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(54) PLASMON SENSOR, AND USAGE METHOD AND MANUFACTURING METHOD THEREOF

(57) A plasmon sensor has a first metal layer and a
second metal layer. The first metal layer has a bottom
surface and a top surface configured to be supplied with
an electromagnetic wave. The second metal layer has a
top surface confronting the bottom surface of the first

metal layer. Between the first metal layer and the second
metal layer, there is provided a hollow region configured
to be filled with a specimen containing a medium. Analyte
capturing bodies are physically adsorbed at least one of
below the first metal layer and above the second metal
layer.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a plasmon sensor using surface plasmon resonance which is usable for sensing
of a virus and the like.

BACKGROUND ART

[0002] FIG. 12 is a sectional view of plasmon sensor 100 usable for sensing of a virus and the like. Plasmon sensor
100 has prism 101, metal layer 102 with a flat surface, insulating layer 103 with a flat surface and a predetermined
dielectric constant, a capturing body 104 as an antibody or the like, light source 105, and wave detecting section 106.
Metal layer 102 is disposed on the bottom surface of prism 101, and insulating layer 103 is disposed on the bottom
surface of metal layer 102. Capturing body 104 is fixed to the bottom surface of insulating layer 103.
[0003] At an interface between metal layer 102 and insulating layer 103, there exists a surface plasmon wave as an
electron compressional wave. The surface plasmon wave is an electron wave generated by occurrence of coupling
between metal free electrons and light.
[0004] Light source 105 is disposed above prism 101. Light source 105 allows p-polarized light to be incident on prism
101 on a total reflection condition. It is to be noted that light oscillating vertically to a plane of incidence is p-polarized
light. The light totally reflected on metal layer 102 is received at wave detecting section 106. Wave detecting section
106 detects intensity of the light.
[0005] When light source 105 allows light to be incident on prism 101 in such a manner, an evanescent wave is
generated at an interface between metal layer 102 and prism 101. The evanescent wave is an electromagnetic wave
slightly exuding to the substance side, through which light should not pass, at the time of occurrence of total reflection.
[0006] When a wavenumber matching condition in which the wavenumber of the evanescent wave matches up with
that of the surface plasmon wave is satisfied here, light energy supplied from light source 105 is used for excitation of
the surface plasmon wave, and the intensity of the reflected light decreases. The wavenumber matching condition
depends on an incident angle of the light supplied from light source 105. Accordingly, when the incident angle is changed
and the intensity of the reflected light is detected at wave detecting section 106, the intensity of the reflected light
decreases with a certain incident angle.
[0007] An angle at which the intensity of the reflected light is minimal is called a resonance angle. The resonance
angle depends on a dielectric constant of insulating layer 103. When an analyte as a substance to be measured in a
specimen is specifically coupled with capturing body 104 and the specifically coupled substance is formed on the bottom
surface of insulating layer 103, the dielectric constant of insulating layer 103 changes. Accordingly, the resonance angle
changes. Therefore, monitoring the change in resonance angle allows sensing of strength and speed of coupling of the
specific binding reaction between analyte and capturing body 104, and the like. Such a plasmon sensor is, for example,
disclosed in PTL 1.
[0008] Plasmon sensor 100 has light source 105 capable of supplying p-polarized light, and prism 101 disposed on
the top surface of metal layer 102. For this reason, plasmon sensor 100 has a large, complicated structure.

Citation List

Patent Literature

[0009] PTL 1: Unexamined Japanese Patent Publication No. 2005-181296

SUMMARY OF THE INVENTION

[0010] The present invention is a small-sized, simply configured plasmon sensor. The plasmon sensor of the present
invention has a first metal layer and a second metal layer. The first metal layer has a bottom surface and a top surface
configured to be supplied with an electromagnetic wave. The second metal layer has a top surface opposed to the bottom
surface of the first metal layer. Between the first metal layer and the second metal layer, there is provided a hollow region
configured to be filled with a specimen containing a medium. Analyte capturing bodies physically adsorb to at least one
of below of the first metal layer and above of the second metal layer.
[0011] In the plasmon sensor of the present invention, a prism is not disposed on the top surface of the first metal
layer. Furthermore, even when an electromagnetic wave supplied from an electromagnetic wave source to the first metal
layer is not p-polarized, surface plasmon resonance occurs at a first interface between the first metal layer and the hollow
region and at a second interface between the second metal layer and the hollow region. It is therefore possible to realize
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a small-sized, simply configured plasmon sensor. Moreover, the plasmon sensor of the present invention can sense a
change in dielectric constant of a substance floating within the hollow region, thus eliminating the need for chemically
adsorbing a capturing body such as an antibody to the first metal layer or the second metal layer, for example, via a
self-assembled membrane (SAM). It is thus be realizable by a simple process.
[0012] Further, for the use of this plasmon sensor, a specimen is inserted into the hollow region with an aid of capillarity,
and an electromagnetic wave is supplied to the top surface side of the first metal layer. Then, at least one of a change
in amplitude of an electromagnetic wave reflected or radiated from the top surface of the first metal layer and a change
in resonance wavelength is sensed.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

FIG. 1 is a sectional view of a plasmon sensor according to an exemplary embodiment of the present invention.
FIG. 2 is a conceptual view of the plasmon sensor shown in FIG. 1 at the time of inserting a specimen thereinto.
FIG. 3 is a conceptual view of specific binding between a ligand as a capturing body and an analyte.
FIG. 4 is a diagram showing a simulation analysis result of the plasmon sensor according to an exemplary embodiment
of the present invention.
FIG. 5A is a conceptual view of a simulation analysis model of the plasmon sensor according to the exemplary
embodiment of the present invention.
FIG. 5B is a conceptual view of another simulation analysis model of the plasmon sensor according to the exemplary
embodiment of the present invention.
FIG. 6A is a diagram showing a simulation analysis result of the plasmon sensor according to the exemplary em-
bodiment of the present invention.
FIG. 6B is a diagram showing another simulation analysis result of the plasmon sensor according to the exemplary
embodiment of the present invention.
FIG. 7 is a sectional view explaining a sensing principle in a plasmon sensor according to the exemplary embodiment
of the present invention.
FIG. 8 is a sectional view explaining a sensing principle in a plasmon sensor according to an exemplary embodiment
of the present invention.
FIG. 9 is a sectional view explaining a sensing principle in a plasmon sensor according to an exemplary embodiment
of the present invention.
FIG. 10 is a sectional view explaining a sensing principle in a plasmon sensor according to an exemplary embodiment
of the present invention.
FIG. 11 is a sectional view of another plasmon sensor according to the exemplary embodiment of the present
invention.
FIG. 12 is a sectional view of a conventional plasmon sensor.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, exemplary embodiments of the present invention will be described with reference to drawings. It
is to be noted that in each of the exemplary embodiments, the same constitutional portion as that in a previous exemplary
embodiment will be provided with the same reference numeral and its description may be omitted. Further, in the following
description, terms indicating directions such as "top surface", "bottom surface", "above", and "below" mean relative
directions depending only on a relative positional relation of constitutional components of the plasmon sensor, and do
not mean absolute directions, such as a vertical direction.

