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OPTICAL LENS, LENS UNIT, IMAGING
MODULE, AND ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Application No.
2013-214730 filed on Oct. 15, 2013, and Japanese Patent
Application No. 2014-040560 filed on Mar. 3, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to an electronic appa-

ratus such as a digital camera Or a mobile phone, an imaging
module which is incorporated and used in the electronic appa-
ratus, and an optical lens and a lens unit mounted in the
imaging module.

[0004] 2. Related Art

[0005] In an imaging module which is incorporated and
used in an electronic, apparatus such as a digital camera or a
mobile phone, improvement has progressed in order to pre-
vent the occurrence of flare or ghosting by removing torr
incident light, thereby allowing the quality of a captured
image to be improved. As an image quality countermeasure,
for example, a configuration (refer to Patent Literature 1
(JP-A-2012-208390 and Patent Literature 2 (JP-A-2011-
186437)) or the like has been proposed in which a light
blocking layer is directly formed on a surface of a lens used in
an imaging module.

[0006] InPatent Literature 1, a surface of the light blocking
layer provided on the lens surface is made irregular, and thus
incident light is prevented from being reflected at the surface
of the light blocking layer.

[0007] Patent Literature 3 (JP-A-2010-243641), although
not related to an imaging lens, discloses a technique in which
a film having a refractive index distribution which decreases
from one member side toward the other member side is pro-
vided between the two members, and thus is prevented from
being reflected at interfaces of the two members.

SUMMARY OF INVENTION

[0008] In recent imaging modules, a large diameter of a
lens for increasing brightness and a reduced height for min-
iaturization have been required to be compatible, and this
requirement is expected to become more strict in the future.
For this reason, an incidence angle of light which is incident
to a light blocking layer part of the lens mounted in the
imaging module will further increase in the future, and thus
there is a demand for a configuration in which reflection of
light at a surface of the light blocking layer can be further
minimized.

[0009] As an image quality improvement countermeasure,
a light blocking layer having a diaphragm function is pro-
vided on a surface of an infrared cutoff filter on an optical lens
side, and the infrared cutoff filter is provided between an
imaging element and the optical lens. Also in this light block-
ing layer, an incidence angle of light further increases in the
future in the same manner. In addition, the influence of reflec-
tion of light at a surface of the light blocking layer on captured
image quality cannot be disregarded.

[0010] An illustrative aspect of the present invention is to
provide an optical element which can prevent the occurrence
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of'stray light by minimizing reflection of light at a surface of
alight blocking layer, a lens unit using the optical element, an
imaging module using the lens unit, and an electronic appa-
ratus using the imaging module.

[0011] An aspect of the present invention provides an opti-
cal element including: an optical base material that transmits
light therethrough; and a light blocking portion that is formed
on part of a surface of the optical base material, in which the
light blocking portion includes a light blocking layer; and an
antireflection layer that is formed on a non-adhesion surface
with the optical base material in the light blocking layer, and
in which a refractive index of the antireflection layer is lower
than a refractive index of the light blocking layer.

[0012] Another aspect of the present invention provides a
lens unit including the optical element, in which the optical
element is an optical lens, and the one or more optical lenses
are arranged in an optical axis direction.

[0013] Another aspect of the present invention provides an
imaging module including: the lens unit; and an imaging
element that images a subject through the lens unit.

[0014] Another aspect of the present invention provides an
electronic apparatus including the imaging module.

[0015] With any one of the aspects, it is possible to provide
an optical element which can prevent the occurrence of stray
light by minimizing reflection of light at a surface of a light
blocking layer, a lens unit using the optical element, an imag-
ing module using the lens unit, and an electronic apparatus
using the imaging module.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a schematic cross-sectional view of an
imaging module for explaining an embodiment of the present
invention.

[0017] FIG. 2 is a partially enlarged cross-sectional view
illustrating a cross-section including a lens optical axis Ax of
an optical lens 15A.

[0018] FIG. 3 is a diagram illustrating a modification
example of an enlarged part of arange B illustrated in FIG. 2.
[0019] FIG. 4 is a diagram illustrating a modification
example of the enlarged part of the range B illustrated in FIG.
2.

[0020] FIGS. 5A to 5C are diagrams illustrating modifica-
tion examples of a shape of a light blocking layer.

[0021] FIG. 6 is a schematic cross-sectional view illustrat-
ing a modification example of the imaging module.

[0022] FIG. 7 is a plan view of a light blocking portion 6.
[0023] FIG. 8 is a schematic cross-sectional view of the
light blocking portion 6 of an infrared cutofffilter 7 illustrated
in FIG. 6.

[0024] FIG.9is aschematic plan view illustrating a head of
an ink jet printing apparatus used to manufacture the light
blocking portion 6.

[0025] FIGS.10A to 10C are diagrams illustrating a manu-
facturing method of the light blocking portion 6.

[0026] FIG. 11 is a diagram illustrating a manufacturing
method of the light blocking portion 6.

[0027] FIG. 12 is a diagram illustrating a measurement
system of Example.

[0028] FIG. 13 is a diagram illustrating a measurement
system of Example.

[0029] FIG. 14 is a diagram illustrating a result of
Examples.
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DESCRIPTION OF EMBODIMENTS

[0030] Hereinafter, an embodiment of the present invention
will be described with reference to the drawings.

[0031] FIG. 1 is a schematic cross-sectional view of an
imaging module for explaining an embodiment of the present
invention.

[0032] Animaging module 100 is provided with a lens unit
110, and an imaging portion 11 including imaging elements,
and is disposed inside a casing of an electronic apparatus such
as a smart phone or a digital camera in a state of being
supported by a support member such as a substrate (not illus-
trated).

[0033] The lens unit 110 includes one or more optical
lenses 15 which are disposed so as to overlap each otherin a
lens optical axis Ax inside a lens holder 13. The plurality of
optical lenses 15 fixed to the lens holder 13 collects light at the
imaging portion 11 on the upper side of FIG. 1 from a subject
side on the lower side of FIG. 1, and forms an optical image
of the subject on a light receiving surface of the imaging
element of the imaging portion 11.

