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(57) ABSTRACT

An optical device detects the presence or absence of a
foreign matter and a position of the foreign matter. The
optical device includes first and second antireflection films
each provided in an optical window of a lid part covering an
opening of a housing part, the first and second antireflection
films each (i) transmitting therethrough signal light used by
an optical element, (ii) having a higher reflectance with
respect to inspecting light than a reflectance with respect to
the signal light, the inspecting light being different in
wavelength from the signal light, and (iii) having a lower
reflectance with respect to second inspecting light than a
reflectance with respect to first inspecting light.
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OPTICAL ELEMENT AND OPTICAL
DEVICE, OPTICAL ELEMENT INSPECTING
DEVICE AND OPTICAL DEVICE
INSPECTING DEVICE, AND OPTICAL
ELEMENT INSPECTING METHOD AND
OPTICAL DEVICE INSPECTING METHOD

TECHNICAL FIELD

[0001] The present invention relates to an optical element
using signal light and an optical device including the optical
element, an optical element inspecting device and an optical
device inspecting device, and an optical element inspecting
method and an optical device inspecting method.

BACKGROUND

[0002] FIG. 6 is a vertical cross-sectional view illustrating
an arrangement of a conventional optical device. FIG. 7 is a
graph showing a relationship between a wavelength of
incident light and a reflectance in the optical device illus-
trated in FIG. 6.

[0003] As illustrated in FIG. 6, there is known an optical
device 101 that includes therein an optical element 111 and
causes signal light to enter the optical element 111 via an
optical window. According to the optical device 101, the
optical element 111 is fixed to a base of a housing part 112
in a shape of a quadrate container, and the housing part 112
is sealed with a lid part 113 that is joined onto the housing
part 112. The signal light enters the optical element 111 via
an optical window 113aq that is provided in the 1id part 113.
Such an optical device 101 is disclosed in, for example,
Patent Literature 1.

[0004] The optical window 113a of the optical device 101
may be provided with antireflection films 115 and 116 for
preventing reflection of signal light to be used. As illustrated
in FIG. 7, the antireflection films 115 and 116 are each
designed without regard to a response to light having a
wavelength in a visible light range.

[0005] According to the optical device 101, presence or
absence of a foreign matter remaining in the optical device
101 is inspected while the lid part 113 is joined to the
housing part 112. For the inspection, an inspecting device
including an observation optical system is used. The inspect-
ing device determines presence or absence of a foreign
matter at a focusing position in the observation optical
system.

[0006] The observation optical system has a depth of field
which depth is determined in accordance with an optical
magnification, a numerical aperture (NA), and specifications
of an image pickup device. In a case where an object is
within the depth of field, the observation optical system
clearly captures the object. Meanwhile, as the object is
outside the depth of field, a captured image of the object is
out of focus, so that the object is out of sight.

[0007] According to the inspecting device, the depth of
field of the observation optical system has been convention-
ally adjusted, by being made shallow, so that focusing is
achieved in, for example, only an area that is narrower than
the optical window 113a. In this case, the observation
optical system cannot obtain focusing simultaneously in an
outer surface (outside surface) of the optical window 113«
and on an inside of the lid part 113. Thus, it can be
determined that a foreign matter observed when focusing is
achieved by the observation optical system in the outer
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surface of the optical window 113a¢ is present on an outside
of the optical window 113a. Meanwhile, it can be deter-
mined that a foreign matter observed when focusing is
achieved by the observation optical system in an inner
surface (inside surface) of the optical window 113a is
present on an inside of the optical window 113a. Further, it
can be determined that a foreign matter observed when
focusing is achieved by the observation optical system in an
outer surface of the optical element 111 is present in the
outer surface of the optical element 111. The conventional
inspecting device is thus arranged to detect presence or
absence of a foreign matter in the optical device 101 and a
position of the foreign matter by moving a focusing position
in the observation optical system.

[0008] Patent Literature 2 discloses a method for sensing
a position of a defect in each of (i) a first surface and (ii) a
second surface of a transparent plate and (iii) a medium of
the transparent plate. According to the method, by causing
direct internal lighting to emit light from a side surface of the
transparent plate to a defect in the medium of the transparent
plate and causing external lighting to emit light at a given
angle with respect to a direction normal to the transparent
plate, focusing is achieved at a first defocusing position and
a second defocusing position, and images are captured at the
first defocusing position and the second defocusing position,
respectively. Further, according to the method, by compar-
ing signal levels of the defect shown in these images, a
vertical position of the defect in the transparent plate (a
position of the defect in the direction normal to the trans-
parent plate) is calculated.

CITATION LIST

Patent Literatures

[0009] [Patent Literature 1]

[0010] Japanese Patent Application Publication Tokukai
No. 2006-128514 (Publication date: May 18, 2006)

[0011] [Patent Literature 2]

[0012] Published Japanese Translation of PCT Interna-
tional Application, Tokuhyo, No. 2001-519890 (Publication
date: Oct. 23, 2001)

SUMMARY

[0013] According to the conventional inspecting device,
the depth of field of the observation optical system is made
shallow, and it is determined that a foreign matter observed
when focusing is achieved by the observation optical system
in the outer surface of the optical window 113a is present on
the outside of the optical window 113a. Meanwhile, it is
determined that a foreign matter observed when focusing is
achieved by the observation optical system in the inner
surface of the optical window 113a is present on the inside
of the optical window 113a. Further, it is determined that a
foreign matter observed when focusing is achieved by the
observation optical system in the outer surface of the optical
element 111 is present in the outer surface of the optical
element 111.

[0014] Thus, in a case where presence or absence of a
foreign matter in each of the above places is inspected after
the lid part 113 is joined to the housing part 112, focusing
needs to be accurately achieved by the observation optical
system with respect to each observation target surface.
Further, every time the observation target surface is
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changed, it is necessary to adjust the inspecting device
and/or a height of the observation target surface in accor-
dance with an adjustment of a focusing position in the
observation optical system. Thus, these operations are
extremely troublesome. In particular, in a case where the
optical window 113« which is transparent is to be observed,
it is not easy to achieve focusing in the optical window 113«
itself.

[0015] A theoretical formula for a depth of field of an
observation optical system is as follows: depth of
field=diameter of permissible circle of confusion/(NAxop-
tical magnification). It is generally easier to arrange an
optical system having a high magnification to have a shallow
depth of field. Thus, in a case where a wide area needs to be
observed by the observation optical system, the optical
device 101, which is to be observed, needs to be repeatedly
observed while being moved in a horizontal plane. This
requires a long time for observation.

[0016] Meanwhile, the arrangement disclosed in Patent
Literature 2 has an advantage of measuring a vertical posi-
tion of a foreign matter by use of two images. Note,
however, that the arrangement disclosed in Patent Literature
2 requires two types of lighting to be provided in respective
different states. In particular, direct internal lighting needs to
be provided by elaborating an object to be inspected. Thus,
the arrangement disclosed in Patent Literature 2 is difficult
to apply to the optical device 101.

[0017] One or more embodiments of the present invention
provides an optical element and an optical device each of
which easily detects presence of a foreign matter and a
position of the foreign matter, an optical element inspecting
device and an optical device inspecting device, and an
optical element inspecting method and an optical device
inspecting method.

