.603 2.00170 20.64
6* 39.577 0.662
7(Stop) @ 0.391
8* 3.773 1.867 1.53048 55.72
9* -0.847 0.500
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @

Aspheric surface data

Third surface

K =-8.9708e+000, A4 = —-8.5404e-003, A6 = 1.6037e-004,
A8 =1.7163e-005, A10 = 1.8196e-006, A12 = -1.6486e-007
Fourth surface

K =-2.0582e+000, A4 = 1.4364e-001, A6 = -9.2621e-002,
A8 =2.4919e-002, A10 = —-1.8777e-003, A12 = -1.2094e-004
Fifth surface

K =0.0000e+000, A4 = —-8.1504e-003, A6 = 2.8126e-003,
A8 =-3.3407e-003, A10 = 2.0200e-003, A12 = -3.4010e-004
Sixth surface

K =0.0000e+000, A4 = 1.4359¢-002, A6 = -9.5648¢-003,
A8 =2.2659¢-002, A10 = -1.4797e-002, A12 = 2.8253e-003
Eighth surface

K =0.0000e+000, A4 = -9.4837e-002, A6 = 1.8112e-001,
A8 =-1.9637e-001, A10 = 9.9926e-002, A12 = -1.9270e-002
Ninth surface

K =-2.0000e+000, A4 = —6.5541e-003, A6 = -4.3145e-002,
A8 =3.7525e-002, A10 = -1.0082e-002, A12 = 6.7158e-004

Various types of data

Focal length 0.599
F number 2.745
Half angle of view 103.387
Image height 2.068
Total lens length 11.963
BF 1.349

[0313] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1H of Example 8 under the afore-
said lens arrangement and structure are shown in FIGS. 32A
and 32B.

Example 9

[0314] FIG. 13 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 9.
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Each of FIGS. 33 A and 33B is an aberration diagram of lens
groups in a wide-angle optical system in Example 9.

[0315] The wide-angle optical system 11 of Example 9 has
a two-component structure of positive-positive components
which includes, as shown in FIG. 13, a front lens group (Grl)
having s positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0316] More specifically, in the wide-angle optical system
11 of Example 9, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0317] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L3). Each of the second lens .2 and the
third lens 1.3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0318] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0319] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0320] Construction data of respective lenses in wide-angle
optical system 11 of Example 9 will be shown below.

Numerical Example 9

[0321]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 15.758 1.400 1.88300 40.81
2 4.186  2.487
3* 3.491 1.000 1.53048 55.72
4% 0.703 1.752
5% 2.081 1.780 1.75120 24.80
6* -19.680  0.618
7(Stop) @ 0.602
8* 3.778 1.575 1.53048 55.72
9% -1.296  0.533
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @

Aspheric surface data

Third surface

K = -7.2600e+000, A4 = -5.4462e-003, A6 = -4.4312e-004,
A8 =4.5943e-005, A10 = 1.8651e-006, A12 = —1.8278e-007
Fourth surface

K =-2.0000e+000, A4 = 1.7009e-001, A6 = -9.2952¢-002,
A8 =2.1326e-002, A10 = -1.8453e-003, A12 = 9.8857¢-006
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-continued
Unit mm
Fifth surface

K =0.0000e+000, A4 = -1.3670e-002, A6 = 5.3090e-003,
A8 =-5.6228e-003, A10 = 2.3670e-003 -3.5594e-004
Sixth surface

K =0.0000e+000, A4 = 9.2507e-003, A6 = 1.1698¢-002,
A8 =-4.3537e-003, A10 = 0.0000e+000, A12 = 0.0000e+000
Eighth surface

K =0.0000e+000, A4 = -6.7739e-002, A6 = 1.0282e-001,
A8 =-1.1549e-001, A10 = 6.5513e-002, A12 = -1.3741e-002
Ninth surface

K =-2.0000e+000, A4 = 5.3266e-002, A6 = -8.3637¢-002,
AR =7.4917e-002, A10 = -3.2920e-002, A12 = -5.6561e-003

Various types of data

Focal length 0.740
F number 2.753
Half angle of view 104.394
Image height 2.068
Total lens length 12.607
BF 1.392

[0322] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 11 of Example 9 under the afore-
said lens arrangement and structure are shown in FIGS. 33A
and 33B.

Example 10

[0323] FIG. 14 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 10.
Each of FIGS. 34 A and 34B is an aberration diagram of lens
groups in a wide-angle optical system in Example 10.
[0324] Thewide-angle optical system 1J of Example 10has
a two-component structure of negative-positive components
which includes, as shown in FIG. 14, a front lens group (Grl)
having a negative optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0325] More specifically, in the wide-angle optical system
1J of Example 10, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0326] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L.3). Each of the second lens .2 and the
third lens L3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0327] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0328] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
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serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0329] Construction data of respective lenses in wide-angle
optical system 1J of Example 10 will be shown below.

Numerical Example 10

[0330]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 18.040 1.400 1.88300 40.81
2 4.970  3.207
3* 4.198 1.000 1.53048 55.72
4% 0.673 1.247
5% 2.224 1709 1.76130 18.40
6* -27.171 0.733
7(Stop) @ 0.460
8* 3.506 1.684 1.53048 55.72
9% -1.142  0.743
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @
Aspheric surface data
Third surface

K =-1.1384e+001, A4 = -2.0656e-003, A6 = -3.9876e-004,
A8 =2.9770e-005, A10 = 8.1903e-007, A12 = -7.3470e-008
Fourth surface

K = -2.0000e+000, A4 = 1.6836e-001, A6 = -9.3318e-002,
A8 =2.1430e-002, A10 = -1.7746e-003, A12 = -2.3299e-006
Fifth surface

K = 0.0000e+000, A4 = -2.7011e-002, A6 = 7.8703e-003,
A8 =-5.9471e-003, A10 = 2.3364e-003, A12 = —-3.1493e-004
Sixth surface

K = 0.0000e+000, A4 = -6.7325¢-003, A6 = 2.0818e-002,
A8 =-5.6452¢-003, A10 = 0.0000e+000, A12 = 0.0000e+000
Eighth surface

K = 0.0000e+000, A4 = -7.3548e-002, A6 = 1.2354e-001,
A8 =-1.3762e-001, A10 = 7.8947e-002, A12 = -1.6892e-002
Ninth surface

K =-2.0000e+000, A4 = 1.8419e-002, A6 = -6.8344e-002,
A8 =7.3910e-002, A10 = -3.4047¢-002, A12 = 6.0222e-003

Various types of data
Focal length 0.691
F number 2.750
Half angle of view 104.090
Image height 2.068
Total lens length 13.040
BF 1.601

[0331] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1J of Example 10 under the afore-
said lens arrangement and structure are shown in FIGS. 34A
and 34B.

Example 11

[0332] FIG. 15 is a sectional view showing an arrangement
of'lens groups in a wide-angle optical system of Example 11.
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Each of FIGS. 35A and 35B is an aberration diagram of lens
groups in a wide-angle optical system in Example 11.
[0333] The wide-angle optical system 1K of Example 11
has a two-component structure of positive-positive compo-
nents which includes, as shown in FIG. 15, a front lens group
(Grl)having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0334] More specifically, in the wide-angle optical system
1K of Example 11, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0335] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L.3). Each of the second lens .2 and the
third lens 1.3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0336] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0337] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0338] Construction data of respective lenses in wide-angle
optical system 1K of Example 11 will be shown below.