[0034] FIG. 1 exemplarily illustrates five optical lenses
15A,15B, 15C, 15D and 15E as the optical lenses 15, but the
number of lenses is not limited thereto. The respective optical
lenses 15A, 15B, 15C, 15D and 15E may be supported by a
plurality of lens holders which are individually prepared, and
a specific optical lens may be supported movably in an optical
axis direction so as to configure a zoom lens mechanism, an
automatic focusing mechanism, or a camera shaking preven-
tion mechanism.

[0035] FIG. 2 is a partially enlarged cross-sectional view
illustrating a cross-section including the lens optical axis Ax
of'the optical lens 15A. The optical lens 15A includes a lens
base material 18 as an optical base material which transmits
light beams therethrough, a light blocking layer 16 formed on
part of a surface 18¢ of the lens base material 18, and an
antireflection layer 17 formed on a non-adhesion surface with
the lens base material 18 in the light blocking layer 16. A ng
light blocking portion is constituted by the light blocking
layer 16 and the antireflection layer 17.

[0036] The lens base material 18 is constituted by a lens
base material body 18A and an antireflection coat (AR coat)
18B which is coated on a light emission surface side of the
lens base material body 18A. The AR coat 18B may be
omitted. In the following description, a refractive index of the
lens base material 18 indicates a refractive index of the lens
base material body 18A.

[0037] As a material of the lens base material body 18A, a
transparent resin material having high light transmittance and
shape stability, and good workability, such as cyclic olefin
copolymer (COC), cycloolefin polymer (COP), or polycar-
bonate (PC), is preferably used.

[0038] The light blocking layer 16 is formed on the light
emission side surface 18c¢ in the surface of the lens base
material 18, and prevents light which comes from an upper
side of the light blocking layer 16 from being incident to the
lens base material 18. The light blocking layer 16 may be
formed on a surface 185 Which is supported by the lens
holder 13 in the surface of the lens base material 18. The light
blocking layer 16 may also be formed on part of a light
incidence surface 18a in the surface of the lens base material
18. The light blocking layer 16 may be preferably formed on
at least part of the surface 18¢ as illustrated in FIG. 2. The
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non-adhesion surface with the light blocking layer 16 in the
surface of the lens base material 18 is also referred to as a lens
portion.

[0039] The light blocking layer 16 may be formed by vari-
ous methods such as printing, coating, and stamping of ink
which contains light blocking substances such as black pig-
ments or black dyes. Particularly, an ink jet method which
allows high dimension accuracy to be obtained is preferably
used.

[0040] As light blocking substances contained in the light
blocking layer 16, various well-known black pigments or
black dyes may be used. As a black coloring material, carbon
black, titanium black, iron oxide, manganese oxide, or graph-
ite which can realize a high optical density with a small
amount thereof is preferably used. In addition, as a black
coloring material, a mixture of ared coloring material, a green
coloring material, and a blue coloring material may be used.

[0041] The antireflection layer 17 prevents reflection of
light at the surface of the light blocking layer 16. The antire-
flection layer 17 may be formed on at least a non-adhesion
surface with the lens base material 18 in the light blocking
layer 16.

[0042] The optical lens 15A has a configuration in which a
refractive index of the light blocking layer 16 is higher than a
refractive index of the antireflection layer 17 in order to
prevent reflection of light at the surface of the light blocking
layer 16.

[0043] It is possible to prevent oblique light which is inci-
dent to the surface of the light blocking layer 16 from being
reflected at the surface without using a light interference
effect or the like by designing the refractive indexes of the
light blocking portion provided between an Air layer and the
lens base material 18 as mentioned above. The antireflection
layer 17 is not particularly limited in materials used as long as
the condition regarding refractive indexes is satisfied.

[0044] In recent imaging modules, a large diameter of a
lens for increasing brightness and a reduced height for min-
iaturization have been required to be compatible, and this
requirement is expected to become more strictin the future. If
a focal length is shortened due to the reduced height, a view-
ing angle increases, and thus an incidence angle of light
which is incident to an optical lens becomes widened. In
addition, if a low F value which is a recent trend is employed,
an aperture diaphragm diameter increases, and thus an inci-
dence angle of light which is incident to an optical lens
becomes widened. Here, the incidence angle is an angle
formed between the optical axis of the optical lens and the
light.

[0045] If an incidence angle of light becomes widened as
mentioned above, ghosting increases. Although the light
blocking layer 16 using black ink or the like is used to reduce
ghosting if reflectance of the light blocking layer 16 is high,
ghosting occurs due to reflection at the surface of the light
blocking layer 16.

[0046] In addition, if a reduction in height progresses, a
light path is required to be suddenly changed in each optical
lens constituting a lens group, and thus there are increasing
cases where light transmitted through the optical lens travels
toward a sensor side with a great angle with respect to the
optical axis. In the light blocking layer such as black ink,
reflectance increases as an incidence angle of light increases,
and thus ghosting with high intensity occurs due to the
reduced height.
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[0047] Inconsideration of these circumstances, the surface
of the light blocking layer 16 is required to achieve an anti-
reflection effect for light which is incident thereto at any
angle. In a case where an antireflection layer having a multi-
layer structure using interference of light in the related art is
used as the antireflection layer 17, the lens base material 18 is
curved, and thus an appropriate antireflection effect cannot be
achieved depending on positions of the layers. In contrast,
according to the optical lens 15A of the present embodiment,
reflection of light can be prevented at any position of the
surface of the light blocking layer 16, and thus it is possible to
minimize the occurrence of ghosting.

[0048] In FIG. 1, when a distance from the part which is
closestto a subject in the optical lens 15A located on a subject
side among the five optical lenses 15 to a light receiving
surface of a solid-state imaging element included in the imag-
ing portion 11 is set to TIT, and a composite focal length of the
five optical lenses 15 is set to f, in the imaging module 100 in
which a value obtained by dividing TTL by fis 1.3 or less,
reflection of oblique light at the surface of the light blocking
layer 16 due to the reduced height is considerable. For this
reason, the configuration described in the optical lens 15A is
notably effective to the imaging module 100 having a con-
figuration satisfying this condition.