[0018] An optical device of one or more embodiments of
the present invention includes: a housing part; an optical
element contained in the housing part; a lid part having an
optical window and covering an opening of the housing part;
and a first antireflection film provided in the optical window,
the first antireflection film (i) transmitting therethrough
signal light used by the optical element, (ii) having a higher
reflectance with respect to inspecting light than a reflectance
with respect to the signal light, the inspecting light being
different in wavelength from the signal light, and (iii) having
a lower reflectance with respect to second inspecting light
than a reflectance with respect to first inspecting light, the
first inspecting light and the second inspecting light each
serving as the inspecting light.

Advantageous Effects of Invention

[0019] The arrangement of one or more embodiments of
the present invention makes it easy for an optical device and
an optical element to detect presence of a foreign matter and
a position of the foreign matter.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a block diagram illustrating an inspecting
device of an embodiment of the present invention.

[0021] (a) of FIG. 2 is a vertical cross-sectional view of an
optical device illustrated in FIG. 1. (b) of FIG. 2 is an
explanatory diagram illustrating a foreign matter that is
photographed by a camera of FIG. 1 in a case where the
optical device of (a) of FIG. 2 is irradiated with red light
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from an upper surface thereof. (¢) of FIG. 2 is an explanatory
diagram illustrating a foreign matter that is photographed by
the camera of FIG. 1 in a case where the optical device (a)
of FIG. 2 is irradiated with blue light from the upper surface
thereof.

[0022] FIG. 3 is a graph showing a relationship between a
wavelength of incident light and a reflectance in the optical
device illustrated in (a) of FIG. 2.

[0023] FIG. 4 is a vertical cross-sectional view of an
optical device of another embodiment of the present inven-
tion.

[0024] FIG. 5 is a graph showing a relationship between a
wavelength of incident light and a reflectance in the optical
device illustrated in FIG. 4.

[0025] FIG. 6 is a vertical cross-sectional view illustrating
an arrangement of a conventional optical device.

[0026] FIG. 7 a graph showing a relationship between a
wavelength of incident light and a reflectance in the optical
device illustrated in FIG. 6.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0027] An embodiment of the present invention is
described below with reference to the drawings.

[0028] (Arrangement of Inspecting Device 1)

[0029] FIG. 1 is a block diagram illustrating an inspecting
device of Embodiment 1 As illustrated in FIG. 1, the
inspecting device 1 includes a camera (photographing sec-
tion) 11, an illumination device (illumination section) 12, a
control section 13, a storing section 14, and a determining
section 15.

[0030] The camera 11 is a conventionally known image
pickup device and is, for example, a CCD camera. The
camera 11 photographs the optical device 2 from the optical
device 2 upper surface side so as to obtain an image (image
data) of the optical device 2. The obtained image is stored in
the storing section 14. In this case, the camera 11 obtains
respective images of the optical device 2 of a plurality of
colors of light emitted from the illumination device 12.
[0031] For example, the illumination device 12 is pro-
vided in a shape of a ring so as to surround the camera 11.
The illumination device 12 includes LED lighting of a
plurality of colors, and a color of lighting that emits light
with which the optical device 2, which is an object to be
photographed, is irradiated can be selected in each case.
According to Embodiment 1, the illumination device 12 can
emit red light (first visible light (first inspecting light)) and
blue light (second visible light (second inspecting light)).
[0032] The control section 13 controls each section of the
inspecting device 1 and causes the storing section 14 to store
the images of optical device 2 which images have been
obtained by the camera 11. The storing section 14 is, for
example, a storage device constituted by a semiconductor
memory.

[0033] The determining section 15 compares the images of
the optical device 2, which images are stored in the storing
section 14, and finds presence or absence of a foreign matter
in the optical device 2, a position of the foreign matter which
is present (where in the optical device 2 the foreign matter
is present), and a size and a shape of the foreign matter.
[0034] (Arrangement of Optical Device 2)

[0035] (a) of FIG. 2 is a vertical cross-sectional view of
the optical device 2 illustrated in FIG. 1. (b) of FIG. 2 is an
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explanatory diagram illustrating a foreign matter that is
photographed by the camera 11 of FIG. 1 in a case where the
optical device 2 is irradiated with the red light from the
upper surface thereof. (c) of FIG. 2 is an explanatory
diagram illustrating a foreign matter that is photographed by
the camera 11 of FIG. 1 in a case where the optical device
2 is irradiated with the blue light from the upper surface
thereof. FIG. 3 is a graph showing a relationship between a
wavelength of incident light and a reflectance in the optical
device 2.

[0036] As illustrated in (a) of FIG. 2, according to the
optical device 2, an optical element 21 is fixed to a base of
the housing part 22 in, for example, a shape of a quadrate
container. Onto the housing part 22, a lid part 23 is joined.
With the lid part 23, an inside of the optical device 2 is
sealed. The 1id part 23 is provided with an optical window
23a through which light to enter the optical element 21 is
transmitted.

[0037] The optical window 23a has an upper surface that
is provided with a window part antireflection film (first
antireflection film) 24 and a lower surface that is provided
with a window part antireflection film (first antireflection
film) 25. The window part antireflection films 24 and 25
have a low reflectance with respect to signal light (light
having a first wavelength) used by the optical device 2 and
have a high reflectance with respect to visible light (inspect-
ing light).

[0038] According to Embodiment 1, the signal light is, for
example, light having a wavelength of approximately 1550
nm. As the visible light, the first visible light (first inspecting
light) and the second visible light (second inspecting light)
are used. The first visible light is the red light having a
wavelength of approximately 770 nm. The second visible
light is the blue light having a wavelength of approximately
450 nm. Thus, the window part antireflection films 24 and 25
of the optical device 2 have wavelength characteristics that
are summarized as below.

[0039] Signal light: (e.g.,) light having a wavelength of
approximately 1550 nm, being low in reflectance, and
transmitted through the window part antireflection films 24
and 25 (entering the inside of the optical device 2)

[0040] Red light: first visible light (first inspecting light),
(e.g.,) light having a wavelength of approximately 770 nm
and reflected by the window part antireflection films 24 and
25

[0041] Blue light: second visible light (second inspecting
light), (e.g.,) light having a wavelength of approximately
450 nm and transmitted through the window part antireflec-
tion films 24 and 25

[0042] Note that the window part antireflection films 24
and 25 specifically have, for example, a reflectance of not
more than 1% with respect to the signal light and a reflec-
tance of not less than 80% with respect to the red light (first
inspecting light), and a reflectance of not more than 40%
with respect to the blue light (second inspecting light).
[0043] Embodiment 1 is arranged such that the window
part antireflection films 24 and 25 are identical in charac-
teristic. Note, however, that the window part antireflection
film 24 may have a higher reflectance with respect to visible
light than the window part antireflection film 25. Note also
that the signal light only needs to have a wavelength that is
not limited to 1550 nm and is a wavelength of signal light
that is actually used in the optical device 2. Further, it is only
necessary that only one of the window part antireflection
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films 24 and 25, both of which are necessary, has reflection
characteristics with respect to the red light (first inspecting
light) and the blue light (second inspecting light).

[0044] The following description discusses a process for
manufacturing the optical device 2 having the arrangement,
the process including a step of causing the inspecting device
1 to inspect the optical device 2 (a foreign matter inspecting

step).
[0045] (Process for Manufacturing Optical Device 2)
[0046] The process for manufacturing the optical device 2

is carried out in a state in which the optical element 21 is
fixed to the base of the housing part 22. In this state, the lid
part 23 is provided on the housing part 22, and the inspecting
device 1 inspects presence or absence of a foreign matter in
the optical device 2 before the optical device 2 is sealed by
joining the lid part 23 to the housing part 22.

