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(57) A wavelength tunable interference filter includes
a fixed substrate, a movable substrate, a fixed reflective
film provided on the fixed substrate, a movable reflective
film provided on the movable substrate so as to face the
fixed reflective film, and a first bonding portion that bonds
the fixed substrate and the movable substrate to each

other. The first bonding portion includes a resin layer pro-
vided on the fixed substrate, a metal layer that is provided
on the fixed substrate so as to cover the resin layer and
that has smaller plasticity than the resin layer, and an-
other metal layer that is provided on the movable sub-
strate and that is bonded to the metal layer.
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Description

BACKGROUND

1. Technical Field

[0001] The present invention relates to an interference
filter, an interference filter manufacturing method, an op-
tical module, an electronic apparatus, and a bonded sub-
strate.

2. Related Art

[0002] A spectral filter to obtain light having a specific
wavelength from incident light by reflecting light between
a pair of reflecting mirrors and transmitting light having
a specific wavelength and canceling light beams having
other wavelengths out each other by interference is
known. In addition, as such a spectral filter, a wavelength
tunable interference filter that selects emitted light by ad-
justing the distance between mirrors and emits the se-
lected light is known (for example, refer to JP-A-
2005-309174).
[0003] A wavelength tunable interference filter dis-
closed in JP-A-2005-309174 includes a first glass sub-
strate having a first reflective film, a movable substrate
that is bonded to the first glass substrate and has a sec-
ond reflective film facing the first reflective film, and a
second glass substrate bonded to the movable substrate
not facing the first glass substrate. In such a wavelength
tunable interference filter, it is possible to change the size
of the gap between the reflective films by an electrostatic
actuator provided between the first glass substrate and
the movable substrate. As a result, it is possible to trans-
mit or reflect light having a wavelength corresponding to
the gap size. In addition, it is possible to improve the
responsiveness when driving the electrostatic actuator
by holding internal space (between the first glass sub-
strate and the movable substrate and between the mov-
able substrate and the second glass substrate) in a vac-
uum state or a state decompressed from atmospheric
pressure.
[0004] Incidentally, in order to hold the internal space
in a vacuum state or a state decompressed from atmos-
pheric pressure in the wavelength tunable interference
filter disclosed in JP-A-2005-309174, airtight sealing of
the internal space is required. For such airtight sealing,
airtight bonding between substrates is required. As such
bonding, for example, direct activated bonding between
substrates and activated bonding using metal layers in-
terposed between substrates are appropriate. However,
in order to obtain a good bonding strength in such bond-
ing, high surface accuracy in a bonding surface is re-
quired. In particular, when processing a substrate by
etching or the like, there is a problem in that it is difficult
to maintain the surface accuracy.
[0005] In addition, when bonding substrates to each
other using, for example, a resin layer, adhesive, or low-

melting-point glass, it is not possible to sufficiently ensure
the airtightness. For this reason, there is a problem of
outgassing and the like.

SUMMARY

[0006] An advantage of some aspects of the invention
is to provide an interference filter in which substrates are
bonded to each other with high airtightness, an interfer-
ence filter manufacturing method, an optical module, an
electronic apparatus, and a bonded substrate.
[0007] An aspect of the invention is directed to an in-
terference filter including: a first substrate; a second sub-
strate disposed so as to face the first substrate; a first
reflective film that is provided on a surface of the first
substrate facing the second substrate and that reflects a
part of incident light and transmits a remaining part of the
incident light; a second reflective film that faces the first
reflective film with a gap interposed therebetween and
that reflects a part of incident light and transmits a re-
maining part of the incident light; and a first bonding por-
tion that bonds the first and second substrates to each
other to seal a first internal space formed between the
first and second substrates. The first bonding portion in-
cludes a first base layer provided on one of the first and
second substrates, a first metal layer that is provided on
the substrate, on which the first base layer is provided,
so as to cover the first base layer and that has smaller
plasticity than the first base layer, and a second metal
layer that is provided on the other one of the first and
second substrates and that is bonded to the first metal
layer.
[0008] In this interference filter, the internal space be-
tween the first and second substrates is sealed by bond-
ing the first and second substrates using the first bonding
portion. In this first bonding portion, the first base layer
and the first metal layer provided so as to cover the first
base layer are provided on one of the first and second
substrates. In addition, the second metal layer facing the
first metal layer is provided on the other substrate, on
which neither the first base layer nor the first metal layer
is provided, of the first and second substrates. In addition,
the first and second substrates are bonded to each other
by metal bonding between the first and second metal
layers.
[0009] In this interference filter, since the first base lay-
er has larger plasticity than the first metal layer, the first
base layer is easily deformed. Accordingly, even if the
surface accuracy of the first or second metal layer is low
at the time of metal bonding between the first and second
metal layers, the facing surfaces of the first and second
metal layers can be made to be in close contact with each
other since the first base layer serves as a cushion. In
addition, since the first metal layer covers the first base
layer, the surface of the first base layer is not exposed
to the outside. Therefore, the first internal space and the
outside do not communicate with each other through a
gap or the like contained in the first base layer. As de-
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scribed above, in the interference filter, it is possible to
bond the first and second substrates to each other with
high airtightness and to improve the bonding yield.
[0010] In the interference filter according to the aspect
of the invention, it is preferable that the first bonding por-
tion includes a second base layer that is provided on the
other one of the first and second substrates and that has
larger plasticity than the second metal layer, and the sec-
ond metal layer is provided so as to cover the second
base layer.
[0011] In the interference filter with this configuration,
also on the other substrate on which the first base layer
and the first metal layer are not formed, the first bonding
portion is formed such that the second base layer with
larger plasticity than the second metal layer is provided
and the second metal layer covers the second base layer.
Accordingly, even if the surface accuracy of the surface
of each metal layer is poor at the time of metal bonding
between the first and second metal layers, the uneven-
ness of the surface is absorbed since both of the first and
second base layers serve as a cushion. As a result, the
facing surfaces of the first and second metal layers can
be made to be in close contact with each other. Therefore,
compared with a case where only the first base layer is
provided, it is possible to further improve the adhesion
between the metal layers, and it is possible to further
improve the airtightness in the first bonding portion.
[0012] In the interference filter according to the aspect
of the invention, it is preferable that the interference filter
further includes: a third substrate disposed on a side of
a surface of the first substrate not facing the second sub-
strate; and a second bonding portion that bonds the first
and third substrates to each other to seal a second inter-
nal space formed between the first and third substrates,
and the second bonding portion includes a third base
layer provided on one of the first and third substrates, a
third metal layer that is provided on the substrate, on
which the third base layer is provided, so as to cover the
third base layer and that has smaller plasticity than the
third base layer, and a fourth metal layer that is provided
on the other one of the first and third substrates and that
is bonded to the third metal layer.
[0013] In the interference filter with this configuration,
the third substrate is bonded to the side of the first sub-
strate not facing the second substrate, and the second
internal space between the first and third substrates is
sealed in an airtight manner. In addition, the same con-
figuration as the first bonding portion is used as the sec-
ond bonding portion that bonds these substrates to each
other. Therefore, it is possible to bond the first and third
substrates to each other with high airtightness and to
improve the bonding yield.
[0014] In the interference filter according to the aspect
of the invention, it is preferable that the second bonding
portion includes a fourth base layer that is provided on
the other one of the first and third substrates and that
has larger plasticity than the fourth metal layer, and the
fourth metal layer is provided so as to cover the fourth

base layer.
[0015] In the interference filter with this configuration,
also on the other substrate on which the third base layer
and the third metal layer are not formed, the second bond-
ing portion is formed such that the fourth base layer with
larger plasticity than the fourth metal layer is provided
and the fourth metal layer covers the fourth base layer.
Accordingly, even if the surface accuracy of the surface
of each metal layer is poor at the time of metal bonding
between the third and fourth metal layers, the uneven-
ness of the surface is absorbed since both of the third
and fourth base layers serve as a cushion. As a result,
the facing surfaces of the respective metal layers can be
made to be in close contact with each other. Therefore,
compared with a case where only the third base layer is
provided, it is possible to further improve the airtightness
in the second bonding portion.
[0016] Another aspect of the invention is directed to an
interference filter including: a first substrate; a second
substrate disposed so as to face the first substrate; a first
reflective film that is provided on a surface of the first
substrate facing the second substrate and that reflects a
part of incident light and transmits a remaining part of the
incident light; a second reflective film that faces the first
reflective film with a gap interposed therebetween and
that reflects a part of incident light and transmits a re-
maining part of the incident light; and a first bonding por-
tion that bonds the first and second substrates to each
other to seal a first internal space formed between the
first and second substrates. The first bonding portion in-
cludes a first base layer that is formed of resin and is
provided on one of the first and second substrates, a first
metal layer that is provided on the substrate, on which
the first base layer is provided, so as to cover the first
base layer, and a second metal layer that is provided on
the other one of the first and second substrates and that
is bonded to the first metal layer.
[0017] In this interference filter, the first metal layer is
provided so as to cover the first base layer formed of
resin, and the first and second metal layers are metal-
bonded to each other.
[0018] Since the first base layer is resin, the first base
layer is deformed more easily than the first metal layer
(has larger plasticity than the first metal layer). Accord-
ingly, similar to the above, even if the surface accuracy
of the first or second metal layer is low at the time of metal
bonding between the first and second metal layers, the
facing surfaces of the first and second metal layers can
be made to be in close contact with each other since the
first base layer can serve as a cushion. In addition, the
first base layer is covered by the first metal layer serving
as an excellent gas barrier, and the substrates are bond-
ed to each other by metal bonding between the first and
second metal layers. In this manner, it is possible to bond
the first and second substrates to each other with high
airtightness.
[0019] In the interference filter according to the aspect
of the invention, it is preferable that the first bonding por-
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tion includes a second base layer that is formed of resin
and is provided on the other one of the first and second
substrates, and the second metal layer is provided so as
to cover the second base layer.
[0020] In the interference filter with this configuration,
also on the other substrate on which the first base layer
and the first metal layer are not formed, the first bonding
portion is formed such that the second base layer formed
of resin is provided and the second metal layer covers
the second base layer. Therefore, similar to the above,
compared with a case where only the first base layer is
provided, it is possible to further improve the adhesion
between the metal layers, and it is possible to further
improve the airtightness in the first bonding portion.
[0021] In the interference filter according to the aspect
of the invention, it is preferable that the interference filter
further includes: a third substrate disposed on a side of
a surface of the first substrate not facing the second sub-
strate; and a second bonding portion that bonds the first
and third substrates to each other to seal a second inter-
nal space formed between the first and third substrates,
and the second bonding portion includes a third base
layer that is formed of resin and is provided on one of the
first and third substrates, a third metal layer that is pro-
vided on the substrate, on which the third base layer is
provided, so as to cover the third base layer, and a fourth
metal layer that is provided on the other one of the first
and third substrates and that is bonded to the third metal
layer.
[0022] In the interference filter with this configuration,
the third substrate is bonded to the side of the first sub-
strate not facing the second substrate, and the first and
third substrates are bonded to each other by the second
bonding portion. As the second bonding portion, the
same configuration as the first bonding portion is used.
Therefore, similar to the above, it is possible to bond the
first and third substrates to each other with high airtight-
ness and to improve the bonding yield.
[0023] In the interference filter according to the aspect
of the invention, it is preferable that the second bonding
portion includes a fourth base layer that is formed of resin
and is provided on the other one of the first and third
substrates, and the fourth metal layer is provided so as
to cover the fourth base layer.
[0024] In the interference filter with this configuration,
also on the other substrate on which the third base layer
and the third metal layer are not formed, the second bond-
ing portion is formed such that the fourth base layer
formed of resin is provided and the fourth metal layer
covers the fourth base layer. Therefore, similar to the
above, even if the surface accuracy of the surface of each
metal layer is poor at the time of metal bonding between
the third and fourth metal layers, the surfaces of the re-
spective metal layers can be made to be in close contact
with each other. Therefore, compared with a case where
only the third base layer is provided, it is possible to fur-
ther improve the airtightness and the bonding yield in the
second bonding portion.

[0025] In the interference filter according to the aspect
of the invention, it is preferable that the interference filter
further includes a gap change portion that changes a size
of a gap between the first and second reflective films.
Preferably, the first and second internal spaces are
sealed at pressure lower than atmospheric pressure.
[0026] In the interference filter with this configuration,
since the gap change portion is provided, the size of the
gap between the first and second reflective films can be
changed. In this case, the first and second internal spac-
es are decompressed to the pressure lower than atmos-
pheric pressure. For example, the first and second inter-
nal spaces are maintained in a vacuum state. In such a
configuration, since both of the first and second internal
spaces are decompressed, it is possible to suppress the
disadvantage that the first substrate is bent due to the
pressure difference. In addition, since the first internal
space is decompressed, it is possible to reduce air re-
sistance when changing the size of the gap between the
reflective films by the gap change portion. As a result, it
is possible to improve the responsiveness.
[0027] In the interference filter according to the aspect
of the invention, it is preferable that the second substrate
has a bonding surface facing the first substrate and a
first surface, a distance between the first surface and the
first substrate being longer than a distance between the
bonding surface and the first substrate. Preferably, the
base layer is provided over the first surface from the
bonding surface.
[0028] In the interference filter with this configuration,
the second substrate has the bonding surface and the
first surface, the distance between the first surface and
the first substrate being longer than the distance between
the bonding surface and the first substrate. In addition,
the base layer is provided over the first surface from the
bonding surface. For example, when providing the first
base layer on the second substrate, the first surface is
formed by forming a recess or a groove by processing
the second substrate by etching or the like, and a surface
with no recess and groove becomes the bonding surface.
In addition, the first base layer is provided over the first
surface from the bonding surface, and the first metal layer
is provided so as to cover the first base layer.
[0029] When providing a base layer on a plane, the
outer peripheral edge of the base layer may rise, and
accordingly, the thickness of the outer peripheral edge
of the base layer may become larger than that of other
portions (central region of the base layer). In this case,
even if a metal layer is provided so as to cover the base
layer, the metal layer also rises according to the rise of
the outer peripheral edge of the base layer. Accordingly,
when bonding the metal layer to a metal layer provided
on the facing substrate, the rise portion comes in contact
with the metal layer provided on the facing substrate. As
a result, there is a possibility that the contact area be-
tween the metal layers will be reduced. In contrast, in the
interference filter according to the aspect of the invention,
the base layer is provided over the first surface from the
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bonding surface. For this reason, even if the outer pe-
ripheral edge of the base layer rises, contact between
the metal layers provided above the bonding surface is
not prohibited since the outer peripheral edge is located
on the first surface with a long distance between sub-
strates. Therefore, since the contact area between the
metal layers can be sufficiently ensured, it is possible to
bond substrates to each other while maintaining the high
airtightness of the first internal space.
[0030] In the interference filter according to the aspect
of the invention, it is preferable that the second substrate
has a bonding surface facing the first substrate and a
first surface, a distance between the first surface and the
first substrate being longer than a distance between the
bonding surface and the first substrate. Preferably, the
base layer is provided over a portion of the first substrate
facing the first surface from a portion of the first substrate
facing the bonding surface.
[0031] In the interference filter with this configuration,
similar to the above, the second substrate has the bond-
ing surface and the first surface, the distance between
the first surface and the first substrate being longer than
the distance between the bonding surface and the first
substrate. In addition, the base layer is provided over the
first surface from the bonding surface. In addition, the
base layer is provided over a portion of the first substrate
facing the first surface from a portion of the first substrate
facing the bonding surface, and the metal layer is pro-
vided so as to cover the base layer.
[0032] Also in this configuration, similar to the above,
even if the peripheral edge of the base layer rises, contact
between the metal layers provided above the bonding
surface is not prohibited since the outer peripheral edge
is located in a portion facing the first surface with a long
distance between substrates. Therefore, since the con-
tact area between the metal layers can be sufficiently
ensured, it is possible to bond substrates to each other
while maintaining the high airtightness of the first internal
space.
[0033] In the interference filter according to the aspect
of the invention, it is preferable that the base layer is a
resin layer.
[0034] In the first or second bonding portion described
above, since the base layer (first to fourth base layers)
is a resin layer, the base layer (first to fourth base layers)
is harder than the metal layer (first to fourth metal layers),
and has sufficiently large plasticity (is easily deformed).
Accordingly, since the resin layer bends to serve as a
cushion at the time of metal bonding between the metal
layers, surface contact between the metal layers can be
appropriately performed even if the surface accuracy of
the metal layer is poor. As a result, it is possible to bond
the substrates to each other with high airtightness.
[0035] In the interference filter according to the aspect
of the invention, it is preferable that the base layer is a
plasma polymerized film containing polyorganosiloxane
as a main component.
[0036] In the interference filter with this configuration,