Numerical Example 11

[0339]
Unit mm
Surface data
Surface Number T d nd vd
Object plane ] @
1 17.607 1.400 1.83481 42.72
2 4.970 3.583
3% 10.000 1.000 1.53048 55.72
4% 0.925 1.562
5% 1.836 1.794  1.61420 25.59
6* -5.646 0.528
7(Stop) ] 0.515
8% 3.421 1.299 1.53048 55.72
9* -1.692 0.500
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @
Aspheric surface data
Third surface

K =-1.5496e+001, A4 = -3.6093e-003, A6 = -2.0553e-004,
A8 =2.1383e-005, A10 = 1.6335e-006, A12 = -1.3189e-007
Fourth surface

K =-2.1529e+000, A4 = 1.5000e-001, A6 = -8.7614e-002,
A8 =2.1241e-002, A10 = -1.4261e-003, A12 = -9.2773e-005
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Unit mm

Fifth surface

K =0.0000e+000, A4 = -1.3976e-002, A6 = -2.1039e-002,
A8 =6.3676e-003, A10 = 8.2538e-004, A12 = -6.5452e-004
Sixth surface

K =0.0000e+000, A4 = 1.9629¢-002, A6 = 5.7736e-003,
A8 =-8.1620e-003, A10 = -9.7389¢-004, A12 = 1.3283e-003
Eighth surface

K =0.0000e+000, Ad = -2.6676e-002, A6 = 4.1736e-002,
A8 =-7.3223e-002, A10 = 5.6967e-002, A12 = -1.3970e-002
Ninth surface

K =-2.0000e+000, A4 = 5.1901e-002, A6 = 2.1804e-002,
A8 =-9.0973e-003, A10 = -8.7537e-003, A12 = 4.3291e-003

Various types of data
Focal length 0.811
F number 2.781
Half angle of view 103.960
Image height 2.068
Total lens length 13.043
BF 1.361

[0340] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1K of Example 11 under the afore-
said lens arrangement and structure are shown in FIGS. 35A
and 35B.

Example 12

[0341] FIG. 16 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 12.
Each of FIGS. 36 A and 36B is an aberration diagram of lens
groups in a wide-angle optical system in Example 12.
[0342] The wide-angle optical system 1L of Example 12
has a two-component structure of positive-positive compo-
nents which includes, as shown in FIG. 16, a front lens group
(Gr1)having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0343] More specifically, in the wide-angle optical system
1L of Example 12, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0344] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L3). Each of the second lens [.2 and the
third lens L3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0345] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0346] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
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serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0347] Construction data of respective lenses in wide-angle
optical system 1L of Example 12 will be shown below.

Numerical Example 12

[0348]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 16.088 1.400 1.81600 46.55
2 4.205 2.861
3% 145.176 1.000 1.53048 55.72
4% 1.009 1.105
5% 1.835 2.337 1.62090 24.44
6* -4.093 0.490
7(Stop) @ 0.580
8* 3.166 1.706 1.53048 55.72
9* -2.092 0.500
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @
Aspheric surface data
Third surface

K =-5.0000e+000, A4 = -1.7796e-003, A6 = —7.4829¢-005,
A8 =1.4634e-005, A10 = 9.4500e-007, A12 = -9.8801e-008
Fourth surface

K =-2.0000e+000, A4 = 1.4934e-001, A6 = -8.9554e-002,
A8 =2.3089e-002, A10 = -1.1566e-003, A12 = -2.6233e-004
Fifth surface

K =0.0000e+000, A4 = -1.2787e-002, A6 = -2.5416e-002,
A8 =4.8999e-003, A10 = 7.7868e-004, A12 = -5.8450e-004
Sixth surface

K =0.0000e+000, A4 = 8.1740e-003, A6 = -6.4806e-003,
A8 =-4.4905e-003, A10 = 3.3276e-003, A12 = -4.7852¢-004
Eighth surface

K =0.0000e+000, A4 = -4.9925e-002, A6 = 7.2763e-002,
A8 =-8.0620e-002, A10 = 4.7746e-002, A12 = -1.0609e-002
Ninth surface

K =-2.0000e+000, A4 = -2.1696e-003, A6 = 2.6139¢-002,
A8 =-3.1309e-003, A10 = —4.3895e-003, A12 = 1.5380e-003

Various types of data

Focal length 0.963
F number 2.797
Half angle of view 103.708
Image height 2.068
Total lens length 12.849
BF 1.370

[0349] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 11 of Example 12 under the afore-
said lens arrangement and structure are shown in FIGS. 36A
and 36B.

Example 13

[0350] FIG.17 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 13.
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Each of FIGS. 37A and 37B is an aberration diagram of lens
groups in a wide-angle optical system in Example 13.
[0351] The wide-angle optical system 1M of Example 13 is
has a two-component structure of positive-positive compo-
nents which includes, as shown in FIG. 17, a front lens group
(Grl)having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0352] More specifically, in the wide-angle optical system
1M of Example 13, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0353] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L3). Each of the second lens .2 and the
third lens 1.3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0354] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0355] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0356] Construction data of respective lenses in wide-angle
optical system 1M of Example 13 will be shown below.

Numerical Example 13

[0357]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 15.285 1.076 1.80420 46.49
2 4.371 2.835
3* 10.000 1.000 1.53048 55.72
4% 0.955 1.257
5% 2.039 2.757 1.63200 23.41
6* -3.690 0.375
7(Stop) @ 0.682
8* 4.609 1.522 1.53048 55.72
9% -2.124 0.679
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @

Aspheric surface data

Third surface

K =-1.2923e+001, A4 = -7.2249e-003, A6 = 2.8311e-004,
A8 =1.8963e-005, A10 = -5.9761e-007, A12 = -4.4340e-008
Fourth surface

K =-2.0000e+000, A4 = 1.8628e-001, A6 = -1.0117e-001,
A8 =2.1556e-002, A10 = -1.1189e-003, A12 = -1.1522¢-004
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Unit mm
Fifth surface

K =0.0000e+000, A4 = -7.4072e-003, A6 = -1.5642e-002,
A8 =7.4547e-004, A10 = 0.0000e+000, A12 = 0.0000e+000
Sixth surface

K =0.0000e+000, A4 = 2.3906e-003, A6 = —6.7022e-003,
A8 =4.5067e-003, A10 = 0.0000e+000, A12 = 0.0000e+000
Eighth surface

K =0.0000e+000, A4 = -7.9528e-002, A6 = 1.1752e-001,
A8 =-1.2420e-001, A10 = 7.0527e-002, A12 = -1.5163e-002
Ninth surface

K =-2.0000e+000, A4 = —3.8524e-002, A6 = 2.3014e-002,
AR =4.1851e-004, A10 = -4.8948e-003, A12 = 1.5599¢-003

Various types of data

Focal length 1.017
F number 2.802
Half angle of view 103.831
Image height 2.068
Total lens length 13.061
BF 1.558

[0358] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1M of Example 13 under the afore-
said lens arrangement and structure are shown in FIGS. 37A
and 37B.

Example 14

[0359] FIG. 18 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 14.
Each of FIGS. 38A and 38B is an aberration diagram of lens
groups in a wide-angle optical system in Example 14.
[0360] The wide-angle optical system 1N of Example 14
has a two-component structure of positive-positive compo-
nents which includes, as shown in FIG. 18, a front lens group
(Grl)having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0361] More specifically, in the wide-angle optical system
1N of Example 14, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0362] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L.3). Each of the second lens .2 and the
third lens L3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0363] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0364] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
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serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0365] Construction data of respective lenses in wide-angle
optical system 1N of Example 14 will be shown below.

Numerical Example 14

[0366]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 14.617 1.400 1.83400 37.35
2 4.061 3.011
3% 14.980 1.000 1.53048 55.72
4% 0.982 1.281
5% 1.868 1.786 1.63450 23.90
6* -6.594 0.529
7 (Stop) @ 0.732
8* 3.117 1.607 1.53048 55.72
o* -1.562 0.500
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @
Aspheric surface data
Third surface

K =-3.0000e+001, A4 = -3.2061e-003, A6 = -2.1451e-004,
A8 =1.8572e-005, A10 = 1.4226e-006, A12 = -1.1201e-007
Fourth surface

K = -2.0000e+000, A4 = 1.6697e-001, A6 = —8.8464e-002,
A8 =2.0375e-002, A10 = -1.4067e-003, A12 = -9.5828e-005
Fifth surface

K = 0.0000e+000, A4 = 4.2952¢-003, A6 = -2.0660e-002,
A8 =5.8774e-003, A10 = 2.4104e-004, A12 = -4.0028e-004
Sixth surface

K = 0.0000e+000, A4 = 2.5865e-002, A6 = -5.4384e-004,
A8 =-1.4984e-003, A10 = -2.8890e-003, A12 = 1.4917e-003
Eighth surface

K = 0.0000e+000, A4 = -6.2949¢-002, A6 = 7.4237e-002,
A8 =-6.1957e-002, A10 = 2.5910e-002, A12 = -4.6203e-003
Ninth surface

K = -2.0000e+000, A4 = -7.9903e-003, A6 = 1.9876e-002,
A8 =1.1896e-003, A10 = -3.5518¢-003, A12 = 5.8601e-004

Various types of data
Focal length 0.860
F number 2.785
Half angle of view 104.045
Image height 2.068
Total lens length 12.709
BF 1.363

[0367] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1M of Example 14 under the afore-
said lens arrangement and structure are shown in FIGS. 38A
and 38B.