[0047] As a result of the inspection by the inspecting
device 1, in a case where no foreign matter is present in the
optical device 2, the optical device 2 is sealed by joining the
lid part 23 to the housing part 22. Meanwhile, in a case
where a foreign matter is present in the optical device 2, the
lid part 23 is detached from the housing part 22, the foreign
matter is removed by cleaning the inside of the optical
device 2, and thereafter the optical device 2 is sealed by
joining the lid part 23 to the housing part 22. Note that after
the inside of the optical device 2 is cleaned, the inspection
by the inspecting device 1 may be carried out again before
the lid part 23 is joined to the housing part 22.

[0048] A foreign matter that is present on the lid part 23
does not matter here. This is because such a foreign matter
can be removed later. That is, it is only necessary to detect
a foreign matter attached to an inner surface of the optical
window 23a and a foreign matter attached to an upper
surface, i.e., an entrance surface of the optical element 21.
[0049] (Step of Inspecting Optical Device 2)

[0050] An optical system of the inspecting device 1, i.e.,
the camera 11 is set to have a great depth of field and is
arranged to be capable of taking a photograph while achiev-
ing a state of focusing from an outer surface of the optical
window 23a to the entrance surface of the optical element
21. A range of photographing by the camera 11 desirably
includes a whole area of the optical window 23a. Note,
however, that in a case where the camera 11 can photograph
only an area that is narrower than the optical window 23a,
the whole area of the optical window 23a is photographed by
repeatedly photographing the optical device 2 by moving the
camera 11 or the optical device 2.

[0051] In the inspection, after a positional relationship
between the camera 11 and the optical device 2 is adjusted,
the red light (first inspecting light) is emitted from the
illumination device 12 to the optical device 2 first, and the
optical device 2 is photographed by the camera 11 so as to
obtain a first image. The control section 13 stores the first
image in the storing section 14.

[0052] Next, while none of positions (e.g., a position of
the inspecting device 1, a position of the optical device 2,
etc.) are changed, the blue light (second inspecting light) is
emitted from the illumination device 12 to the optical device
2, and the optical device 2 is photographed by the camera 11
s0 as to obtain a second image. The control section 13 stores
the second image in the storing section 14. Note that either
one of the first image obtained by the emission of the red
light and the second image obtained by the emission of the
blue light may be obtained earlier than the other.
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[0053] Subsequently, the determining section 15 compares
the first image and the second image, which are stored in the
storing section 14, and finds presence or absence of a foreign
matter in the optical device 2, and a size and a shape of the
foreign matter which is present in the optical device 2.
[0054] In this case, the red light is reflected by the window
part antireflection film 24. Meanwhile, the blue light is
transmitted through the window part antireflection film 24
and the window part antireflection film 25, so that a surface
of the optical element 21 is irradiated with the blue light.
Thus, as illustrated in (a) of FIG. 2, in a case where foreign
matters 31 and 33 are present in the optical device and a
foreign matter 32a is present in the outer surface of the
optical window 23a (the upper surface of the optical device
2), only the foreign matter 32 is shown in the first image
obtained by the emission of the red light (see (b) of FIG. 2).
[0055] Meanwhile, the foreign matters 31 through 33 are
shown in the second image obtained by the emission of the
blue light (see (b) of FIG. 2).

[0056] Under the circumstances, the determining section
15 obtains a difference image (difference image data) by
carrying out calculation to subtract the first image (first
image data) from the second image (second image data). In
the examples shown in (a) through (c) of FIG. 2, since the
foreign matters 31 and 33 are shown in the difference image,
the determining section 15 determines that a foreign matter
is present in the optical device 2. Meanwhile, in a case where
no foreign matter is shown in the difference image, the
determining section 15 determines that no foreign matter is
present in the optical device 2. Further, in a case where a
foreign matter is present in the optical device 2, the deter-
mining section 15 finds a size and a shape of the foreign
matter from coordinates of the foreign matter. The inspect-
ing device 1 outputs a result of the determination by the
determining section 15 as a result of detection of a foreign
matter.

[0057] (Advantage of Inspecting Device 1)

[0058] According to the inspecting device 1 of Embodi-
ment 1, without the need to change a focal position of the
camera 11 in accordance with the optical device 2 to be
inspected, it is possible to detect presence or absence of a
foreign matter from the outer surface of the optical window
23a of the optical device 2 to the entrance surface of the
optical element 21, This allows a simpler arrangement of the
inspecting device 1 for inspection of presence or absence of
a foreign matter in the optical device 2 and allows a
reduction in time required for the inspection.

[0059] For presence or absence of a foreign matter from
the outer surface of the optical window 23a of the optical
device 2 to the entrance surface of the optical element 21, a
foreign matter can be observed by the camera 11 while
focusing is achieved therein, and thus a size and a shape of
the foreign matter can be detected with high accuracy from
an image of the optical device 2 which image is obtained by
the camera 11.

[0060] Note here that a case where a foreign matter is
detected is actually separated, in accordance with a size and
a shape of the foreign matter, into the following cases: (i) a
case where presence of the foreign matter does not matter;
and (i) a case where presence of the foreign matter matters
and the foreign matter needs to be removed. Examples of
such a case include a case where the foreign matter whose
long side (longer side) has a length that is not less than a
predetermined threshold (not less than A mm) is considered
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to be improper and the foreign matter whose long side
(longer side) has a length that is less than the predetermined
threshold (less than A mm) is considered to be proper. Thus,
detection of a size and a shape of the foreign matter by use
of an optical system having a great depth of field makes it
possible to meet the above circumstances.

[0061] Note that the inspecting device 1 is arranged such
that the illumination device 12 emits the red light (first
visible light (first inspecting light)) and the blue light
(second visible light (second inspecting light)) to the optical
device 2, and the window part antireflection films 24 and 25
have a high reflectance with respect to visible light and have
a lower reflectance with respect to the blue light than a
reflectance with respect to the red light. Note, however, that
the inspecting light (first inspecting light and second inspect-
ing light) emitted by the illumination device 12 to the optical
device 2 is not limited to the red light and the blue light.
Specifically, the inspecting light (first inspecting light and
second inspecting light) only needs to be arranged such that
the inspecting light has a wavelength different from a
wavelength of the signal light, the first inspecting light is
high in reflectance of the window part antireflection films 24
and 25, and the second inspecting light is low in reflectance
of the window part antireflection films 24 and 25. In this
case, the reflectance of the window part antireflection films
24 and 25 may be set in accordance with the first inspecting
light and the second inspecting light.

[0062] Since the illumination device 12 easily glares in an
image that is captured by the camera 11, light of the
illumination device 12 may also be arranged to be emitted to
the optical device 2 via a diffuser.

Embodiment 2

[0063] Another embodiment of the present invention is
described below with reference to the drawings.

[0064] (Arrangement of Inspecting Device 1)

[0065] According to Embodiment 2, an illumination
device 12 includes LED lighting of a plurality of colors and
emits not only red light (first visible light (first inspecting
light)) and blue light (second visible light (second inspecting
light)) but also green light (third visible light (third inspect-
ing light)) to an optical device 3. The green light is light
having a wavelength of approximately 530 nm.