FIRST EXEMPLARY EMBODIMENT

[0015] FIG. 1 is a sectional view of plasmon sensor 1 according to a first exemplary embodiment of the present
invention. Plasmon sensor 1 has first metal layer (hereinafter, referred to as metal layer) 2, second metal layer (hereinafter,
referred to as metal layer) 3, and analyte capturing bodies (hereinafter, referred to as capturing bodies) 7.
[0016] Metal layer 2 has bottom surface 2B, and top surface 2A configured to be supplied with an electromagnetic
wave. Metal layer 3 has top surface 3A confronting bottom surface 2B of metal layer 2. Hollow region 4 is provided
between metal layers 2 and 3. Hollow region 4 is configured to be filled with a specimen containing a medium.
[0017] Metal layers 2 and 3 are made of metals such as gold and silver. Since metal layer 2 has a thickness of roughly
100 nm or smaller, it cannot keep its shape alone. Top surface 2A of metal layer 2 is fixed to bottom surface 5B of holding
section 5, thereby its shape is maintained. Similarly, metal layer 3 is fixed to top surface 6A of holding section 6, thereby
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its shape is maintained.
[0018] In order to keep a distance between metal layers 2 and 3 constant, plasmon sensor 1 may have a column or
a wall which is disposed between metal layers 2 and 3 and holds metal layers 2 and 3. With this structure, plasmon
sensor 1 can realize hollow region 4.
[0019] Capturing body 7 which is an antibody or the like is physically adsorbed to at least one of bottom surface 2B
of metal layer 2 and top surface 3A of metal layer 3. That is, capturing bodies 7 are physically adsorbed to at least one
of the below side of metal layer 2 and the above side of metal layer 3. Further, capturing bodies 7 may be disposed,
without being oriented, on at least one of the below side of bottom surface 2B of metal layer 2 and the above side of top
surface 3A of metal layer 3.
[0020] In conventional plasmon sensor 100 shown in FIG. 12, capturing bodies 104 need to be fixed to the bottom
surface of insulating layer 103 by chemical adsorption or the like in order to ensure the sensitivity. On the other hand,
plasmon sensor 1 has a feature that a resonance wavelength of the surface plasmon changes due to a change in
dielectric constant between metal layers 2 and 3. This eliminates the need for fixing capturing body 7 to metal layers 2
and 3 by chemical adsorption or the like. Hence in plasmon sensor 1, it is possible to simplify an arrangement process
for capturing bodies 7, such as a SAM membrane formation process, thus manufacturing efficiency is improved. For
example, a fluid such as a liquid, a gel, or a gas, containing capturing bodies 7, is injected into hollow region 4 by
capillarity, and then dried, thereby to allow arrangement of capturing bodies 7 on at least one of bottom surface 2B of
metal layer 2 and top surface 3A of metal layer 3.
[0021] FIG. 2 is a conceptual view of plasmon sensor 1 at the time of inserting a specimen. Hollow region 4 can be
filled with specimen 62 at the time of using plasmon sensor 1, and hollow region 4 is practically sandwiched between
metal layers 2 and 3. Specimen 62 contains analyte 8, antibody 9, and medium 61. Medium 61 is a fluid such as a gas,
a liquid, or a gel, and carries analyte 8 and antibody 9.
[0022] When hollow region 4 is filled with specimen 62 and analyte 8 in specimen 62 touches capturing body 7,
capturing body 7 is specifically coupled with analyte 8. As described above, capturing body 7 is provided below bottom
surface 2B of metal layer 2 and/or above top surface 3A of metal layer 3 by physical adsorption. For this reason, capturing
body 7 is highly apt to be desorbed as compared with the case of being fixed by chemical adsorption (ion coupling,
covalent coupling, or the like). Therefore, when hollow region 4 is filled with specimen 62, a part of physically adsorbed
capturing bodies 7 is desorbed and floats in specimen 62. This results in occurrence of specific binding between capturing
body 7 and analyte 8 in entire hollow region 4, thereby allowing efficient specific binding between capturing body 7 and
analyte 8.
[0023]  FIG. 3 is a conceptual view showing specific binding between capturing body 7 and analyte 8. Specimen 62
contains antibody 9 as a nonspecific antibody, and analyte 8 as an antibody. Capturing body 7 is not specifically coupled
with nonspecific antibody 9, and selectively specifically coupled only with analyte 8.
[0024] In FIG. 2, electromagnetic wave source 92 is disposed above top surface 2A of metal layer 2, namely in the
direction opposite to metal layer 3 with respect to metal layer 2. Electromagnetic wave source 92 provides electromagnetic
wave 91 from the above of top surface 2A of metal layer 2 to metal layer 2.
[0025] Hereinafter, an operation of plasmon sensor 1 will be described. In this exemplary embodiment, electromagnetic
wave 91 is light and electromagnetic wave source 92 is a light source. Electromagnetic wave source 92 as the light
source does not have a device to align polarized waves of light, such as a polarization plate. Unlike plasmon sensor
100 shown in FIG. 12, plasmon sensor 1 can excite surface plasmon resonance not only with p-polarized light, but also
with s-polarized light.
[0026] Electromagnetic wave 91 provided from the above of metal layer 2 to top surface 2A via holding section 5 is
transmitted through metal layer 2, thereafter supplied to hollow region 4, and reaches to top surface 3A of metal layer
3. Due to electromagnetic wave 91, a surface plasmon is generated on bottom surface 2B, as the hollow region 4 side,
of metal layer 2, and a surface plasmon is generated on top surface 3A, as the hollow region 4 side, of metal layer 3.
[0027] As thus described, even when the electromagnetic wave supplied from electromagnetic wave source 92 to
metal layer 2 is not p-polarized, the surface plasmon resonance occurs on the first interface between metal layer 2 and
hollow region 4 and the second interface between metal layer 3 and hollow region 4. It is therefore possible to realize
plasmon sensor 1 with a small-sized, simple configuration.
[0028] When the wavenumber of electromagnetic wave 91 supplied to hollow region 4 matches the wavenumber of
the surface plasmon generated on bottom surface 2B of metal layer 2, surface plasmon resonance is excited on bottom
surface 2B of metal layer 2. Further, when the wavenumber of electromagnetic wave 91 matches the wavenumber of
the surface plasmon generated on top surface 3A of metal layer 3, surface plasmon resonance is excited on top surface
3A of metal layer 3.
[0029] In this exemplary embodiment, metal layer 2 has a thickness of roughly 100 nm or smaller. When metal layer
2 has a larger thickness than 100 nm, wavelength components that bring about surface plasmon resonance in the
electromagnetic wave (light) are not transmitted through metal layer 2, and hence, surface plasmon resonance is not
excited on bottom surface 2B of metal layer 2 and on top surface 3A of metal layer 3. When electromagnetic wave 91
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is visible light, the thickness of metal layer 2 made of gold is desirably within a range of 35 nm to 45 nm. With the film
thickness being out of this range, surface plasmon resonance is not apt to occur.
[0030]  The thickness of metal layer 3 made of, for example, gold is desirably not smaller than 100 nm. With a film
thickness smaller than 100 nm, incident electromagnetic wave 91 (e.g., visible light) might be transmitted through metal
layer 3, and cause deterioration in sensitivity of plasmon sensor 1. That is, when metal layer 3 has a smaller thickness
than 100 nm, a part of electromagnetic waves having passed through metal layer 2 and been supplied to hollow region
4 may pass through metal layer 3 and leak to the outside of hollow region 4. As described above, part of energy of the
electromagnetic waves to be used for excitation of surface plasmon resonance leaks to the outside of hollow region 4,
thereby causing deterioration in sensitivity of plasmon sensor 1. Therefore, making the thickness of metal layer 2 smaller
than that of metal layer 3 can enhance the sensitivity of plasmon sensor 1.
[0031] A frequency at which surface plasmon resonance occurs is controllable by adjusting at least one of the shapes
of metal layers 2 and 3, the distance between metal layers 2 and 3, the dielectric constants of metal layers 2 and 3, a
dielectric constant of medium 61 between metal layers 2 and 3, and a distribution of the dielectric constant of medium
61. It is to be noted that in terms of the shapes of metal layers 2 and 3, mainly a change in thickness has a large effect
on the frequency at which surface plasmon resonance occurs.
[0032] When plasmon sensor 1 receives electromagnetic wave 91 provided from electromagnetic wave source 92,
electromagnetic wave 93 is reflected or radiated from plasmon sensor 1. A sensing section 94 for sensing electromagnetic
wave 93 is disposed above top surface 2A of metal layer 2, and receives electromagnetic wave 93.
[0033] As described above, holding section 5 is fixed to top surface 2A of metal layer 2, and maintains the shape of
metal layer 2. Since holding section 5 is required to efficiently supply electromagnetic wave 91 to metal layer 2, it is
made of a material not apt to attenuate electromagnetic wave 91. In this exemplary embodiment, with electromagnetic
wave 91 being light, holding section 5 is formed of a transparent material, such as glass or transparent plastic, which
efficiently transmits light therethrough. The thickness of holding section 5 is preferably as small as possible within a
range acceptable in terms of mechanical strength.
[0034] With such a structure, it is possible to confine electromagnetic wave 91 as light supplied from electromagnetic
wave source 92 in hollow region 4, so as to excite surface plasmon resonance. Further, coupling between the surface
plasmon and electromagnetic wave 91 excites the surface plasmon polariton. This excitation leads to absorption of
supplied electromagnetic wave 91. The absorbed frequency component is not radiated as electromagnetic wave 93, but
another frequency component is radiated as electromagnetic wave 93.
[0035] As described above, top surface 6A of holding section 6 is fixed to bottom surface 3B of metal layer 3, and
maintains the shape of metal layer 3. In order to enhance the sensitivity of plasmon sensor 1, supplied electromagnetic
wave 91 is preferably not transmitted through metal layer 3. Hence, holding section 6 is preferably formed of a material
which blocks electromagnetic wave 91. For example, holding section 6 is formed of metal or semiconductor having a
thickness of not smaller than 100 nm.
[0036] Holding section 6 preferably has a larger thickness than that of holding section 5. This can lead to improvement
in mechanical strength of plasmon sensor 1 itself. Consequently, it is possible to prevent deformation and the like of
plasmon sensor 1 at the time of the use thereof, and a subsequent change in sensing characteristic thereof.
[0037] When the state shown in FIG. 1 is changed to a state where hollow region 4 is filled with specimen 62 as shown
in FIG. 2, the dielectric constant between metal layers 2 and 3 (hollow region 4) or a distribution of the dielectric constant
between metal layers 2 and 3 changes. This results in a change in resonance wavelength of surface plasmon resonance
of plasmon sensor 1. In the following, a comparison will be made between the case of analyte 8 existing in specimen
62 as shown in FIG. 2 and the case of analyte 8 not existing in specimen 62 differently from FIG. 2.
[0038] When analyte 8 exists in specimen 62 and specimen 62 is mixed with capturing body 7, specific binding between
capturing body 7 and analyte 8 is generated. Molecular structures in the case of separate existence of analyte 8 and
capturing body 7 are different from those after specific binding between analyte 8 and capturing body 7. For this reason,
after specific binding, the dielectric constant between metal layers 2 and 3 (hollow region 4) changes to a value different
from the dielectric constant at the time of separate existence of analyte 8 and capturing body 7. Therefore, the resonance
wavelength of plasmon sensor 1 at the time of existence of analyte 8 in the specimen is different from that at the time
of non-existence thereof.
[0039] FIG. 4 is an analysis result of electromagnetic field simulations, indicating that plasmon sensor 1 has the
sensitivity with respect to changes in dielectric constant between metal layers 2 and 3. There will be described the
changes in resonance wavelength at the time when the molecular structures after specific binding between capturing
body 7 and analyte 8 exists within hollow region 4, with reference to FIG. 4. Specifically, an analysis model for the relation
between a position where the molecular structure exists within hollow region 4 after specific binding and the resonance
wavelength has the following conditions.
[0040]