the plasma polymerized film is used as a base layer. Such
a plasma polymerized film can be easily formed by a dry
process using a metal mask. Therefore, it is possible to
improve the manufacturing efficiency and reduce the
manufacturing cost.
[0037] In the interference filter according to the aspect
of the invention, it is preferable that the base layer is
formed of an epoxy-based photosensitive material.
[0038] When using the epoxy-based photosensitive
material as a resin layer used in the base layer, the size
and position of the resin layer can be accurately deter-
mined. That is, in the method using a metal mask de-
scribed above, the manufacturing efficiency is improved,
but the resin layer may enter below the metal mask. For
this reason, the size or position accuracy is degraded. In
contrast, when using the epoxy-based photosensitive
material, the size and the position can be accurately de-
termined using a photomask.
[0039] In the interference filter according to the aspect
of the invention, it is preferable that the metal layer is
formed of Au, Al, Ag, Cu, or an alloy thereof.
[0040] In the interference filter with this configuration,
since Au, Al, Ag, Cu, or an alloy thereof that has high
flexibility (large plasticity) is used as a metal layer, the
metal layer can also be bent according to the bending of
the base layer. Accordingly, when applying a load, the
unevenness of the metal layer surface can be easily ab-
sorbed by the base layer. As a result, it is possible to
improve the accuracy of surface contact between the
metal layers. In addition, since the softening temperature
is low, the metal layers can be easily bonded to each
other even when heat pressing is used.
[0041] Still another aspect of the invention is directed
to an interference filter manufacturing method including:
forming a first substrate and providing a first reflective
film, which reflects a part of incident light and transmits
a remaining part of the incident light, on the first substrate;
forming a second substrate and providing a second re-
flective film, which reflects a part of incident light and
transmits a remaining part of the incident light, on the
second substrate; forming a first base layer on one of the
first and second substrates; forming a first metal layer,
which has smaller plasticity than the first base layer and
covers the first base layer, on one of the first and second
substrates and forming a second metal layer, which is
bonded to the first metal layer, on the other one of the
first and second substrates; and bonding the first and
second metal layers to each other to seal a first internal
space formed between the first and second substrates.
[0042] In this interference filter manufacturing method,
when bonding the first and second substrates formed by
the first and second substrate forming steps to each oth-
er, the first base layer is first formed on one of the first
and second substrates by the base layer forming step,
and then the first metal layer having smaller plasticity
than the first base layer is formed so as to cover the first
base layer by the metal layer forming step. In addition,
in the metal layer forming step, the second metal layer
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is formed on the other substrate, on which the first metal
layer is not formed, of the first and second substrates.
Then, in the bonding step, the first and second metal
layers are made to be in contact with each other for metal
bonding therebetween. In such a manufacturing method,
similar to the above, since metal bonding using the first
and second metal layers is performed, it is possible to
perform highly airtight metal bonding. In addition, the first
base layer is provided below the first metal layer. Accord-
ingly, even if the surface accuracy becomes worse due
to processing, such as etching, performed on the sub-
strate in the first substrate forming step or the second
substrate forming step, the minute unevenness of the
surface of the first or second metal layer can be absorbed
since the first base layer can serve as a cushion at the
time of bonding. Therefore, the surface contact between
the metal layers can be realized.
[0043] In this manner, it is possible to bond the first
and second substrates to each other with high airtight-
ness and to improve the bonding yield.
[0044] In the interference filter manufacturing method
according to the aspect of the invention, it is preferable
that in the forming of the base layer, a second base layer
having larger plasticity than the second metal layer is
formed on the other one of the first and second sub-
strates. Preferably, in the forming of the metal layer, the
second metal layer is formed so as to cover the second
base layer.
[0045] In the interference filter manufacturing method
with this configuration, the second base layer is formed
by the base layer forming step, and the second metal
layer is formed so as to cover the second base layer in
the metal layer forming step. For this reason, since not
only the first base layer but also the second base layer
serves as a cushion, minute unevenness occurring on
the surfaces of the first and second metal layers can be
more accurately absorbed. As a result, it is possible to
improve the adhesion between the metal layers. There-
fore, it is possible to further improve the bonding yield
and the airtightness in the first bonding portion.
[0046] In the interference filter manufacturing method
according to the aspect of the invention, it is preferable
the method further includes forming a third substrate dis-
posed on a side of a surface of the first substrate not
facing the second substrate, and , in the forming of the
base layer, a third base layer is formed on one of the first
and third substrates, in the forming of the metal layer, a
third metal layer that has smaller plasticity than the third
base layer and covers the third base layer is formed on
one of the first and third substrates, and a fourth metal
layer bonded to the third metal layer is provided on the
other one of the first and third substrates, and, in the
bonding of the metal layers, the third and fourth metal
layers are bonded to each other to seal a second internal
space formed between the first and third substrates.
[0047] In the interference filter manufacturing method
with this configuration, in the third substrate forming step,
the third substrate bonded to the second surface of the

first substrate is formed, and the first and third substrates
are bonded to each other. In this case, similar to the
above, the third base layer is formed on one of the first
and third substrates, and the third metal layer that covers
the third base layer is formed. In addition, the fourth metal
layer is formed on the other substrate, and the third and
fourth metal layers are metal-bonded to each other.
[0048] Thus, in the same manner as in the bonding
between the first and second substrates, in the bonding
between the first and third substrates, it is also possible
to improve both of the bonding yield and the airtightness.
[0049] In the interference filter manufacturing method
according to the aspect of the invention, it is preferable
that, in the forming of the base layer, a fourth base layer
having larger plasticity than the fourth metal layer is
formed on the other one of the first and third substrates,
and, in the forming of the metal layer, the fourth metal
layer is formed so as to cover the fourth base layer.
[0050] In the interference filter manufacturing method
with this configuration, the fourth base layer is formed in
the base layer forming step, and the fourth metal layer
is formed so as to cover the fourth base layer in the metal
layer forming step. Therefore, since not only the third
base layer but also the fourth base layer serves as a
cushion, minute unevenness occurring on the surfaces
of the third and fourth metal layers can be more accu-
rately absorbed. As a result, it is possible to improve the
adhesion between the metal layers.
[0051] In the interference filter manufacturing method
according to the aspect of the invention, it is preferable
that, in the bonding of the metal layers, activated bonding
between the metal layers is performed by pressure after
performing activation processing on surfaces of the metal
layers.
[0052] In the interference filter manufacturing method
with this configuration, in the bonding of the metal layers,
the surfaces of the metal layers can be activated so that
the metal layers are easily bonded to each other by per-
forming activation processing on the surfaces of the met-
al layers (first to fourth metal layers) . By pressing the
metal layers against each other in this activated state,
the bonding portions of the activated metal layer surfaces
can be easily bonded to each other. As a result, it is pos-
sible to improve the adhesion between the metal layers
and improve the bonding yield or the airtightness.
[0053] In the interference filter manufacturing method
according to the aspect of the invention, it is preferable
that the activation processing in the bonding of the metal
layers is plasma treatment using inert gas.
[0054] In the interference filter manufacturing method
with this configuration, plasma treatment using inert gas
is performed as the above activation processing. By us-
ing inert gas as described above, even when a reflective
film that easily deteriorates, such as Ag or an Ag alloy,
is used as the first or second reflective film, it is possible
to suppress the deterioration of the reflective film.
[0055] In the interference filter manufacturing method
according to the aspect of the invention, it is preferable
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that, in the bonding of the metal layers, the metal layers
are pressed while being heated up to a bonding temper-
ature lower than a temperature at which the first and sec-
ond reflective films deteriorate.
[0056] In the interference filter manufacturing method
with this configuration, the metal layers are bonded to
each other by heat pressing. Since the metal layers can
be closely bonded to each other in a softened state, it is
possible to improve the airtightness. In addition, since
the bonding temperature at which the reflective film is
not deteriorated is set as the heating temperature in this
case, it is possible to suppress the thermal deterioration
of the reflective film.
[0057] In the interference filter manufacturing method
according to the aspect of the invention, it is preferable
that, in the forming of the base layer, the base layer is
formed after performing plasma treatment on a surface
of a base material provided below the base layer.
[0058] In the interference filter manufacturing method
with this configuration, plasma treatment is performed on
the surface of the base material provided below the base
layer in the base layer forming step (step of forming the
first to fourth base layers). Although first to third sub-
strates can be exemplified as the lower layer, it is also
possible to form a base layer on each of these base ma-
terials with another layer interposed therebetween. In this
case, another layer becomes a base material provided
below the base layer. According to the aspect of the in-
vention, it is possible to improve the adhesion to the base
material of the base layer.
[0059] In the interference filter manufacturing method
according to the aspect of the invention, it is preferable
that, in the bonding of the metal layer, the metal layer is
formed after performing plasma treatment on a surface
of a base material provided below the metal layer.
[0060] In the interference filter manufacturing method
with this configuration, plasma treatment is performed on
the surface of the base material provided below the metal
layer in the metal layer forming step (step of forming the
first to fourth base layers). In the case of the first and
third metal layers, plasma treatment is performed on the
surfaces of the first and second base layers covered by
the first and third metal layers and the surfaces of the
substrates on which these base layers are provided. In
addition, for example, another layer formed of a material,
such as Cr, to improve the adhesion between metal lay-
ers may be interposed between the metal layer and the
base layer. In this case, since another layer becomes a
base material, plasma treatment is performed on the sur-
face of another layer.
[0061] In addition, each of the second and fourth metal
layers may be directly formed on the substrate (first, sec-
ond, or third substrate). In this case, plasma treatment
is performed on the substrate surface. In addition, when
the second and fourth metal layers are provided on the
second and fourth base layers, respectively, plasma
treatment is performed on the surfaces of the base layers
and the surfaces of the substrates. In addition, another

layer may be interposed between the metal layer and the
substrate or between the metal layer and the base layer.
In this case, since another layer becomes a base mate-
rial, plasma treatment is performed on the surface of an-
other layer.
[0062] According to the aspect of the invention, since
plasma treatment is performed on the surface of the base
material that forms the metal layer, it is possible to im-
prove the adhesion between the metal layers.
[0063] Yet another aspect of the invention is directed
to an optical module including: a first substrate; a second
substrate disposed so as to face the first substrate; a first
reflective film that is provided on a surface of the first
substrate facing the second substrate and that reflects a
part of incident light and transmits a remaining part of the
incident light; a second reflective film that faces the first
reflective film with a gap interposed therebetween and
that reflects a part of incident light and transmits a re-
maining part of the incident light; a first bonding portion
that bonds the first and second substrates to each other
to seal a first internal space formed between the first and
second substrates; and a light receiving unit that receives
light having a wavelength selected by interference of light
beams incident between the first and second reflective
films. The first bonding portion includes a first base layer
provided on one of the first and second substrates, a first
metal layer that is provided on the substrate, on which
the first base layer is provided, so as to cover the first
base layer and that has smaller plasticity than the first
base layer, and a second metal layer that is provided on
the other one of the first and second substrates and that
is bonded to the first metal layer.
[0064] In this optical module, as described above, the
first and second substrates are bonded to each other with
high airtightness. Accordingly, since it is possible to pre-
vent the penetration of harmful particles (for example,
water molecules and the like leading to the deterioration
of the reflective film) into the first internal space, it is pos-
sible to increase the spectral accuracy of the interference
filter. Therefore, by receiving light transmitted through or
reflected by the interference filter using the light receiving
unit, it is possible to perform spectroscopic measurement
with high accuracy. In addition, when the third substrate
is bonded to the first substrate in a state where the second
internal space is interposed therebetween and the first
and second internal spaces are maintained in a decom-
pressed state, it is possible to improve the responsive-
ness when changing the size of the gap between the
reflective films. Therefore, spectroscopic measurement
can be quickly performed by the optical module.
[0065] Still yet another aspect of the invention is direct-
ed to an electronic apparatus including: an interference
filter including a first substrate, a second substrate dis-
posed so as to face the first substrate, a first reflective
film that is provided on a surface of the first substrate
facing the second substrate and that reflects a part of
incident light and transmits a remaining part of the inci-
dent light, a second reflective film that faces the first re-
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flective film with a gap interposed therebetween and that
reflects a part of incident light and transmits a remaining
part of the incident light, and a first bonding portion that
bonds the first and second substrates to each other to
seal a first internal space formed between the first and
second substrates; and a control unit that controls the
interference filter. The first bonding portion includes a
first base layer provided on one of the first and second
substrates, a first metal layer that is provided on the sub-
strate, on which the first base layer is provided, so as to
cover the first base layer and that has smaller plasticity
than the first base layer, and a second metal layer that
is provided on the other one of the first and second sub-
strates and that is bonded to the first metal layer.
[0066] In this electronic apparatus, as described
above, the first and second substrates are bonded to
each other with high airtightness. Accordingly, since it is
possible to prevent the penetration of harmful particles
(for example, water molecules and the like leading to the
deterioration of the reflective film) into the first internal
space, it is possible to increase the spectral accuracy of
the interference filter. Accordingly, also in an electronic
apparatus that performs predetermined electrical
processing on the basis of light extracted (transmitted or
reflected) by the interference filter, high-accuracy light
can be accurately extracted from the interference filter.
Therefore, it is possible to improve the processing sys-
tem. In addition, when the third substrate is bonded to
the first substrate with the second internal space inter-
posed therebetween and the first and second internal
spaces are maintained in a decompressed state, it is pos-
sible to improve the responsiveness when changing the
size of the gap between the reflective films. Therefore, it
is possible to perform processing in the electronic appa-
ratus at high speed.
[0067] Further another aspect of the invention is direct-
ed to a bonded substrate including: a pair of substrates;
a bonding portion that bonds the pair of substrates to
each other to seal an internal space formed between the
pair of substrates; and a device housed in the internal
space. The bonding portion includes a base layer pro-
vided on one of the pair of substrates, a first metal layer
that is provided on the substrate, on which the base layer
is provided, so as to cover the base layer and that has
smaller plasticity than the base layer, and a second metal
layer that is provided on the other one of the pair of sub-
strates and that is bonded to the first metal layer.
[0068] In this bonded substrate, a pair of substrates
are bonded to each other to seal the internal space be-
tween these substrates in an airtight manner. In this case,
in the bonding portion, the base layer is provided on one
of the pair of substrates, the first metal layer is provided
so as to cover the base layer, and the first metal layer
and the second metal layer provided on the other sub-
strate are bonded to each other. In such a configuration,
similar to the above, even if the surface accuracy of the
first or second metal layer is low at the time of bonding,
the influence of minute unevenness of each metal layer

surface can be suppressed since the base layer serves
as a cushion. As a result, the metal layers can be made
to be in contact with each other satisfactorily. Therefore,
it is possible to bond the substrates to each other with
high airtightness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] The invention will be described with reference
to the accompanying drawings, wherein like numbers ref-
erence like elements.

Fig. 1 is a block diagram showing the schematic con-
figuration of a spectrometer of a first embodiment of
the invention.
Fig. 2 is a plan view of a wavelength tunable inter-
ference filter of the first embodiment.
Fig. 3 is a cross-sectional view of the wavelength
tunable interference filter of the first embodiment.
Fig. 4 is a plan view of a fixed substrate of the wave-
length tunable interference filter of the first embodi-
ment.
Fig. 5 is a plan view of a movable substrate of the
wavelength tunable interference filter of the first em-
bodiment.
Fig. 6 is a cross-sectional view when a part of the
wavelength tunable interference filter of the first em-
bodiment is cut.
Fig. 7 is a flowchart showing a method of manufac-
turing the wavelength tunable interference filter of
the first embodiment.
Figs. 8A to 8D are diagrams showing a fixed sub-
strate forming step in the method of manufacturing
the wavelength tunable interference filter of the first
embodiment.
Figs. 9A to 9D are diagrams showing a movable sub-
strate forming step in the method of manufacturing
the wavelength tunable interference filter of the first
embodiment.
Figs. 10A to 10C are diagrams showing a base layer
forming step, a metal layer forming step, and a bond-
ing step in the method of manufacturing the wave-
length tunable interference filter of the first embodi-
ment.
Fig. 11 is a cross-sectional view showing a wave-
length tunable interference filter in a modification ex-
ample of the first embodiment.
Fig. 12 is a diagram showing an example of a first
bonding portion of the second embodiment.
Fig. 13 is a cross-sectional view showing the sche-
matic configuration of a wavelength tunable interfer-
ence filter according to another embodiment of the
invention.
Fig. 14 is a block diagram showing the schematic
configuration of a color measuring apparatus, which
is an example of an electronic apparatus, in still an-
other embodiment.
Fig. 15 is a diagram showing the schematic config-
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uration of a gas detector, which is an example of an
electronic apparatus, in still another embodiment.
Fig. 16 is a block diagram showing the system con-
figuration of the gas detector shown in Fig. 15.
Fig. 17 is a block diagram showing the schematic
configuration of a food analyzer, which is an example
of an electronic apparatus, in still another embodi-
ment.
Fig. 18 is a block diagram showing the schematic
configuration of a spectral camera, which is an ex-
ample of an electronic apparatus, in still another em-
bodiment.
Fig. 19 is a cross-sectional view showing the sche-
matic configuration of a pressure sensor, which is
an example of a bonded substrate, in still another
embodiment.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

First embodiment

[0070] Hereinafter, a first embodiment of the invention
will be described with reference to the accompanying di-
agrams.