[0049] As mentioned above, although the light blocking
portion of the optical lens 15A has been described, light
blocking portions are also formed in all the optical lenses
15B, 15C, 15D and 15E of the lens unit 110 in the same
manner. Consequently, it is possible to more reliably prevent
the occurrence of flare or ghosting in the entire lens unit 110.
[0050] In the optical lens 15A illustrated in FIG. 1, if a
configuration is employed in which a refractive index of the
light blocking portion gradually increases from the surface
which is in contact with the air layer toward the adhesion
surface with the lens base material 18, it is possible to further
achieve an antireflection effect.

[0051] Methods in which a refractive index of the light
blocking portion gradually increases from the air layer side
toward the lens base material 18 side will be described below.
[0052] First Method

[0053] As the antireflection layer 17, a so-called moth-eye
(eyes of a moth) structure is employed in which repetitive
pitches and heights of fine irregularities are smaller than a
wavelength of visible light. As an antireflection structure
using the moth-eye structure, a structure disclosed in, for
example, JP-A-2004-50792 may be employed. In an antire-
flection layer using the moth-eye structure, a refractive index
is made to gradually increase from the air layer side toward
the light blocking layer 16 side, and a refractive index of an
end part on the light blocking, layer 16 side is made smaller
than a refractive index of the light blocking layer 16.

[0054] A film Of the moth-eye structure may be formed for
example, by coating and drying an aqueous solution contain-
ing zinc nitrate and ethylenediamine on a substrate With a
sodium hydroxide aqueous solution as a solvent so that zinc
oxide (ZnO) is deposited. Zinc oxide has a network porous
structure, and thus has a substantially moth-eye structure.
[0055] Alternatively, a film may be formed by using Alu-
mina (Al,O;) or an aluminum nitride (AIN) oxide (refer to
JP-A-2007-156017 and WO2011/111669).

[0056] Inacasewheretheantireflection layer 17 having the
moth-eye structure is formed by using ZnQO, a refractive index
of the antireflection layer 17 on the light blocking layer 16
side is about 1.65. For this reason, a refractive index of the
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light blocking layer 16 is required to be higher than 1.65. The
smaller (preferably, 0.16 or less) a refractive index difference
between the lens base material 18 and the light blocking layer
16 is, the further prevented the reflection of light at an inter-
face therebetween is.

[0057] As the lens base material 18, there is a material
having a refractive index of about 1.4 to 1.8 at a wavelength of
550 DM. For this reason, in a case where the antireflection
layer 17 having the moth-eye structure is formed by using
7Zn0, it is preferable that a refractive index of the light block-
ing layer 16 at the wavelength 550 nm be higherthan 1.65 and
equal to or lower than 1.8, and a refractive index of the lens
base material 18 at the wavelength 550 nm be 1.7 to 1.8, in
order to effectively minimize ghosting.

[0058] Inacasewherethe antireflection layer 17 having the
moth-eye structure is formed by using Al,O,, a refractive
index of the antireflection layer 17 on the light blocking layer
16 side is about 1.4. For this reason, when the antireflection
layer 17 having the moth-eye structure is formed by using
AL, O, it is preferable that a refractive index of the light
blocking layer 16 be higher than 1.4 and equal to or lower than
1.6, and a refractive index of the lens base material 18 be 1.5
to 1.6, in order to effectively minimize ghosting.

[0059] Second Method

[0060] As illustrated in FIG. 3, convex parts 174 forming a
moth-eye structure are provided on the surface of the light
blocking layer 16. In this method, an aggregate of the convex
parts 174 functions as the antireflection layer 17, and a part
located under the convex parts 17d functions as the light
blocking layer 16.

[0061] The structure illustrated in FIG. 3 is formed by
coating a material of the light blocking layer 16 on the lens
base material 18 through ink jetting or the like, then bringing
a quartz mold 17x in which an irregular pattern of the moth-
eye structure is farmed into pressing contact with the coated
film before curing the coated film, and curing the coated film
in this state. Then mold 17x is peeled off, and thus the convex
parts 174 are formed.

[0062] Third Method

[0063] Asillustrated in FIG. 4, the antireflection layer 17 is
formed by using a laminate structure of a plurality of (in the
example of FIG. 4, three) films 17a, 175 and 17¢. In the
antireflection layer 17 illustrated in FIG. 4, refractive indexes
increase in an order of the film 174, the film 1754, and the film
17¢, and a refractive index of the film 17¢ is preferably lower
than a refractive index of the light blocking layer 16.

[0064] In the optical lens 15A illustrated in FIG. 1, the
antireflection layer 17 is formed on the surface of the lens
base material 18 on which the light blocking layer 16 is not
formed. In this configuration, in order to minimize ghosting,
a difference between a refractive index of the antireflection
layer 17 on the lens base material 18 side and a refractive
index of the lens base material 18 is preferably small. If this
difference is 0.11 or less, it is possible to effectively minimize
ghosting.

[0065] If the difference between a refractive index of the
antireflection layer 17 on the lens base material 18 side and a
refractive index of the lens base material 18 is larger than
0.11, an antireflection layer of a material which causes a
refractive index difference from the lens base material 18 to
be equal to or smaller than 0.11 is required to be provided on
the surface of the lens base material 18 on which the light
blocking layer 16 is not provided, separately from the upper
part of the light blocking layer 16. As in the present embodi-
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ment, when the difference between a refractive index of the
antireflection layer 17 on the lens base material 18 side and a
refractive index Of the lens base material 18 is equal to or
smaller than 0.11, an antireflection layer on the light blocking
layer 16 and an antireflection layer on the lens base material
18 are not required to be formed separately. For this reason,
manufacturing steps of the optical lenses can be simplified,
and thus manufacturing costs can be reduced.

[0066] The kind of lens to which the present invention is
applicable is not limited to the above-described disc-shaped
convex lens or concave lens. A meniscus lens, a cylindrical
lens having a cylindrical lens surface, a ball lens, a rod lens,
and the like may be used. The above-described same light
blocking portion is provided in these various lenses, and thus
it is possible to prevent the occurrence of flare or ghosting.