• The molecular structure after specific binding between capturing body 7 and analyte 8 is modeled as a layer of a
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relative dielectric constant of 1.1 and a thickness of 100 nm.
• Metal layer 2: layer of gold with a thickness of 45 nm
• Metal layer 3: layer of gold with a thickness of 300 nm
• Hollow region 4: a layer of air with a thickness of 1 mm
• Incident angle of light: vertical direction to top surface 2A of metal layer 2 It is to be noted that CST MW STUDIO is

used as an analysis tool in all simulation analyses. Further, a physically adsorbed ligand will not be modeled for the
sake of convenience.

[0041] Reflectance characteristic curve P5 shown in FIG. 4 indicates a reflectance characteristic in a case where the
molecular structure after specific binding between capturing body 7 and analyte 8 does not exist in hollow region 4, and
the resonance wavelength is 705.4 nm. Characteristic curve P1 indicates a reflectance characteristic in a case where
the molecular structure after specific binding exists on bottom surface 2B of metal layer 2, and the resonance wavelength
of plasmon sensor 1 is 707.1 nm. Characteristic curve P2 indicates a reflectance characteristic in a case where the
molecular structure after specific binding exists on top surface 3A of metal layer 3, and the resonance wavelength of
plasmon sensor 1 is 707.1 nm.
[0042] Characteristic curve P3 indicates a reflectance characteristic in a case where the molecular structure after
specific binding is disposed on bottom surface 2B of metal layer 2 and top surface 3A of metal layer 3 which border
hollow region 4, and the resonance wavelength of plasmon sensor 1 is 710.4 nm. Characteristic curve P4 indicates a
reflectance characteristic in a case where the molecular structure after specific binding is disposed in an intermediate
position of metal layers 2 and 3, and the resonance wavelength of plasmon sensor 1 is 710.4 nm.
[0043] As described above, even when the molecular structure after specific binding between capturing body 7 and
analyte 8 exists other than on bottom surface 2B of metal layer 2 and on top surface 3A of metal layer 3, the resonance
wavelength of plasmon sensor 1 changes. Taking advantage of this characteristic, it is devised that in plasmon sensor
1, specific binding between capturing body 7 and analyte 8 can be formed not only in regions in the vicinity of metal
layers 2 and 3, but in almost entire hollow region 4. For this reason, specific binding can be efficiently formed, resulting
in improvement in sensitivity of plasmon sensor 1. Further, in order to allow specific binding to be formed in almost entire
hollow region 4, capturing body 7 is disposed within hollow region 4 via physical adsorption by which capturing body 7
is apt to be desorbed. Consequently, the process to provide capturing body 7 within hollow region 4 can be simplified,
so as to improve the manufacturing efficiency of plasmon sensor 1.
[0044] As described above, plasmon sensor 1 can sense a change in dielectric constant of a substance floating within
hollow region 4, thus eliminating the need for chemically adsorbing capturing body 7 to metal layer 2 or metal layer 3,
for example, via a self-assembled membrane (SAM). For this reason, it is possible to produce plasmon sensor 1 by a
simple process.
[0045] Next, a method for using plasmon sensor 1 will be described. First, plasmon sensor 1 will be prepared. Next,
specimen 62 is inserted into hollow region 4 with an aid of capillarity as shown in FIG. 2. Electromagnetic wave 91, such
as light, will then be incident on (supplied to) the top surface 2A side of metal layer 2 from the top surface 5A side of
holding section 5. Then at least one of a change in amplitude of electromagnetic wave 93 reflected or radiated from top
surface 2A of metal layer 2 via holding section 5 and a change in resonance wavelength is sensed. Thereby, the existence
or non-existence of specific binding within hollow region 4 is checked. For example, sunlight or fluorescent light is incident
from the top surface 5A side of holding section 5, and a change in color of reflected light thereto is sensed with human
eyes, thus it can be checked whether or not specific binding exists within hollow region 4.
[0046] Hereinafter, a specific principle thereof will be described. In plasmon sensor 1, at a resonance frequency of
the surface plasmon, the electromagnetic field intensity between metal layers 2 and 3 may be distributed on a higher
order mode. That is, the intensity of the electromagnetic field generated between metal layers 2 and 3 may be locally
larger in a plurality of places. The state thereof will be described using analysis models 501 and 502 of an electromagnetic
field simulation shown in FIGS. 5A and 5B.
[0047] In analysis model 501, metal layer 2 is made of silver, and has a thickness of 30 nm. Metal layer 3 is made of
silver, and has a thickness of 130 nm. The distance between metal layers 2 and 3 is 10 mm, and hollow region 4 is filled
with air having a relative dielectric constant of 1. The above of top surface 2A of metal layer 2 and the below of bottom
surface 3B of metal layer 3 are filled with air. In analysis model 501, metal layers 2, 3 and hollow region 4 unlimitedly
continue in a transverse direction.
[0048] In analysis model 502, a resultant substance 508 obtained from specific binding between capturing body 7 and
analyte 8 is disposed on bottom surface 2B of metal layer 2 in analysis model 501 shown in FIG. 5A. Resultant substance
508 has a thickness of 10 nm, and a relative dielectric constant of 3.0.
[0049] A dielectric function of silver constituting metal layers 2 and 3 can be produced by converting experimental
data on refractive index, described in "Handbook of Optical Constants of Solids"(Palik, Edward D. in 1998). In analysis
models 501 and 502, capturing body 7 is not modeled in order that a simple simulation analysis can be performed.
[0050] Electromagnetic wave 591 is provided from elevation angle AN of 45 degrees with respect to normal line
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direction 501N of top surface 2A of metal layer 2, and electromagnetic wave 593 radiated from top surface 2A of metal
layer 2 at elevation angle BN of -45 degrees is sensed. FIGS. 6A and 6B show a result of the electromagnetic field
simulation analysis performed based on the above conditions.
[0051] FIG. 6A shows an electromagnetic field simulation result of analysis model 501. The resonance wavelength of
this model is 2883 nm, and FIG. 6A represents a distribution of the electric field intensity of hollow region 4 by shading.
It is to be noted that FIG. 6A does not show an electric field distribution in every region of hollow region 4, but only
represents an electric field distribution in certain region 95, for the sake of description.
[0052] The electric field intensity that exists between metal layers 2 and 3 periodically repeats a local change in a
position from metal layer 2 toward metal layer 3, and the electric field intensity is smaller in regions in the vicinity of metal
layers 2 and 3. In FIG. 6A, the electric field intensity is locally larger in a plurality of, namely five, regions 95A between
metal layers 2 and 3, and is locally smaller in regions 95B therebetween. In region 95A, the electromagnetic field intensity
is distributed on a higher order mode than a fundamental mode.
[0053] By distribution of the electromagnetic field intensity between metal layers 2 and 3 on a higher order mode, a
space between metal layers 2 and 3 can be expanded, so as to facilitate insertion of specimen 62 containing analyte 8
into hollow region 4.
[0054]  In analysis model 505 shown in FIG. 6A, the relative electric constant of hollow region 4 is 1. FIG. 6B shows
reflectance characteristics R505 and R506 as a result of electromagnetic field simulations of analysis model 505 and
analysis model 506 having a relative dielectric constant of 1.2 in the hollow region of analysis model 505.
[0055] In FIG. 6B, a horizontal axis indicates a wavelength of electromagnetic wave 591, and a vertical axis indicates
a reflectance as a ratio of electric power of electromagnetic wave 593 with respect to electric power of electromagnetic
wave 591. Reflectance characteristics R505 and R506 show that surface plasmon resonance occurs at a large number
of resonance wavelengths in analysis models 505 and 506. Further, those show that the resonance wavelength changes
by changing the state of medium in hollow region 4, namely a relative dielectric constant. As described above, in the
case of making hollow region 4 thick, the electromagnetic field intensity is distributed on a higher order mode between
metal layers 2 and 3, and surface plasmon resonance occurs at a higher order frequency.
[0056] In plasmon sensor 1, a change over time in state of medium 61 in hollow region 4 can be sensed using surface
plasmon resonance that occurs at a higher order mode frequency. This enables expansion of the space between metal
layers 2 and 3, so as to facilitate insertion of specimen 62 containing analyte 8 into hollow region 4.
[0057] Next, there will be described a method for deriving an order of a higher order mode in plasmon sensor 1. When
the electromagnetic field intensity between metal layers 2 and 3 is distributed on an "m"-order mode before specimen
62 having refractive index "n" and not containing analyte 8 is disposed in hollow region 4, equation 1 holds, using integer
"a" of 1 or larger.
[0058]