Configuration of a spectrometer

[0071] Fig. 1 is a block diagram showing the schematic
configuration of a spectrometer according to the first em-
bodiment of the invention.
[0072] A spectrometer 1 is an example of an electronic
apparatus according to the invention, and is an apparatus
that analyzes the light intensity of each wavelength in
measurement target light reflected by a measurement
target X and measures the spectrum. In the present em-
bodiment, an example is shown in which the measure-
ment target light reflected by the measurement target X
is measured. However, for example, when a light emitter
such as a liquid crystal panel is used as the measurement
target X, light emitted from the light emitter may be used
as the measurement target light.
[0073] As shown in Fig. 1, the spectrometer 1 includes
an optical module 10 and a control unit 20 that processes
a signal output from the optical module 10.

Configuration of an optical module

[0074] The optical module 10 is configured to include
a wavelength tunable interference filter 5, a detector 11,
an I-V converter 12, an amplifier 13, an A/D converter
14, and a voltage controller 15.
[0075] In the optical module 10, measurement target
light reflected by the measurement target X is guided to
the wavelength tunable interference filter 5 through an
incidence optical system (not shown), and light transmit-
ted through the wavelength tunable interference filter 5
is received by the detector 11. Then, a detection signal
output from the detector 11 is output to the control unit

20 through the I-V converter 12, the amplifier 13, and the
A/D converter 14.

Configuration of a wavelength tunable interference filter

[0076] Next, the wavelength tunable interference filter
5 (interference filter in the invention) built into the optical
module 10 will be described.
[0077] Fig. 2 is a plan view showing the schematic con-
figuration of the wavelength tunable interference filter 5.
Fig. 3 is a cross-sectional view taken along the III-III line
in Fig. 2.
[0078] As shown in Figs. 2 and 3, the wavelength tun-
able interference filter 5 includes a fixed substrate 51
equivalent to a second substrate according to the inven-
tion, a movable substrate 52 equivalent to a first substrate
according to the invention, and a cover substrate 53
equivalent to a third substrate according to the invention.
These substrates 51, 52, and 53 are formed of, for ex-
ample, various kinds of glass, such as soda glass, crys-
talline glass, quartz glass, lead glass, potassium glass,
borosilicate glass, and alkali-free glass, quartz, and the
like. In addition, the fixed substrate 51 and the movable
substrate 52 are bonded to each other by a first bonding
portion 57, and the movable substrate 52 and the cover
substrate 53 are bonded to each other by a second bond-
ing portion 58. The configuration of the first and second
bonding portion 57 and 58 will be described in detail later.
[0079] A fixed reflective film 54 that forms a second
reflective film according to the invention is provided on a
surface of the fixed substrate 51 facing the movable sub-
strate 52, and a movable reflective film 55 that forms a
first reflective film according to the invention is provided
on a movable surface of the movable substrate 52 facing
the fixed substrate 51. The fixed reflective film 54 and
the movable reflective film 55 are disposed with a gap
G1 interposed therebetween. In addition, in plan view
when the fixed substrate 51 and the movable substrate
52 are viewed from the thickness direction, a light inter-
ference region is formed by a region where the fixed re-
flective film 54 and the movable reflective film 55 overlap
each other.
[0080] An electrostatic actuator 56, which is an exam-
ple of a gap change portion according to the invention
used to adjust (change) the size of the gap G1, is provided
in the wavelength tunable interference filter 5. The elec-
trostatic actuator 56 can change the size of the gap G1
easily by electrostatic attraction by applying a predeter-
mined voltage between electrodes facing each other.
Therefore, it is possible to simplify the configuration. The
electrostatic actuator 56 can be driven by the control of
the voltage controller 15.
[0081] In addition, in the following explanation, a plan
view when viewed from the thickness direction of each
of the substrates 51, 52, and 53, that is, a plan view when
the wavelength tunable interference filter 5 is viewed from
the lamination direction of the fixed substrate 51, the mov-
able substrate 52, and the cover substrate 53 is referred
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to as a filter plan view. In addition, in the present embod-
iment, in filter plan view, the center point of the fixed re-
flective film 54 and the center point of the movable re-
flective film 55 match each other, and the center point of
each of these reflective films in plan view is referred to
as a filter center point O and the straight line passing
through the center point of each of these reflective films
is referred to as a center axis.

Configuration of a fixed substrate

[0082] Fig. 4 is a plan view when the fixed substrate
51 of the present embodiment is viewed from the movable
substrate 52 side.
[0083] Since the fixed substrate 51 is formed in a larger
thickness than the movable substrate 52, there is no
bending of the fixed substrate 51 due to electrostatic at-
traction of the electrostatic actuator 56 or the internal
stress of a film member (for example, the fixed reflective
film 54) formed on the fixed substrate 51.
[0084] As shown in Figs. 3 and 4, the fixed substrate
51 includes an electrode arrangement groove 511 and a
reflective film arrangement portion 512 formed by etch-
ing, for example. In addition, one end (side C3 - C4) of
the fixed substrate 51 protrudes outward from the outer
peripheral edge (side C5 - C6) of the movable substrate
52 and the cover substrate 53 in filter plan view, and a
terminal portion 513 is formed by the protruding portion.
[0085] The electrode arrangement groove 511 is
formed in an annular shape, which has the filter center
point O of the fixed substrate 51 as the center, in filter
plan view. The reflective film arrangement portion 512 is
formed so as to protrude from the center of the electrode
arrangement groove 511 to the movable substrate 52
side in filter plan view. The groove bottom surface of the
electrode arrangement groove 511 becomes an elec-
trode arrangement surface 511A on which the fixed elec-
trode 561 of the electrostatic actuator 56 is disposed. In
addition, the protruding distal surface of the reflective film
arrangement portion 512 becomes a reflective film ar-
rangement surface 512A on which the fixed reflective film
54 is disposed.
[0086] In addition, an electrode extraction groove 511B
extending from the electrode arrangement groove 511
toward the outer peripheral edge of the fixed substrate
51 is provided on the fixed substrate 51. Specifically, the
electrode extraction groove 511B extends from the elec-
trode arrangement groove 511 to the terminal portion 513
of the side C3 - C4 of the fixed substrate 51. In addition,
the terminal portion 513 is formed at the same height (on
the same plane) as the electrode arrangement groove
511 or the electrode extraction groove 511B.
[0087] A fixed electrode 561 of the electrostatic actu-
ator 56 is provided on the electrode arrangement surface
511A of the electrode arrangement groove 511. The fixed
electrode 561 may be directly provided on the electrode
arrangement surface 511A, or may be provided on an-
other thin film (layer) provided on the electrode arrange-

ment surface 511A.
[0088] The fixed electrode 561 is formed in an approx-
imately annular shape. Preferably, the fixed electrode
561 is formed in an annular shape. The approximately
annular shape referred to herein also includes a shape
having a notched portion in part, such as a C shape, for
example. In addition, in the present embodiment, an ex-
ample is shown in which one fixed electrode 561 is pro-
vided. However, for example, a configuration may be
adopted in which a plurality of annular electrodes are
concentrically disposed and the plurality of electrodes
are provided independently (are insulated from each oth-
er).
[0089] In addition, a fixed extraction electrode 561A is
connected to the fixed electrode 561. The fixed extraction
electrode 561A is pulled out to the terminal portion 513
along the electrode extraction groove 511B, and is con-
nected to the voltage controller 15, for example, by wire
bonding or FPC, in the terminal portion 513.
[0090] As examples of the material for forming the fixed
electrode 561 and the fixed extraction electrode 561A,
an Au/Cr film and an indium tin oxide (ITO) are men-
tioned.
[0091] In addition, an insulating layer may be formed
on the surface of the fixed electrode 561.
[0092] In addition, a bump electrode 563, which is ob-
tained by forming resin, such as polyimide, as a core
563A and plating a region around the core with Au or the
like, is formed in the electrode extraction groove 511B.
The bump electrode 563 is pulled out to the terminal por-
tion 513 along the electrode extraction groove 511B. The
bump electrode 563 is connected to the voltage controller
15, for example, by wire bonding or FPC. In addition, the
bump electrode 563 and the fixed extraction electrode
561A are insulated from each other without being in con-
tact with each other.
[0093] As described above, the reflective film arrange-
ment portion 512 is formed in an approximately cylindrical
shape, which has a smaller diameter than the electrode
arrangement groove 511, on the same axis as the elec-
trode arrangement groove 511, and includes the reflec-
tive film arrangement surface 512A facing the movable
substrate 52.
[0094] The fixed reflective film 54 is provided on the
reflective film arrangement portion 512.
[0095] The fixed reflective film 54 may be directly pro-
vided on the reflective film arrangement portion 512, or
may be provided on another thin film (layer) provided on
the reflective film arrangement portion 512. As examples
of the fixed reflective film 54, it is possible to use a metal
film formed of Ag and a conductive alloy film formed of
Ag alloy. When using a metal film formed of Ag, it is pref-
erable to form a protective film in order to suppress the
deterioration of Ag.
[0096] In addition, for example, a dielectric multilayer
film formed by alternately laminating TiO2, which is a high
refractive index layer, and SiO2, which is a low refractive
index layer, may be used. Alternatively, a reflective film
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formed by laminating a dielectric multilayer film and a
metal film, a reflective film formed by laminating a die-
lectric monolayer film and an alloy film, and the like may
be used.
[0097] In addition, on the light incidence surface (sur-
face on which the fixed reflective film 54 is not provided)
of the fixed substrate 51, an antireflection film may be
formed at a position corresponding to the fixed reflective
film 54. The antireflection film reduces the light reflect-
ance on the surface of the fixed substrate 51, thereby
increasing the transmittance.
[0098] In addition, in a surface of the fixed substrate
51 facing the movable substrate 52, a region other than
the electrode arrangement groove 511, electrode extrac-
tion groove 511B, reflective film arrangement portion
512, and terminal portion 513 becomes a fixed side bond-
ing target surface 514 on which the first bonding portion
57 to be described later is provided.

Configuration of a movable substrate

[0099] Fig. 5 is a plan view when the movable substrate
52 in the wavelength tunable interference filter of the
present embodiment is viewed from the fixed substrate
51 side.
[0100] As shown in Figs. 2, 4, and 5, the movable sub-
strate 52 includes a movable portion 521 having a circular
shape with the filter center point O as the center in filter
plan view, a holding portion 522 that is coaxial with the
movable portion 521 and holds the movable portion 521,
and a substrate outer peripheral portion 523 provided
outside the holding portion 522.
[0101] The movable portion 521 is formed in a larger
thickness than the holding portion 522. In the present
embodiment, for example, the movable portion 521 is
formed in the same thickness as the movable substrate
52 (substrate outer peripheral portion 523). The movable
portion 521 is formed so as to have a larger diameter
than at least the diameter of the outer peripheral edge of
the reflective film arrangement surface 512A in filter plan
view. In addition, a movable electrode 562, which forms
the electrostatic actuator 56, and the movable reflective
film 55 are provided on the movable portion 521. The
movable electrode 562 and the movable reflective film
55 may be directly provided on a movable surface 521A
of the movable portion 521 facing the fixed substrate 51,
or may be provided on another thin film (layer) provided
on the movable surface 521A.
[0102] Similar to the fixed electrode 561, the movable
electrode 562 is formed in an approximately annular
shape. Preferably, the movable electrode 562 is formed
in an annular shape with the filter center point O as the
center. In addition, similar to the fixed electrode 561, the
movable electrode 562 may be formed in a shape in
which a part of the circular ring is notched, for example,
in a C shape. Alternatively, the movable electrode 562
may be formed by a plurality of annular electrodes.
[0103] In addition, a movable extraction electrode

562A is connected to the movable electrode 562. The
movable extraction electrode 562A is pulled out to the
outer peripheral edge of the movable substrate 52 along
a region facing the electrode extraction groove 511B.
More specifically, the movable extraction electrode 562A
is provided so as to face the bump electrode 563, and is
in contact with the bump electrode 563 on the core 563A.
Accordingly, the movable electrode 562 is connected to
the voltage controller 15 through the bump electrode 563.
[0104] As examples of the material for forming the
movable electrode 562 and the movable extraction elec-
trode 562A, an Au/Cr film and indium tin oxide (ITO) can
be used similar to the fixed electrode 561.
[0105] The movable reflective film 55 is provided in the
center of the movable surface 521A of the movable por-
tion 521 so as to face the fixed reflective film 54 with the
gap G1 interposed therebetween. As the movable reflec-
tive film 55, a reflective film having the same configuration
as the fixed reflective film 54 described above is used.
[0106] In addition, although an example in which the
gap between the electrodes 561 and 562 is larger than
the gap G1 between the reflective films 54 and 55 is
shown in the present embodiment, the invention is not
limited to thereto. For example, when infrared light or far-
infrared light is used as the measurement target light, the
gap G1 may be larger than the gap between the elec-
trodes 561 and 562 depending on the wavelength range
of the measurement target light.
[0107] The holding portion 522 is a diaphragm sur-
rounding the periphery of the movable portion 521, and
is formed in a smaller thickness than the movable portion
521. The holding portion 522 bends more easily than the
movable portion 521 does. Accordingly, it is possible to
displace the movable portion 521 to the fixed substrate
51 side by slight electrostatic attraction. In this case, since
the movable portion 521 has larger thickness and rigidity
than the holding portion 522, a change in the shape of
the movable portion 521 can be suppressed to some ex-
tent even if the movable portion 521 is pulled to the fixed
substrate 51 side due to electrostatic attraction.
[0108] In addition, a communication hole 522A is pro-
vided in a part of the holding portion 522. The communi-
cation hole 522A makes first internal space Sp1 provided
between the fixed substrate 51 and the movable sub-
strate 52 (space where the reflective films 54 and 55 and
the electrostatic actuator 56 are disposed) and second
internal space Sp2, which is provided between the mov-
able substrate 52 and the cover substrate 53, communi-
cate with each other. In the present embodiment, airtight
sealing of the first internal space Sp1 and the second
internal space Sp2 is performed, so that the internal
space Sp1 and Sp2 is maintained at atmospheric pres-
sure (for example, vacuum) decompressed from the at-
mosphere.
[0109] In addition, although the diaphragm-like holding
portion 522 is illustrated in the present embodiment, the
invention is not limited thereto. For example, beam-
shaped holding portions, which are disposed at equal

19 20 



EP 2 778 743 A1

12

5

10

15

20

25

30

35

40

45

50

55

angular intervals with the filter center point O of the mov-
able portion 521 as the center, may also be provided.
[0110] The substrate outer peripheral portion 523 is a
portion provided on the outer side than the holding portion
522 in filter plan view. A surface of the substrate outer
peripheral portion 523 facing the fixed substrate 51 is a
first movable side bonding target surface 523A that is a
first surface according to the invention. In addition, a sur-
face of the substrate outer peripheral portion 523 facing
the cover substrate 53 is a second movable side bonding
target surface 523B that is a second surface according
to the invention.