[0067] A planar shape of the light blocking layer 16 may be
annular as illustrated in FIG. 5A, and a light blocking layer
16B having a rectangular opening 31 whose inner circumfer-
ence is formed in a rectangular shape may be used as illus-
trated in FIG. 5B. As illustrated in FIG. 5C, a pair of “D”-
shaped light blocking layers 16¢ which restricts only angles
of view of upper and lower ends may be disposed on an
optical lens with straight line parts 33 facing each other.

[0068] Although an optical lens has been described hitherto
as an example of an optical element in which the light block-
ing layer is provided, the present invention is applied to a
configuration in which an infrared cutoff filter provided
between an imaging lens and an optical lens is provided with
as light blocking portion, and thus ghosting or flare can be
minimized. In this case, the infrared cutoff filter is an optical
base material which transmits light beams (light excluding
infrared rays) therethrough.

[0069] In the imaging module, light incident to a light
blocking portion on an infrared cutoff filter surface includes a
lot of oblique light. If the oblique light is into the light block-
ing portion on the infrared cutoff filter surface, there is the
occurrence of light (referred to as regularly reflected light)
which is regularly reflected at the light blocking portion and
light (referred to as backward reflected light or backward
scattered light) which is scattered at the light blocking portion
surface and returns in a direction of the incident light. There
is a high probability that these two light beams may be
reflected at the optical lens surface and return to the imaging
lens, and this causes the occurrence of ghosting.

[0070] Inorder to minimize ghosting, in a configuration in
which the infrared cutoff filter is provided with the light
blocking portion, as exemplified in FIG. 3, a surface shape of
the light blocking portion is an irregular shape described later.
In this case, the present inventor has found that ghosting can
be minimized by reducing regularly reflected light at the light
blocking portion surface and by causing light which returns in
a direction of incident light to have high directivity (by reduc-
ing scattering). Hereinafter, a preferred embodiment of an
imaging module equipped with an infrared cutoff filter having
a light blocking portion will be described.

[0071] FIG. 6 is a schematic cross-sectional view illustrat-
ing a modification example of an imaging module.

[0072] An imaging module 200 illustrated in FIG. 6
includes a casing 1, an imaging portion 4 including a substrate
2 disposed on a bottom of the casing 1 and an imaging ele-
ment 3 formed on the substrate 2, an infrared cutoff filter 7
formed over the imaging element 3, and an optical lens 8
formed over the infrared cutoff filter 7. The optical lens 8 is
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constituted by at least one optical lens in the same manner as
the optical lenses 15 of FIG. 1.

[0073] The infrared cutoff filter 7 includes a filter body 5 as
an optical base material which transmits light therethrough
and a light blocking portion 6 formed on the filter body 5. The
filter body 5 is amain body part which attenuates infrared rays
(generally, light with a wavelength of 700 nm or longer), and
uses a well-known blocking body. The light blocking portion
6 may be formed by the same method (for example, the
method illustrated in FIG. 3) by using the same material as
that of the above-described light blocking layer 16.

[0074] FIG. 7 is a plan view of the light blocking portion 6.
As illustrated in FIG. 7, in the tight blocking portion 6, an
opening K is formed in a region including an optical axis of
the Optical lens 8. The opening K can reduce oblique light
which is incident to the imaging element 3.

[0075] Fin, 8 isaschematic cross-sectional view ofthe light
blocking portion 6 of the infrared cutoff filter 7 illustrated in
FIG. 6.

[0076] The light blocking portion 6 is constituted by a flat
part 62 which is a part having a uniform thickness as a whole,
and a plurality of quadrangular pyramid-shaped convex parts
61 which are arranged in a two-dimensional manner on the
flat part 62. A surface of the light blocking portion 6 is formed
in an irregular shape due to the plurality of convex parts 61.
The convex parts 61 are not limited to the quadrangular pyra-
mid shape, and may have any convex shape such as a conical
shape, a trigonal pyramid shape, or a prism shape. The flat
part 62 may have a thickness which allows light to be blocked.
The flat part 62 of the light blocking portion 6 functions as a
light blocking layer. An aggregate of the plurality of convex
parts 61 functions as an antireflection layer which prevents
reflection of light at the surface of the flat part 62. A refractive
index of the antireflection layer constituted by the plurality of
convex parts 61 is smaller than a refractive index of the flat
part 62 due to the irregular shape thereof.

[0077] An average (indicated by an average height H) of
heights Ii of all the convex parts 61 located on the surface of
the light blocking portion 6 is 400 nm or more, and is prefer-
ably 500 nm or more and 1000 nm or less. In the example of
FIG. 8, the heights of the convex parts 61 are uniform, and
thus the heights h and the average height H are the same value.
[0078] An average arrangement pitch (indicated by T) of all
the convex parts 61 located on the surface of the light block-
ing portion 6 is 150 nm or more and 700 nm or less, and is
preferably 150 nm or more and 500 nm or less. In the example
of FIG. 8, the convex parts 61 are arranged in a square lattice
form with uniform arrangement pitches t, and thus the
arrangement pitches t and the average arrangement pitch T
are the same value.

[0079] Each arrangement pitch t Of the convex parts 61
indicates a maximum value of a width in a direction in which
two convex parts 61 are arranged in a space (concave part)
interposed between the two adjacent convex parts 61. The two
adjacent convex parts 61 indicate that other convex parts 61
are not present between the two adjacent convex parts 61.
[0080] If the irregular shape of the surface of the light
blocking portion 6 satisfies such a condition, it is possible to
reduce regularly reflected light (the solid line arrow in FIG. 6)
which is reflected with a reflection angle 6 among light beams
which are incident to the infrared cutoff filter 7 with an
incidence angle 0. In addition, among the light beams which
are incident to the infrared cutoff filter 7 with the incidence
angle 0, a scattering angle of backward scattered light (the
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clashed line arrow in FIG. 6) which is scattered in an inci-
dence direction can be reduced. As mentioned above, since
regular reflection is reduced, and backward scattering is made
to have directivity, ghosting can be minimized.

[0081] The light blocking portion 6 having the configura-
tion illustrated in FIG. 8 is preferably manufactured as fol-
lows.

[0082] FIG.9 is a schematic plan view illustrating a con-
figuration of a head of an ink jet printing apparatus used to
manufacture the light blocking portion 6.