In equation 1, "λ" is a wavelength of electromagnetic wave 91 in hollow region 4, which is supplied from the above of
top surface 2A of metal layer 2, before medium 61 is disposed in hollow region 4.
[0059] The left-hand side of equation 1 shows the distance between metal layers 2 and 3 before medium 61 is disposed
in hollow region 4. That is, since the electromagnetic field intensity is distributed on an "m"-order mode between metal
layers 2 and 3 before medium 61 is disposed in hollow region 4, the distance between metal layers 2 and 3 is represented
by the left-hand side of equation 1.
[0060] The right-hand side of equation 1 shows the distance between metal layer 2 and metal layer 3 after medium
61 is disposed in hollow region 4. That is, when medium 61 having refractive index n is disposed in hollow region 4,
wavelength "λ" of electromagnetic wave 91 in hollow region 4 is reduced into 1/n. Hence, a large number of nodes and
antinodes in the electromagnetic field intensity are generated between metal layers 2 and 3 as compared with those
before medium 61 is disposed. When the electromagnetic field intensity is distributed on an (m + a) order mode at this
time, the distance between metal layers 2 and 3 is represented by the right-hand side of equation 1. The left-hand side
and the right-hand side of equation 1 both represent the distance between metal layers 2 and 3, and are thus equal.
Integer "a" represents a difference in order of the mode in the distribution of the electromagnetic field intensity which
changes in accordance with the existence or non-existence of medium 61 (specimen 62 not containing analyte 8) between
metal layers 2 and 3.
[0061] From equation 1, order "m" of the higher order mode, refractive index "n" and integer "a" satisfy equation 2.
[0062]
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The change in resonance wavelength of plasmon sensor 1 can be sensed with user’s eyes. That is, the change in
resonance wavelength can be sensed from a color of reflected light from plasmon sensor 1. In order to determine whether
or not specimen 62 contains analyte 8, the following conditions need to be met. That is, when only medium 61 as
specimen 62 not containing analyte 8 is disposed in hollow region 4, the color of reflected light from plasmon sensor 1
does not change. Only when specimen 62 containing analyte 8 is disposed in hollow region 4, the color of reflected light
changes. For this reason, it is necessary to prevent a change in color of reflected light from plasmon sensor 1 in
accordance with whether or not specimen 62 not containing analyte 8, namely medium 61, is disposed in hollow region 4.
[0063] For example, order "m" is obtained as follows when specimen 62 not containing analyte 8, namely medium 61,
is water. Refractive index "n" of water is 1.3334. When integer "a" is set to 1, m = 2.9994 ≅ 3 from equation 2.
[0064] A visible light band is a wavelength band of light visible with human eyes, and in a range of wavelengths from
380 nm to 750 nm, inclusive. Herein, for example, plasmon sensor 1 is designed so as to make surface plasmon
resonance occur at frequency "fb" within a blue wavelength band from 450 nm to 495 nm as the visible light band.
[0065] In a state where water is not disposed in hollow region 4, namely a state where air is disposed therein, the
distance between metal layers 2 and 3 is decided such that an electromagnetic field distribution on a third-order mode
occurs at frequency "fb" in hollow region 4. The third-order mode is selected because the above calculation result is m ≅ 3.
[0066] In plasmon sensor 1, surface plasmon resonance occurs roughly at frequency "fb". When white light containing
frequency compounds throughout the visible light band is incident on top surface 2A of metal layer 2, it is reflected on
top surface 2A, and the reflected light is emitted upward. In this reflected light, blue light is particularly attenuated within
the incident white light.
[0067] Next, when specimen 62 which does not contain analyte 8 but is only water as medium 61 is disposed in hollow
region 4, the electromagnetic field is distributed roughly on a fourth-order mode (m + a = 2.9994 + 1 ≅ 4) at frequency
fb between metal layers 2 and 3. That is, even when medium 61 is disposed in hollow region 4, surface plasmon
resonance occurs at frequency "fb" in plasmon sensor 1, and hence the color of light reflected toward the above of metal
layer 2 roughly does not change. It is thereby possible to prevent large shift of the resonance wavelength of plasmon
sensor 1 in accordance with whether or not only medium 61 is disposed in hollow region 4.
[0068] It should be noted that, although "m" is approximate to 3 on the above condition, derived "m" is rarely an integer,
and hence an integer value obtained by rounding off the value of derived "m" is set as integer "m".
[0069] Further, the distance between metal layers 2 and 3 may be designed such that, when the state is changed
from one where medium 61 is not disposed in hollow region 4 to one where only medium 61 is disposed in hollow region
4, the wavelength at which surface plasmon resonance occurs changes only within a specific wavelength band. Specif-
ically, the order of the mode in distribution of the electromagnetic field generated between metal layers 2 and 3 is set in
a similar manner to the above.
[0070] Examples of these specific wavelength bands include wavelength band A, wavelength band B, wavelength
band C, wavelength band D, wavelength band E, and wavelength band F. Wavelength band A is not smaller than 380
nm and smaller than 450 nm, wavelength band B is not smaller than 450 nm and smaller than 495 nm, wavelength band
C is not smaller than 495 nm and smaller than 570 nm, wavelength band D is not smaller than 570 nm and smaller than
590 nm, wavelength band E is not smaller than 590 nm and smaller than 620 nm, and wavelength band F is not smaller
than 620 nm and smaller than 750 nm.
[0071] Wavelength band A is a wavelength band corresponding to purple in the visible light band, wavelength band
B is a wavelength band corresponding to blue in the visible light band, and wavelength band C is a wavelength band
corresponding to green in the visible light band. Wavelength band D is a wavelength band corresponding to yellow in
the visible light band, wavelength band E is a wavelength band corresponding to orange in the visible light band, and
wavelength band F is a wavelength band corresponding to red in the visible light band. By the change in wavelength of
reflected light within one wavelength band among these wavelength bands, it is possible to prevent a large change in
color of reflected light from plasmon sensor 1 in accordance with the existence or non-existence of specimen 62 without
analyte 8. That is, it is possible by human vision to easily sense only the existence or non-existence of analyte 8, so as
to sense an antigen-antibody reaction.
[0072] It is to be noted that hollow region 4 may be provided in roughly entire region between metal layers 2 and 3
(including a region not provided with capturing body 7). Further, hollow region 4 may be provided in a region (including
the region not provided with capturing body 7) other than a column or a wall which supports metal layers 2 and 3 between
metal layers 2 and 3. Moreover, a corrosion-prevention coating layer may be applied to bottom surface 2B of metal layer
2 and top surface 3A of metal layer 3. In that case, hollow region 4 may be provided in a region other than the corrosion-
prevention coating layer between metal layers 2 and 3. However, the region of capturing body 7 disposed on the surface
of the corrosion-prevention coating agent, which is not in contact with metal layer 2 or metal layer 3, is not included. A
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region that can be inserted with specimen 62 is hollow region 4, and hollow region 4 may be ensured in a part of the
region between metal layers 2 and 3.
[0073] Space L between metal layers 2 and 3 is represented in equation 3 below by frequency F at which surface
plasmon resonance occurs.
[0074]