[0066] In response to the first inspecting light through the
third inspecting light, a camera 11 obtains not only a first
image derived from the red light and a second image derived
from the blue light but also a third image derived from the
green light. A determining section 15 compares the first
through third images of the optical device 3, which images
are stored in a storing section 14, and finds presence or
absence of a foreign matter in the optical device 3, a position
of the foreign matter which is present (where in the optical
device 3 the foreign matter is present), and a size and a shape
of the foreign matter.

[0067] (Arrangement of Optical Device 3)

[0068] FIG. 4 is a vertical cross-sectional view of the
optical device 3 of Embodiment 2. FIG. 5 is a graph showing
a relationship between a wavelength of incident light and a
reflectance in the optical device 3.

[0069] The optical device 3 includes not only the window
part antireflection films 24 and 25 included in the optical
device 2 but also an element part antireflection film (second
antireflection film) 26. The element part antireflection film
26 is provided on an entrance surface of an optical element
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21. As described above, the optical element 21 which is, for
example, a photodetector (PD) or a liquid crystal optical
switch element (Liquid crystal on silicon (LCOS)) may have
an antireflection film on the entrance surface thereof. The
other arrangements of the optical device 3 are identical to
those of the optical device 2.

[0070] The element part antireflection film 26 reflects the
red light (first visible light (first inspecting light)) and the
blue light (second visible light (second inspecting light)),
and transmits therethrough signal light and the green light
(third visible light (third inspecting light)). Thus, the win-
dow part antireflection films 24 and 25 and the element part
antireflection film 26 each included in the optical device 3
have the following wavelength characteristics.

[0071] Signal light: (e.g.,) light having a wavelength of
approximately 1550 nm, being low in reflectance, and
transmitted through the window part antireflection films 24
and 25, and the element part antireflection film 26 (entering
an inside of the optical device 3)

[0072] Red light: first visible light (first inspecting light),
(e.g.,) light having a wavelength of approximately 770 nm
and reflected by the window part antireflection films 24 and
25

[0073] Blue light: second visible light (second inspecting
light), (e.g.,) light having a wavelength of approximately
450 nm, transmitted through the window part antireflection
films 24 and 25, and reflected by the element part antire-
flection film 26

[0074] Green light: third visible light (third inspecting
light), (e.g.,) light having a wavelength of approximately
530 nm and transmitted through the window part antireflec-
tion films 24 and 25, and the element part antireflection film
26 (entering an inside of the optical element 21)

[0075] Note that the window part antireflection films 24
and 25 specifically have, for example, a reflectance of not
more than 1% with respect to the signal light and a reflec-
tance of not less than 80% with respect to the red light (first
inspecting light), and a reflectance of not more than 40%
with respect to the blue light (second inspecting light). Note
also that the element part antireflection film 26 specifically
has, for example, a reflectance of not less than 80% with
respect to the blue light and a reflectance of not more than
40% with respect to the green light.

[0076] (Step of Inspecting Optical Device 3)

[0077] The following description discusses an inspection
step (foreign matter inspecting step) carried out by an
inspecting device 1 with respect to the optical device 3
having the arrangement.

[0078] As inthe case of the optical device 2, the inspecting
device 1 finds presence or absence of a foreign matter in the
optical device 3 and a size and a shape of the foreign matter
which is present in the optical device 3.

[0079] Since the blue light (second inspecting light) is
reflected by the element part antireflection film 26 provided
on the entrance surface of the optical element 21, the inside
of'the optical element 21 cannot be observed in a case where
the optical device 3 is photographed while the blue light is
being emitted thereto. In view of this, according to Embodi-
ment 2, the inspecting device 1 emits the green light (third
inspecting light) and causes the camera 11 to photograph the
optical device 3 so as to obtain a third image of the optical
device 3 (image of the inside of the optical element 21). A
control section 13 stores the third image in the storing
section 14.
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[0080] Subsequently, the determining section 15 compares
the second image and the third image, which are stored in the
storing section 14, and finds presence or absence of a foreign
matter in the optical element 21.

[0081] In this case, as illustrated in FIG. 4, in a case where
foreign matters 35 and 36 are present in the entrance surface
of the optical element 21, the foreign matters 35 and 36 are
shown in the second image obtained by the emission of the
blue light. Meanwhile, in a case where a foreign matter 34
is present in the optical element 21, foreign matters 34
through 36 are shown in the third image obtained by the
emission of the green light.

[0082] Under the circumstances, the determining section
15 obtains a second difference image (difference image data)
by carrying out calculation to subtract the second image
(second image data) from the third image (third image data).
In the example shown in FIG. 4, since the foreign matter 34
is shown in the second difference image, the determining
section 15 determines that a foreign matter is present in the
optical element 21. Meanwhile, in a case where no foreign
matter is shown in the second difference image, the deter-
mining section 15 determines that no foreign matter is
present in the optical element 21. Further, in a case where a
foreign matter is present in the optical element 21, the
determining section 15 finds a size and a shape of the foreign
matter from coordinates of the foreign matter. The inspect-
ing device 1 outputs a result of the determination by the
determining section 15 as a result of detection of a foreign
matter.

[0083]

[0084] According to the inspecting device 1 of Embodi-
ment 2, it is possible to inspect not only presence or absence
of a foreign matter in the optical device 3 but also presence
or absence of a foreign matter in the optical element 21. The
other advantages of the optical device 3 are identical to those
of the optical device 2.

[0085] Note that according to Embodiment 2, presence or
absence of a foreign matter in the optical element 21 is
inspected while the optical element 21 is contained in the
optical device 2. Note, however, that presence or absence of
a foreign matter in the optical element 21 may be determined
from two images of the optical element 21, which two
images are, in the present paragraph, the first image and the
second image, in a state in which the optical element 21 has
not been contained in the optical device 2. The first image is
obtained by photographing the optical element 21 by caus-
ing the illumination device 12 to emit the blue light (in the
present paragraph, the first inspecting light) directly to the
optical element 21, and the second image is obtained by
photographing the optical element 21 by causing the illu-
mination device 12 to emit the green light (in the present
paragraph, the second inspecting light) directly to the optical
element 21. An inspecting method carried out in this case is
identical to that carried out with respect to each of the optical
devices 2 and 3. Further, the present paragraph discusses a
method for sensing a foreign matter in the optical element 21
by comparison between images. Note, however, that in order
to inspect presence of less abnormality in the optical element
21 than in a normal product, it is possible to solely use the
third image obtained by the emission of the third inspecting

light.

(Advantage of Inspecting Device 1)
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Conclusion

[0086] An optical device of one or more embodiments of
the present invention includes: a housing part; an optical
element contained in the housing part; a lid part having an
optical window and covering an opening of the housing part;
and a first antireflection film provided in the optical window,
the first antireflection film (i) transmitting therethrough
signal light used by the optical element, (ii) having a higher
reflectance with respect to inspecting light than a reflectance
with respect to the signal light, the inspecting light being
different in wavelength from the signal light, and (iii) having
a lower reflectance with respect to second inspecting light
than a reflectance with respect to first inspecting light, the
first inspecting light and the second inspecting light each
serving as the inspecting light.