Configuration of a cover substrate

[0111] Similar to the fixed substrate 51 and the mova-
ble substrate 52, the cover substrate 53 is formed by
processing a glass substrate by etching. Specifically, a
gap forming groove 531 facing the movable portion 521
and the holding portion 522 of the movable substrate 52
is formed in the cover substrate 53. In addition, on both
surfaces of the cover substrate 53, an optical film 533
(band pass filter) that reflects or absorbs light having a
wavelength outside a specific range is formed concen-
trically with the fixed reflective film 54 and the movable
reflective film 55. In addition, the optical film 533 may
also be provided on only one surface of the cover sub-
strate 53. In addition, the optical film 533 is selected ac-
cording to the target wavelength to perform spectroscop-
ic measurement by the spectrometer 1. For example, in
the spectrometer 1 that performs spectroscopic meas-
urement, for example, in a visible light region, the optical
film 533 that blocks light in an infrared range and an ul-
traviolet range is provided. In this case, infrared light may
be blocked by one of the two optical films 533, and ultra-
violet light may be blocked by the other optical film 533.
[0112] In addition, in the surface of the cover substrate
53 facing the movable substrate 52, a region where the
gap forming groove 531 is not provided is a cover side
bonding target surface 532.

Configuration of first and second bonding portions

[0113] Next, the first bonding portion 57 to bond the
fixed substrate 51 and the movable substrate 52 to each
other will be described.
[0114] As shown in Fig. 3, the first bonding portion 57
includes a resin layer 571A and a metal layer 571B, which
are provided on the fixed side bonding target surface 514
of the fixed substrate 51, and a resin layer 572A and a
metal layer 572B, which are provided on the first movable
side bonding target surface 523A of the movable sub-
strate 52. In addition, surfaces of the metal layers 571B
and 572B are metal-bonded to each other by surface
contact, and accordingly, the fixed substrate 51 and the
movable substrate 52 are bonded to each other.
[0115] The resin layers 571A and 572A form first and
second base layers in the invention, respectively, and

the metal layers 571B and 572B form first and second
metal layers in the invention, respectively.
[0116] The resin layers 571A and 572A and the metal
layers 571B and 572B are formed in annular shapes so
as to surround the first internal space Sp1 of the wave-
length tunable interference filter 5 in filter plan view.
[0117] In addition, the metal layer 571B is provided on
the fixed side bonding target surface 514 of the fixed
substrate 51 so as to cover the resin layer 571A. That is,
as shown in Fig. 3, an edge 571A1 of the resin layer 571A
is completely covered by the metal layer 571B. Accord-
ingly, the surface of the resin layer 571A is not exposed
to the outside of the wavelength tunable interference filter
5. In addition, an inner peripheral edge 571B1 and an
outer peripheral edge 571B2 of the metal layer 571B are
in close contact with the fixed side bonding target surface
514.
[0118] This is the same as for the metal layer 572B.
On the first movable side bonding target surface 523A,
an edge 572A1 of the resin layer 572A is completely cov-
ered by the metal layer 572B, and an inner peripheral
edge 572B1 and an outer peripheral edge 572B2 of the
metal layer 572B are in close contact with the first mov-
able side bonding target surface 523A.
[0119] In addition, the resin layers 571A and 572A and
the metal layers 571B and 572B may be directly formed
on the fixed substrate 51 or the movable substrate 52,
or may be formed with another layer, such as an adhesive
layer, interposed therebetween.
[0120] Fig. 6 is a cross-sectional view taken along the
VI-VI line in Fig. 3.
[0121] Incidentally, in a portion of the fixed substrate
51 where the electrode extraction groove 511B is formed,
since a distance between the fixed substrate 51 and the
movable substrate 52 is larger than a distance between
the fixed side bonding target surface 514 and the first
movable side bonding target surface 523A, the metal lay-
ers 571B and 572B are not in contact with each other. In
the present embodiment, therefore, airtightness is en-
sured in this region by the configuration shown in Fig. 6.
[0122] That is, in the electrode extraction groove 511B,
an insulating layer 59 is provided so as to cover the fixed
extraction electrode 561A and the bump electrode 563.
In addition, the insulating layer 59 is not provided in a
portion where the core 563A of the bump electrode 563
is provided since the portion needs to be electrically con-
nected to the movable extraction electrode 562A.
[0123] In addition, as shown in Figs. 3 and 6, the resin
layers 571A and 572A and the metal layers 571B and
572B that form the first bonding portion 57 are provided
on the terminal portion 513 side rather than the position
of the electrode extraction groove 511B where the inner
core 563A is provided. Here, the resin layer 571A and
the metal layer 571B are provided on the insulating layer
59, as shown in Figs. 3 and 6.
[0124] In addition, by sealing a region between the
metal layers 571B and 572B with a sealing material 573,
the first internal space Sp1 is sealed. As examples of the
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sealing material 573, an adhesive, low-melting-point
glass, low-melting-point metal, and the like are used. In
particular, the low-melting-point metal with small outgas-
sing and high airtightness is preferable.
[0125] The second bonding portion 58 bonds the mov-
able substrate 52 and the cover substrate 53 to each
other by the same configuration as the first bonding por-
tion 57 described above.
[0126] As shown in Fig. 3, the second bonding portion
58 includes a resin layer 581A and a metal layer 581B,
which are provided on the second movable side bonding
target surface 523B of the movable substrate 52, and a
resin layer 582A and a metal layer 582B, which are pro-
vided on the cover side bonding target surface 532 of the
cover substrate 53. In addition, surfaces of the metal lay-
ers 581B and 582B are metal-bonded to each other by
surface contact, and accordingly, the movable substrate
52 and the cover substrate 53 are bonded to each other.
[0127] The resin layers 581A and 582A form third and
fourth base layers in the invention, respectively, and the
metal layers 581B and 582B form third and fourth metal
layers in the invention, respectively.
[0128] The resin layers 581A and 582A and the metal
layers 581B and 582B are formed in annular shapes so
as to surround the second internal space Sp2 of the
wavelength tunable interference filter 5 in filter plan view.
[0129] In addition, similar to the metal layers 571B and
572B, the metal layer 581B is provided so as to cover
the resin layer 581A. That is, as shown in Fig. 3, an edge
581A1 of the resin layer 581A is completely covered by
the metal layer 581B. Accordingly, the surface of the resin
layer 581A is not exposed to the outside of the wave-
length tunable interference filter 5. In addition, an inner
peripheral edge 581B1 and an outer peripheral edge
581B2 of the metal layer 581B are in close contact with
the second movable side bonding target surface 523B.
[0130] This is the same as for the metal layer 582B.
On the cover side bonding target surface 532, an edge
582A1 of the resin layer 582A is completely covered by
the metal layer 582B, and an inner peripheral edge 582B1
and an outer peripheral edge 582B2 of the metal layer
582B are in close contact with the cover side bonding
target surface 532.
[0131] In the bonding portions 57 and 58 described
above, it is preferable that the metal layers 571B, 572B,
581B, and 582B be formed of Au (gold). Since the Au
has relatively high flexibility (large plasticity) in the metal,
bonding with high bonding strength and high airtightness
becomes possible by metal bonding. In addition, as ma-
terials of the metal layer, it is also possible to use a metal,
such as Al, Ag, or Cu, or an alloy thereof without being
limited to Au.
[0132] In addition, for the resin layers 571A, 572A,
581A, and 582A, materials with larger plasticity than for
the metal layers 571B, 572B, 581B, and 582B are used.
In the present embodiment, the resin layers 571A and
572A are formed by the plasma polymerized film con-
taining polyorganosiloxane as a main component. Such

a plasma polymerized film can be easily patterned on the
substrate surface using a metal mask. Therefore, it is
possible to improve the manufacturing efficiency.
[0133] In addition, the resin layers may also be formed
of, for example, an epoxy-based photosensitive material
without being limited to the plasma polymerized film de-
scribed above. When using the epoxy-based photosen-
sitive material for the resin layer, patterning using a pho-
tomask is performed. In this case, the resin layer can be
patterned with higher precision than in the case where a
metal mask is used. Therefore, it is possible to improve
the accuracy of the shape, position, and size of the resin
layer.
[0134] In addition, although the resin layers 571A,
572A, 581A, and 582A are used as an example of each
base layer in the present embodiment, any material that
is more flexible than the material of the metal layer may
be used. For example, since Au is used as the metal
layers 571B, 572B, 581B, and 582B in the present em-
bodiment, a metal with larger plasticity than Au may be
used. As examples of such metal, Sn (tin), Pb (lead), Mg
(magnesium), and the like can be mentioned. In addition,
when using a metal other than Au as the metal layers
571B, 572B, 581B, and 582B, it is also possible to change
the material of the base layer accordingly. For example,
it is possible to use Pb as the base layer and Mg as the
metal layer.

Another configuration of an optical module

[0135] Next, referring back to Fig. 1, another configu-
ration of the optical module 10 will be described.
[0136] The detector 11 receives (detects) light trans-
mitted through the wavelength tunable interference filter
5 and outputs a detection signal based on the amount of
received light to the I-V converter 12.
[0137] The I-V converter 12 converts the detection sig-
nal input from the detector 11 into a voltage value, and
outputs the voltage to the amplifier 13.
[0138] The amplifier 13 amplifies a voltage (detection
voltage) corresponding to the detection signal input from
the I-V converter 12.
[0139] The A/D converter 14 converts the detection
voltage (analog signal) input from the amplifier 13 into a
digital signal, and outputs the digital signal to the control
unit 20.
[0140] The voltage controller 15 applies a driving volt-
age to the electrostatic actuator 56 of the wavelength
tunable interference filter 5 under the control of the control
unit 20. Then, electrostatic attraction occurs between the
fixed electrode 561 and the movable electrode 562 of the
electrostatic actuator 56. As a result, the movable portion
521 is displaced to the fixed substrate 51 side.

Configuration of a control unit

[0141] Next, the control unit 20 of the spectrometer 1
will be described.
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[0142] The control unit 20 is configured to include, for
example, a CPU, a memory, and the like, and controls
the overall operation of the spectrometer 1. As shown in
Fig. 1, the control unit 20 includes a filter driving section
21, a light amount acquisition section 22, and a spectro-
scopic measurement section 23. In addition, V-λ data
showing the relationship between the wavelength of light
transmitted through the wavelength tunable interference
filter 5 and a driving voltage applied to the electrostatic
actuator 56 corresponding to the wavelength is stored in
the memory of the control unit 20.
[0143] The filter driving section 21 sets a desired wave-
length of light extracted by the wavelength tunable inter-
ference filter 5, and outputs a command signal, which
indicates the application of a driving voltage correspond-
ing to the set desired wavelength to the electrostatic ac-
tuator 56, to the voltage controller 15 on the basis of the
V-λ data.
[0144] The light amount acquisition section 22 ac-
quires the amount of light having a desired wavelength,
which has been transmitted through the wavelength tun-
able interference filter 5, on the basis of the amount of
light acquired by the detector 11.
[0145] The spectroscopic measurement section 23
measures the spectral characteristics of the measure-
ment target light on the basis of the amount of light ac-
quired by the light amount acquisition section 22.
[0146] Method of manufacturing a wavelength tunable
interference filter
[0147] Next, a method of manufacturing the wave-
length tunable interference filter described above will be
described with reference to the accompanying diagrams.
[0148] Fig. 7 is a flowchart showing a method of man-
ufacturing a wavelength tunable interference filter.
[0149] In the manufacture of the wavelength tunable
interference filter 5, first, a first glass substrate M1 for
forming the fixed substrate 51 and a second glass sub-
strate M2 for forming the movable substrate 52 are pre-
pared, a third glass substrate M3 for forming the cover
substrate 53 is prepared, and a fixed substrate forming
step S1 (second substrate forming step), a movable sub-
strate forming step S2 (first substrate forming step), and
a cover substrate forming step S3 are performed. In ad-
dition, the order of the fixed substrate forming step S1,
the movable substrate forming step S2, and the cover
substrate forming step S3 may be changed. Then, the
resin layers 571A, 572A, 581A, and 582A are formed by
a base layer forming step S4, and then the metal layers
571B, 572B, 581B, and 582B are formed by a metal layer
forming step S5. Then, a bonding step S6 is performed
to bond the formed glass substrates M1, M2, and M3,
and the wavelength tunable interference filter 5 is cut in
units of a chip.
[0150] Hereinafter, each of the steps S1 to S5 will be
described with reference to the accompanying diagrams.

Fixed substrate forming step

[0151] Figs. 8A to 8D are diagrams showing the state
of the first glass substrate M1 in the fixed substrate form-
ing step S1.
[0152] In the fixed substrate forming step S1, as shown
in Fig. 8A, both surfaces of the first glass substrate M1
(for example, the thickness is 1 mm) that is a manufac-
turing material of the fixed substrate 51 are finely polished
first until the surface roughness Ra becomes equal to or
less than 1 nm.
[0153] Then, as shown in Fig. 8B, the surface of the
first glass substrate M1 is processed by etching.
[0154] Specifically, for example, wet etching using hy-
drofluoric acid (BHF or the like) is repeatedly performed
on the first glass substrate M1 using a resist pattern,
which is patterned using a photolithography method, as
a mask. First, the electrode arrangement groove 511, the
electrode extraction groove 511B, the reflective film ar-
rangement portion 512, and the terminal portion 513 are
etched to the height position (for example, 0.5 mm) of the
reflective film arrangement surface 512A. Then, the elec-
trode arrangement groove 511, the electrode extraction
groove 511B, and the terminal portion 513 are etched to
the height position (for example, 1. 0 mm) of the electrode
arrangement surface 511A.
[0155] In addition, a surface of the first glass substrate
M1 that is not etched becomes the fixed side bonding
target surface 514. In this manner, the first glass sub-
strate M1 in which the shape of the fixed substrate 51 is
determined is formed.
[0156] In the present embodiment, a plurality of fixed
substrates 51 are formed from the single first glass sub-
strate M1. Accordingly, in this step, the first glass sub-
strate M1 is etched so that a plurality of fixed substrates
51 are manufactured in a state of being arranged in par-
allel in an array.
[0157] Then, a resin layer of polyimide is formed on
the first glass substrate M1 and is etched, thereby forming
the core 563A. Then, an electrode material (for example,
a Cr/Au layer in the present embodiment) for forming the
fixed electrode 561, the fixed extraction electrode 561A
(omitted in Figs. 8A to 8D and omitted in Figs. 10A to
10C to be described later), and the bump electrode 563
is formed on the first glass substrate M1 in a thickness
of, for example, 0.1 mm using a vacuum deposition meth-
od, a sputtering method, or the like. Then, a resist is ap-
plied to the first glass substrate M1, and the resist is pat-
terned according to the shape of the fixed electrode 561,
the fixed extraction electrode 561A, and the bump elec-
trode 563 using a photolithography method. Then, etch-
ing is performed using the etching solution, and then the
resist is removed. As a result, as shown in Fig. 8C, the
fixed electrode 561, the fixed extraction electrode 561A,
and the bump electrode 563 are formed.
[0158] In addition, when forming an insulating layer on
the fixed electrode 561, for example, SiO2 with a thick-
ness of about 100 nm is formed on the entire surface of

25 26 



EP 2 778 743 A1

15

5

10

15

20

25

30

35

40

45

50

55

the fixed substrate 51 facing the movable substrate 52
using plasma CVD or the like after forming the fixed elec-
trode 561. Then, SiO2 formed on the fixed extraction elec-
trode 561A of the terminal portion 513, the bump elec-
trode 563 of the terminal portion 513, and the bump elec-
trode 563 on the core 563A is removed by dry etching,
for example.
[0159] Then, the fixed reflective film 54 is formed on
the reflective film arrangement portion 512. In the present
embodiment, an Ag alloy is used as the fixed reflective
film 54. When using a metal film formed of Ag or an alloy
film formed of Ag alloy, a reflective film (a metal film or
an alloy film) is formed on the surface of the first glass
substrate M1 and is then patterned using a photolithog-
raphy method or the like.
[0160] In addition, when a dielectric multilayer film is
formed as a reflective film, the dielectric multilayer film
can be formed using a lift-off process, for example. In
this case, a resist (lift-off pattern) is formed on a portion
of the first glass substrate M1 other than a portion, in
which the reflective film is formed, using a photolithog-
raphy method or the like. Then, a material (for example,
a dielectric multilayer film having a high refraction layer
formed of TiO2 and a low refraction layer of SiO2) for
forming the fixed reflective film 54 is formed using a sput-
tering method, a vapor deposition method, or the like.
Then, after forming the fixed reflective film 54, an unnec-
essary portion of the film is removed by lift-off.
[0161] In this manner, as shown in Fig. 8D, the first
glass substrate M1 on which a plurality of fixed substrates
51 are disposed in an array is formed.