In equation 3, N is a counting number, C is an effective light speed between metal layers 2 and 3, and θ is an incident
angle of an electromagnetic wave with respect to a normal line vertical to bottom surface 2B of metal layer 2 and top
surface 3A of metal layer 3 in hollow region 4. It is to be noted that equation 3 includes an error since complex refraction
indexes of metal layers 2 and 3 are not considered therein. When a medium other than hollow region 4 (such as the
foregoing column or wall) exists between metal layers 2 and 3, the value of C in equation 3 is a value obtained in
consideration of such a medium.
[0075] An electromagnetic wave transmitted through metal layer 2 and entered into hollow region 4 is reflected on top
surface 3A of metal layer 3. This results in occurrence of standing distribution of the electromagnetic field intensity in
hollow region 4, as shown in FIG. 6A. Surface plasmon resonance occurs using a part of the electromagnetic field
subjected to standing distribution occurred in hollow region 4, as an energy source.
[0076] Plasmon sensor 1 may be designed such that the state of medium 61 in hollow region 4 is temporally changed,
which leads to a change in resonance wavelength from an invisible light band as a wavelength band other than the
visible light band to a visible light band, or a change from the visible light band to the invisible light band.
[0077] For example, when the state of medium 61 in hollow region 4 changes due to specific binding between capturing
body 7 and analyte 8, the resonance wavelength may change from the invisible light band to the visible light band. In
this case, part of the color of light in the visible light band which can be sensed with human eyes is not apt to be reflected
or radiated from plasmon sensor 1 due to surface plasmon resonance. Consequently, it becomes possible to sense
specific binding between capturing body 7 and analyte 8 with human eyes, so that simple plasmon sensor 1 not including
a complicated large-scaled device can be realized.
[0078] In the foregoing description, electromagnetic wave 91 supplied to plasmon sensor 1 contains at least a wave-
length of part of the visible light band. Specifically, sunlight or illuminated light as white light is applied to plasmon sensor
1, and its reflected light or radiated light can be sensed with human eyes. This can facilitate sensing of specific binding
and the like between capturing body 7 and analyte 8 with human eyes.
[0079] When an angle at which electromagnetic wave 91 is supplied to plasmon sensor 1 (e.g., incident angle of
electromagnetic wave 91 on metal layer 2) changes, a resonance wavelength also changes. For this reason, particular
attention needs to be paid to design of plasmon sensor 1 when the incident angle of electromagnetic wave 91 that is
incident on plasmon sensor 1 changes. That is, plasmon sensor 1 needs to designed such that the resonance wavelength
falls within the region of the invisible light band even when an angle at which electromagnetic wave 91 is supplied to
plasmon sensor 1 is changed in a possible range in a state before occurrence of specific binding. Alternatively, it needs
to be designed such that the resonance wavelength falls within a wavelength band region of the same color in the visible
light band. By designing the plasmon sensor 1 in such manners, the color of reflected light remains unchanged even
when a supply angle of the electromagnetic wave to plasmon sensor 1 is changed in a possible range in the case of
holding plasmon sensor 1 with hands and applying sunlight to the metal layer 2 side to sense specific binding between
capturing body 7 and analyte 8. Materials for holding sections 5 and 6, thicknesses of and materials for metal layers 2
and 3, the distance between metal layers 2 and 3 and the like are adjusted so that plasmon sensor 1 is designed as
described above.
[0080] In the foregoing description, the resonance wavelength of plasmon sensor 1 is changed from the invisible light
band to the visible light band, or changed from the visible light band to the invisible light band. Plasmon sensor 100
shown in FIG. 12 may be designed such that the above change occurs in plasmon sensor 100. Specifically, it is configured
such that the resonance wavelength of plasmon sensor 100 having prism 101 shown in FIG. 12 is changed from the
invisible light band to the visible light band, or changed from the visible light band to the invisible light band, before and
after specific binding between capturing body 104 and the analyte. Further, a similar design concept may be applied to
a sensor using the localized plasmon. This can facilitate sensing of specific binding between the capturing body and the
analyte, and the like, with human eyes.
[0081] Further, plasmon sensor 1 may be designed such that, by temporally changing the state of medium 61 in hollow
region 4, the wavelength at which surface plasmon resonance occurs changes from the invisible light band to the
wavelength band of blue to green light or the wavelength band of red light. The wavelength band of blue light is not
smaller than 450 nm and smaller than 495 nm, and the wavelength band of green light is from 495 nm to 570 nm,
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inclusive. Therefore, the former wavelength band is from 450 nm to 570 nm, inclusive. The wavelength band of red light
is from 620 nm to 750 nm, inclusive. Alternatively, plasmon sensor 1 may be designed such that the wavelength at which
surface plasmon resonance occurs changes from either of these two wavelength bands to the invisible light band.
[0082] A cone cell densely distributed to the midsection of a retina of a human is formed of three kinds of cones, which
are a cone to absorb red light, another cone to absorb green light, and further another cone to absorb blue light. Thus,
light which can be sensed by the human are light of only three colors, which are red, blue and green. As described
above, making use of blue, green and red light, to which human eyes have extremely high sensitivities, can facilitate
sensing of a change in electromagnetic wave (light) from plasmon sensor 1 by human vision.
[0083] For example, the state of the medium in hollow region 4 changes due to specific binding between capturing
body 7 and analyte 8, and the resonance wavelength changes from the invisible light band to the region from 450 nm
to 570 nm, inclusive, or the region from 620 nm to 750 nm, inclusive. The color of one light among blue, green and red,
to which the human vision has the highest sensitivity, is then not apt to be reflected or radiated from plasmon sensor 1
due to surface plasmon resonance. This results in highly sensitive sensing of specific binding and the like between
capturing body 7 and analyte 8, with human eyes.
[0084] Also in this case, when the supply angle of electromagnetic wave 91 to plasmon sensor 1 (e.g., incident angle
of the electromagnetic wave on metal layer 2) changes, the resonance wavelength also changes. For this reason,
particular attention needs to be paid to design of plasmon sensor 1 when the incident angle of electromagnetic wave
91 that is incident on plasmon sensor 1 changes. That is, it needs to be designed such that the resonance wavelength
falls within the region of the invisible light band even when an angle at which electromagnetic wave 91 is supplied to
plasmon sensor 1 is changed in a possible range in a state before occurrence of specific binding. Alternatively, it needs
to be designed such that the resonance wavelength falls within a wavelength band region of the same color in the visible
light band. By designing the plasmon sensor 1 in such manners, the color of reflected light remains unchanged even
when a supply angle of the electromagnetic wave to plasmon sensor 1 is changed in a possible range in the case of
holding plasmon sensor 1 with hands and applying sunlight to the metal layer 2 side to sense specific binding between
capturing body 7 and analyte 8.
[0085] It is preferable that the electromagnetic wave to be supplied to plasmon sensor 1 contains at least wavelengths
of blue, green and red light. This allows sensing of specific binding and the like between capturing body 7 and analyte
8 with human eyes as described above.
[0086] Further, in the foregoing description, the resonance wavelength of plasmon sensor 1 is changed from the
invisible light band to the region from 450 nm to 570 nm, inclusive, or the region from 620 nm to 750 nm, inclusive, or
is changed from the region from 450 nm to 570 nm, inclusive, or the region from 620 nm to 750 nm, inclusive, to the
invisible light band. This change may be applied to conventional plasmon sensor 100. Specifically, plasmon sensor 100
can be configured such that the resonance wavelength of plasmon sensor 100 having prism 101 shown in FIG. 12 is
changed from the invisible light band to the region from 450 nm to 570 nm, inclusive, or the region from 620 nm to 750
nm, inclusive, or is changed from the region from 450 nm to 570 nm, inclusive, or the region from 620 nm to 750 nm,
inclusive, to the invisible light band, before and after specific binding between capturing body 104 and the analyte.
Further, this change may be applied to a sensor using the localized plasmon. This can facilitate sensing of specific
binding and the like between the capturing body and the analyte with human eyes easily.
[0087] Further, plasmon sensor 1 may be designed such that, by temporally changing the state of medium 61 in hollow
region 4, the wavelength at which surface plasmon resonance occurs changes from the region of not smaller than 450