[0083] In a head 10 illustrated in FIG. 9, a plurality of (in
the example of FIG. 9, sixteen) nozzles 9 for ejecting an
energy curable material are arranged in a two-dimensional
form. The head 10 is scanned in a two-dimensional form so as
to form the light blocking portion 6, but, in the following, a
manufacturing method of the light blocking portion 6 will be
described by using a single nozzle 9 included in the head 10.
[0084] FIGS.10A to 10C are diagrams illustrating a manu-
facturing method of the light blocking portion 6.

[0085] As illustrated in FIG. 10A, the nozzle 9 is made to
come close to the filter body 5, and an energy curable material
60 is ejected from the nozzle 9 to the filter body 5. The energy
curable material 60 may be any material as long as the mate-
rial can be cured by energy such as heat or light. Herein, as the
energy curable material 60, an ultraviolet-ray curable resin
(surface tension: 30 N/m, and viscosity: 100 cps) containing
carbon black (average particle diameter: 0.3 pm) is used.
[0086] Next, the nozzle 9 is moved in a direction of being
separated from the surface of the filter body 5 in a state in
which the ejected ultraviolet-ray curable material 60 is in
contact with the nozzle 9. A height of the ultraviolet-ray
curable material 60 at this time is 20 um. Some energy which
is required to cure the ejected ultraviolet-ray curable material
60 is supplied thereto, so that the ejected ultraviolet-ray cur-
able material 60 is cured by half (FIG. 10B). Herein, the
ultraviolet-ray curable material 60 is irradiated with ultravio-
let rays under conditions of power of 2 W/cm?, a wavelength
of 385 nm, and an irradiation tune of 30 seconds, in an
atmosphere of oxygen of 100 ppm or less.

[0087] After some of the energy is supplied thereto, the
nozzle 9 is further moved in the direction of being separated
from the surface of the filter body 5 so that the nozzle 9 is
separated from the half-cured ultraviolet-ray curable material
60 (FIG. 10¢). Herein, the nozzle 9 is moved by 1.5 um at a
movement speed of 1.5 um/sec. Since the ultraviolet-ray cur-
able material 60 is in a half-cured state, the ultraviolet-ray
curable material 60 can be extended in tracking of the move-
ment of the nozzle 9. As a result of detailed tests, in a case
where a movement speed of the nozzle 9 is 1.5 pm/sec, it has
been found that a relationship of 3f=h is established between
a movement amount f of the nozzle 9 and a height h of the
convex part.

[0088] Next, energy required for curing is supplied to the
separated ultraviolet-ray curable material 60, so that the sepa-
rated ultraviolet-ray curable material 60 is completely cured.
Herein, the ultraviolet-ray curable material 60 is irradiated
with Ultraviolet rays under conditions of power of 4 W/cm?,
a wavelength of 385 nm, and an irradiation time of 30 Sec-
onds, in an atmosphere of oxygen of 100 ppm or less.
[0089] The above-described steps are simultaneously per-
formed by using the all the nozzles 9 mounted on the head 10,
and the same steps are repeatedly performed while a position
of the head 10 is moved. Thus, as illustrated in FIG. 11, the
light blocking portion 6 can be formed which includes a flat
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part having a thickness ha, and convex parts having heights h,
arranged with arrangement pitches t on the flat part.

[0090] Herein, although an example in which the plurality
of nozzles 9 are mounted on the head 10 has been described,
asingle nozzle 9 may be mounted on the head 10, and the head
10 may be scanned so that the light blocking portion 6 is
formed.

[0091] According to the above-described manufacturing
method, expensive apparatuses are not necessary, and a large
amount of initial investment such as a lithography method is
not required. Thus, it is possible to reduce manufacturing
costs. A simple process is performed in which an energy
curable material is coated and is then cured, and thus it is
possible to realize high productivity.

[0092] A digital camera has been described as an example
of an incorporation target of the above-described imaging
module 100, but an incorporation target is not limited thereto.
Other incorporation targets of the imagining module 100 may
include, for example, a PC camera which is built into a per-
sonal computer (PC) or is externally attached thereto, an
interphone with a camera, an in-vehicle camera, or an elec-
tronic apparatus having a photographing function, such as a
portable terminal apparatus or an electronic endoscope. The
portable terminal apparatus may include, for example, a
mobile phone, a smart phone, a personal digital assistant
(PDA), or a portable gaming machine.

[0093] As mentioned above, the present invention is not
limited to the above-described embodiment, and combina-
tions of the respective configurations of the embodiment, and
modifications and applications by a person skilled in the art
based on the disclosure of the specification and well-known
techniques are intended to be covered by the present invention
and are thus included in the scope of the protection sought.

[0094] Hereinafter, Examples of the present invention will
be described.
[0095] A result of examination of the optical lens 15A

illustrated in FIG. 2 will be described.

[0096] In Comparative Example 1 and Examples 1 to 9
described below, either A or B shown in the following Table
1 was used in the light blocking layer 16. In addition, either a
or b shown in the following Table 2 was used in the lens base
material body 18A. Refractive indexes were measured by
using Ellipsomneter VASE manufactured by J. A. Woollam
Japan Co, Inc.

TABLE 1
Material Product Name Refractive Index at 546 nm
A Black Ink LLO04 by 1.58
FujiFilm Corporation
B GT20 by Canon Inc. Arbitrarily Adjustable
TABLE 2
Material Product Name Refractive Index at 546 nm
a ZEONEX (Registered 1.54
Trademark) F52R by Zeon
Corporation
b MR-174 by Mitsui 1.74
Chemicals, Inc.
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Comparative Example 1

[0097] AnAR coatwasapplied on alens base material body
made ofthe material a so that alens base material was formed,
and then the material A was coated on part of a surface of the
lens base material by an ink jetting method and was then dried
and cured so that a light blocking layer was formed.

Example 1

[0098] AnAR coatwasapplied on alens base material body
made ofthe material a so that alens base material was formed,
and then the material A was coated on part of a surface of the
lens base material by an ink jetting method. Then, a mold
having a moth-eye irregular structure was brought into press-
ing contact with the coated film of the material A, and the
coated film was cured in this state so that an antireflection
layer and a light blocking layer were formed. A part where
irregularities were formed in the cured coated film is divided
into ten parts in a direction perpendicular to the surface of the
lens base material, and a refractive index of each divided layer
was measured and results are shown in Table 3. In Table 3, a
smaller layer number indicates that a corresponding layer is
closer to an air layer.