Example 15

[0368] FIG. 19 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 15.

95



US 2010/0194853 A1l

Each of FIGS. 39A and 39B is an aberration diagram of lens
groups in a wide-angle optical system in Example 15.
[0369] The wide-angle optical system 10 of Example 15
has a two-component structure of positive-positive compo-
nents which includes, as shown in FIG. 19, a front lens group
(Grl)having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0370] More specifically, in the wide-angle optical system
10 of Example 15, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0371] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L.3). Each of the second lens .2 and the
third lens 1.3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0372] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0373] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0374] Construction data of respective lenses in wide-angle
optical system 10 of Example 15 will be shown below.

Numerical Example 15

[0375]
Unit mm
Surface data
Surface Number T d nd vd
Object plane © @
1 15.303 1.400 1.80420 46.49
2 4.089 2.796
3% 28.709 1.000 1.53048 55.72
4% 1.031 1.354
5% 1.845 1.740 1.60700 27.10
6* -5.314 0.522
7 (Stop) @ 0.792
8* 3.186 1.545 1.53048 55.72
9* -1.760 0.500
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @
Aspheric surface data
Third surface

K =-3.0000e+001, A4 = -2.1351e-003, A6 = -1.7353e-004,
A8 =1.1791e-005, A10 = 8.6785e-007, A12 = —6.5507e-008
Fourth surface

K =-2.0727e+000, A4 = 1.6966e-001, A6 = -8.9161e-002,
A8 =2.0913e-002, A10 = -1.4759¢-003, A12 = -1.0723e-004
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Unit mm

Fifth surface

K =0.0000e+000, A4 = 2.0822e-004, A6 = -2.4385e¢-002,
A8 = 6.2483e-003, A10 = 9.1390e-004, A12 = -6.6165e-004
Sixth surface

K =0.0000e+000, A4 = 1.6334e-002, A6 = 5.5332e-003,
A8 =-7.86086-003, A10 = 1.12835¢-003, A12 = 2.4314e-004
Eighth surface

K =0.0000e+000, A4 = -7.7296e-002, A6 = 8.5276e-002,
A8 =-6.4871e-002, A10 = 2.4873e-002, A12 = -4.1132e-003
Ninth surface

K =-2.0000e+000, A4 = —2.8534e-002, A6 = 2.7877e-002,
A8 =9.9006e-004, A10 = -4.0566e-003, A12 = 6.9885e-004

Various types of data
Focal length 0.905
F number 2.789
Half angle of view 104.349
Image height 2.068
Total lens length 12.512
BF 1.363

[0376] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 10 of Example 15 under the afore-
said lens arrangement and structure are shown in FIGS. 39A
and 39B.

Example 16

[0377] FIG. 20 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 16.
Each of FIGS. 40A and 40B is an aberration diagram of lens
groups in a wide-angle optical system in Example 16.
[0378] The wide-angle optical system 1P of Example 16
has a two-component structure of positive-positive compo-
nents which includes, as shown in FIG. 20, a front lens group
(Gr1)having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0379] More specifically, in the wide-angle optical system
1P of Example 16, lens groups (Gr1 and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0380] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L3). Each of the second lens [.2 and the
third lens L3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0381] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0382] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
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serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0383] Construction data of respective lenses in wide-angle
optical system 1P of Example 16 will be shown below.

Numerical Example 16

[0384]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 14.951 1.400 1.80420 46.49
2 4.018 3.116
3% 15.445 1.000 1.53048 55.72
4% 0.996 1.356
5% 1.856 1.801 1.60280 28.30
6* -4.704 0.537
7 (Stop) @ 0.758
8* 3.403 1.510 1.53048 55.72
9% -1.756 0.500
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @
Aspheric surface data
Third surface

K =-2.9172e+001, A4 = -2.8984e-003, A6 = -1.9962e-004,
A8 =1.2592e-005, A10 = 9.2223e-007, A12 = -5.2269e-008
Fourth surface

K =-2.0000e+000, A4 = 1.6709e-001, A6 = -8.9139e-002,
A8 =2.0888e-002, A10 = —1.5288e-003, A12 = -8.6482¢-005
Fifth surface

K =0.0000e+000, A4 = 8.1748e-004, A6 = -2.3735¢-002,
A8 =5.8736e-003, A10 = 9.5558e-004, A12 = -6.1595e-004
Sixth surface

K =0.0000e+000, A4 = 1.9053e-002, A6 = 6.2215e-003,
A8 =-8.4784e-003, A10 = 1.5257¢-003, A12 = 1.8851e-004
Eighth surface

K =0.0000e+000, A4 = —6.9402e-002, A6 = 7.8209¢-002,
A8 =-6.7923e-002, A10 = 2.7912e-002, A12 = -4.4255e-003
Ninth surface

K =-2.0000e+000, A4 = —1.9873e-002, A6 = 2.9005¢-002,
A8 =-1.7074e-003, A10 = -4.7814e-003, A12 = 1.1174e-003

Various types of data

Focal length 0.880
F number 2.784
Half angle of view 104.051
Image height 2.068
Total lens length 12.839
BF 1.362

[0385] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1P of Example 16 under the afore-
said lens arrangement and structure are shown in FIGS. 40A
and 40B.

Example 17

[0386] FIG. 21 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 17.
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Each of FIGS. 41A and 41B is an aberration diagram of lens
groups in a wide-angle optical system in Example 17.
[0387] The wide-angle optical system 1Q of Example 17 is
has a two-component structure of positive-positive compo-
nents which includes, as shown in FIG. 21, a front lens group
(Grl)having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0388] More specifically, in the wide-angle optical system
1Q of Example 17, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0389] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L3). Each of the second lens .2 and the
third lens 1.3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0390] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0391] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0392] Construction data of respective lenses in wide-angle
optical system 1Q of Example 17 will be shown below.

Numerical Example 17

[0393]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 16.431 1.233 1.80420 46.49
2 4.389 3.274
3% 6.543 1.000 1.53048 55.72
4% 1.133 1.864
5% 2.165 1.622 1.63200 23.41
6* -6.485 0.764
7 (Stop) @ 0.549
8% 2.537 1.135 1.53048 55.72
ok -5.774 0.741
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @

Aspheric surface data

Third surface

K =-2.5804e+001, A4 = -6.4905¢-003, A6 = 3.6426e-004,
A8 =1.3427e-005, A10 = -1.2708e-006, A12 = 7.3342e-009
Fourth surface

K =-3.3384e+000, A4 = 1.5983e-001, A6 = -7.9551e-002,
A8 =1.9165e-002, A10 = -1.7730e-003, A12 = 1.8885¢-005
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-continued
Unit mm
Fifth surface

K =0.0000e+000, A4 = -1.8953e-002, A6 = -7.5001e-003,
A8 = 0.0000e+000, A10 = 0.0000e+000, A12 = 0.0000e+000
Sixth surface

K =0.0000e+000, A4 = -8.14546-003, A6 = -9.3080e-004,
A8 =3.6177e-004, A10 = 0.0000e+000, A12 = 0.0000e+000
Eighth surface

K =0.0000e+000, A4 = -6.0740e-002, A6 = 1.0765e-001,
A8 =-1.3288e-001, A10 = 8.0788e-002, A12 = —-1.8140e-002
Ninth surface

K =-2.0000e+000, A4 = —9.7980e-003, A6 = 4.3295¢-002,
A8 =-1.4020e-002, A10 = -5.1790e-003, A12 = 2.9976e-003

Various types of data

Focal length 1.083
F number 2.816
Half angle of view 105.096
Image height 2.068
Total lens length 13.065
BF 1.624

[0394] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1Q of Example 17 under the afore-
said lens arrangement and structure are shown in FIGS. 41A
and 41B.