nm and smaller than 495 nm to the region from 495 nm to 580 nm, inclusive.
[0088] As a specific example, plasmon sensor 1 is supposed, from which reflected light or radiated light is sensed
with human eyes when sunlight or illuminated light containing a large number of visible light rays enters from the above
of top surface 2A of metal layer 2 of plasmon sensor 1. Surface plasmon resonance occurs at the wavelength of not
smaller than 450 nm and smaller than 495 nm, which corresponds to blue light, before the change in medium 61 in
hollow region 4 of plasmon sensor 1. Hence an electromagnetic wave (light), obtained by weakening only blue light
corresponding to the resonance wavelength from sunlight or illuminated light containing a large number of visible light
rays, is reflected or radiated from plasmon sensor 1. The human recognizes such an electromagnetic wave (light).
[0089] Next, surface plasmon resonance occurs at the wavelength from 495 nm to 580 nm, inclusive, which corresponds
to green light, after the change in medium 61 in hollow region 4 of plasmon sensor 1. Hence an electromagnetic wave
(light), obtained by weakening only green light corresponding to the resonance wavelength from sunlight or illuminated
light containing a large number of visible light rays, is reflected or radiated from plasmon sensor 1. The human recognizes
such an electromagnetic wave (light). Since the human eyes have high sensitivities to green and blue light, it is possible
to easily recognize with the eyes that the resonance wavelength has changed from the blue light region to the green
light region due to the change in medium 61 in hollow region 4. Hence it is possible to sense a change in plasmon sensor
1 only by human vision, even without use of specific equipment as electromagnetic wave source 92 or sensing section 94.
[0090] Further, as the blue and green light wavelengths are adjacent to each other, it is possible to make small an
amount of change in resonance wavelength due to the change in medium 61 in hollow region 4. Hence plasmon sensor
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1 with this configuration is usable even in the case of analyte 8 or the like having a low relative dielectric constant.
[0091] In addition, although the example using sunlight or illuminated light is shown as the electromagnetic wave in
the foregoing description, this is not restrictive, and the electromagnetic wave may contain at least blue and green lights.
[0092] Although the case has been shown where the resonance wavelength of plasmon sensor 1 is changed from the
region of not smaller than 450 nm and smaller than 495 nm to the region from 495 nm to 580 nm, inclusive, in the
foregoing description, this design concept may be applied to conventional plasmon sensor 100, and the like. Specifically,
the resonance wavelength of plasmon sensor 100 having prism 101 shown in FIG. 12 may be changed from the region
of not smaller than 450 nm and smaller than 495 nm to the region from 495 nm to 580 nm, inclusive, before and after
specific binding between capturing body 104 and the analyte. Further, a similar concept may be applied to a sensor
using the localized plasmon. This can facilitate sensing of specific binding and the like between the capturing body and
the analyte with human eyes.
[0093] Further, plasmon sensor 1 may be designed such that, by temporally changing the state of medium 61 in hollow
region 4, the wavelength at which surface plasmon resonance occurs changes from any of forgoing wavelength band
A, wavelength band B, wavelength band C, wavelength band D, wavelength band E, and wavelength band F, to another
wavelength band. Wavelength band A is not smaller than 380 nm and smaller than 450 nm, wavelength band B is not
smaller than 450 nm and smaller than 495 nm, and wavelength band C is not smaller than 495 nm and smaller than
570 nm. Wavelength band D is not smaller than 570 nm and smaller than 590 nm, wavelength band E is not smaller
than 590 nm and smaller than 620 nm, and wavelength band F is not smaller than 620 nm and smaller than 750 nm.
Specifically, such a design can be realized by means of the space between metal layer 2 and metal layer 3, the thickness
of metal layer 2, and the like, in plasmon sensor 1.
[0094] When the state of the medium in hollow region 4 temporally changes, although the resonance wavelength has
been within one of wavelength bands A to F before specific binding, it moves into another band after specific binding.
Specifically, the wavelength band of the resonance wavelength moves when capturing body 7 is specifically coupled to
analyte 8 in hollow region 4. This can facilitate sensing of specific binding and the like between capturing body 7 and
analyte 8 with human eyes.
[0095] In the foregoing description, the resonance wavelength of plasmon sensor 1 is changed from one wavelength
among wavelength bands A to F band to another wavelength band. This change may be applied to conventional plasmon
sensor 100. Specifically, the resonance wavelength of plasmon sensor 100 having prism 101 shown in FIG. 12 may be
changed from any one wavelength band of wavelength bands A to F to another wavelength band before and after specific
binding between capturing body 104 and the analyte. Further, a similar change may be applied to a sensor using the
localized plasmon. This can facilitate sensing of specific binding and the like between the capturing body and the analyte
with human eyes.
[0096] Further, plasmon sensor 1 may be configured such that the wavelength at which surface plasmon resonance
occurs changes from the invisible light band to any wavelength band of wavelength bands A to F by temporally changing
the state of medium 61 in hollow region 4. Alternatively, it may be configured such that the wavelength band changes
from any wavelength band of wavelength bands A to F to the invisible light band.
[0097] When the state of medium 61 in hollow region 4 temporally changes, in at least one of states before and after
the change, reflected light in any one of wavelength bands A to F (reflected light from plasmon sensor 1) attenuates due
to surface plasmon resonance. This can facilitate sensing of specific binding and the like between capturing body 7 and
analyte 8 with human eyes.
[0098] In the foregoing description, the resonance wavelength of plasmon sensor 1 is changed from the invisible light
band to any one of wavelength bands A to F, or changed from any one of wavelength bands A to F to the invisible light
band. This design concept may be applied to conventional plasmon sensor 100. Specifically, the resonance wavelength
of plasmon sensor 100 having prism 101 shown in FIG. 12 may be changed from the invisible light band to any one of
wavelength bands A to F before and after specific binding between capturing body 104 and the analyte. Alternatively,
the wavelength band may be changed from any one of wavelength bands A to F to the invisible light band. Moreover,
a plasmon sensor using the localized plasmon may be designed so as to bring about a change in wavelength of the
reflected light. This can facilitate sensing of specific binding between the capturing body and the analyte with human eyes.
[0099] When conventional plasmon sensor shown in FIG. 12 is held by the human in the hand, a portion where surface
plasmon resonance occurs, namely a portion disposed with capturing body 104, is undesirably touched by the human
in the hand, thereby the resonance frequency changes. On the other hand, in plasmon sensor 1, a portion where surface
plasmon resonance occurs is at least one of bottom surface 2B of metal layer 2 which borders hollow region 4 and top
surface 3A of metal layer 3 which borders hollow region 4. This portion is difficult to directly touch with the hand. For
this reason, the resonance frequency is not apt to change even the sensor is used by the human as being held in the hand.
[0100] Next, an example of a method for manufacturing plasmon sensor 1 will be described. First, metal layer 2 is
formed on bottom surface 5B of holding section 5 formed of a transparent resin, glass or the like. Meanwhile, metal layer
3 is formed on top surface 6A of holding section 6 formed of metal, semiconductor, or the like. Metal layers 2 and 3 can
be formed by sputtering, for example; however, a formation method thereof is not particularly restricted. Next, holding
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sections 5 and 6 are disposed such that hollow region 4 can be provided between metal layer 2 and metal layer 3. In
such a manner, a plasmon sensor structure is prepared where metal layer 2 having bottom surface 2B and top surface
2A configured to be supplied with an electromagnetic wave, and metal layer 3 having top surface 3A confronting bottom
surface 2B of metal layer 2, are provided and hollow region 4 is provided between metal layer 2 and metal layer 3.
[0101] Subsequently, a medium containing capturing body 7 is inserted into hollow region 4 with an aid of capillarity.
That is, a solution, slurry, an emulsion or the like, containing capturing body 7, is inserted into hollow region 4. Thereafter,
the inserted medium is dried so as to dispose capturing body 7 in at least one of below metal layer 2 and above metal layer 3.
[0102] In plasmon sensor 1, capturing body 7 does not need to be fixed within hollow region 4 by chemical adsorption
or the like. For this reason, after combination of metal layer 2 with metal layer 3 via a column or the like for ensuring and
keeping hollow region 4, capturing body 7 can be disposed within hollow region 4 by a simple method as above. This
can improve efficiency in manufacturing plasmon sensor 1.