[0087] With the arrangement, the first antireflection film
provided in the optical window (i) transmits therethrough
signal light used by the optical element, (ii) has a higher
reflectance with respect to each of first inspecting light and
second inspecting light than a reflectance with respect to the
signal light, the first inspecting light and the second inspect-
ing light each being different in wavelength from the signal
light, and (iii) has a lower reflectance with respect to the
second inspecting light than a reflectance with respect to the
first inspecting light.

[0088] Thus, it is possible to detect presence or absence of
a foreign matter in the optical device by observing the
optical device by irradiating the optical device with the first
inspecting light and the second inspecting light.

[0089] Specifically, by setting the first inspecting light to
have, for example, a wavelength that allows the first inspect-
ing light to be substantially reflected by the first antireflec-
tion film, and setting the second inspecting light to have, for
example, a wavelength that allows the second inspecting
light to be substantially transmitted through the first antire-
flection film, in a case where foreign matters are present on
an outside of the optical device (in an upper surface of the
optical window or above the optical window) and an inside
of the optical device, respectively, the foreign matter which
is present on the outside of the optical device is shown in a
first image of the optical device which first image is captured
by irradiating the optical device with the first inspecting
light, and the foreign matter which is present on the inside
of the optical device is not shown in the first image.
Meanwhile, the foreign matters which are present on the
outside of the optical device and the inside of the optical
device, respectively, are shown in a second image of the
optical device which second image is captured by irradiating
the optical device with the second inspecting light.

[0090] Thus, in a case where a first difference image in
which the first image is subtracted from the second image is
obtained, only the foreign matter which is present on the
inside of the optical device is shown in the first difference
image. This makes it possible to inspect presence or absence
of a foreign matter in the optical device.

[0091] The optical device may be arranged such that the
first antireflection film has a reflectance of not more than 1%
with respect to the signal light, a reflectance of not less than
80% with respect to the first inspecting light, and a reflec-
tance of not more than 40% with respect to the second
inspecting light.

[0092] With the arrangement, the reflectances of the first
antireflection film with respect to the signal light, the first
inspecting light, and the second inspecting light, respec-
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tively, are suitable in terms of (i) operation of the optical
element in accordance with the signal light and (ii) inspec-
tion of presence or absence of a foreign matter in the optical
device in accordance with the first inspecting light and the
second inspecting light.

[0093] The optical device may be arranged to further
include: a second antireflection film provided in an entrance
surface of the optical element via which entrance surface the
signal light enters the optical element, the second antire-
flection film having a lower reflectance with respect to third
inspecting light than the reflectance with respect to the
second inspecting light, the third inspecting light serving as
the inspecting light.

[0094] With the arrangement, the second antireflection
film provided in the entrance surface of the optical element
via which entrance surface the signal light enters the optical
element has a lower reflectance with respect to the third
inspecting light than the reflectance with respect to the
second inspecting light. Thus, by observing the optical
device by irradiating the optical device with the second
inspecting light and the third inspecting light, it is possible
to inspect presence or absence of a foreign matter in the
optical element contained in the optical device.

[0095] Specifically, by setting the second inspecting light
to have, for example, a wavelength that allows the second
inspecting light to be substantially transmitted through the
first antireflection film and allows the second inspecting
light to be substantially reflected by the second antireflection
film, and setting the third inspecting light to have, for
example, a wavelength that allows the third inspecting light
to be substantially transmitted through the second antire-
flection film, in a case where foreign matters are present on
an outside of the optical element (in an upper surface of the
entrance surface of the optical element or above the entrance
surface) and an inside of the optical element, respectively,
foreign matters which are present on the outside of the
optical device and the inside of the optical device (the
outside of the optical element), respectively, are shown in
the second image of the optical device which second image
is captured by irradiating the optical device with the second
inspecting light, and the foreign matter which is present on
the inside of the optical element is not shown in the second
image. Meanwhile, the foreign matters which are present on
the outside of the optical device and the inside of the optical
device (the outside of the optical element), respectively, and
the foreign matter which is present on the inside of the
optical element are shown in a third image of the optical
device which third image is captured by irradiating the
optical device with the third inspecting light.

[0096] Thus, in a case where a second difference image in
which the second image is subtracted from the third image
is obtained, only the foreign matter which is present on the
inside of the optical element is shown in the second differ-
ence image. This makes it possible to further inspect pres-
ence or absence of a foreign matter in the optical element.

[0097] The optical device may be arranged such that: the
first antireflection film has a reflectance of not more than 1%
with respect to the signal light, a reflectance of not less than
80% with respect to the first inspecting light, and a reflec-
tance of not more than 40% with respect to each of the
second inspecting light and the third inspecting light; and the
second antireflection film has a reflectance of not more than
1% with respect to the signal light, a reflectance of not less
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than 80% with respect to the second inspecting light, and a
reflectance of not more than 40% with respect to the third
inspecting light.

[0098] With the arrangement, the reflectances of each of
the first antireflection film and the second antireflection film
with respect to the signal light, the first inspecting light
through the third inspecting light, respectively, are suitable
in terms of (i) operation of the optical element in accordance
with the signal light, inspection of presence or absence of a
foreign matter in the optical device in accordance with the
first inspecting light and the second inspecting light, and (iii)
inspection of presence or absence of a foreign matter in the
optical element in accordance with the second inspecting
light and the third inspecting light.

[0099] An optical element of one or more embodiments of
the present invention is an optical element having an
entrance surface via which signal light enters the optical
element, the optical element including: an antireflection film
provided in the entrance surface, the antireflection film (i)
transmitting therethrough signal light, (ii) having a higher
reflectance with respect to inspecting light than a reflectance
with respect to the signal light, the inspecting light being
different in wavelength from the signal light, and (iii) having
a lower reflectance with respect to second inspecting light
than a reflectance with respect to first inspecting light, the
first inspecting light and the second inspecting light each
serving as the inspecting light.

[0100] With the arrangement, the antireflection film pro-
vided in the entrance surface (i) transmits therethrough
signal light, (ii) has a higher reflectance with respect to each
of first inspecting light and second inspecting light than a
reflectance with respect to the signal light, the first inspect-
ing light and the second inspecting light each being different
in wavelength from the signal light, and (iii) has a lower
reflectance with respect to the second inspecting light than
a reflectance with respect to the first inspecting light.
[0101] Thus, it is possible to detect presence or absence of
a foreign matter in the optical element by observing the
optical element by irradiating the optical element with the
first inspecting light and the second inspecting light.
[0102] Specifically, by setting the first inspecting light to
have, for example, a wavelength that allows the first inspect-
ing light to be substantially reflected by the first antireflec-
tion film, and setting the second inspecting light to have, for
example, a wavelength that allows the second inspecting
light to be substantially transmitted through the first antire-
flection film, in a case where foreign matters are present on
an outside of the optical element (in an upper surface of the
entrance surface or above the entrance surface) and an inside
of'the optical element, respectively, the foreign matter which
is present on the outside of the optical element is shown in
a first image of the optical element which first image is
captured by irradiating the optical element with the first
inspecting light, and the foreign matter which is present on
the inside of the optical element is not shown in the first
image. Meanwhile, the foreign matters which are present on
the outside of the optical element and the inside of the
optical element, respectively, are shown in a second image
of the optical element which second image is captured by
irradiating the optical element with the second inspecting
light.