Example 18

[0395] FIG. 22 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 18.
Each of FIGS. 42A and 42B is an aberration diagram of lens
groups in a wide-angle optical system in Example 18.
[0396] The wide-angle optical system 1R of Example 18 is
has a two-component structure of positive-positive compo-
nents which includes, as shown in FIG. 22, a front lens group
(Grl)having a positive optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0397] More specifically, in the wide-angle optical system
1R of Example 18, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0398] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L.3). Each of the second lens .2 and the
third lens L3 has opposing aspheric surfaces, and the second
lens 1.2 is made, for example, of a resin material.

[0399] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4). The fourth lens [.4 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0400] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
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serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0401] Construction data of respective lenses in wide-angle
optical system 1R of Example 18 will be shown below.

Numerical Example 18

[0402]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 15.904  1.400 1.88300 40.81
2 4450  2.690
3% -93.715 1.000 1.53048 55.72
4% 1.037 1.060
5% 2.407 1.433 2.00170 20.64
6* 150.420  0.643
7 (Stop) @ 0.539
8* 2.865 1.747 1.53048 55.72
o* -1.239  0.500
10 @ 0.500 1.51680 64.20
11 @ 0.500
Image plane @
Aspheric surface data
Third surface

K = -5.0000e+000, A4 = 7.2028e-005, A6 = —-4.7541e-005,
A8 =-4.9807e-006, A10 = 1.0917e-006, A12 = -4.1925e-008
Fourth surface

K = -2.6295e+000, A4 = 1.6884e-001, A6 = —-9.2907e-002,
A8 =2.4144e-002, A10 = -1.4670e-003, A12 = -2.3485e-004
Fifth surface

K = 0.0000e+000, A4 = -6.6165¢-003, A6 = -8.9634e—003,
A8 =1.1261e-003, A10 = 1.8961e-003, A12 = -5.1884e-004
Sixth surface

K =0.0000e+000, A4 = -6.0750e-003, A6 = -4.9882e-004,
A8 =1.9403e-002, A10 = -1.4315¢-002, A12 = 2.7769¢-003
Eighth surface

K = 0.0000e+000, A4 = -9.7847e-002, A6 = 1.3276e-001,
A8 =-1.0979e-001, A10 = 4.5566e-002, A12 = -7.8168e-003
Ninth surface

K = -2.0000e+000, A4 = -9.8150e-003, A6 = —9.7246e-003,
A8 =2.4119e-002, A10 = -9.2684e-003, A12 = 1.0023e-003

Various types of data
Focal length 0.855
F number 2.785
Half angle of view 103.981
Image height 2.068
Total lens length 11.873
BF 1.362

[0403] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1R of Example 18 under the afore-
said lens arrangement and structure are shown in FIGS. 42A
and 42B.

Example 19

[0404] FIG. 23 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 19.
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Each of FIGS. 43 A and 43B is an aberration diagram of lens
groups in a wide-angle optical system in Example 19.

[0405] Wide-angle optical system 1S of Example 19 has a
two-component structure of negative-positive components
which includes, as shown in FIG. 23, a front lens group (Grl)
having a negative optical power as the whole lens group,
aperture stop ST for adjusting a light amount, and a rear lens
group (Gr2) having a positive optical power as the whole lens
group, which are arranged in order from the object side to the
image side.

[0406] More specifically, in the wide-angle optical system
1S of Example 19, lens groups (Gr1 and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.

[0407] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, and of a biconvex posi-
tive lens (third lens L.3). Each of the second lens .2 and the
third lens L3 has opposing aspheric surfaces, and is made, for
example, of a resin material.

[0408] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4), a negative meniscus
lens (fifth lens L5) whose convex surface faces the image side
and of a biconvex positive lens (sixth lens L6). Each of the
fourth to the sixth lenses L4, L5 and L6 has opposing aspheric
surfaces, and is made, for example, of a resin material.
[0409] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0410] Construction data of respective lenses in wide-angle
optical system 1S of Example 19 will be shown below.
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-continued

Unit mm

Aspheric surface data

Third surface

K =2.9236e+002, A4 = -3.1371e-002, A6 = 2.2308e-003,
A8 =5.2741e-004, A10 = -1.5873e-005, A12 = -1.1768e-005
Fourth surface

K = -1.0000e+000, A4 = 1.7580e-002, A6 = —1.7156e-002,
A8 =-3.7365e-003, A10 = -5.6654e-003, A12 = 2.7674e-003
Fifth surface

K = 0.0000e+000, A4 = 3.8489¢-002, A6 = 7.7933e-003,
A8 =-7.6891e-003, A10 = -2.8251e-003, A12 = 0.0000e+000
Sixth surface

K =0.0000e+000, A4 = 4.9059¢-002, A6 = 2.0210e-002,
A8 =-8.2269¢-004, A10 = -1.0916e-002, A12 = 0.0000e+000
Eighth surface

K = 0.0000e+000, A4 = 2.0052e-002, A6 = -1.8626e-001,
A8 =-4.0585¢-001, A10 = 4.0853e-001, A12 = 0.0000e+000
Ninth surface

K =0.0000e+000, A4 = 8.8455e-002, A6 = -2.7312e-001,
A8 =-2.4511e-001, A10 = 2.9471e-001, A12 = 0.0000e+000
Tenth surface

K = 0.0000e+000, A4 = 6.2956e-002, A6 = -1.5499e-001,
A8 =-2.8720e-001, A10 = 4.2477e-001, A12 = 0.0000e+000
Eleventh surface

K = 0.0000e+000, A4 = -1.0227e-001, A6 = 3.3583e-002,
A8 =2.6008e-002, A10 = -1.4902¢-002, A12 = 0.0000e+000
Twelfth surface

K = 0.0000e+000, A4 = 1.1593e-002, A6 = 4.0494e-003,
A8 =-1.0841e-003, A10 = 5.4889¢-004, A12 = -1.1743e-003
Thirteenth surface

K =-54212e-001, A4 = 1.7965e-001, A6 = -3.1584e-002,
A8 =8.0520e-004, A10 = -9.2598e-005, A12 = -1.0121e-004

Numerical Example 19 Various types of data
Focal length 1.010
[0411] F number 2.828
Half angle of view 104.183
Image height 2.110
Total lens length 10.503
Unit mm BF 1.872
Surface data
[0412] Aberrations including spherical aberration (sine
Surface Number r d nd vd .. . . . . . .
condition), astigmatism, distortion and lateral aberration in
Object plane @ ® wide-angle optical system 1S of Example 19 under the afore-
1 10286 0.900  1.83481 42.72 said lens arrangement and structure are shown in FIGS. 43A
2 2300 1638 and 43B
3% 38903  0.800  1.53048 55.72 :
4% 0812 0416
5% 1623 1392 1.63200 2341
6* -4562  0.561 Example 20
7 (Stop) @ 0.132 ) ) ) )
8 6361 0921  1.53048 55.72 [0413] FIG. 24 is a sectional view showing an arrangement
13: 'i ggg 8 égé L6320 vyl of lens groups in a wide-angle optical system of Example 20.
11% 3876 0100 ’ ’ Each of FIGS. 44 A and 44B is an aberration diagram of lens
12% 3352 0.800  1.5304% 55.72 groups in a wide-angle optical system in Example 20.
13* -3.490 1400 [0414] Wide-angle optical system 1T of Example 20 has a
14 @ 0.500  1.51680 64.20 £ Dositi L
15 o 0.100 two-component structure ol positive-positive components
Image plane @ which includes, as shown in FIG. 24, a front lens group (Grl)

having a positive optical power as the whole lens group,
aperture stop ST for adjusting an amount of light, and a rear
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lens group (Gr2) having a positive optical power as the whole
lens group, which are arranged in order from the object side to
the image side.