SECOND EXEMPLARY EMBODIMENT

[0103] FIG. 7 is a sectional view of plasmon sensor 71 according to a second exemplary embodiment of the present
invention. Plasmon sensor 71 differs from plasmon sensor 1 in the first exemplary embodiment in that capturing bodies
7 are physically adsorbed to at least one of bottom surface 2B of metal layer 2 and top surface 3A of metal layer 3,
together with additive 200. Disposing additive 200 around capturing body 7 can prevent denaturalization of capturing
body 7 due to the effect of drying and the like. Furthermore, when specimen 62 shown in FIG. 2 is inserted into hollow
region 4, additive 200 acts on capturing body 7. For this reason, desorption of capturing body 7 is promoted, thus analyte
8 and capturing body 7 make the specific binding therebetween efficiently within hollow region 4.
[0104] Furthermore, adopting appropriate additive 200 such as polyethylene glycol and phosphorylcholine can also
improve an infusion rate of specimen 62 into hollow region 4 by capillarity. This can result in improvement in detection
efficiency. Further, it is also possible to prevent bubbles from remaining between capturing body 7 and capturing body
7 adjacent thereto after infusion of specimen 62.
[0105] Plasmon sensor 71 can be manufactured, and can also be used, in similar manners to plasmon sensor 1 in
the first exemplary embodiment. Plasmon sensor 71 also has similar advantageous effects to plasmon sensor 1 in the
first exemplary embodiment.

THIRD EXEMPLARY EMBODIMENT

[0106] FIG. 8 is a sectional view of plasmon sensor 81 according to a third exemplary embodiment of the present
invention. Plasmon sensor 81 differs from plasmon sensor 1 in the first exemplary embodiment in that capturing bodies
7 are chemically adsorbed to the surface of particle 201. Particle 201 may be made of metal material, magnetic material,
dielectric material, rubber, or the like as an inorganic material, or may be made of a dendrimer as an organic material.
As a method for chemical adsorption, a method of fixing capturing bodies 7 to particle 201 via a self-assembled monolayer
can be considered, for example.
[0107] Fixing capturing bodies 7 to particle 201 and holding it allows each capturing body 7 to easily come into contact
with analyte 8. Therefore, capturing body 7 and analyte 8 can efficiently make the specific binding therebetween.
[0108]  In the case of using metal material (e.g., gold colloid) as particle 201, adjusting a size of particle 201 can lead
to occurrence of localized plasmon resonance on the surface of particle 201. Therewith, an electromagnetic wave
component of the resonance wavelength of the localized plasmon generated on the surface of particle 201 is not apt to
be emitted from plasmon sensor 81 to the outside. When capturing body 7 fixed to the surface of particle 201 is specifically
coupled with analyte 8, the dielectric constant of the surface of particle 201 changes. For this reason, the resonance
wavelength of the localized plasmon changes. As this phenomenon also can be used to check the existence or non-ex-
istence of an antigen-antibody reaction, the sensitivity of plasmon sensor 81 is improved.
[0109] When magnetic material having a property of being attracted to a magnet is used as particle 201 and a magnetic
field is applied from the outside of plasmon sensor 81 after infusion of specimen 62 shown in FIG. 2 into hollow region
4, particle 201 fixed with capturing body 7 can be stirred. This enables efficient specific binding between capturing body
7 and analyte 8.
[0110] On the other hand, since the shape of the dendrimer can be made uniform, variations in shape of particle 201
can be reduced in the case of using the dendrimer as particle 201. This can lead to realization of uniform plasmon
resonance in plasmon sensor 81.
[0111] Similarly to plasmon sensor 71 of the second exemplary embodiment, plasmon sensor 81 may be configured
such that additive 200 is disposed around particle 201. This allows plasmon sensor 81 to also exert similar advantageous
effects to plasmon sensor 71 in the second exemplary embodiment.
[0112] Further, plasmon sensor 81 can be manufactured, and can also be used, in similar manners to plasmon sensor
1 in the first exemplary embodiment. Further, plasmon sensor 81 also has similar advantageous effects to plasmon
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sensor 1 in the first exemplary embodiment.
[0113] It is to be noted that, although particle 201 is shown in spherical form in FIG. 8 for the sake of convenience,
even when one having a tridimensional shape other than this is used, a similar effect to the above can be obtained.

FOURTH EXEMPLARY EMBODIMENT

[0114] FIG. 9 is a sectional view of plasmon sensor 90 according to a fourth exemplary embodiment of the present
invention. Plasmon sensor 90 differs from plasmon sensor 1 in the first exemplary embodiment in that capturing bodies
7 within hollow region 4 are disposed with an uneven density. Specifically, among specimen inserting sections 96 and
97 where a specimen of plasmon sensor 90 can be inserted, the density of disposed capturing bodies 7 is higher as
getting closer to the specimen inserting section 97 side.
[0115] For example, when plasmon sensor 90 is used with the aim of detecting the existence or non-existence of an
antigen in human saliva, the specimen inserting section 96 side is put into a mouth of a test subject, and the saliva is
inserted into hollow region 4 by capillarity. By this usage method, it is possible to reduce extraction of a part of capturing
bodies 7 into the mouth.
[0116] In another application, inserting the specimen, on the contrary, from specimen inserting section 97 can lead to
efficient specific binding between capturing body 7 and analyte 8.
[0117] For realizing the configuration as in FIG. 9 where the density of disposed capturing bodies 7 within hollow
region 4 is uneven, for example, such a method as follows can be applied. First, plasmon sensor 90 before physical
adsorption of capturing bodies 7 is held in an inclined state such that the specimen inserting section 96 side is disposed
above the specimen inserting section 97 side. A specimen containing capturing bodies 7 is then inserted from the
specimen inserting section 97 side with an aid of capillarity. More capturing bodies 7 are distributed to the specimen
inserting section 97 side due to gravitation. In this state, a medium of the specimen within hollow region 4 is dried or
vaporized, the uneven density of disposed capturing bodies 7 shown in FIG. 9 can be realized.