TABLE 3

Layer Spatial Occupation Ratio [%)] Effective Refractive Index

1 0.826 1.004
2 3.306 1.015
3 7.438 1.033
4 13.223 1.059
5 20.661 1.093
6 29.757 1.135
7 40.496 1.186
8 52.893 1.246
9 66.942 1.317
10 82.645 1.401
Example 2
[0099] An AR coatwasapplied on alens base material body

made of the material b so that a lens base material was formed,
and then the material B was coated on part of a surface of the
lens base material by an ink jetting method and was then dried
and cured so that a light blocking layer was formed. Then, an
aqueous solution containing zinc nitrate and ethylenediamine
was coated and dried on the light blocking layer with a
sodium hydroxide aqueous solution as a solvent so that zinc
oxide was deposited, thereby allowing an antireflection layer
with a moth-eye structure to be formed. The antireflection
layer has a refractive index which is slightly higher than 1 on
the air layer and a refractive index of 1.65 on the light block-
ing layer side.

Example 3

[0100] Au antireflection layer with a moth-eye structure,
made of Al,O; was formed on the light blocking layer of the
optical lens which was manufactured in Comparative
Example 1. The antireflection layer has a refractive index
which is slightly higher than 1 on the an layer side and a
refractive index of 1.4 on the light blocking layer side.

Example 4

[0101] An optical lens was manufactured by the same
method as in Example 3 except that a light blocking layer
material is changed to B.

Apr. 16, 2015

Example 5

[0102] A film of the material B was formed on the light
blocking layer through deposition so that an index matching
(IM) layer was formed in the manufacturing process of the
optical lens of Example 4. Then, an antireflection layer made
of Al,O; was formed on the IM layer.

Example 6

[0103] The surface of the optical lens manufactured in
Comparative Example 1 was roughened through laser blast-
ing, and then a film of MgF , was formed on the light blocking
layer by an EB deposition method so that an IM layer was
formed. Since MgF, buries shavings of the light blocking
layer generated during the laser blasting, a refractive index of
the IM layer is a value between refractive indexes of the
material A of the light blocking layer and MgF,. The refrac-
tive index of the IM layer was 1.5 at a wavelength of 546 nm.
Next, a film of MgF, was formed on the IM layer by an EB
deposition method so that an antireflection layer was formed.
A refractive index of the antireflection layer was 1.4 at a
wavelength of 546 nm.

Example 7

[0104] The material B was coated on part of a surface of a
lens base material body made of the material a by an ink
jetting Method and was then dried and cured so that a light
blocking layer was formed. Then, an antireflection layer with
a moth-eye structure, made of ZnO, was formed on the light
blocking layer and the surface of the lens base material body
by the same method as in Example 2.

Example 8

[0105] The material B was coated on part of a surface of a
lens base material body made of the material b by an ink
jetting method and was then dried and cured so that a light
blocking layer was formed. Then, an antireflection layer with
a moth-eye structure, made of Al,O;, was formed on the light
blocking layer and the surface of the lens base material body.

Example 9

[0106] The material B was coated on part of a surface of a
lens base material body made of the material b by an ink
jetting method and was then dried and cured so that a light
blocking layer was formed. Then, an antireflection layer with
a moth-eye structure, made of ZnO, was formed on the light
blocking layer and the surface of the lens base material body
by the same method as in Example 2.

[0107] Fiveoptical lenses manufactured in Example 1 were
combined with each other so as to manufacture the imaging
module illustrated in FIG. 1, and imaging quality was evalu-
ated by using a measurement system illustrated in FIG. 12.
Similarly, also in each of Examples 1 to 9, five optical lenses
were combined with each other so as to manufacture the
imaging module illustrated in FIG. 1, and imaging quality
was evaluated by using the measurement system illustrated in
FIG. 12. When a distance from a position of the five optical
lenses which is farthest from an imaging element to light
receiving surface of the imaging element is set to TTL, and a
composite focal length of the five optical lenses is set to f, the
imaging module was manufactured here in which a value
obtained by dividing TTL by fis 1.3 or less.
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[0108] The measurement system illustrated in FIG. 12
includes a halogen light source 40, a collimator lens 41, and
an imaging module 44. Light emitted from the halogen light
source 40 is converted into parallel light by the collimator lens
41, and is then incident to a lens group 42 of the imaging
module 44. The lens group 42 includes the five optical lenses
manufactured in Comparative Example and Examples. The
light which has passed through the lens group 42 is incident to
an imaging element 43. In this measurement system, the
imaging module was rotated by a predetermined angle with
respect to a rotation axis 45 which is perpendicular to an
optical axis 46 of the lens group 42 and is parallel to a light
receiving surface of the imaging element 43, and intensities of
main light beams which form an image on the imaging ele-
ment 43 and other light beams (ghost light beams) were
observed and measured, so that an intensity ratio of the ghost
light beams to the main light beams was obtained. On the
basis of the intensity ratio, a case where ghosting did not
occur was evaluated as A, a case where image formation in the
imaging element 43 dueto light reflected inside the lens group
42 did not cause a practical problem was evaluated as B, and
a case where ghosting occurred and thus caused a practical
problem was evaluated as C. A configuration and an evalua-
tion result of each optical lens are shown in the following
Table 4.
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tive index of the lens base material is 0.09. In Example 8, a
difference between a refractive index of the antireflection
layer on the lens base material side and a refractive index of
the lens base material is 0.34. The evaluation of Example 8 is
lower than the evaluation of Examples 7 and 9. Therefore, it
can be seen that, if a difference between a refractive index of
the antireflection layer on the lens base material and a refrac-
tive index of the lens base material is equal to or less than 0.11,
reflection of light at an interface between the antireflection
layer and the lens base material is minimized, and thus imag-
ing quality is improved.

[0112] Next, reflection characteristics of the light blocking
portion 6 having the configuration illustrated in FIG. 8 were
examined.