[0415] More specifically, in the wide-angle optical system
1T of Example 20, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0416] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a biconcave negative lens (second lens [.2), a
biconvex positive lens (third lens [.3) and of a positive menis-
cus lens (fourth lens L.4) whose convex surface faces the
image side. Each of the second to the fourth lenses L2, L3 and
L4 has opposing aspheric surfaces, and is made, for example,
of a resin material.

[0417] The second lens group (Gr2) is composed of a
biconvex positive lens (fifth lens 1.5) and a negative meniscus
lens (sixth lens [.6) whose convex surface faces the image
side. Each of the fifth lens L5 and the sixth lens L6 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0418] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0419] Construction data of respective lenses in wide-angle
optical system 1T of Example 20 will be shown below.
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-continued

Unit mm

Fifth surface

K =0.0000e+000, A4 = 1.7489e-002, A6 = -1.0330e-002,
A8 =4.0519e-003, A10 = 0.0000e+000
Sixth surface

K =0.0000e+000, A4 = 6.7744e-002, A6 = 1.9910e-002,
A8 =1.3107e-002, A10 = 0.0000e+000
Seventh surface

K =0.0000e+000, A4 = 1.1942e-001, A6 = -2.2076e-003,
A8 =2.0294e-002, A10 = 1.8559¢-002
Eighth surface

K = 0.0000e+000, A4 = 2.6510e-001, A6 = -1.3237e-001,
A8 =1.4367e+000, A10 = -2.4886e+000
Tenth surface

K =0.0000e+000, A4 = 1.7803e-001, A6 = -1.2722e-001,
A8 =2.6231e-001, A10 = -3.1844e-001
Eleventh surface

K = -2.0000e+000, A4 = -2.5170e-001, A6 = 2.5052e-001,
A8 =-1.2915e-002, A10 = -1.4578e-001
Twelfth surface

K =0.0000e+000, A4 = -1.6735e-001, A6 = 6.1925¢-001,
A8 =-2.9850e-001, A10 = 4.2240e-002
Thirteenth surface

K = 0.0000e+000, A4 = —8.5301e-002, A6 = 1.0428e-001,
A8 =-2.3519e-003, A10 = -5.1011e-003

Numerical Example 20 Various types of data
Focal length 0.960
[0420] F number 2.764
Half angle of view 101.625
Image height 2.110
Total lens length 10.835
Unit mm BF 1.835
Surface data
[0421] Aberrations including spherical aberration (sine
Surface Number T d nd vd condition), astigmatism, distortion and lateral aberration in
Object plane w w Wi.de-angle optical system 1T of Example 20 un.der the afore-
1 11.656 0900  1.83481 0272 said lens arrangement and structure are shown in FIGS. 44A
2 2952 2056 and 44B.
3* -10.397  0.800  1.53048 55.72
4 1182 0435
5 1.808 1498  1.63200 23.41 Bxample 21
6* -4493 0222 . . . .
7 3735 0.800  1.53048 55.72 [0422] FIG. 45 is a sectional view showing an arrangement
8* -3.285  0.000 oflens groups in a wide-angle optical system of Example 21.
9 (SLOP) @ 0.195 Each of FIGS. 48 A and 48B is an aberration diagram of lens
}?* 133'232 é'}gg 1.33048 3372 groups in a wide-angle optical system in Example 21.
1% Z1.050 0800  1.63200 2341 [0423] Wide-angle optical system 1U of Example 21 has a
13* -1.688  1.400 two-component structure of positive-positive components
14 @ 0.500  1.51680 64.20 which includes, as shown in FIG. 45, a front lens group (Gr1)
Im 15 ® 0-100 having a positive optical power as the whole lens group,
age plane @ A .
aperture stop ST for adjusting an amount of light, and a rear
Aspheric surface data lens group (Gr2) having a positive optical power as the whole
- lens group, which are arranged in order from the object side to
Third surface

K = 5.4000e+000, A4 = 2.1197e-002, A6 = -8.1048e-003,
A8 =1.1911e-003, A10 = —-6.1743e-005
Fourth surface

K =-1.0075e+000, A4 = 1.0270e-001, A6 = -6.6789e-002,
A8 = 7.4458e-003, A10 = 1.4415e-003

the image side.

[0424] More specifically, in the wide-angle optical system
1U of Example 21, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0425] The first lens group (Grl) is composed of a negative
meniscus lens (first lens 1) whose convex surface faces the
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object side, a negative meniscus lens (second lens [.2) whose
convex surface faces the object side, a negative meniscus lens
(third lens [.3) whose convex surface faces the object side and
of a positive meniscus lens (fourth lens [.4) whose convex
surface faces the image side. Each of the second to fourth
lenses 1.2, [.3 and L4 has opposing aspheric surfaces, and
each of the second and third lenses .2 and L3 is made, for
example, of a resin material.

[0426] The second lens group (Gr2) is composed of a
biconvex positive lens (fifth lens L5). The fifth lens L5 has
opposing aspheric surfaces, and is made of, for example, a
resin material.

[0427] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.

[0428] Construction data of respective lenses in wide-angle
optical system 1U of Example 21 will be shown below.

Numerical Example 21

[0429]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 16.114 1.541 1.89800 34.01
2 3.963 2.337
3% 4.926 0.800 1.53048 55.72
4% 3.158 0.173
5% 2.678 0.900 1.53048 55.72
6* 0.662 1.019
7* 2.294 1.565 2.00170 20.64
8* 21.978 0.728
9 (Stop) @ 0.441
10* 4.012 1.996 1.53048 55.72
11* -0.832 0.500
12 @ 0.500 1.51680 64.20
13 @ 0.500
Image plane ]
Aspheric surface data
Third surface

K =-6.4360e+000, A4 = -9.5730e-003, A6 = 1.6361e-004,
A8 =1.7225e-005, A10 = 1.6924e-006, A12 = 1.4303e-007
Fourth surface

K = 0.0000e+000, A4 = -2.1902e-003, A6 = 6.0297e-005,
A8 =1.6131e-005, A10 = 2.1546e-006
Fifth surface

K =0.0000e+000, A4 = 2.1181e-003, A6 = -1.0224e-004,
A8 =-2.5155e-005, A10 = -3.9136e-006
Sixth surface

K =-2.1265e+000, A4 = 1.4057e-001, A6 = -9.1253e-002,
A8 =2.4765e-002, A10 = -1.9462e-003, A12 = -1.1036e-004
Seventh surface

K =0.0000e-000, A4 = -1.2067e-002, A6 = 3.1910e-003,
A8 =-3.8091e-003, A10 = 2.0015e-003, A12 = -3.2495¢-004
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Unit mm

Eighth surface

K =0.0000e+000, A4 = 1.8176e-002, A6 = -1.1139¢-002,
A8 =12.3137e-002, A10 = -1.4515e-002, A12 = 2.8361e-003
Tenth surface

K = 0.0000e+000, A4 = -9.0214e-002, A6 = 2.0175e-001,
A8 =-2.1783e-001, A10 = 1.0648e-001, A12 = -1.7154e-002
Eleventh surface

K =-2.0000e+000, A4 = -3.5627e-003, A6 = —4.5454e-002,
A8 =4.0068e-002, A10 = -1.0784e-002, A12 = 1.1365¢-003

Various types of data
Focal length 0.599
F number 2.737
Half angle of view 101.958
Image height 2.068
Total lens length 12.849
BF 1.349

[0430] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1U of Example 21 under the afore-
said lens arrangement and structure are shown in FIGS. 48A
and 48B.

Example 22

[0431] FIG. 46 is a sectional view showing an arrangement
of lens groups in a wide-angle optical system of Example 22.
Each of FIGS. 49A and 49B is an aberration diagram of lens
groups in a wide-angle optical system in Example 22.
[0432] Wide-angle optical system 1V of Example 22 has a
two-component structure of positive-positive components
which includes, as shown in FIG. 46, a front lens group (Grl)
having a positive optical power as the whole lens group,
aperture stop ST for adjusting an amount of light, and a rear
lens group (Gr2) having a positive optical power as the whole
lens group, which are arranged in order from the object side to
the image side.