[0103] Thus, in a case where a first difference image in
which the first image is subtracted from the second image is
obtained, only the foreign matter which is present on the
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inside of the optical element is shown in the first difference
image. This makes it possible to inspect presence or absence
of a foreign matter in the optical element.

[0104] The optical element may be arranged such that the
antireflection film has a reflectance of not more than 1% with
respect to the signal light, a reflectance of not less than 80%
with respect to the first inspecting light, and a reflectance of
not more than 40% with respect to the second inspecting
light.

[0105] With the arrangement, the reflectances of the anti-
reflection film with respect to the signal light, the first
inspecting light, and the second inspecting light, respec-
tively, are suitable in terms of (i) operation of the optical
element in accordance with the signal light and (ii) inspec-
tion of presence or absence of a foreign matter in the optical
element in accordance with the first inspecting light and the
second inspecting light.

[0106] An optical device inspecting device of one or more
embodiments of the present invention includes: an illumi-
nation section for emitting first inspecting light and second
inspecting light to an inside of an optical device recited in
claim 1 or 2 via an optical window of the optical device; a
photographing section for (i) photographing the optical
device while facing the optical window, (ii) obtaining a first
image by photographing the optical device which is being
irradiated with the first inspecting light, and (iii) obtaining a
second image by photographing the optical device which is
being irradiated with the second inspecting light; a storing
section for storing the first image and the second image; and
a determining section for determining, from the first image
and the second image, presence or absence of a foreign
matter in the optical device.

[0107] With the arrangement, the photographing section
(1) photographs the optical device while facing the optical
window, (ii) obtains a first image by photographing the
optical device which is being irradiated with the first
inspecting light, and (iii) obtains a second image by photo-
graphing the optical device which is being irradiated with
the second inspecting light. The determining section deter-
mines, from the first image and the second image, presence
or absence of a foreign matter in the optical device.
[0108] Specifically, by setting the first inspecting light to
have, for example, a wavelength that allows the first inspect-
ing light to be substantially reflected by the first antireflec-
tion film, and setting the second inspecting light to have, for
example, a wavelength that allows the second inspecting
light to be substantially transmitted through the first antire-
flection film, in a case where foreign matters are present on
an outside of the optical device (in an upper surface of the
optical window or above the optical window) and an inside
of the optical device, respectively, the foreign matter which
is present on the outside of the optical device is shown in a
first image of the optical device which first image is captured
by irradiating the optical device with the first inspecting
light, and the foreign matter which is present on the inside
of the optical device is not shown in the first image.
Meanwhile, the foreign matters which are present on the
outside of the optical device and the inside of the optical
device, respectively, are shown in a second image of the
optical device which second image is captured by irradiating
the optical device with the second inspecting light.

[0109] Thus, in a case where a first difference image in
which the first image is subtracted from the second image is
obtained, only the foreign matter which is present on the
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inside of the optical device is shown in the first difference
image. This makes it possible to inspect presence or absence
of a foreign matter in the optical device.

[0110] An optical device inspecting device of one or more
embodiments of the present invention includes: an illumi-
nation section for emitting first inspecting light and second
inspecting light to an inside of an optical device recited in
claim 3 or 4 via an optical window of the optical device; a
photographing section for (i) photographing the optical
device while facing the optical window, (ii) obtaining a first
image by photographing the optical device which is being
irradiated with the first inspecting light, and (iii) obtaining a
second image by photographing the optical device which is
being irradiated with the second inspecting light; a storing
section for storing the first image and the second image; and
a determining section for determining, from the first image
and the second image, presence or absence of a foreign
matter in the optical device.

[0111] With the arrangement, the photographing section
(1) photographs the optical device while facing the optical
window, GO obtains a first image by photographing the
optical device which is being irradiated with the first
inspecting light, and (iii) obtains a second image by photo-
graphing the optical device which is being irradiated with
the second inspecting light. The determining section deter-
mines, from the first image and the second image, presence
or absence of a foreign matter in the optical device.
[0112] Specifically, the first inspecting light is set to have,
for example, a wavelength that allows the first inspecting
light to be substantially reflected by the first antireflection
film, and the second inspecting light is set to have, for
example, a wavelength that allows the second inspecting
light to be substantially transmitted through the first antire-
flection film and allows the second inspecting light to be
substantially reflected by the second antireflection film. With
this, in a case where foreign matters are present on an
outside of the optical device (in an upper surface of the
optical window or above the optical window) and an inside
of the optical device, respectively, the foreign matter which
is present on the outside of the optical device is shown in a
first image of the optical device which first image is captured
by irradiating the optical device with the first inspecting
light, and the foreign matter which is present on the inside
of the optical device is not shown in the first image.
Meanwhile, the foreign matters which are present on the
outside of the optical device and the inside of the optical
device (an outside of an optical element), respectively, are
shown in a second image of the optical device which second
image is captured by irradiating the optical device with the
second inspecting light, and a foreign matter which is
present on an inside of the optical element is not shown in
the second image.

[0113] Thus, in a case where a first difference image in
which the first image is subtracted from the second image is
obtained, only the foreign matter which is present on the
inside of the optical device is shown in the first difference
image. This makes it possible to inspect presence or absence
of a foreign matter in the optical device with higher accu-
racy.

[0114] An optical device inspecting device of one or more
embodiments of the present invention includes: an illumi-
nation section for emitting first inspecting light, second
inspecting light, and third inspecting light to an inside of an
optical device recited in claim 3 or 4 via an optical window
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of the optical device; a photographing section for (i) pho-
tographing the optical device while facing the optical win-
dow, (ii) obtaining a first image by photographing the optical
device which is being irradiated with the first inspecting
light, (iii) obtaining a second image by photographing the
optical device which is being irradiated with the second
inspecting light, and (iv) obtaining a third image by photo-
graphing the optical device which is being irradiated with
the third inspecting light; a storing section for storing the
first through third images; and a determining section for
determining, from the first image and the second image,
presence or absence of a foreign matter in the optical device,
and determining, from the second image and the third image,
presence or absence of a foreign matter in the optical device.

[0115] With the arrangement, the photographing section
(1) photographs the optical device while facing the optical
window, (ii) obtains a first image by photographing the
optical device which is being irradiated with the first
inspecting light, (iii) obtains a second image by photograph-
ing the optical device which is being irradiated with the
second inspecting light, and (iv) obtains a third image by
photographing the optical device which is being irradiated
with the third inspecting light. The determining section
determines, from the first image and the second image,
presence or absence of a foreign matter in the optical device,
and determines, from the second image and the third image,
presence or absence of a foreign matter in the optical device.