Movable substrate forming step

[0162] Next, the movable substrate forming step S2
will be described. Figs. 9A to 9D are diagrams showing
the state of the second glass substrate M2 in the movable
substrate forming step S2.
[0163] In the movable substrate forming step S2, as
shown in Fig. 9A, both surfaces of the second glass sub-
strate M2 (for example, the thickness is 0.5 mm) are finely
polished first until the surface roughness Ra becomes
equal to or less than 1 nm.
[0164] Then, a Cr/Au layer is formed on the surface of
the second glass substrate M2. Then, a region equivalent
to the holding portion 522 is etched in a thickness of 30
mm with the Cr/Au layer as an etching mask using hy-
drofluoric acid (BHF or the like), for example. Then, as
shown in Fig. 9B, the second glass substrate M2 in which
the shape of the movable substrate 52 is determined is
manufactured by removing the Cr/Au layer used as an
etching mask.
[0165] In the present embodiment, a plurality of mov-
able substrates 52 are formed from the single second
glass substrate M2. Accordingly, in this step, the second
glass substrate M2 is etched so that a plurality of movable
substrates 52 are manufactured in a state of being ar-
ranged in parallel in an array.

[0166] Then, as shown in Fig. 9C, the movable elec-
trode 562 and the movable extraction electrode 562A are
formed. When forming the movable electrode 562 and
the movable extraction electrode 562A, it is possible to
use the same method as when forming the fixed electrode
561 in the fixed substrate 51.
[0167] Then, as shown in Fig. 9D, the movable reflec-
tive film 55 is formed on the movable surface 521A. The
movable reflective film 55 can also be formed using the
same method as for the fixed reflective film 54.
[0168] In this manner, the second glass substrate M2
on which a plurality of movable substrates 52 are dis-
posed in an array is manufactured.

Cover substrate forming step

[0169] Next, the cover substrate forming step S3 will
be described.
[0170] In the cover substrate forming step S3, both sur-
faces of the third glass substrate (for example, the thick-
ness is 1.0 mm) are finely polished until the surface
roughness Ra becomes equal to or less than 1 nm.
[0171] Then, the gap forming groove 531 is formed by
performing etching with the surface of the third glass sub-
strate M3 (refer to Figs. 10A to 10C) as a mask. In addi-
tion, the optical film 533 is formed on both of the surfaces
of the third glass substrate M3 and is patterned by pho-
tolithography or the like.

Base layer forming step

[0172] Fig. 10A shows a base layer forming step, Fig.
10B shows a metal layer forming step, and Fig. 10C
shows a bonding step.
[0173] Then, the base layer forming step S4 is per-
formed to form a base layer corresponding to the forming
position of the first and second bonding portions 57 and
58 in the respective substrates 51, 52, and 53.
[0174] In the base layer forming step S4, activation
processing is first performed on the bonding target sur-
faces 514, 523A, 523B, and 532 of the respective sub-
strates M1, M2, and M3 formed by the steps S1, S2, and
S3 described above. As examples of the activation
processing, plasma treatment, UV treatment, and the like
can be mentioned. However, it is preferable to perform
plasma treatment in consideration of the influence on the
reflective films 54 and 55. In addition, also in this plasma
treatment, in order to prevent the deterioration of the re-
flective films 54 and 55, plasma treatment using inert gas
(for example, Ar gas or N2 gas) is performed.
[0175] Then, the resin layers 571A, 572A, 581A, and
582A that are base layers are formed on the surface-
activated bonding target surfaces 514, 523A, 523B, and
532. Specifically, the resin layers 571A, 572A, 581A, and
582A containing polyorganosiloxane as a main compo-
nent are formed by the plasma polymerization method
using a metal mask. As the thickness of each of the resin
layers 571A, 572A, 581A, and 582A, for example, a thick-
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ness of about 10 nm to 100 nm is set.

Metal layer forming step

[0176] Then, as shown in Fig. 10B, the metal layer
forming step S5 that forms the metal layers 571B, 572B,
581B, and 582B is performed.
[0177] In the metal layer forming step S5, activation
processing is first performed on the bonding target sur-
faces 514, 523A, 523B, and 532 and the resin layers
571A, 572A, 581A, and 582A of the respective substrates
M1, M2, and M3. As this activation processing, plasma
treatment using inert gas is performed as in the base
layer forming step.
[0178] Then, the metal layers 571B, 572B, 581B, and
582B are formed on the surface-activated bonding target
surfaces 514, 523A, 523B, and 532 and the surface-ac-
tivated resin layers 571A, 572A, 581A, and 582A using
a sputtering method or the like. As the thickness of each
of the metal layers 571B, 572B, 581B, and 582B, a suf-
ficient thickness for a function as a gas barrier (thickness
in which the airtightness can be ensured) is set. For ex-
ample, each of the metal layers 571B, 572B, 581B, and
582B is formed in a thickness of 10 nm or more.
[0179] In addition, as described above, the metal lay-
ers 571B, 572B, 581B, and 582B are formed such that
the resin layers 571A, 572A, 581A, and 582A are com-
pletely covered and the inner peripheral edges 571B1,
572B1, 581B1, 582B1 and the peripheral edges 571B2,
572B2, 581B2, 582B2 are in close contact with the bond-
ing target surfaces 514, 523A, 523B, and 532.
[0180] In addition, although Au is used as the metal
layers 571B, 572B, 581B, and 582B in the present em-
bodiment, it is also possible to form an Au layer after
forming another layer with good adhesion to Au and the
glass substrates M1, M2, and M3, such as Cr or Ti.

Bonding step

[0181] Then, as shown in Fig. 10C, the bonding step
S6 is performed to bond the glass substrates M1, M2,
and M3 to each other.
[0182] In this bonding step, the surfaces of the metal
layers 571B, 572B, 581B, and 582B formed by the metal
layer forming step S5 are activated. As this activation
processing, plasma treatment using inert gas is per-
formed as in the base layer forming step S4 or the metal
layer forming step S5. In addition, UV activation process-
ing or the like may be performed. In the case of UV ac-
tivation processing, in order to prevent the deterioration
of the reflective films 54 and 55 due to UV light, the re-
flective films 54 and 55 are covered with a UV mask or
the like.
[0183] Then, the glass substrates M1, M2, and M3 are
aligned for the superposition of the glass substrates M1,
M2, and M3, and heat and pressure are applied to bond-
ing portions. In this case, as the heating temperature,
temperature at which the deterioration of the reflective

films 54 and 55 does not occur is set. As a load applied
at the time of heat pressing, for example, a load of 98
(N) is applied for 10 minutes.
[0184] In the bonding described above, in the first
bonding portion 57, the surface of the metal layer 571B
and the surface of the metal layer 572B are in contact
with each other and are heat-pressed. As a result, the
metal layers 571B and 572B are bonded to each other
by metal bonding. In the first and second glass substrates
M1 and M2, since processing, such as etching, has been
performed, the surface accuracy of the bonding target
surfaces 514 and 523A may also be low. In this case,
when each metal layer is directly formed on the bonding
target surfaces 514 and 523A, the surface of each metal
layer also becomes rough depending on the surface ac-
curacy of the substrate surface, and minute unevenness
is formed. Accordingly, even when metal layers are bond-
ed to each other by heat pressing, the surfaces of the
metal layers are not in contact with each other appropri-
ately, and the airtightness is reduced.
[0185] In contrast, in the present embodiment, the res-
in layers 571A and 572A are provided as base layers.
For this reason, even if there is a roughness (minute un-
evenness) of the substrate surface, the unevenness is
absorbed by the resin layers 571A and 572A, and the
surface accuracy of the metal layers 571B and 572B is
improved. Therefore, since it is possible to make surface
contact between the facing surfaces of the metal layers
571B and 572B with high surface accuracy, it is possible
to perform highly airtight bonding while improving the
bonding yield. In addition, since the adhesion between
the metal layers 571B and 572B can be further improved
by heat pressing, it is possible to further improve the air-
tightness. This is the same as for the second bonding
portion 58.
[0186] Then, a cutting step of extracting the fixed sub-
strate 51 and the movable substrate 52 in units of a chip
is performed. Specifically, only the second and third glass
substrates M2 and M3 are cut along the line B1 shown
in Fig. 10C. Then, the first glass substrate M1, the second
glass substrate M2, and the third glass substrate M3 are
cut along the line B2. Finally, the first glass substrate M1
is cut along the line B3. In addition, in the cutting of the
lines B1 to B3, the cutting order does not matter. For this
cutting, for example, scribe break, laser cutting, and the
like can be used.
[0187] Then, the electrode extraction groove 511B is
sealed with the sealing material 573. At the time of sealing
using the sealing material 573, the processing on the cut
bonded body (structure obtained by bonding the glass
substrates M1, M2, and M3) is performed within the vac-
uum chamber. As a result, the wavelength tunable inter-
ference filter 5 in which the first internal space Sp1 and
the second internal space Sp2 are sealed in an airtight
manner in a vacuum state is manufactured.
[0188] In addition, in order to ensure the airtightness
more, another sealing material may be injected along the
outer peripheral portion of each of the bonding portions
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57 and 58, that is, the outer peripheral edge of each of
the substrates 51, 52, and 53.

Operations and effects of the first embodiment

[0189] In the present embodiment, the first bonding
portion 57 includes the resin layer 571A provided on the
fixed substrate 51, the metal layer 571B that covers the
resin layer 571A, the resin layer 572A provided on the
movable substrate 52, and the metal layer 572B that cov-
ers the resin layer 572A. In addition, since the metal lay-
ers 571B and 572B are metal-bonded to each other, the
fixed substrate 51 and the movable substrate 52 are
bonded to each other by the first bonding portion 57.
[0190] In such a bonding configuration, even if the sur-
face accuracy of the substrates 51 and 52 is poor and
minute unevenness is formed, the unevenness can be
absorbed by the resin layers 571A and 572A. For this
reason, the uneven shape of the substrate does not ap-
pear on the surfaces of the metal layers 571B and 572B.
Accordingly, since the surface accuracy of the metal lay-
ers 571B and 572B is high, the entire surfaces of the
metal layers 571B and 572B can be made to be in close
contact with each other. As a result, it is possible to per-
form highly airtight bonding while improving the bonding
yield.
[0191] In addition, although the airtightness of the resin
layers 571A and 572A that are base layers is not high
due to small air bubbles or the like compared with the
metal layers 571B and 572B, the resin layers 571A and
572A are covered by the metal layers 571B and 572B.
Accordingly, the first internal space Sp1 does not com-
municate with the outside through the resin layers 571A
and 572A. In addition, since metal bonding using the met-
al layers 571B and 572B is performed, it is possible to
perform highly airtight bonding.
[0192] In the present embodiment, the cover substrate
53 is bonded to the movable substrate 52 by the second
bonding portion 58. The second bonding portion 58 in-
cludes the resin layer 581A provided on the movable sub-
strate 52, the metal layer 581B that covers the resin layer
581A, the resin layer 582A provided on the cover sub-
strate 53, and the metal layer 582B that covers the resin
layer 582A. In addition, since the metal layers 581B and
582B are metal-bonded to each other, the movable sub-
strate 52 and the cover substrate 53 are bonded to each
other by the second bonding portion 58. Therefore, sim-
ilar to the first bonding portion 57, it is possible to perform
highly airtight bonding while improving the bonding yield.
[0193] In the present embodiment, the first internal
space Sp1 and the second internal space Sp2 are main-
tained in an airtight manner in a vacuum state (or in a
state decompressed from atmospheric pressure) by the
first and second bonding portions 57 and 58. Accordingly,
when changing the size of the gap between the reflective
films 54 and 55 using the electrostatic actuator 56, it is
possible to reduce the influence of air resistance. As a
result, it is possible to improve the responsiveness when

driving the wavelength tunable interference filter 5.
[0194] In addition, since the first internal space Sp1
and the second internal space Sp2 are sealed in an air-
tight manner, it is possible to prevent the penetration of
charged particles, water droplets, and the like, for exam-
ple. Therefore, it is possible to suppress malfunction or
the deterioration of the reflective films 54 and 55 due to
penetration of these particles.
[0195] In the present embodiment, the resin layers
571A, 572A, 581A, and 582A formed by the plasma po-
lymerized film containing polyorganosiloxane as a main
component are used as base layers.
[0196] Since such a plasma polymerized film can be
formed by a simple method using a metal mask, it is pos-
sible to improve the manufacturing efficiency.
[0197] In addition, the degree of freedom in selecting
the material of the metal layers 571B, 572B, 581B, and
582B can be improved by using the resin layers 571A,
572A, 581A, and 582A.
[0198] In the base layer forming step S4, the resin lay-
ers 571A, 572A, 581A, and 582A are formed after plasma
treatment of the surface of the glass substrates M1, M2,
and M3. Therefore, since it is possible to improve the
adhesion between the resin layers 571A, 572A, 581A,
and 582A and the glass substrate M1, M2, and M3, it is
possible to suppress the peeling and the like of the resin
layers 571A, 572A, 581A, and 582A.
[0199] In the metal layer forming step S5, the metal
layers 571B, 572B, 581B, and 582B are formed after
plasma treatment of the surfaces of the glass substrates
M1, M2, and M3 and the surfaces of the resin layers
571A, 572A, 581A, and 582A. Therefore, since it is pos-
sible to improve the adhesion between the metal layers
571B, 572B, 581B, and 582B and the glass substrates
M1, M2, and M3 or the resin layers 571A, 572A, 581A,
and 582A, it is possible to suppress the peeling and the
like of the metal layers 571B, 572B, 581B, and 582B.
[0200] In the bonding step S6, the surfaces of the metal
layers 571B, 572B, 581B, and 582B are activated by plas-
ma treatment and are heat-pressed.
[0201] Thus, since the surfaces of the metal layers
571B, 572B, 581B, and 582B can be activated by acti-
vation processing, an easy bonding state can be realized.
In addition, since bonding portions can be easily bonded
to each other by heat pressing, strong metal bonding can
be performed appropriately.
[0202] In addition, since N2 gas or Ar gas is used in
plasma treatment, it is possible to suppress the deterio-
ration of the reflective films 54 and 55. In addition, since
a predetermined pressure bonding temperature at which
there is no influence on the reflective films 54 and 55 is
set at the time of heat pressing, it is possible to suppress
the deterioration of the reflective films 54 and 55.

Modification example of the first embodiment

[0203] In the first embodiment described above, the
configuration has been illustrated in which the fixed ex-
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traction electrode 561A and the bump electrode 563 are
pulled out to the terminal portion 513 from the electrode
extraction groove 511B and the electrode extraction
groove 511B is sealed with the sealing material 573.
However, the invention is not limited thereto.
[0204] Fig. 11 is a cross-sectional view showing the
schematic configuration of a wavelength tunable inter-
ference filter 5A in a modification example of the first
embodiment.
[0205] As shown in Fig. 11, it is possible to adopt a
configuration in which penetrating electrodes 561B and
563B that pass through the fixed substrate 51 in the thick-
ness direction are provided and the fixed extraction elec-
trode 561A and the bump electrode 563 are connected
to the penetrating electrodes 561B and 563B, respec-
tively. For example, the penetrating electrodes 561B and
563B can be formed by forming a through hole in the
fixed substrate 51 using a diamond drill, sandblasting, or
the like and sealing the through hole by the plating of Au
or the like. In addition, a metal rod (penetrating electrodes
561B and 563B) may be embedded at the time of glass
formation of the fixed substrate 51.
[0206] In addition, on a surface of the fixed substrate
51 not facing the movable substrate 52, a fixed electrode
terminal 561C connected to the fixed extraction electrode
561A through the penetrating electrode 561B is provided,
and a bump electrode terminal 563C connected to the
bump electrode 563 through the penetrating electrode
563B is provided. By connecting the fixed electrode ter-
minal 561C and the bump electrode terminal 563C to the
voltage controller 15 in this manner, it is possible to con-
trol the electrostatic actuator 56.
[0207] In addition, a first hole 515 that communicates
the first internal space Sp1 with the outside of the wave-
length tunable interference filter 5 is formed in the fixed
substrate 51. The first hole 515 is sealed with a sealing
material 516 in a state where the first internal space Sp1
and the second internal space Sp2 are decompressed.
As the sealing material 516, an adhesive, low-melting-
point glass, low-melting-point metal such as Au, and the
like are used.
[0208] In the wavelength tunable interference filter 5A,
the glass substrates M1, M2, and M3 are bonded to each
other, and then the air of the first internal space Sp1 and
the second internal space Sp2 is sucked through the first
hole 515 to realize a vacuum state. Then, sealing is per-
formed using the sealing material 516.