[0433] More specifically, in the wide-angle optical system
1V of Example 22, lens groups (Grl and Gr2) as the front lens
group and the rear lens group are arranged in order from the
object side to the image side and are structured as follows.
[0434] The first lens group (Grl) is composed of a negative
meniscus lens (first lens L.1) whose convex surface faces the
object side, a biconcave negative lens (second lens L.2), a
biconvex positive lens (third lens [.3) and of a biconvex posi-
tive lens (fourth lens [.4). Each of the second to fourth lenses
L2, L3 and L4 has opposing aspheric surfaces, and is made,
for example, of a resin material.

[0435] The second lens group (Gr2) is composed of a posi-
tive meniscus lens (fifth lens L.5) whose convex surface faces
the image side, a biconcave negative lens (sixth lens L.6) and
of'a biconvex positive lens (seventh lens [.7). Each of the fifth
through the seventh lenses L5, .6 and L7 has opposing
aspheric surfaces, and is made, for example, of a resin mate-
rial.

[0436] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
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serving as a filter. The parallel flat plate FT includes various

types of optical filters and a cover glass of the image pickup -continued
element. .
[0437] Construction data of respective lenses in wide-angle Onit mm

optical system 1V of Example 22 will be shown below. Thirteenth surface

Numerical Example 22

[0438]
Unit mm
Surface data
Surface Number r d nd vd
Object plane @ @
1 9.515 0.900 1.83481 42.72
2 2.349  2.056
3% -6.196 1.009 1.53048 55.72
4% 1.576  0.569
5% 2.751 1.971 1.63200 23.41
6* -39.794  0.208
7* 38.176 1.053 1.53048 55.72
8* -1.126  0.000
9 (Stop) @ 0.322
10%* -5.579 1.053 1.53048 55.72
11% -1.113 0.100
12% -1.122 1.032 1.63200 23.41
13* 12.081 0.100
14%* 3.788 1.111 1.53048 55.72
15% -11.370  0.400
16 @ 0.500 1.51680 64.20
17 @ 0.100
Image plane ]
Aspheric surface data
Third surface

K =-5.4000e+000, A4 = 2.0043e-002, A6 = -7.8511e-003,
A8 =1.1954e-003, A10 = —6.7479e-005
Fourth surface

K =-1.3637e+000, A4 = 9.6625¢-002, A6 = —6.0707e-002,
A8 =7.6455e-003, A10 = 2.5856e-003
Fifth surface

K =0.0000e+000, A4 = 1.4884e-002, A6
A8 =5.3641e-003, A10 = 0.0000e+000
Sixth surface

-1.4574e-002,

K =0.0000e+000, A4 = 1.1058e-001, A6 = 4.8626e-002,
A8 =2.7054e-002, A10 = 0.0000e+00
Seventh surface

K =0.0000e+000, A4 = 6.9286e-002, A6 = -5.3877¢-003,
A8 =-1.9094e-002, A10 = -5.5597e-002

Eighth surface

K =0.0000e+000, A4 = 2.3802e-001, A6 = -2.6201e-001,

A8 =2.0775e-001, A10 = 1.9167e-001
Tenth surface

K =0.0000e+000, A4 = 2.0877e-001, A6 = -4.5908e-001,
A8 =1.2497e-001, A10 = 2.0095e-001
Eleventh surface

K =-2.0000e+000, A4 = -2.7392e-001, A6 = 2.3718e-001,
A8 =-5.7976e-002, A10 = -7.8424e-002
Twelfth surface

K =0.0000e+000, A4 = —-1.7291e-001, A6 = 6.1696e-001,
A8 =-2.8678e-001, A10 = 1.0266e-002

K =0.0000e+000, A4 = -4.5045e-002, A6 = 1.0183e-001,
A8 =-9.3934e-003, A10 = -9.6520e-003
Fourteenth surface

K = 0.0000e+000, A4 = -3.2399e-002, A6 = 2.2703e-003,
A8 =4.0425e-003, A10 = -6.0866e-004
Fifteen surface

K = 0.0000e+000, A4 = -1.7582e-002, A6 = 2.6262e-003,
A8 =-2.7336e-003, A10 = 7.6944e-004

Various types of data
Focal length 1.073
F number 4.025
Half angle of view 98.252
Image height 2.110
Total lens length 12.316
BF 0.833

[0439] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1V of Example 22 under the afore-
said lens arrangement and structure are shown in FIGS. 49A
and 49B.

Example 23

[0440] FIG. 47 is a sectional view showing an arrangement
oflens groups in a wide-angle optical system of Example 23.
Each of FIGS. 50A and 50B is an aberration diagram of lens
groups in a wide-angle optical system in Example 23.
[0441] Wide-angle optical system 1W of Example 23 has a
two-component structure of positive-positive components
which includes, as shown in FIG. 47, a front lens group (Grl)
having a positive optical power as the whole lens group,
aperture stop ST for adjusting an amount of light, and a rear
lens group (Gr2) having a positive optical power as the whole
lens group, which are arranged in order from the object side to
the image side.

[0442] More specifically, in the wide-angle optical system
1W of Example 23, lens groups (Grl and Gr2) as the front
lens group and the rear lens group are arranged in order from
the object side to the image side and are structured as follows.
[0443] The first lens group (Grl) is composed of a negative
meniscus lens (first lens [.1) whose convex surface faces the
object side, a biconcave negative lens (second lens [.2) and of
a biconvex positive lens (third lens L3). Each of the second
and the third lenses 1.2 and 1.3 has opposing aspheric sur-
faces, and is made, for example, of a resin material.

[0444] The second lens group (Gr2) is composed of a
biconvex positive lens (fourth lens [.4) and a negative menis-
cus lens (fifth lens L5) whose convex surface faces the image
side. Each of the fourth and the fifth lenses L4 and L5 has
opposing aspheric surfaces, and is made, for example, of a
resin material.