[0113] The light blocking portion 6 having the configura-
tion illustrated in FIG. 8 was formed on a silicon substrate by
the method described in FIGS. 10A to 10C. As the light
blocking portion 6, light blocking portions were manufac-
tured in which the average heights H of the convex parts 61
were respectively 55 nm, 165 nm, 275 nm, 360 nm, 400 nm,
500 nm, 620 nm, 880 nm, 1000 nm 1150 nm, and 1400 nm,
and the average arrangement pitches T of the convex palls 61
for the respective average heights H were 55 nm, 110 mm,
150 nm, 200 nm, 300 nm, 500 nm, 550 nm, 650 nm, 700 nm,
and 850 nm. In the light blocking portions manufactured here,

TABLE 4
Light Antireflection Layer
Lens Base Material Blocking Layer (IM Layer) Antireflection Layer
Refractive Refractive Refractive Refractive  Evaluation
Material Index  Material Index Material Index Material  Index Result

Comparative a 1.54 A 1.58 — — — — C
Example 1

Example 1 a 1.54 A(*1) Table 3 — — — — A
Example2 b 174 B 1.7 — — ZnO 1—1.65 A
Example3 a 1.54 A 1.58 — — AlLO; 1—1.4 A
Example4 a 134 B 1.7 — — AlLO; 1—1.4 A
Example5 a 134 B 1.7 B 1.56  ALO; 1—1.4 A
Example 6  a 1.54 A 1.58 MgF, (*2) 1.5 MgF, 1.4 B
Example 7 a (*3) 134 B 1.7 — — ZnO (*4) 1-—1.65 A
Example 8 b (*3) 174 B 1.7 — — ALO; (*4) 1—-1.4 B
Example 9 b (*3) 174 B 1.7 — — ZnO (*4) 1-—1.65 A

(*1) Moth-Eye Structure

(*2) including shavings of A
(*3) No AR Coat

(*4) also provided in lens portion

[0109] InComparative Example 1, since the light blocking
layer has the same refractive index on the air layer side as a
refractive index on the lens base Material side, ghosting
occurred and thus imaging quality was reduced. In contrast,
Examples 1 to 9 Showed results in which ghosting did not
occur or imaging quality without a practical problem was
obtained.

[0110] From the results of Examples 1 to 9, it can be seen
that, if a refractive index difference between the lens base
Material and the light blocking layer is equal to or less than
0.16, reflection of light at an interface between the lens base
material and the light blocking layer is minimized and thus
imaging quality without a practical problem is obtained.
[0111] In Example 7, a difference between a refractive
index of the antireflection layer on the lens base material side
and a refractive index of the lens base material is 0.11. In
Example 9, a difference between a refractive index of the
antireflection layer on the lens base material side and a refrac-

the average height H and the average arrangement pitch T of
the convex parts 61 were measured by wing a confocal laser
microscope (for example, OLS3000 manufactured by Olym-
pus Corporation).

[0114] In the light blocking portion 6 manufactured in the
above-described manner, reflection characteristics of four
items were measured by using a measurement system illus-
trated in FIG. 13.

[0115] FIG. 13 is a diagram illustrating a measurement
system of Example. In the measurement system illustrated in
FIG. 13, a direction perpendicular to a silicon substrate is
defined as a direction of 90° with respect to the silicon sub-
strate, and an angle decreases when tilted toward the right side
from this direction and is set to 0° in a direction which is
parallel to the silicon substrate and is directed toward the right
side of the figure. In addition, an angle increases when tilted
toward the left side from the direction of 90° and is set to 180°
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in a direction which is parallel to the silicon substrate and is
directed toward the left side of the figure.

[0116] As shown in the following Table 5, an angle of
incident light was set, and arrangement angles of a light
amount detector 70 and a camera 71 were set, so that an
amount of regularly reflected light and an amount of back-
ward reflected light were measured by the light amount detec-
tor 70. A distribution of regularly reflected light and a distri-
bution of backward reflected light were measured by the
camera 71. As incident light, light which was circularly polar-
ized via a. Gan-Thompson polarizer and a phase difference
plate by using a single-mode He—Ne laser (wavelength of
633 nm) was used.

TABLE 5
Angle of Angle of Light  Angle
Incident Amount of
Measured Item Light Detector Camera
Measurement 1 Amount of 150° 30° —
Regularly
Reflected Light
Measurement 2 Distribution of 150° — 30°
Regularly
Reflected Light
Measurement 3 Amount of 120° 150° —
Backward
Reflected Light
Measurement 4  Distribution of 120° — 150°
Backward

Reflected Light

[0117] InMeasurement 1, an amount of regularly reflected
light which was measured by using a blocking instead of the
light block portion was set to 100%, and a reflectance (regular
reflectance) was calculated which was a ratio of an amount of
regularly reflected light measured for the light blocking por-
tion to a light amount of 100%.

[0118] In Measurement 3, scattered light beams which are
spread in a range of £20° with respect to a direction of 150°
are collected with a lens and are introduced into the light
amount detector, and an amount of backward reflected light
was measured. When power of an amount of incident light
was set to 1 W, and power (1 mW) of %1000 of this power was
set as a threshold value, it was determined that backward
scattering is present if measured power of an amount of
backward reflected light was equal to or greater than the
threshold value, and it was determined that no backward
scattering is present if measured power of an amount of
backward reflected light was smaller than the threshold value.
[0119] Measurement 3 was set to an angle of incident light
different from an angle of Measurement 1. This is because, if
an angle of incident light is set to 150°, the light amount
detector cannot be located in the direction of 150°, and thus an
amount of scattered light which is spread in a range centering
on the direction of 150° cannot be measured.

[0120] FIG. 14 illustrates a result in which regular reflec-
tances obtained for all the manufactured light blocking por-
tions and whether or not backward scattering has occurred are
collected.

[0121] InFIG. 14, a result indicated by “~-"" indicates that
backward scattering is present and regular reflectance is 1%
or lower. A result indicated by “~ indicates that backward
scattering is not present and regular reflectance is 5% or
higher. A result indicated by “+” indicates that backward
scattering is not present and regular reflectance is 1% or
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higher and 5% or lower. A result indicated by “++” indicates
that backward scattering is not present and regular reflectance
is 1% or lower.