Second embodiment

[0209] Next, a second embodiment of the invention will
be described with reference to the accompanying dia-
grams.
[0210] In the first embodiment described above, the
example has been illustrated in which the bonding target
surfaces 514, 523A, 523B, and 532 are planes and the
resin layers 571A, 572A, 581A, and 582A, which are base
layers, are formed on the bonding target surfaces 514,

523A, 523B, and 532.
[0211] However, when forming the resin layers 571A,
572A, 581A, and 582A, the thickness of the edges 571A1,
572A1, 581A1, and 582A1 may be larger than that of
other portions due to the rise of the edges 571A1, 572A1,
581A1, and 582A1 and the like. In this case, portions,
which correspond to the edges 571A1, 572A1, 581A1,
and 582A1, of the metal layers 571B, 572B, 581B, and
582B formed on the resin layers 571A, 572A, 581A, and
582A also rise. Accordingly, since the metal layers 571B
and 572B or the metal layers 581B and 582B are in con-
tact with each other only in the rise portion, there is a
possibility that the airtightness cannot be sufficiently en-
sured. In this case, there is a possibility that the bonding
strength will also be reduced.
[0212] In contrast, in the second embodiment, the
forming positions of the resin layers 571A, 572A, 581A,
and 582A are different from those in the first embodiment
in consideration of such a change in the shape of the
resin layer when forming the base layer.
[0213] Fig. 12 is an enlarged sectional view showing
the vicinity of the first bonding portion 57A in the second
embodiment.
[0214] As shown in Fig. 12, in the fixed substrate 51
of the present embodiment, in filter plan view, a recess
formed by etching is provided in the periphery of the fixed
side bonding target surface 514 (bonding surface), and
the bottom surface of the recess forms first surfaces 514A
and 514B, a distance between each of the first surfaces
514A and 514B and the movable substrate 52 being long-
er than a distance between the fixed side bonding target
surface 514 and the movable substrate 52. In addition,
in filter plan view, the first surface 514A on the inner side
of the fixed side bonding target surface 514 may be the
electrode arrangement surface 511A, and the first sur-
face 514B on the outer side of the fixed side bonding
target surface 514 may be the terminal portion 513.
[0215] In addition, the resin layer 571A of the first bond-
ing portion 57 is provided over the first surfaces 514A
and 514B from the fixed side bonding target surface 514.
That is, the resin layer 571A is formed so as to cover the
fixed side bonding target surface 514.
[0216] In addition, the metal layer 571B is provided so
as to cover the resin layer 571A. Accordingly, the inner
peripheral edge 571B1 of the metal layer 571B is located
on the first surface 514A, and the outer peripheral edge
571B2 is located on the first surface 514B.
[0217] On the other hand, the resin layer 572A provid-
ed on the movable substrate 52 is provided so as to cover
the fixed side bonding target surface 514 in filter plan
view. That is, the movable substrate 52 is provided over
the portion facing the first surfaces 514A and 514B from
the portion facing the fixed side bonding target surface
514. Accordingly, the edge of the resin layer 572A is
present at a position facing the first surface 514A and a
position facing the first surface 514B.
[0218] In addition, since the metal layer 572B is pro-
vided so as to cover the resin layer 572A, the inner pe-
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ripheral edge 572B1 of the metal layer 571B is present
at a position of the first movable side bonding target sur-
face 523A facing the first surface 514A, and the outer
peripheral edge 572B2 is present at a position of the first
movable side bonding target surface 523A facing the first
surface 514B.
[0219] In the second embodiment, the edges of the
resin layers 571A and 571B that are base layers are lo-
cated on the first surfaces 514A and 514B or present at
positions facing the first surfaces 514A and 514B. For
this reason, in the edge, even if the rise that causes the
thickness of the edge to be larger than that of other por-
tions occurs in the edge and a protruding portion is also
generated in the metal layers 571B and 572B, there is
no influence on bonding between the metal layers 571B
and 572B on the bonding target surfaces 514 and 523A.
Therefore, it is possible to perform highly airtight bonding
while improving the bonding yield.
[0220] In addition, although Fig. 12 shows the config-
uration in which the first surfaces 514A and 514B are
provided on the fixed substrate 51, the invention is not
limited to such a configuration, and it is possible to adopt
a configuration in which a first surface is provided in the
periphery of the first movable side bonding target surface
523A of the movable substrate 52 and the resin layer
572A is formed over the first surface from the first mov-
able side bonding target surface 523A. In addition, the
first surface may also be provided on both of the fixed
substrate 51 and the movable substrate 52.
[0221] In addition, although the above explanation has
been given for the first bonding portion 57, the explana-
tion is the same for the second bonding portion 58. That
is, the first surface may be provided in the periphery of
the second movable side bonding target surface 523B
of the movable substrate 52, and the resin layer 581A
may be formed over the first surface from the second
movable side bonding target surface 523B. Alternatively,
the first surface may be provided in the periphery of the
cover side bonding target surface 532 of the cover sub-
strate 53, and the resin layer 582A may be formed over
the first surface from the cover side bonding target sur-
face 532.

Other embodiments

[0222] In addition, the invention is not limited to the
embodiment described above, and various modifications
or improvements may be made without departing from
the scope and spirit of the invention.
[0223] For example, the resin layer may be formed of
an epoxy-based photosensitive material or other metals
softer than the metal layer (Au) without being limited to
the plasma polymerized film, as described above. When
using the epoxy-based photosensitive material as the
resin layer, patterning using a photomask can be per-
formed. Therefore, it is possible to improve the accuracy
of the forming position of the resin layer.
[0224] In addition, although the configuration in which

the resin layers 571A and 572A, which are base layers,
are provided in the first bonding portion 57 is adopted,
the invention is not limited thereto.
[0225] A base layer may be provided on one of the
fixed substrate 51 and the movable substrate 52. There-
fore, for example, the metal layer 571B may be provided
on the fixed substrate 51 with the resin layer 571A inter-
posed therebetween, and the metal layer 572B may be
directly provided on the movable substrate 52. Alterna-
tively, the metal layer 571B may be directly provided on
the fixed substrate 51, and the metal layer 572B may be
provided on the movable substrate 52 with the resin layer
572A interposed therebetween.
[0226] Similarly, also in the second bonding portion 58,
a base layer may be provided on one of the movable
substrate 52 and the cover substrate 53. For example,
the metal layer 581B may be provided on the movable
substrate 52 with the resin layer 581A interposed there-
between, and the metal layer 582B may be directly pro-
vided on the cover substrate 53. Alternatively, the metal
layer 581B may be directly provided on the movable sub-
strate 52, and the metal layer 582B may be provided on
the cover substrate 53 with the resin layer 582A inter-
posed therebetween.
[0227] In addition, for example, also in the case of the
configuration in which the metal layer 571B is provided
on the fixed substrate 51 with the resin layer 571A inter-
posed therebetween and the metal layer 572B is directly
provided on the movable substrate 52 as described
above, it is preferable to form the fixed side bonding target
surface 514 and the first surfaces 514A and 514B on the
fixed substrate 51 and form the resin layer 571A over the
first surfaces 514A and 514B from the fixed side bonding
target surface 514 as illustrated in the second embodi-
ment.
[0228] In addition, in the case of the configuration in
which the metal layer 572B is provided on the movable
substrate 52 with the resin layer 572A interposed there-
between and the metal layer 571B is directly provided on
the fixed substrate 51, it is preferable to form the fixed
side bonding target surface 514 and the first surfaces
514A and 514B on the fixed substrate 51 and form the
resin layer 572A over the portion facing the first surfaces
514A and 514B from the portion facing the fixed side
bonding target surface 514 of the movable substrate 52.
Also in this case, even if the rise occurs in the outer pe-
ripheral edge of the resin layer 572A, there is no influence
of the rise portion when bonding the metal layer 571B
and 572B to each other. Therefore, it is possible to per-
form bonding with high adhesion.
[0229] In addition, although the electrostatic actuator
56 is illustrated as a gap change portion and the config-
uration of changing the size of the gap G1 between the
fixed reflective film 54 and the movable reflective film 55
using the electrostatic actuator 56 is illustrated in each
embodiment described above, the invention is not limited
thereto.
[0230] For example, a dielectric actuator, which is
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formed by a first dielectric coil provided on the fixed sub-
strate 51 and a second dielectric coil or a permanent
magnet provided on the movable substrate 52, may be
used as a gap change portion.
[0231] In addition, a piezoelectric actuator may be
used instead of the electrostatic actuator 56. In this case,
the holding portion 522 can be bent, for example, by lam-
inating a lower electrode layer, a piezoelectric layer, and
an upper electrode layer on the holding portion 522 and
expanding and contracting the piezoelectric layer by
changing a voltage, which is applied between the lower
electrode layer and the upper electrode layer, as an input
value.
[0232] In addition, the invention can also be applied to
the wavelength fixed side Fabry-Perot etalon in which no
gap change portion is provided.
[0233] In a wavelength fixed type interference filter, the
movable portion 521 or the holding portion 522 as in the
embodiment described above is not provided. Accord-
ingly, a distance (gap G1 between the reflective films 54
and 55) between the first substrate (movable substrate
52) and the second substrate (fixed substrate 51) is main-
tained constant.
[0234] In this case, since the fixed substrate 51 and
the movable substrate 52 are bonded to each other with
high airtightness by the first bonding portion 57, it is pos-
sible to prevent the penetration of foreign matters into a
region between the fixed substrate 51 and the movable
substrate 52. Therefore, it is possible to suppress the
deterioration of the reflective films 54 and 55.
[0235] In addition, although the example in which the
movable substrate 52 (first substrate), on which the mov-
able reflective film 55 (first reflective film) is provided, and
the fixed substrate 51 (second substrate), on which the
fixed reflective film 54 (second reflective film) is provided,
are bonded to each other by the first bonding portion 57
is shown in the embodiment described above, the inven-
tion is not limited thereto. For example, the second re-
flective film may not be provided on the second substrate.
[0236] In addition, although the configuration including
the cover substrate 53 that is a third substrate has been
illustrated in the embodiment described above, the third
substrate may not be provided.
[0237] Hereinafter, a specific example of such an in-
terference filter will be described with reference to Fig. 13.
[0238] Fig. 13 is a cross-sectional view showing the
schematic configuration of a wavelength tunable inter-
ference filter according to another embodiment of the in-
vention.
[0239] In a wavelength tunable interference filter 5B
shown in Fig. 13, first and second substrates 51A and
52A are disposed so as to face each other. The first and
second substrates 51A and 52A are bonded to each other
by a first bonding portion 57 (or a first bonding portion
57A) having the same configuration as in each embodi-
ment described above, thereby forming internal space
SP3.
[0240] In addition, a groove 51A1 formed by, for ex-

ample, etching is provided in the first substrate 51A, and
a first reflective film 54A is provided in the groove 51A1.
In addition, a second reflective film 55A is disposed so
as to face the first reflective film 54A with a predetermined
gap G1 interposed therebetween.
[0241] In addition, a first driving electrode 561A that
forms an electrostatic actuator 56A is provided on the
first reflective film 54A, and a second driving electrode
562A that forms the electrostatic actuator 56A is provided
on the second reflective film 55A.
[0242] In such a configuration, the first reflective film
54A is formed on the first substrate 51A and the first
driving electrode 561A is formed, and then a sacrificial
layer is formed. Then, the second driving electrode 562A
is formed on the sacrificial layer, and the second reflective
film 55A is formed. Finally, the sacrificial layer is removed
by etching or the like. Thus, it is possible to form the
reflective films 54A and 55A and the driving electrodes
561A and 562A shown in Fig. 13.
[0243] Also in the wavelength tunable interference fil-
ter 5B, the first and second substrates 51A and 52A are
bonded to each other by the first bonding portion 57 (or
the first bonding portion 57A). Therefore, as in the em-
bodiment described above, since it is possible to bond
the first and second substrates 51A and 52A to each
other with high airtightness, it is possible to maintain the
high airtightness of the internal space SP3.
[0244] In addition, in each embodiment described
above, the spectrometer 1 has been illustrated as the
electronic apparatus according to the invention. Howev-
er, the optical module, and the electronic apparatus ac-
cording to the invention can also be applied in various
fields.
[0245] For example, as shown in Fig. 14, the electronic
apparatus according to the invention can also be applied
to a color measuring apparatus for measuring the color.
[0246] Fig. 14 is a block diagram showing an example
of a color measuring apparatus 400 including a wave-
length tunable interference filter.
[0247] As shown in Fig. 14, the color measuring appa-
ratus 400 includes a light source device 410 that emits
light to a test target A, a colorimetric sensor 420 (optical
module), and a control device 430 that controls the overall
operation of the color measuring apparatus 400. In ad-
dition, the color measuring apparatus 400 is an apparatus
that reflects light emitted from the light source device 410
by the test target A, receives the reflected light to be
examined using the colorimetric sensor 420, and analyz-
es and measures the chromaticity of the light to be ex-
amined, that is, the color of the test target A, on the basis
of a detection signal output from the colorimetric sensor
420.
[0248] The light source device 410 includes a light
source 411 and a plurality of lenses 412 (only one lens
is shown in Fig. 14), and emits reference light (for exam-
ple, white light) to the test target A. In addition, a collimator
lens may be included in the plurality of lenses 412. In this
case, the light source device 410 forms the reference
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light emitted from the light source 411 as parallel light
using the collimator lens and emits the parallel light from
a projection lens (not shown) toward the test target A. In
addition, although the color measuring apparatus 400
including the light source device 410 is illustrated in the
present embodiment, the light source device 410 may
not be provided, for example, when the test target A is a
light emitting member, such as a liquid crystal panel.
[0249] The colorimetric sensor 420 is an optical mod-
ule according to the invention, and includes the wave-
length tunable interference filter 5, the detector 11 that
receives light transmitted through the wavelength tuna-
ble interference filter 5, and the voltage controller 15 that
changes the wavelength of the light transmitted through
the wavelength tunable interference filter 5 as shown in
Fig. 14. In addition, the colorimetric sensor 420 includes
an incident optical lens (not shown) that is provided at a
position facing the wavelength tunable interference filter
5 and guides reflected light (light to be examined), which
is reflected by the test target A, to the inside. In the color-
imetric sensor 420, the wavelength tunable interference
filter 5 separates light having a predetermined wave-
length among light beams to be examined incident from
the incident optical lens, and the detector 11 receives the
separated light. In addition, the wavelength tunable in-
terference filter 5A described above may be provided in-
stead of the wavelength tunable interference filter 5.
[0250] The control device 430 controls the overall op-
eration of the color measuring apparatus 400.
[0251] As the control device 430, for example, a gen-
eral-purpose personal computer, a personal digital as-
sistant, and a computer dedicated to color measurement
can be used. In addition, as shown in Fig. 14, the control
device 430 is configured to include a light source control
unit 431, a colorimetric sensor control unit 432, and a
colorimetric processing unit 433.
[0252] The light source control unit 431 is connected
to the light source device 410, and outputs a predeter-
mined control signal to the light source device 410 on the
basis of, for example, a setting input from the user so
that white light with predetermined brightness is emitted
from the light source device 410.
[0253] The colorimetric sensor control unit 432 is con-
nected to the colorimetric sensor 420, and sets a wave-
length of light received by the colorimetric sensor 420 on
the basis of, for example, a setting input from the user
and outputs a control signal, which indicates that the
amount of received light with this wavelength is to be
detected, to the colorimetric sensor 420. Then, the volt-
age controller 15 of the colorimetric sensor 420 applies
a voltage to the electrostatic actuator 56 on the basis of
the control signal, thereby driving the wavelength tunable
interference filter 5.
[0254] The colorimetric processing unit 433 analyzes
the chromaticity of the test target A from the amount of
received light detected by the detector 11.
[0255] In addition, as another example of the electronic
apparatus according to the invention, a light-based sys-