[0445] Then, on the image side of the lens group (Gr2) as
the rear lens group, there is arranged a light-receiving surface
of image pickup element SR through parallel flat plate FT
serving as a filter. The parallel flat plate FT includes various
types of optical filters and a cover glass of the image pickup
element.
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[0446] Construction data of respective lenses in wide-angle
optical system 1W of Example 23 will be shown below.
Numerical Example 23
[0447]
Unit mm
Surface data
Surface Number T d nd vd
Object plane @ @
1 10.907 0.900 1.83481 42.72
2 2.970 2.090
3% -5.962 0.800 1.53048 55.72
4% 1.227 0.532
5% 1.718 1.512 1.63200 23.41
6* -23.530 0.563
7 (Stop) @ 0.185
8* 2.259 1.235 1.53048 55.72
o* -1.146 0.104
10* -1.177 0.835 1.63200 23.41
11* -1.734 1.405
12 @ 0.500 1.51680 64.20
13 @ 0.100
Image plane @
Aspheric surface data
Third surface
K =-6.4360e+000, A4 = -9.5730e-003, A6 = 1.6361e-004,
A8 =1.7225e-005, A10 = 1.6924e-006, A12 = 1.4303e-007
Fourth surface
K =0.0000e+000, A4 = -2.1902e-003, A6 = 6.0297e-005,
A8 =1.6131e-005, A10 = 2.1546e-006
Fifth surface
K =0.0000e+000, A4 =2.1181e-003, A6 = -1.0224e-004,
A8 =-2.5155e-005, A10 = -3.9136e-006
Sixth surface
K =-2.1265e+000, A4 = 1.4057e-001, A6 = -9.1253e-002,
A8 =2.4765e-002, A10 = -1.9462e-003, A12 = -1.1036e-004
Seventh surface
K =0.0000e+000, A4 = -1.2067e-002, A6 = 3.1910e-003,
A8 =-3.8091e-003, A10 = 2.0015e-003, A12 = —-3.2495e-004
Eighth surface
K =0.0000e+000, A4 = 1.8176e-002, A6 =-1.1139e-002,
A8 =2.3137e-002, A10 = -1.4515e-002, A12 = 2.8361e-003
Tenth surface
K =0.0000e+000, A4 = -9.0214e-002, A6 = 2.0175e-001,
A8 =-2.1783e-001, A10 = 1.0648e-001, A12 = —-1.7154e-002
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-continued
Unit mm
Eleventh surface
K = -2.0000e+000, A4 = ~3.5627e~003, A6 = -4.5454e-002,
A8 =4.0068¢e-002, A10 = ~1.0784e-002, A12 = 1.1365e-003
Third surface
K = -5.4000e+000, A4 = 2.8771e-002, A6 = ~7.8527e-003,
A8 =9.4066e-004, A10 = -4.4711e-005
Fourth surface
K = -6.8153e-001, A4 = 1.4988e-001, A6 = -3.2758e-002,
A8 =-7.1048e-003, A10 = -9.5885¢-004
Fifth surface
K = 0.0000e+000, A4 = 4.3673e~002, A6 = -9.2153e-003,
A8 =5.5391e-003, A10 = 0.0000e+000
Sixth surface
K = 0.0000e+000, A4 = 6.3011e~002, A6 = ~5.1472e-003,
A8 =4.8585¢-002, A10 = 0.0000e+000
Eighth surface
K = 0.0000e+000, A4 = 4.4922¢-003, A6 = 2.6549e-002,
A8 = 1.3687e-002,
A10 = -5.5592e-002
Ninth surface
K = -2.0000e+000, A4 = ~2.3805e-001, A6 = 3.0744e-001,
A8 = -2.4977e-001, A10 = 1.2940e-002
Tenth surface
K = 0.0000e+000, A4 = —2.9744e-001, A6 = 5.1914e-001,
A8 =-2.5916e-001, A10 = ~3.5720e~002
Eleventh surface
K = 0.0000e+000, A4 = —6.5775e-002, A6 = 6.7541e-002,
A8 = 1.7684e-002, A10 = -7.9193e-003
Various types of data
Focal length 1.041
F number 2.775
Half angle of view 101.046
Image height 2.110
Total lens length 10.584
BF 1.829
[0448] Aberrations including spherical aberration (sine
condition), astigmatism, distortion and lateral aberration in
wide-angle optical system 1W of Example 23 under the
aforesaid lens arrangement and structure are shown in FIGS.
50A and 50B.
[0449] Table 1 through Table 3 show numerical values
acquired by using the aforesaid conditional expressions (1) to
(13) for variable power optical systems 1A-1W in the afore-
said Examples 1 through 23.
TABLE 1

Table of numerical values of conditional expressions

Example Example Example Example Example Example Example Example Example Example
1 2 3 4 5 6 7 8 9 10
**(1) vdp 23.9 23.9 26.1 234 23.4 234 23.4 20.6 24.8 18.4
**(2) Hpl/Rp 0.81 0.83 0.80 0.80 0.77 0.76 0.81 0.87 0.79 0.85
**(3) Ndp 1.6355 1.6355 1.8054 1.6320 1.6320 1.6320 1.6320 2.0017 1.7512 1.7613
**(4) vdl 42.7 42.7 42.7 40.8 40.8 40.8 40.8 34.0 40.8 40.8
**(5) D12/f 3.36 3.38 3.29 3.57 3.15 2.52 5.28 4.42 3.36 4.64
**(6) D23/f 1.19 1.14 1.15 1.06 1.47 1.02 0.61 1.74 2.37 1.80
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TABLE 1-continued
Table of numerical values of conditional expressions
Example Example Example Example Example Example Example Example Example Example
1 2 3 4 5 6 7 8 9 10
*K(7) D34/f 1.56 1.62 1.37 1.48 1.42 1.21 0.82 1.76 1.65 1.73
*#(8) DAL 0.45 0.45 0.45 0.14 0.14 0.14 0.14 <0.20 0.14 0.14
**(9)Yr/2f-1 -0.001 0.000 -0.001 -0.003 -0.002 0.057 -0.108 0.482 0.207 0.290
**(10)Y'/TL 0.15 0.15 0.15 0.15 0.16 0.20 0.13 0.17 0.16 0.16
**(11) IEpl/Lb 3.68 3.77 3.59 3.47 4.33 4.18 2.64 4.11 3.77 341
**(12) Hk1 685 685 685 730 730 730 730 751 730 730
**(13) DS1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 — <0.01 <0.01
*All the conditional expressions are not listed because expressions numbered as () and ( )' are the same conditional expressions
**Conditional expression
TABLE 2
Example Example Example Example Example Example Example Example Example Example
11 12 13 14 15 16 17 18 19 20
**(1) vdp 25.6 24.4 234 23.9 27.1 28.3 23.4 20.6 23.4 23.4
**(2) IHpl/Rp 0.77 0.79 0.78 0.76 0.74 0.74 0.76 0.80 0.69 0.81
**(3) Ndp 1.6142 1.6209 1.6320 1.6345 1.6070 1.6028 1.6320 2.0017 1.6320 1.6320
**(4) vdl 42.7 46.6 46.5 374 46.5 46.5 46.5 40.8 42.7 42.7
**(5)D12/f 4.42 297 2.79 3.50 3.09 3.54 3.02 3.15 1.62 2.14
*%(6) D23/f 1.93 1.15 1.24 1.49 1.50 1.54 1.72 1.24 0.41 0.45
**(7) D34/f 1.29 1.11 1.04 1.47 1.45 1.47 1.21 1.38 0.69 0.23
*#(8) DAL 0.45 0.37 0.46 0.58 0.46 0.46 0.46 0.14 0.45 0.45
**(9)Yr/2f-1 0.101 -0.070 -0.120 0.036 -0.015 0.012 -0.174 0.041 -0.075 -0.028
**(10)Y'/TL 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.17 0.20 0.19
**(11) IEpl/Lb 2.67 3.11 3.17 4.18 4.04 3.87 2.20 4.23 2.18 2.35
**(12) Hk1 685 755 760 695 760 760 760 730 685 685
**(13) DS1 <0.01 0.02-0.20  0.02-0.20 0.03 0.02-0.20  0.02-0.20  0.02-0.20 <0.01 <0.01 <0.01
**Conditional expression
ments with reference to the accompanying drawings, it is to
TABLE 3 be understood that various changes and improvements will be
apparent to those skilled in the art. Therefore, unless other-
Example  Example  Example wise such changes and improvements depart from the scope
21 22 23 . . . . . .
of the present invention descried in claims hereinafter
Conditional expression (1) vdp 20.6 23.4 23.4 defined, they should be construed as being included therein.
Y g
Conditional expression (2) IHpl/Rp 0.85 0.80 0.75
Conditional expression (3) Ndp 2.0017 1.6320 1.6320 EET ; TN
Conditional expression (4) vdl 34.0 42.7 42.7 1. A wide angle optlcal system comprising:
Conditional expression (5) D12/ 3.90 1.92 2.01 a front lens group;
Conditional expression (6) D23/f 0.29 0.53 0.51 a rear lens group; and
Conditional expression (7) D34/f 1.70 1.19 0.72 a
n aperture stop arranged between the front lens group and
Conditional expression (8) DA1 <0.20 0.45 0.45 hp 1 P g group
Conditional expression (9) Yr/2f - 1 0481  -0.132  -0.103 the rear lens group, ) )
Conditional expression (10) Y"/TL 0.16 0.17 0.20 wherein the front lens group includes at least two negative
Conditional expression (11) IEpl/Lb 4.07 4.94 2.27 lenses and at least one positive lens’
Conditional expression (12) kI 731 685 685 at least one of a positive lens or positive lenses in the front
Conditional expression (13) DS1 — <0.01 <0.01 p p

[0450] As stated above, wide-angle optical systems 1A to
1W in the aforesaid Examples 1 to 23 satisty the required
conditions relating to the present invention. As a result, they
have more excellent optical properties, achieve to be compact
sufficiently for being mounted on digital apparatus, espe-
cially for being mounted on an onboard monitor camera or on
a mobile terminal, and are capable of achieving cost reduc-
tion. In addition, the wide-angle optical systems 1A to 1W in
the aforesaid Examples 1 to 23 are capable of achieving a
super wide angle which is a total angle of view of 180° or
more, in particular.