[0116] Specifically, the first inspecting light is set to have,
for example, a wavelength that allows the first inspecting
light to be substantially reflected by the first antireflection
film, the second inspecting light is set to have, for example,
a wavelength that allows the second inspecting light to be
substantially transmitted through the first antireflection film
and allows the second inspecting light to be substantially
reflected by the second antireflection film, and the third
inspecting light is set to have, for example, a wavelength that
allows the third inspecting light to be substantially trans-
mitted through the second antireflection film. With this, in a
case where foreign matters are present on an outside of the
optical device (in an upper surface of the optical window or
above the optical window) and an inside of the optical
device, respectively, the foreign matter which is present on
the outside of the optical device is shown in a first image of
the optical device which first image is captured by irradiat-
ing the optical device with the first inspecting light, and the
foreign matter which is present on the inside of the optical
device is not shown in the first image. Meanwhile, in a case
where foreign matters are present on an outside of an optical
element (in an upper surface of an entrance surface of the
optical element or above the entrance surface) and an inside
of the optical element, respectively, the foreign matters
which are present on the outside of the optical device and the
inside of the optical device (the outside of the optical
element), respectively, are shown in a second image of the
optical device which second image is captured by irradiating
the optical device with the second inspecting light, and the
foreign matter which is present on the inside of the optical
element is not shown in the second image. Meanwhile, the
foreign matters which are present on the outside of the
optical device, the inside of the optical device (the outside
of'the optical element), and the inside of the optical element,
respectively, are shown in a third image of the optical device
which third image is captured by irradiating the optical
device with the third inspecting light.
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[0117] Thus, in a case where a first difference image in
which the first image is subtracted from the second image is
obtained, only the foreign matter which is present on the
inside of the optical device is shown in the first difference
image. Meanwhile, in a case where a second difference
image in which the second image is subtracted from the third
image is obtained, only the foreign matter which is present
on the inside of the optical element is shown in the second
difference image. This makes it possible to inspect presence
or absence of a foreign matter in the optical device and
presence or absence of a foreign matter in the optical
element.

[0118] The optical device inspecting device may be
arranged such that the inspecting light is visible light.
[0119] With the arrangement, since the inspecting light is
visible light, the illumination section can be easily arranged
by use of a versatile light source.

[0120] An optical element inspecting device of one or
more embodiments of the present invention includes: an
illumination section for emitting first inspecting light and
second inspecting light to an inside of an optical element
recited in claim 5 via an entrance surface of the optical
element; a photographing section for (i) photographing the
optical element while facing the entrance surface, obtaining
a first image by photographing the optical element which is
being irradiated with the first inspecting light, and (iii)
obtaining a second image by photographing the optical
element which is being irradiated with the second inspecting
light; a storing section for storing the first image and the
second image; and a determining section for determining,
from the first image and the second image, presence or
absence of a foreign matter in the optical element.

[0121] With the arrangement, the photographing section
(1) photographs the optical element while facing the entrance
surface, (ii) obtains a first image by photographing the
optical element which is being irradiated with the first
inspecting light, and (iii) obtains a second image by photo-
graphing the optical element which is being irradiated with
the second inspecting light. The determining section deter-
mines, from the first image and the second image, presence
or absence of a foreign matter in the optical element.
[0122] Specifically, by setting the first inspecting light to
have, for example, a wavelength that allows the first inspect-
ing light to be substantially reflected by the antireflection
film, and setting the second inspecting light to have, for
example, a wavelength that allows the second inspecting
light to be substantially transmitted through the antireflec-
tion film, in a case where foreign matters are present on an
outside of the optical element (in an upper surface of the
optical window or above the optical window) and an inside
of'the optical element, respectively, the foreign matter which
is present on the outside of the optical element is shown in
a first image of the optical element which first image is
captured by irradiating the optical element with the first
inspecting light, and the foreign matter which is present on
the inside of the optical element is not shown in the first
image. Meanwhile, the foreign matters which are present on
the outside of the optical element and the inside of the
optical element, respectively, are shown in a second image
of the optical element which second image is captured by
irradiating the optical element with the second inspecting
light.

[0123] Thus, in a case where a first difference image in
which the first image is subtracted from the second image is
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obtained, only the foreign matter which is present on the
inside of the optical element is shown in the first difference
image. This makes it possible to inspect presence or absence
of a foreign matter in the optical element.

[0124] An optical device inspecting method of one or
more embodiments of the present invention includes: an
illumination step of emitting first inspecting light and second
inspecting light to an inside of an optical device recited in
claim 1 or 2 via an optical window of the optical device; a
photographing step of (i) photographing the optical device
while facing the optical window, (ii) obtaining a first image
by photographing the optical device which is being irradi-
ated with the first inspecting light, and (iii) obtaining a
second image by photographing the optical device which is
being irradiated with the second inspecting light; and a
determining step of determining, from the first image and the
second image, presence or absence of a foreign matter in the
optical device.

[0125] The arrangement yields a working effect identical
to that yielded by the optical device inspecting device.
[0126] An optical device inspecting method of one or
more embodiments of the present invention includes: an
illumination step of emitting first inspecting light and second
inspecting light to an inside of an optical device recited in
claim 3 or 4 via an optical window of the optical device; a
photographing step of (i) photographing the optical device
while facing the optical window, (ii) obtaining a first image
by photographing the optical device which is being irradi-
ated with the first inspecting light, and (iii) obtaining a
second image by photographing the optical device which is
being irradiated with the second inspecting light; and a
determining step of determining, from the first image and the
second image, presence or absence of a foreign matter in the
optical device.

[0127] The arrangement yields a working effect identical
to that yielded by the optical device inspecting device.
[0128] An optical device inspecting method of one or
more embodiments of the present invention includes: an
illumination step of emitting first inspecting light, second
inspecting light, and third inspecting light to an inside of an
optical device recited in claim 3 or 4 via an optical window
of the optical device; a photographing step of (i) photo-
graphing the optical device while facing the optical window,
obtaining a first image by photographing the optical device
which is being irradiated with the first inspecting light, (iii)
obtaining a second image by photographing the optical
device which is being irradiated with the second inspecting
light, and (iv) obtaining a third image by photographing the
optical device which is being irradiated with the third
inspecting light; and a determining step of determining,
from the first image and the second image, presence or
absence of a foreign matter in the optical device, and
determining, from the second image and the third image,
presence or absence of a foreign matter in the optical device.
[0129] The arrangement yields a working effect identical
to that yielded by the optical device inspecting device.
[0130] An optical element inspecting method of one or
more embodiments of the present invention includes: an
illumination step of emitting first inspecting light and second
inspecting light to an inside of an optical element recited in
claim 5 via an entrance surface of the optical element; a
photographing step of (i) photographing the optical element
while facing the entrance surface, (ii) obtaining a first image
by photographing the optical element which is being irra-
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diated with the first inspecting light, and (iii) obtaining a
second image by photographing the optical element which is
being irradiated with the second inspecting light; and a
determining step of determining, from the first image and the
second image, presence or absence of a foreign matter in the
optical element.

[0131] The arrangement yields a working effect identical
to that yielded by the optical element inspecting device.
[0132] Although the disclosure has been described with
respect to only a limited number of embodiments, those
skilled in the art, having benefit of this disclosure, will
appreciate that various other embodiments may be devised
without departing from the scope of the present invention.
Accordingly, the scope of the invention should be limited
only by the attached claims.

REFERENCE SIGNS LIST

[0133] 1 Inspecting device

[0134] 2 Optical device

[0135] 3 Optical device

[0136] 11 Camera (photographing section)

[0137] 12 Mlumination device (illumination section)

[0138] 13 Control section

[0139] 14 Storing section

[0140] 15 Determining section

[0141] 21 Optical element

[0142] 22 Housing part

[0143] 23 Lid part

[0144] 23a Optical window

[0145] 24 Window part antireflection film (first antire-

flection film)

[0146] 25 Window part antireflection film (first antire-

flection film)

[0147] 26 Element part antireflection film (second anti-

reflection film)

[0148] 31-36 Foreign matter

1.-15. (canceled)

16. An optical device comprising:

a housing part;

an optical element contained in the housing part;

a lid part having an optical window and covering an

opening of the housing part; and

a first antireflection film provided in the optical window,

the first antireflection film (i) transmitting therethrough
signal light used by the optical element, (ii) having a
higher reflectance with respect to inspecting light than
a reflectance with respect to the signal light, the
inspecting light being different in wavelength from the
signal light, and (iii) having a lower reflectance with
respect to a second inspecting light than a reflectance
with respect to a first inspecting light, the first inspect-
ing light and the second inspecting light each serving as
the inspecting light.