tem for detecting the presence of a specific material can
be mentioned. As examples of such a system, an in-ve-
hicle gas leak detector that detects specific gas with high
sensitivity by adopting a spectroscopic measurement
method using the optical module according to the inven-
tion or a gas detector, such as a photoacoustic rare gas
detector for breast test, can be exemplified.
[0256] An example of such a gas detector will now be
described with reference to the accompanying diagrams.
[0257] Fig. 15 is a schematic diagram showing an ex-
ample of a gas detector including the optical module ac-
cording to the invention.
[0258] Fig. 16 is a block diagram showing the config-
uration of a control system of the gas detector shown in
Fig. 15.
[0259] As shown in Fig. 15, a gas detector 100 is con-
figured to include a sensor chip 110, a flow path 120
including a suction port 120A, a suction flow path 120B,
a discharge flow path 120C, and a discharge port 120D,
and a main body 130.
[0260] The main body 130 is configured to include: a
detector (optical module) including a sensor cover 131
having an opening through which the flow path 120 can
be attached or detached, a discharge unit 133, a housing
134, an optical unit 135, a filter 136, the wavelength tun-
able interference filter 5, and a light receiving element
137 (detection unit) ; a control unit 138 (processing unit)
that processes a detected signal and controls the detec-
tion unit; and a power supply unit 139 that supplies elec-
tric power. In addition, the wavelength tunable interfer-
ence filter 5A described above may be provided instead
of the wavelength tunable interference filter 5. In addition,
the optical unit 135 is configured to include a light source
135A that emits light, a beam splitter 135B that reflects
the light incident from the light source 135A toward the
sensor chip 110 and transmits the light incident from the
sensor chip side toward the light receiving element 137,
and lenses 135C, 135D, and 135E.
[0261] In addition, as shown in Fig. 16, an operation
panel 140, a display unit 141, a connection unit 142 for
interface with the outside, and the power supply unit 139
are provided on the surface of the gas detector 100.
When the power supply unit 139 is a secondary battery,
a connection unit 143 for charging may be provided.
[0262] In addition, as shown in Fig. 16, the control unit
138 of the gas detector 100 includes a signal processor
144 formed by a CPU or the like, a light source driver
circuit 145 for controlling the light source 135A, a voltage
controller 146 for controlling the wavelength tunable in-
terference filter 5, a light receiving circuit 147 that re-
ceives a signal from the light receiving element 137, a
sensor chip detection circuit 149 that reads a code of the
sensor chip 110 and receives a signal from a sensor chip
detector 148 that detects the presence of the sensor chip
110, and a discharge driver circuit 150 that controls the
discharge unit 133.
[0263] Next, the operation of the gas detector 100 will
be described below.
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[0264] The sensor chip detector 148 is provided inside
the sensor cover 131 located in the upper portion of the
main body 130, and the presence of the sensor chip 110
is detected by the sensor chip detector 148. When a de-
tection signal from the sensor chip detector 148 is de-
tected, the signal processor 144 determines that the sen-
sor chip 110 is mounted, and outputs a display signal to
display "detection operation is executable" on the display
unit 141.
[0265] Then, for example, when the operation panel
140 is operated by the user and an instruction signal in-
dicating the start of detection processing is output from
the operation panel 140 to the signal processor 144, the
signal processor 144 first outputs a signal for operating
the light source to the light source driver circuit 145 to
operate the light source 135A. When the light source
135A is driven, linearly-polarized stable laser light with a
single wavelength is emitted from the light source 135A.
In addition, a temperature sensor or a light amount sensor
is provided in the light source 135A, and the information
is output to the signal processor 144. In addition, when
it is determined that the light source 135A is stably op-
erating on the basis of the temperature or the amount of
light input from the light source 135A, the signal proces-
sor 144 controls the discharge driver circuit 150 to oper-
ate the discharge unit 133. Then, a gas sample containing
a target material (gas molecules) to be detected is guided
from the suction port 120A to the suction flow path 120B,
the inside of the sensor chip 110, the discharge flow path
120C, and the discharge port 120D. In addition, a dust
filter 120A1 is provided on the suction port 120A in order
to remove relatively large dust particles, water vapor, and
the like.
[0266] In addition, the sensor chip 110 is a sensor in
which a plurality of metal nanostructures are included
and which uses localized surface plasmon resonance.
In such a sensor chip 110, an enhanced electric field is
formed between the metal nanostructures by laser light.
When gas molecules enter the enhanced electric field,
Rayleigh scattered light and Raman scattered light in-
cluding the information of molecular vibration are gener-
ated.
[0267] Such Rayleigh scattered light or Raman scat-
tered light is incident on the filter 136 through the optical
unit 135, and the Rayleigh scattered light is separated
by the filter 136 and the Raman scattered light is incident
on the wavelength tunable interference filter 5. In addi-
tion, the signal processor 144 outputs a control signal to
the voltage controller 15. Then, the voltage controller 15
drives the electrostatic actuator 56 of the wavelength tun-
able interference filter 5 in the same manner as in the
first embodiment described above, and separates the
Raman scattered light corresponding to gas molecules
to be detected using the wavelength tunable interference
filter 5. Then, when the separated light is received by the
light receiving element 137, a light receiving signal cor-
responding to the amount of received light is output to
the signal processor 144 through the light receiving circuit

147. In this case, the target Raman scattered light can
be accurately extracted from the wavelength tunable in-
terference filter 5.
[0268] The signal processor 144 determines whether
or not the gas molecules to be detected obtained as de-
scribed above are target gas molecules by comparing
the spectral data of the Raman scattered light corre-
sponding to the gas molecules to be detected with the
data stored in the ROM, and specifies the material. In
addition, the signal processor 144 displays the result in-
formation on the display unit 141, or outputs the result
information to the outside through the connection unit
142.
[0269] In addition, in Figs. 15 and 16, the gas detector
100 that separates Raman scattered light using the
wavelength tunable interference filter 5 and detects gas
from the separated Raman scattered light has been il-
lustrated. However, as a gas detector, it is also possible
to use a gas detector that specifies the type of gas by
detecting the gas-specific absorbance. In this case, a
gas sensor that detects light absorbed by gas, among
incident light beams, after making gas flown into the sen-
sor is used as the optical module according to the inven-
tion. In addition, a gas detector that analyzes and deter-
mines gas flowing into the sensor using a gas sensor is
used as the electronic apparatus according to the inven-
tion. Also in such a configuration, it is possible to detect
components of gas using the wavelength tunable inter-
ference filter.
[0270] In addition, as a system for detecting the pres-
ence of a specific material, a material component ana-
lyzer, such as a non-invasive measuring apparatus for
obtaining the information regarding sugar using near-in-
frared spectroscopy or a non-invasive measuring appa-
ratus for obtaining the information regarding the food,
minerals, the body, and the like can be exemplified with-
out being limited to the gas detection described above.
[0271] Hereinafter, a food analyzer will be described
as an example of the material component analyzer.
[0272] Fig. 17 is a diagram showing the schematic con-
figuration of a food analyzer that is an example of the
electronic apparatus using the optical module according
to the invention.
[0273] As shown in Fig. 17, a food analyzer 200 in-
cludes a detector 210 (optical module), a control unit 220,
and a display unit 230. The detector 210 includes a light
source 211 that emits light, an imaging lens 212 to which
light from a measurement target is introduced, the wave-
length tunable interference filter 5 that can separate the
light introduced from the imaging lens 212, and an imag-
ing unit 213 (detection unit) that detects the separated
light. In addition, the wavelength tunable interference fil-
ter 5A described above may be provided instead of the
wavelength tunable interference filter 5.
[0274] In addition, the control unit 220 includes a light
source controller 221 that performs ON/OFF control of
the light source 211 and brightness control at the time of
lighting, a voltage controller 222 that controls the wave-
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length tunable interference filter 5, a detection controller
223 that controls the imaging unit 213 and acquires a
spectral image captured by the imaging unit 213, a signal
processor 224, and a storage section 225.
[0275] In the food analyzer 200, when the system is
driven, the light source controller 221 controls the light
source 211 so that light is emitted from the light source
211 to the measurement target. Then, light reflected by
the measurement target is incident on the wavelength
tunable interference filter 5 through the imaging lens 212.
By the control of the voltage controller 15, the wavelength
tunable interference filter 5 is driven according to the driv-
ing method shown in the first embodiment. Therefore,
light having a desired wavelength can be accurately ex-
tracted from the wavelength tunable interference filter 5.
In addition, the extracted light can be imaged by the im-
aging unit 213 formed by a CCD camera, for example.
In addition, the imaged light is stored in the storage sec-
tion 225 as a spectral image. In addition, the signal proc-
essor 224 changes the value of a voltage applied to the
wavelength tunable interference filter 5 by controlling the
voltage controller 15, thereby obtaining a spectral image
for each wavelength.
[0276] Then, the signal processor 224 calculates a
spectrum in each pixel by performing arithmetic process-
ing on the data of each pixel in each image stored in the
storage section 225. In addition, for example, information
regarding the components of the food for the spectrum
is stored in the storage section 225. The signal processor
224 analyzes the data of the obtained spectrum on the
basis of the information regarding the food stored in the
storage section 225, and calculates food components
contained in the detection target and the content. In ad-
dition, food calories, freshness, and the like can be cal-
culated from the obtained food components and content.
In addition, by analyzing the spectral distribution in the
image, it is possible to extract a portion, of which fresh-
ness is decreasing, in the food to be examined. In addi-
tion, it is also possible to detect foreign matter contained
in the food.
[0277] Then, the signal processor 224 performs
processing for displaying the information obtained as de-
scribed above, such as the components or the content
of the food to be examined and the calories or freshness
of the food to be examined, on the display unit 230.
[0278] In addition, although an example of the food an-
alyzer 200 is shown in Fig. 17, the invention can also be
used as a non-invasive measuring apparatus for obtain-
ing information other than that described above by ap-
plying substantially the same configuration. For example,
the invention can be used as a biological analyzer for the
analysis of biological components involving the meas-
urement and analysis of body fluids, such as blood. For
example, if an apparatus that detects ethyl alcohol is used
as the apparatus for measuring the body fluids, such as
blood, the biological analyzer can be used as a drunk
driving prevention apparatus that detects the drinking lev-
el of the driver. In addition, the invention can also be used

as an electronic endoscope system including such a bi-
ological analyzer.
[0279] In addition, the invention can also be used as a
mineral analyzer for analyzing the components of min-
erals.
[0280] In addition, the optical module and the electron-
ic apparatus of the invention can be applied to the fol-
lowing apparatuses.
[0281] For example, it is possible to transmit data with
light of each wavelength by changing the intensity of light
of each wavelength with time. In this case, data trans-
mitted by light having a specific wavelength can be ex-
tracted by separating the light having a specific wave-
length using a wavelength tunable interference filter pro-
vided in the optical module and receiving the light having
a specific wavelength using a light receiving unit. By
processing the data of light of each wavelength using an
electronic apparatus including such an optical module
for data extraction, it is also possible to perform optical
communication.
[0282] In addition, the electronic apparatus of the in-
vention can also be applied as a spectral camera, a spec-
tral analyzer, and the like for capturing a spectral image
by separating light using the optical module of the inven-
tion. As an example of such a spectral camera, an infra-
red camera including a wavelength tunable interference
filter can be mentioned.
[0283] Fig. 18 is a schematic diagram showing the con-
figuration of a spectral camera. As shown in Fig. 18, a
spectral camera 300 includes a camera body 310, an
imaging lens unit 320, and an imaging unit 330.
[0284] The camera body 310 is a portion gripped and
operated by the user.
[0285] The imaging lens unit 320 is provided on the
camera body 310, and guides incident image light to the
imaging unit 330. In addition, as shown in Fig. 18, the
imaging lens unit 320 is configured to include an objective
lens 321, an imaging lens 322, and the wavelength tun-
able interference filter 5 provided between these lenses.
In addition, the wavelength tunable interference filter 5A
or 5B described above or an optical filter device 600 may
be provided instead of the wavelength tunable interfer-
ence filter 5.
[0286] The imaging unit 330 is formed by a light receiv-
ing element, and images image light guided by the im-
aging lens unit 320.
[0287] In the spectral camera 300, a spectral image of
light having a desired wavelength can be captured by
transmitting the light having a wavelength to be imaged
using the wavelength tunable interference filter 5.
[0288] In addition, the optical module according to the
invention may be used as a band pass filter. For example,
the optical module according to the invention can be used
as an optical laser device that separates and transmits
only light in a narrow band having a predetermined wave-
length at the center of light in a predetermined wave-
length band emitted from a light emitting element.
[0289] In addition, the optical module according to the
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invention may be used as a biometric authentication de-
vice. For example, the optical module according to the
invention can also be applied to authentication devices
of blood vessels, fingerprint, retina, and iris using light in
a near infrared region or a visible region.
[0290] In addition, the optical module and the electron-
ic apparatus can be used as a concentration detector. In
this case, using a wavelength tunable interference filter,
infrared energy (infrared light) emitted from a material is
separated and analyzed, and the object concentration in
a sample is measured.
[0291] As described above, the optical module and the
electronic apparatus according to the invention can also
be applied to any apparatus that separates predeter-
mined light from incident light. In addition, since the op-
tical module according to the invention can separate light
beams of a plurality of wavelengths using one device as
described above, measurement of the spectrum of a plu-
rality of wavelengths and detection of a plurality of com-
ponents can be accurately performed. Accordingly, com-
pared with a known apparatus that extracts a desired
wavelength using a plurality of devices, it is possible to
make an optical module or an electronic apparatus small.
Therefore, the optical module according to the invention
can be appropriately used as a portable optical device
or an optical device for a vehicle, for example.
[0292] In addition, although the bonding between the
substrates in the interference filter has been illustrated
in each embodiment described above, the invention is
not limited thereto, and can be applied to various kinds
of bonded substrates in which the internal space is sealed
in an airtight manner by bonding substrates to each other.
[0293] Fig. 19 is a diagram showing the schematic con-
figuration of a pressure sensor that is an example of a
bonded substrate in which a device is housed in the in-
ternal space sealed in an airtight manner.
[0294] A pressure sensor 7 includes a pressure sen-
sitive substrate 71, a base substrate 72 that is bonded
so as to seal one surface of the pressure sensitive sub-
strate 71, and a diaphragm substrate 73 that is bonded
so as to seal the other surface of the pressure sensitive
substrate 71.
[0295] The pressure sensitive substrate 71 includes a
pressure sensitive element 711 disposed in the middle
and a frame portion 712. The pressure sensitive element
711 includes a pair of parallel columnar beams 713 and
a pair of base portions 714 connected to both ends of
each columnar beam, for example. In addition, excitation
electrodes (not shown) are provided in the columnar
beam 713. These excitation electrodes are connected to
I/O electrodes (not shown) provided in the base portion,
and the I/O electrodes are led out by lead-out electrodes
extending to the frame portion 712.
[0296] The base substrate 72 is a substrate for sealing
the internal space S in which the pressure sensitive ele-
ment 711 is housed, and includes a frame portion 721
and a recess 722 provided inside the frame portion 721.
The frame portion 721 is bonded to the frame portion 712

of the pressure sensitive substrate 71 by a first bonding
portion 74.
[0297] The diaphragm substrate 73 forms a frame por-
tion 731, a support portion 732, and a flexible portion 733
by processing a surface of the diaphragm substrate 73
facing the pressure sensitive substrate 71 by etching or
the like. The frame portion 731 is bonded to the frame
portion 712 of the pressure sensitive substrate 71 by a
second bonding portion 75. The support portion 732 is
bonded to the base portion 714 by a bonding material
734. The flexible portion 733 has a thickness smaller than
the frame portion 731 and the support portion 732, is
flexible, and is deformed when pressure is applied there-
to.
[0298] In addition, the first and second bonding por-
tions 74 and 75 have the same configuration as the bond-
ing portions 57 and 58 in the first embodiment (or the
bonding portions 57A in the second embodiment). That
is, the first bonding portion 74 includes a resin layer 741A
that is a base layer provided on a frame portion 721, a
metal layer 741B that covers the resin layer 741A, a resin
layer 742A that is a base layer provided on the frame
portion 721, and a metal layer 742B that covers the resin
layer 742A. In addition, the pressure sensitive substrate
71 and the base substrate 72 are bonded to each other
by metal bonding between the metal layers 741B and
742B. In addition, similar to the first bonding portion 57
described above, a resin layer may be provided on only
one of the frame portion 721 and the frame portion 712.
[0299] Similarly, the second bonding portion 75 in-
cludes a resin layer 751A that is a base layer provided
on the frame portion 721, a metal layer 751B that covers
the resin layer 751A, a resin layer 752A that is a base
layer provided on the frame portion 731, and a metal
layer 752B that covers the resin layer 752A. In addition,
the pressure sensitive substrate 71 and the diaphragm
substrate 73 are bonded to each other by metal bonding
between the metal layers 751B and 752B. In addition,
similar to the second bonding portion 58 described
above, a resin layer may be provided on only one of the
frame portion 712 and the frame portion 731.
[0300] Also in the pressure sensor 7, as in the first and
the second embodiments described above, the pressure
sensitive substrate 71 and the base substrate 72 and the
pressure sensitive substrate 71 and the diaphragm sub-
strate 73 can be bonded to each other by the bonding
portions 74 and 75 in a state where high airtightness is
maintained.
[0301] In addition, although an example in which the
pressure sensor 7 is illustrated as an example of the
bonded substrate and the pressure sensitive element
711 as a device is housed between a pair of substrates
is shown in the example of Fig. 19, the invention is not
limited thereto. In addition, as a device housed in the
internal space S, a piezoelectric vibrator, a MEMS oscil-
lator, an acceleration sensor, a piezoelectric element, a
mirror device, and the like may be disposed.
[0302] In addition, the specific structure when imple-
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menting the invention can be appropriately changed to
other structures in a range where the object of the inven-
tion can be achieved.
[0303] The following paragraphs disclose particular
combinations of features relevant to the disclosed em-
bodiments.