[0451] Although the present invention has been fully and
appropriately described in the foregoing by way of embodi-

lens group includes at least one aspheric surface, and

the front lens group satisfies the following conditional
expression (1):

@,

where vdp is a minimum Abbe number of the positive lens
or positive lenses in the front lens group.

2. The wide-angle optical system of claim 1,

wherein the positive lens satisfying the conditional expres-
sion (1) satisfies the following conditional expression
@)

|Hp|/Rp>0.65

vdp<29

@,

where Hp is a height (a distance from an optical axis) of a
principal ray of a light flux corresponding to a maximum
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33

image height on an object-side surface of the positive lens,
and

the third lens and the fourth lens satisfy the following
conditional expression (7):

Rp is a maximum effective radius of the object-side surface
of the positive lens.

3. The wide-angle optical system of claim 1,

wherein the positive lens satisfying the conditional expres-
sion (1) satisfies the following conditional expression
G3):
Ndp>1.6 3),

where Ndp is a refractive index of the positive lens.

4. The wide-angle optical system of claim 1,

wherein the positive lens satisfying the conditional expres-
sion (1) is a lens made of a resin material.

5. The wide-angle optical system of claim 1,

wherein a lens arranged at a closest position to an object is
anegative lens which satisfies the following conditional
expression (4):

33<vd1<47 ),

where vdl is an Abbe number of the lens arranged at the
closest position to the object.

6. The wide-angle optical system of claim 1,

wherein the front lens group consists of three lenses, and

the rear lens group consists of one lens.

7. The wide-angle optical system of claim 1,

wherein the front lens group consists of three lenses, and

the rear lens group consists of three lenses.

8. The wide-angle optical system of claim 1,

wherein the front lens group consists of four lenses, and

the rear lens group consists of two lenses.

9. The wide-angle optical system of claim 1,

wherein the front lens group consists of three lenses, and

the rear lens group consists of two lenses.

10. The wide-angle optical system of claim 1,

wherein a first lens and a second lens are defined by num-
bering in order from an object side of the wide-angle
optical system, and

the first lens and the second lens satisfy the following
conditional expression (5):

2.1<D12/f<5.3 o),

where D12 is a distance on an optical axis between the first
lens and the second lens, and

fisafocal length of a total system of the wide-angle optical
system.

11. The wide-angle optical system of claim 1,

wherein a second lens and a third lens are defined by

numbering in order from an object side of the wide-
angle optical system, and

the second lens and the third lens satisfy the following
conditional expression (6):

1<D23/f<2.2 (6),

where D23 is a distance on an optical axis between the
second lens and the third lens, and

fisafocal length of a total system of the wide-angle optical
system.

12. The wide-angle optical system of claim 1,

wherein a third lens and a fourth lens are defined by num-
bering in order from an object side of the wide-angle
optical system, and

1.1<D34/f<1.77 D,

where D34 is a distance on an optical axis between the third
lens and the fourth lens, and

fis a focal length of atotal system of the wide-angle optical
system.

13. The wide-angle optical system of claim 1,

wherein the front lens group includes two negative menis-
cus lenses whose convex surfaces face an object side of
the wide-angle optical system and a biconvex positive
lens, arranged in order from the object side, and

the rear lens group includes a biconvex positive lens.

14. The wide-angle optical system of claim 1,

wherein the wide-angle optical system includes a negative
meniscus lens whose convex surface faces an object side
of the wide-angle optical system, a negative lens, a
biconvex lens, an aperture stop, a biconvex lens, a nega-
tive meniscus lens whose convex surface faces an image
side of the wide-angle optical system, and a biconvex
lens, arranged in order from the object side.

15. The wide-angle optical system of claim 1,

wherein the wide-angle optical system includes a negative
meniscus lens whose convex surface faces an object side
of the wide-angle optical system, a negative lens, a
biconvex lens, a positive lens, an aperture stop, a positive
lens, and a negative meniscus lens whose convex surface
faces an image side of the wide-angle optical system,
arranged in order from the object side.

16. The wide-angle optical system of claim 1,

wherein the wide-angle optical system includes a negative
meniscus lens whose convex surface faces an object side
of the wide-angle optical system, a negative lens, a posi-
tive lens, an aperture stop, a biconvex lens, and a nega-
tive meniscus lens whose convex surface faces an image
side of the wide-angle optical system, arranged in order
from the object side.

17. The wide-angle optical system of claim 1,

wherein a lens arranged at a closest position to an object is
a glass lens.

18. The wide-angle optical system of claim 17, wherein the

lens arranged at the closest position to the object satisfies the
following conditional expression (8):

105

DA1<0.35 ®),

where DA1 is a value representing acid-resistance which is
obtained by putting powder of a glass material ofthe lens
arranged at the closest position to the object into nitric
acid solution with a concentration of 0.01 mol/l, heating
the nitric acid solution in a boiling bath, and measuring
areduced mass (%) of the powder of the glass material as
the value representing acid-resistance.

19. The wide-angle optical system of claim 1,

wherein a second lens is defined by numbering in order
from an object side of the wide-angle optical system, and

the second lens is a lens made of a resin material, including
at least one aspheric surface.

20. The wide-angle optical system of claim 1,

wherein a fourth lens is defined by numbering in order from
an object side of the wide-angle optical system, and

the fourth lens is a lens made of a resin material, including
at least one aspheric surface.
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21. The wide-angle optical system of claim 1,

wherein the wide-angle optical system satisfies the follow-
ing conditional expression (9) for a principal ray of a
light flux with a half angle of view of 90 degrees:

—0.3<(¥2/)-1<0.7 ©),

where Yr is a position (distance from an optical axis) of the
principal ray on an image plane, and

fisa focal length of a total system of the wide-angle optical
system.

22. The wide-angle optical system of claim 1,

wherein the wide-angle optical system satisfies the follow-
ing conditional expression (10):

YYTL>0.1 (10),

where Y' is a maximum image height, and

TL is a distance along an optical axis from a surface vertex
on a lens surface arranged at a closest position to an
object, to an image plane (where a back focal length is
measured in an air conversion length).

23. The wide-angle optical system of claim 1,

wherein the wide-angle optical system satisfies the follow-
ing conditional expression (11):

\Epl/Lb>2.2 an,

where Ep is a position (distance from an image plane) of an
exit pupil for a principal ray corresponding to a maxi-
mum image height, and

Lb is a back focal length (measured in an air conversion
length).

24. The wide-angle optical system of claim 4, further com-
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a lens formed of a material such that particles with a
maximum size of 30 nanometers or less are dispersed in
a resin material.

26. The wide-angle optical system of claim 19,

wherein the lens made of a resin material is a lens formed
of a material such that particles with a maximum size of
30 nanometers or less are dispersed in a resin material.

27. An image pickup lens device comprising:

the wide-angle optical system of claim 1 whose structure is
capable of forming an image of an object on a predeter-
mined image-forming plane.

28. A monitor camera to be attached to a predetermined

position and pick up an image of an object in a predetermined
area surrounding the position where the monitor camera is
attached, the monitor camera comprising:

the image pickup lens device of claim 27, and

animage pickup element for converting an optical image of
the object guided by the image pickup lens device into
electric signal.

29. A digital apparatus comprising:

the image pickup lens device of claim 27;

animage pickup element for converting an optical image of
an object guided by the image pickup lens device into
electric signal; and

a controller configured to make the image pickup lens
device and the image pickup element shoot at least one
of a static image of an object or a movie of the object.

30. The digital apparatus of claim 29, further comprising:

an image processing section for correcting a distortion in
an optical image of the object formed on a light-receiv-

prising an element controlling transmission of an ultraviolet
ray, arranged on an optical surface at a closer position to an
object than the positive lens satisfying the conditional expres-
sion (1) or on an object-side surface of the positive lens.
25. The wide-angle optical system of claim 4,
wherein the lens made of a resin material which is the
positive lens satisfying the conditional expression (1), is woR Rk ok

ing surface of the image pickup element.

31. The wide-angle optical system of claim 20,

wherein the lens made of a resin material is a lens formed
of a material such that particles with a maximum size of
30 nanometers or less are dispersed in a resin material.
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