[0122] A simulation was performed for the intensity of
ghosting (at an incidence angle of) 150°) occurring in an
imaging module provided with each light blocking portion
which was manufactured by using the configuration of FIG. 6
as amodel. As aresult, in FIG. 14, it was found that ghosting
with intensity which caused a practical problem occurred in
the light blocking portion with “~-"" and the light blocking
portion with “~”. On the other hand, ghosting occurred in the
light blocking portion with “+”, but the intensity thereof was
not enough to cause a practical problem. In addition, ghosting
did not occur in the light blocking portion with “++”.

[0123] It can be seen from the above description that, if the
average height H of the convex parts 61 located on the surface
of the light blocking portion 6 is set to 400 nm or more, and
the average arrangement pitch T of the convex parts 61 is set
to 150 nm or more and 700 nm or less, ghosting can be
minimized up to a level which causes no practical problems.
[0124] It can be seen from the above description that, if the
average height F1 of the convex parts 61 located on the surface
of the light blocking portion 6 is set to 500 nm or more and
1000 nm or less, and the average arrangement pitch T of the
convex parts 61 is set to 150 nm or more and 500 nm or less,
the occurrence of ghosting can be reliably minimized.
[0125] As described above, the present specification dis-
closes the following matters.

[0126] Itis disclosed an optical element including: an opti-
cal base material that transmits light therethrough; and a light
blocking portion that is formed on part of a surface of the
optical base material, in which the light blocking portion
includes alight blocking layer; and an antireflection layer that
is formed on a non-adhesion surface with the optical base
material in the light blocking layer, and in which a refractive
index of the antireflection layer is lower than a refractive
index of the light blocking layer.

[0127] The optical element may have a configuration, in
which the antireflection layer is also formed on at least part of
a non-adhesion surface with the light blocking layer in the
surface of the optical base material.

[0128] The optical element may have a configuration, in
which the antireflection layer is also formed on both of the
non-adhesion surfaces, and in which a difference between a
refractive index of the optical base material and a refractive
index of the antireflection layer is 0.11 or less.

[0129] The optical element may have a configuration, in
which a refractive index of the antireflection layer gradually
increases from a surface thereof which is in contact with air
toward the light blocking layer.

[0130] The optical element may have a configuration, in
which the antireflection layer is constituted by a laminate of a
plurality of films having different refractive indexes.

[0131] The optical element may have a configuration, in
which a difference between a refractive index of the optical
base material and a refractive index ofthe light blocking layer
is 0.16 or less.

[0132] The optical element may have a configuration, in
which the optical base material has a function of attenuating
infrared rays, in which the antireflection layer has a configu-
ration in which a plurality of convex parts are arranged on the
light blocking layer in a two-dimensional form, in which an
average height of the convex parts is 400 nm or more, and in
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which an average arrangement pitch of the convex parts is 150
nm or more and 700 nm or less.
[0133] The optical element may have a configuration, in
which the average height of the convex parts is 500 nm or
more and 1000 nm or less, and in which the average arrange-
ment pitch of the convex parts is 150 nm or more and 500 nm
or less.
[0134] It is disclosed a lens unit including the optical ele-
ment, in which the optical element is an optical lens, and the
one or more optical lenses are arranged in an optical axis
direction.
[0135] Itis disclosed an imaging module including: the lens
unit; and an imaging element that images a subject through
the lens unit.
[0136] The imaging module may have a configuration, in
which when a distance from a part which is closestto a subject
in the one or more optical lenses to the imaging element is set
to TTL, and a composite focal length of the one or more
optical lenses is set to f, TTL/f<1.3 is satisfied.
[0137] Itis disclosed an electronic apparatus including the
imaging module.
[0138] The present invention is highly convenient and
effective to be applied to a portable electronic apparatus such
as a digital camera or a mobile phone in particular.
What is claimed is:
1. An optical element comprising:
an optical base material that transmits light therethrough;
and
a light blocking portion that is formed on part of a surface
of the optical base material,
wherein the light blocking portion includes
a light blocking layer; and
an antireflection layer that is formed on a non-adhesion
surface with the optical base material in the light
blocking layer, and
a refractive index of the antireflection layer is lower than a
refractive index of the light blocking layer.
2. The optical element according to claim 1,
wherein the antireflection layer is also formed on at least
part of a non-adhesion surface with the light blocking
layer in the surface of the optical base material.
3. The optical element according to claim 2,
wherein the antireflection layer is also formed on both of
the non-adhesion surfaces, and
a difference between a refractive index of the optical base
material and a refractive index of the antireflection layer
is 0.11 or less.
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4. The optical element according to claim 1,

wherein a refractive index of the antireflection layer gradu-
ally increases from a surface thereof which is in contact
with air toward the light blocking layer.

5. The optical element according to claim 4,

wherein the antireflection layer is constituted by a laminate
of a plurality of films having different refractive indexes.

6. The optical element according to claim 1,

a difference between a refractive index of the optical base
material and arefractive index of the light blocking layer
is 0.16 or less.

7. The optical element according to claim 1,

wherein the optical base material has a function of attenu-
ating infrared rays,

the antireflection layer has a configuration in which a plu-
rality of convex parts are arranged on the light blocking
layer in a two-dimensional form,

an average height of the convex parts is 400 nm or more,
and

an average arrangement pitch of the convex parts is 150 nm
or more and 700 nm or less.

8. The optical element according to claim 7,

wherein the average height of the convex parts is 500 nm or
more and 1000 nm or less, and

wherein the average arrangement pitch of the convex parts
is 150 nm or more and 500 nm or less.

9. A lens unit comprising the optical element according to

claim 1,

wherein the optical element is an optical lens, and the one
or more optical lenses are arranged in an optical axis
direction.

10. An imaging module comprising:

the lens unit according to claim 9; and

an imaging element that images a subject through the lens
unit.

11. The imaging module according to claim 10,

wherein, when a distance from a part which is closest to a
subject in the one or more optical lenses to the imaging
elementis setto TTL, and a composite focal length of the
one or more optical lenses is set to f, TTL/f<1.3 is
satisfied.

12. An electronic apparatus comprising the imaging mod-

ule according to claim 10.

#* #* #* #* #*
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