1. An interference filter, comprising:

a first substrate;
a second substrate disposed so as to face the
first substrate;
a first reflective film provided on a surface of the
first substrate facing the second substrate;
a second reflective film facing the first reflective
film with a gap interposed between the first and
second reflective films; and
a first bonding portion that bonds the first and
second substrates to each other to seal a first
internal space formed between the first and sec-
ond substrates,
wherein the first bonding portion includes a first
base layer provided on one of the first and sec-
ond substrates, a first metal layer that is provid-
ed on the substrate, on which the first base layer
is provided, so as to cover the first base layer
and that has smaller plasticity than the first base
layer, and a second metal layer that is provided
on the other one of the first and second sub-
strates and that is bonded to the first metal layer.

2. The interference filter according to paragraph 1,
wherein the first bonding portion includes a second
base layer that is provided on the other one of the
first and second substrates and that has larger plas-
ticity than the second metal layer, and the second
metal layer is provided so as to cover the second
base layer.

3. The interference filter according to paragraph 1,
further comprising:

a third substrate disposed on a side of a surface
of the first substrate not facing the second sub-
strate; and
a second bonding portion that bonds the first
and third substrates to each other to seal a sec-
ond internal space formed between the first and
third substrates,
wherein the second bonding portion includes a
third base layer provided on one of the first and
third substrates, a third metal layer that is pro-
vided on the substrate, on which the third base
layer is provided, so as to cover the third base
layer and that has smaller plasticity than the third
base layer, and a fourth metal layer that is pro-
vided on the other one of the first and third sub-
strates and that is bonded to the third metal lay-

er.

4. The interference filter according to paragraph 3,
wherein the second bonding portion includes a fourth
base layer that is provided on the other one of the
first and third substrates and that has larger plasticity
than the fourth metal layer, and the fourth metal layer
is provided so as to cover the fourth base layer.

5. An interference filter, comprising:

a first substrate;
a second substrate disposed so as to face the
first substrate;
a first reflective film provided on a surface of the
first substrate facing the second substrate;
a second reflective film facing the first reflective
film with a gap interposed between the first and
second reflective films; and
a first bonding portion that bonds the first and
second substrates to each other to seal a first
internal space formed between the first and sec-
ond substrates,
wherein the first bonding portion includes a first
base layer that is formed of resin and is provided
on one of the first and second substrates, a first
metal layer that is provided on the substrate, on
which the first base layer is provided, so as to
cover the first base layer, and a second metal
layer that is provided on the other one of the first
and second substrates and that is bonded to the
first metal layer.

6. The interference filter according to paragraph 5,
wherein the first bonding portion includes a second
base layer that is formed of resin and is provided on
the other one of the first and second substrates, and
the second metal layer is provided so as to cover the
second base layer.

7. The interference filter according to paragraph 5,
further comprising:

a third substrate disposed on a side of a surface
of the first substrate not facing the second sub-
strate; and
a second bonding portion that bonds the first
and third substrates to each other to seal a sec-
ond internal space formed between the first and
third substrates,
wherein the second bonding portion includes a
third base layer that is formed of resin and is
provided on one of the first and third substrates,
a third metal layer that is provided on the sub-
strate, on which the third base layer is provided,
so as to cover the third base layer, and a fourth
metal layer that is provided on the other one of
the first and third substrates and that is bonded
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to the third metal layer.

8. The interference filter according to paragraph 7,
wherein the second bonding portion includes a fourth
base layer that is formed of resin and is provided on
the other one of the first and third substrates, and
the fourth metal layer is provided so as to cover the
fourth base layer.

9. The interference filter according to paragraph 3,
further comprising:

a gap change portion that changes a size of a
gap between the first and second reflective films,
wherein the first and second internal spaces are
sealed at pressure lower than atmospheric pres-
sure.

10. The interference filter according to paragraph 1,
wherein the second substrate has a bonding surface
facing the first substrate and a first surface, a dis-
tance between the first surface and the first substrate
being longer than a distance between the bonding
surface and the first substrate, and
the base layer is provided over the first surface from
the bonding surface.

11. The interference filter according to paragraph 1,
wherein the second substrate has a bonding surface
facing the first substrate and a first surface, a dis-
tance between the first surface and the first substrate
being longer than a distance between the bonding
surface and the first substrate, and
the base layer is provided over a portion of the first
substrate facing the first surface from a portion of
the first substrate facing the bonding surface.

12. The interference filter according to paragraph 1,
wherein the base layer is a resin layer.

13. The interference filter according to paragraph 12,
wherein the base layer is a plasma polymerized film
containing polyorganosiloxane as a main compo-
nent.

14. The interference filter according to paragraph 12,
wherein the base layer is formed of an epoxy-based
photosensitive material.

15. The interference filter according to paragraph 1,
wherein the metal layer is formed of Au, Al, Ag, Cu,
or an alloy of Au, Al, Ag, and Cu.

16. An interference filter manufacturing method,
comprising:

forming a first substrate and providing a first re-
flective film on the first substrate;

forming a second substrate and providing a sec-
ond reflective film on the second substrate;
forming a first base layer on one of the first and
second substrates;
forming a first metal layer, which has smaller
plasticity than the first base layer and covers the
first base layer, on one of the first and second
substrates and forming a second metal layer,
which is bonded to the first metal layer, on the
other one of the first and second substrates; and
bonding the first and second metal layers to
each other to seal a first internal space formed
between the first and second substrates.

17. The interference filter manufacturing method ac-
cording to paragraph 16,
wherein, in the forming of the base layer, a second
base layer having larger plasticity than the second
metal layer is formed on the other one of the first and
second substrates, and
in the forming of the metal layer, the second metal
layer is formed so as to cover the second base layer.

18. The interference filter manufacturing method ac-
cording to paragraph 16, further comprising:

forming a third substrate disposed on a side of
a surface of the first substrate not facing the sec-
ond substrate,
wherein, in the forming of the base layer, a third
base layer is formed on one of the first and third
substrates,
in the forming of the metal layer, a third metal
layer that has smaller plasticity than the third
base layer and covers the third base layer is
formed on one of the first and third substrates,
and a fourth metal layer bonded to the third metal
layer is provided on the other one of the first and
third substrates, and
in the bonding of the metal layers, the third and
fourth metal layers are bonded to each other to
seal a second internal space formed between
the first and third substrates.

19. The interference filter manufacturing method ac-
cording to paragraph 18,
wherein, in the forming of the base layer, a fourth
base layer having larger plasticity than the fourth
metal layer is formed on the other one of the first and
third substrates, and
in the forming of the metal layer, the fourth metal
layer is formed so as to cover the fourth base layer.

20. The interference filter manufacturing method ac-
cording to paragraph 16,
wherein, in the bonding of the metal layers, activated
bonding between the metal layers is performed by
pressure after performing activation processing on
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surfaces of the metal layers.

21. The interference filter manufacturing method ac-
cording to paragraph 20,
wherein, the activation processing in the bonding of
the metal layers is plasma treatment using inert gas.

22. The interference filter manufacturing method ac-
cording to paragraph 16,
wherein, in the bonding of the metal layers, the metal
layers are pressed while being heated up to a bond-
ing temperature lower than a temperature at which
the first and second reflective films deteriorate.

23. The interference filter manufacturing method ac-
cording to paragraph 16,
wherein, in the forming of the base layer, the base
layer is formed after performing plasma treatment
on a surface of a base material provided below the
base layer.

24. The interference filter manufacturing method ac-
cording to paragraph 16,
wherein, in the forming of the metal layer, the metal
layer is formed after performing plasma treatment
on a surface of a base material provided below the
metal layer.

25. An optical module, comprising:

a first substrate;
a second substrate disposed so as to face the
first substrate;
a first reflective film provided on a surface of the
first substrate facing the second substrate;
a second reflective film facing the first reflective
film with a gap interposed between the first and
second reflective films;
a first bonding portion that bonds the first and
second substrates to each other to seal a first
internal space formed between the first and sec-
ond substrates; and
a light receiving unit that receives light having a
wavelength selected by interference of light
beams incident between the first and second re-
flective films,
wherein the first bonding portion includes a first
base layer provided on one of the first and sec-
ond substrates, a first metal layer that is provid-
ed on the substrate, on which the first base layer
is provided, so as to cover the first base layer
and that has smaller plasticity than the first base
layer, and a second metal layer that is provided
on the other one of the first and second sub-
strates and that is bonded to the first metal layer.

26. An electronic apparatus, comprising:

an interference filter including a first substrate,
a second substrate disposed so as to face the
first substrate, a first reflective film provided on
a surface of the first substrate facing the second
substrate, a second reflective film facing the first
reflective film with a gap interposed between the
first and second reflective films, and a first bond-
ing portion that bonds the first and second sub-
strates to each other to seal a first internal space
formed between the first and second substrates;
and
a control unit that controls the interference filter,
wherein the first bonding portion includes a first
base layer provided on one of the first and sec-
ond substrates, a first metal layer that is provid-
ed on the substrate, on which the first base layer
is provided, so as to cover the first base layer
and that has smaller plasticity than the first base
layer, and a second metal layer that is provided
on the other one of the first and second sub-
strates and that is bonded to the first metal layer.

27. A bonded substrate, comprising:

a pair of substrates;
a bonding portion that bonds the pair of sub-
strates to each other to seal an internal space
formed between the pair of substrates; and
a device housed in the internal space,
wherein the bonding portion includes a base lay-
er provided on one of the pair of substrates, a
first metal layer that is provided on the substrate,
on which the base layer is provided, so as to
cover the base layer and that has smaller plas-
ticity than the base layer, and a second metal
layer that is provided on the other one of the pair
of substrates and that is bonded to the first metal
layer.

Claims

1. An interference filter, comprising:

a first substrate;
a second substrate disposed so as to face the
first substrate;
a first reflective film provided on a surface of the
first substrate facing the second substrate;
a second reflective film facing the first reflective
film with a gap interposed between the first and
second reflective films; and
a first bonding portion that bonds the first and
second substrates to each other to seal a first
internal space formed between the first and sec-
ond substrates,
wherein the first bonding portion includes a first
base layer provided on one of the first and sec-
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ond substrates, a first metal layer that is provid-
ed on the substrate, on which the first base layer
is provided, so as to cover the first base layer
and that has smaller plasticity than the first base
layer, and a second metal layer that is provided
on the other one of the first and second sub-
strates and that is bonded to the first metal layer.

2. The interference filter according to claim 1,
wherein the first bonding portion includes a second
base layer that is provided on the other one of the
first and second substrates and that has larger plas-
ticity than the second metal layer, and the second
metal layer is provided so as to cover the second
base layer.

3. The interference filter according to claim 1, further
comprising:

a third substrate disposed on a side of a surface
of the first substrate not facing the second sub-
strate; and
a second bonding portion that bonds the first
and third substrates to each other to seal a sec-
ond internal space formed between the first and
third substrates,
wherein the second bonding portion includes a
third base layer provided on one of the first and
third substrates, a third metal layer that is pro-
vided on the substrate, on which the third base
layer is provided, so as to cover the third base
layer and that has smaller plasticity than the third
base layer, and a fourth metal layer that is pro-
vided on the other one of the first and third sub-
strates and that is bonded to the third metal lay-
er.

4. The interference filter according to claim 3,
wherein the second bonding portion includes a fourth
base layer that is provided on the other one of the
first and third substrates and that has larger plasticity
than the fourth metal layer, and the fourth metal layer
is provided so as to cover the fourth base layer.

5. The interference filter according to any preceding
claim, further comprising:

a gap change portion that changes a size of a
gap between the first and second reflective films,
wherein the first and second internal spaces are
sealed at pressure lower than atmospheric pres-
sure.

6. The interference filter according to any preceding
claim,
wherein the second substrate has a bonding surface
facing the first substrate and a first surface, a dis-
tance between the first surface and the first substrate

being longer than a distance between the bonding
surface and the first substrate, and
the base layer is provided over the first surface from
the bonding surface.

7. The interference filter according to any one of claims
1 to 5,
wherein the second substrate has a bonding surface
facing the first substrate and a first surface, a dis-
tance between the first surface and the first substrate
being longer than a distance between the bonding
surface and the first substrate, and
the base layer is provided over a portion of the first
substrate facing the first surface from a portion of
the first substrate facing the bonding surface.

8. The interference filter according to claim 1,
wherein one or more of the first to fourth base layers
is a resin layer,
a plasma polymerized film containing polyorganosi-
loxane as a main component, or
an epoxy-based photosensitive material.

9. The interference filter according to any preceding
claim,
wherein the metal layer is formed of Au, Al, Ag, Cu,
or an alloy of Au, Al, Ag, and Cu.

10. An interference filter manufacturing method, com-
prising:

forming a first substrate and providing a first re-
flective film on the first substrate;
forming a second substrate and providing a sec-
ond reflective film on the second substrate;
forming a first base layer on one of the first and
second substrates;
forming a first metal layer, which has smaller
plasticity than the first base layer and covers the
first base layer, on one of the first and second
substrates and forming a second metal layer,
which is bonded to the first metal layer, on the
other one of the first and second substrates; and
bonding the first and second metal layers to
each other to seal a first internal space formed
between the first and second substrates.

11. The interference filter manufacturing method ac-
cording to claim 10, wherein on or more of:

in the bonding of the metal layers, activated
bonding between the metal layers is performed
by pressure after performing activation process-
ing on surfaces of the metal layers,
the activation processing in the bonding of the
metal layers optionally being plasma treatment
using inert gas;
in the bonding of the metal layers, the metal lay-
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ers are pressed while being heated up to a bond-
ing temperature lower than a temperature at
which the first and second reflective films dete-
riorate;
in the forming of the base layer, the base layer
is formed after performing plasma treatment on
a surface of a base material provided below the
base layer; and
in the forming of the metal layer, the metal layer
is formed after performing plasma treatment on
a surface of a base material provided below the
metal layer.

12. An optical module, comprising:

a first substrate;
a second substrate disposed so as to face the
first substrate;
a first reflective film provided on a surface of the
first substrate facing the second substrate;
a second reflective film facing the first reflective
film with a gap interposed between the first and
second reflective films;
a first bonding portion that bonds the first and
second substrates to each other to seal a first
internal space formed between the first and sec-
ond substrates; and
a light receiving unit that receives light having a
wavelength selected by interference of light
beams incident between the first and second re-
flective films,
wherein the first bonding portion includes a first
base layer provided on one of the first and sec-
ond substrates, a first metal layer that is provid-
ed on the substrate, on which the first base layer
is provided, so as to cover the first base layer
and that has smaller plasticity than the first base
layer, and a second metal layer that is provided
on the other one of the first and second sub-
strates and that is bonded to the first metal layer.

13. An electronic apparatus, comprising:

an interference filter according to any one of
Claims 1 to 9, and
a control unit configured to control the interfer-
ence filter.

14. A bonded substrate, comprising:

a pair of substrates;
a bonding portion that bonds the pair of sub-
strates to each other to seal an internal space
formed between the pair of substrates; and
a device housed in the internal space,
wherein the bonding portion includes a base lay-
er provided on one of the pair of substrates, a
first metal layer that is provided on the substrate,

on which the base layer is provided, so as to
cover the base layer and that has smaller plas-
ticity than the base layer, and a second metal
layer that is provided on the other one of the pair
of substrates and that is bonded to the first metal
layer.
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