17. The optical device as set forth in claim 16, wherein the
first antireflection film has a reflectance of not more than 1%
with respect to the signal light, a reflectance of not less than
80% with respect to the first inspecting light, and a reflec-
tance of not more than 40% with respect to the second
inspecting light.

18. The optical device as set forth in claim 16, further
comprising:

a second antireflection film provided on an entrance

surface of the optical element via which entrance
surface the signal light enters the optical element, the

Oct. 4, 2018

second antireflection film having a lower reflectance
with respect to a third inspecting light than the reflec-
tance with respect to the second inspecting light, the
third inspecting light serving as the inspecting light.

19. The optical device as set forth in claim 18, wherein:

the first antireflection film has a reflectance of not more
than 1% with respect to the signal light, a reflectance of
not less than 80% with respect to the first inspecting
light, and a reflectance of not more than 40% with
respect to each of the second inspecting light and the
third inspecting light; and

the second antireflection film has a reflectance of not more
than 1% with respect to the signal light, a reflectance of
not less than 80% with respect to the second inspecting
light, and a reflectance of not more than 40% with
respect to the third inspecting light.

20. An optical device inspecting device comprising:

an illumination section that emits the first inspecting light
and the second inspecting light to an inside of the
optical device recited in claim 16 via the optical
window of the optical device;

a photographing section that (i) photographs the optical
device while facing the optical window, (ii) obtains a
first image by photographing the optical device which
is being irradiated with the first inspecting light, and
(iii) obtains a second image by photographing the
optical device which is being irradiated with the second
inspecting light;

a storing section that stores the first image and the second
image; and

a determining section that determines, from the first
image and the second image, presence or absence of a
foreign matter in the optical device.

21. The optical device inspecting device as set forth in

claim 20, wherein the inspecting light is visible light.

22. An optical device inspecting method comprising:

an illumination step of emitting the first inspecting light
and the second inspecting light to an inside of the
optical device recited in claim 16 via the optical
window of the optical device;

a photographing step of (i) photographing the optical
device while facing the optical window, (ii) obtaining
a first image by photographing the optical device which
is being irradiated with the first inspecting light, and
(iii) obtaining a second image by photographing the
optical device which is being irradiated with the second
inspecting light; and

a determining step of determining, from the first image
and the second image, presence or absence of a foreign
matter in the optical device.

23. An optical device inspecting device comprising:

an illumination section that emits the first inspecting light
and the second inspecting light to an inside of the
optical device recited in claim 18 via the optical
window of the optical device;

a photographing section that (i) photographs the optical
device while facing the optical window, (ii) obtains a
first image by photographing the optical device which
is being irradiated with the first inspecting light, and
(iii) obtains a second image by photographing the
optical device which is being irradiated with the second
inspecting light;

a storing section that stores the first image and the second
image; and
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a determining section that determines, from the first
image and the second image, presence or absence of a
foreign matter in the optical device.

24. An optical device inspecting device comprising:

an illumination section that emits the first inspecting light,
the second inspecting light, and the third inspecting
light to an inside of the optical device recited in claim
18 via the optical window of the optical device;

a photographing section that (i) photographs the optical
device while facing the optical window, (ii) obtains a
first image by photographing the optical device which
is being irradiated with the first inspecting light, (iii)
obtians a second image by photographing the optical
device which is being irradiated with the second
inspecting light, and (iv) obtains a third image by
photographing the optical device which is being irra-
diated with the third inspecting light;

a storing section that stores the first through third images;
and

a determining section that determines, from the first
image and the second image, presence or absence of a
foreign matter in the optical device, and that deter-
mines, from the second image and the third image,
presence or absence of a foreign matter in the optical
device.

25. An optical device inspecting method comprising:

an illumination step of emitting first inspecting light and
second inspecting light to an inside of the optical
device recited in claim 18 via the optical window of the
optical device;

a photographing step of (i) photographing the optical
device while facing the optical window, (ii) obtaining
a first image by photographing the optical device which
is being irradiated with the first inspecting light, and
(iii) obtaining a second image by photographing the
optical device which is being irradiated with the second
inspecting light; and

a determining step of determining, from the first image
and the second image, presence or absence of a foreign
matter in the optical device.

26. An optical device inspecting method comprising:

an illumination step of emitting the first inspecting light,
the second inspecting light, and the third inspecting
light to an inside of the optical device recited in claim
18 via the optical window of the optical device;

a photographing step of (i) photographing the optical
device while facing the optical window, (ii) obtaining
a first image by photographing the optical device which
is being irradiated with the first inspecting light, (iii)
obtaining a second image by photographing the optical
device which is being irradiated with the second
inspecting light, and (iv) obtaining a third image by
photographing the optical device which is being irra-
diated with the third inspecting light; and

a determining step of determining, from the first image
and the second image, presence or absence of a foreign
matter in the optical device, and determining, from the
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second image and the third image, presence or absence
of a foreign matter in the optical device.

27. An optical element having an entrance surface via
which signal light enters the optical element,

said optical element comprising:

an antireflection film provided on the entrance surface,

the antireflection film (i) transmitting therethrough signal

light, (ii) having a higher reflectance with respect to
inspecting light than a reflectance with respect to the
signal light, the inspecting light being different in
wavelength from the signal light, and (iii) having a
lower reflectance with respect to a second inspecting
light than a reflectance with respect to a first inspecting
light, the first inspecting light and the second inspecting
light each serving as the inspecting light.

28. The optical element as set forth in claim 27, wherein
the antireflection film has a reflectance of not more than 1%
with respect to the signal light, a reflectance of not less than
80% with respect to the first inspecting light, and a reflec-
tance of not more than 40% with respect to the second
inspecting light.

29. An optical element inspecting device comprising:

an illumination section that emits the first inspecting light
and the second inspecting light to an inside of the
optical element recited in claim 27 via the entrance
surface of the optical element;

a photographing section that (i) photographs the optical
element while facing the entrance surface, (ii) obtains
a first image by photographing the optical element
which is being irradiated with the first inspecting light,
and (iii) obtains a second image by photographing the
optical element which is being irradiated with the
second inspecting light;

a storing section that stores the first image and the second
image; and

a determining section that determines, from the first
image and the second image, presence or absence of a
foreign matter in the optical element.

30. An optical element inspecting method comprising:

an illumination step of emitting first inspecting light and
second inspecting light to an inside of the optical
element recited in claim 27 via the entrance surface of
the optical element;

a photographing step of (i) photographing the optical
element while facing the entrance surface, (ii) obtain-
ing a first image by photographing the optical element
which is being irradiated with the first inspecting light,
and (iii) obtaining a second image by photographing
the optical element which is being irradiated with the
second inspecting light; and

a determining step of determining, from the first image
and the second image, presence or absence of a foreign
matter in the optical element.
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