FIFTH EXEMPLARY EMBODIMENT

[0118] FIG. 10 is a sectional view of plasmon sensor 205 according to a fifth exemplary embodiment of the present
invention. Plasmon sensor 205 differs from plasmon sensor 1 in the first exemplary embodiment in that holding section
202 is fixed to top surface 5A of holding section 5, and holding section 203 is fixed to bottom surface 6B of holding
section 6. Further, capturing body 7 is not disposed in a region of holding section 202 which does not confront metal
layer 2, and capturing body 7 is also not disposed in a region of holding section 203 which does not confront metal layer
3. As a result, capturing body 7 is not disposed in specimen inserting section 98.
[0119] For example, when plasmon sensor 205 is used with the aim of detecting the existence or non-existence of an
antigen in human saliva, specimen inserting section 98 is put into the mouth of the test subject, and the saliva is inserted
into hollow region 4 by capillarity. At that time, it is possible to reduce extraction of a part of capturing bodies 7 into the
mouth.
[0120] Specimen inserting section 98 indicates a region surrounded by region 206 and region 207. Holding section
202 is formed of material with small attenuation of electromagnetic wave 91.
[0121] Although the configuration with holding sections 202 and 203 is shown in plasmon sensor 205, holding sections
202 and 203 may not be used, and holding sections 5 and 6 may be formed as shapes with larger areas than those of
metal layers 2 and 3. Even with this configuration, a similar effect can be obtained.
[0122] Like plasmon sensor 90 of the fourth exemplary embodiment, plasmon sensor 205 may be configured such
that the density of disposed capturing bodies 7 is uneven. It is thereby possible to obtain similar advantageous effects
to plasmon sensor 90.
[0123] Further, particle 201 can be used for plasmon sensor 205 in a similar manner to plasmon sensor 81 of the third
exemplary embodiment. It is thereby possible to obtain similar advantageous effects to that in the third exemplary
embodiment.
[0124] Moreover, similarly to plasmon sensor 71 of the second exemplary embodiment, additive 200 may be disposed
around capturing body 7 also in plasmon sensor 205. This allows plasmon sensor 205 to also exert similar advantageous
effects to plasmon sensor 71.
[0125] Further, plasmon sensor 205 in the fifth exemplary embodiment can be manufactured, and can also be used,
in similar manners to plasmon sensor 1. Further, plasmon sensor 205 also has similar advantageous effects to plasmon
sensor 1 in the first exemplary embodiment.
[0126] In addition, although holding section 5 is disposed above metal layer 2 in the first to fifth exemplary embodiments,
this is not restrictive, and it may be disposed below metal layer 2 as shown in FIG. 11. FIG. 11 is a sectional view of
another plasmon sensor according to an exemplary embodiment of the present invention.
[0127] In the case of holding section 5 being disposed below, capturing bodies 7 are disposed on the bottom surface
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of holding section 5. When holding section 5 has a high relative dielectric constant, the resonance wavelength can be
set long, whereby it is possible to make lower the frequency of the electromagnetic wave supplied from the above of
metal layer 2, and further to reduce cost of the electromagnetic wave source. As described above, when holding section
5 is disposed below metal layer 2, holding section 5 is preferably formed of material having a low dielectric constant and
a low loss.
[0128]  Further, although metal layer 2, holding section 5, metal layer 3, and holding section 6 are shown in flat shape
in first to fifth exemplary embodiments, this is not restrictive, and even with an uneven shape, a similar effect can be
obtained. Accordingly, even if fine unevenness occurs in the manufacturing process, they function as the plasmon sensor
without any problem. Capturing body 7 may be a receptor, an aptamer or the like other than the antibody.
[0129] Moreover, although the cases of using light as the electromagnetic wave are mainly described, even when an
electromagnetic wave having a wavelength other than light is used, a similar effect can be obtained. In that case, by
making holding section 5 formed of nonmetal material such as glass, holding section 5 can transmit an electromagnetic
wave therethrough.

INDUSTRIAL APPLICABILITY

[0130] The plasmon sensor in the present invention has a small-sized, simple configuration, and is thus usable for a
small-sized, low-cost biosensor, and the like.

REFERENCE MARKS IN THE DRAWINGS

[0131]

1, 71, 81, 90, 205 plasmon sensor

2 first metal layer (metal layer)

2A, 3A top surface

2B, 3B bottom surface

3 second metal layer (metal layer)

4 hollow region

5, 6 holding section

5A, 6A top surface

5B, 6B bottom surface
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Claims

1. A plasmon sensor comprising:

a first metal layer having a bottom surface and a top surface configured to be supplied with an electromagnetic
wave; and
a second metal layer having a top surface confronting the bottom surface of the first metal layer, wherein
a hollow region configured to be filled with a specimen containing a medium is provided between the first metal
layer and the second metal layer, and
analyte capturing bodies are physically adsorbed to at least one below of the first metal layer and above of the
second metal layer.

2. A plasmon sensor comprising:

a first metal layer, having a bottom surface and a top surface configured to be supplied with an electromagnetic
wave; and
a second metal layer, having a top surface confronting the bottom surface of the first metal layer, wherein
a hollow region configured to be filled with a specimen containing a medium is provided between the first metal
layer and the second metal layer,
analyte capturing bodies are disposed at least one of below the first metal layer and above the second metal
layer, and
the analyte capturing bodies are not oriented.

3. The plasmon sensor according to any one of claims 1 and 2, wherein
particles are disposed between the first metal layer and the second metal layer, and
the analyte capturing bodies are chemically adsorbed to surfaces of the particles.

4. The plasmon sensor according to claim 3, wherein
the particles are made of metal.

5. The plasmon sensor according to claim 3, wherein
the particles are made of dendrimer.

6. The plasmon sensor according to any one of claims 1 and 2, further comprising
an additive physically adsorbed together with the analyte capturing bodies.

7. The plasmon sensor according to any one of claims 1 and 2, wherein
the analyte capturing bodies are disposed with an uneven density.
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8. The plasmon sensor according to any one of claims 1 and 2, further comprising:

a specimen inserting section for insertion of a specimen containing an analyte into the hollow region, wherein
the analyte capturing bodies are not disposed in the specimen inserting section.

9. A method for using a plasmon sensor, the plasmon sensor comprising:

a first metal layer having a top surface and a bottom surface,
a second metal layer having a top surface confronting the bottom surface of the first metal layer, wherein
a hollow region is provided between the first metal layer and the second metal layer, and
analyte capturing bodies are physically adsorbed at least one below the first metal layer and above the second
metal layer,

the method comprising:

inserting a specimen into the hollow region with an aid of capillarity;
supplying an electromagnetic wave to a top surface side of the first metal layer; and
sensing at least one of a change in amplitude of an electromagnetic wave reflected or radiated from the top
surface of the first metal layer and a change in resonance wavelength.

10. A method for manufacturing a plasmon sensor, the method comprising:

preparing a plasmon sensor structure which has a first metal layer having a bottom surface and a top surface
configured to be supplied with an electromagnetic wave, and a second metal layer having a top surface con-
fronting the bottom surface of the first metal layer, and in which a hollow region is provided between the first
metal layer and the second metal layer;
inserting a medium containing analyte capturing bodies into the hollow region with an aid of capillarity; and
drying the medium after insertion of the analyte capturing bodies into the hollow region so as to dispose the
analyte capturing bodies at least one of below the first metal layer and above the second metal layer.
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