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Description

TECHNICAL FIELD

[0001] The present invention relates to a surface
acoustic wave sensor.
[0002] This application claims priority from Japanese
Patent Application No. 2011-240492 filed on November
1, 2011, Japanese Patent Application No. 2011-240493
filed on November 1, 2011, and Japanese Patent Appli-
cation No. 2011-281611 filed on December 22, 2011, the
contents of which are incorporated herein by reference
in their entirety.

BACKGROUND ART

[0003] A SAW (Surface Acoustic Wave; surface
acoustic wave) filter is known as one of band-pass filters
used in an electronic circuit.
[0004] Such a SAW filter has a reduced size and ex-
cellent attenuation characteristics and is used in various
electronic devices such as portable telephones.
[0005] For example, a SAW filter includes an interdig-
itated array electrode (Inter Digital Transducer; IDT) used
to generate a surface acoustic wave (acoustic surface
wave) on a piezoelectric element substrate and to detect
a surface acoustic wave.
[0006] As a technique of a SAW filter, a surface acous-
tic wave sensor that is formed on a piezoelectric substrate
and between an IDT constituting a transmission elec-
trode and an IDT constituting a reception electrode and
is provided with a detection region (region serving as
sensor surface) into which liquid serving as an analyte
is introduced, is disclosed in Patent Document 1.
[0007] In Patent Document 1, a surface acoustic wave
sensor is disclosed which includes: a piezoelectric sub-
strate; transmission-and-reception electrode including a
transmission electrode that is formed on the surface of
the piezoelectric substrate in a predetermined pattern
and performs transmission of a surface acoustic wave
and a reception electrode that is formed on the surface
of the piezoelectric substrate in a predetermined pattern
and performs reception of the surface acoustic wave; a
detection region which is formed between the transmis-
sion electrode and the reception electrode and into which
liquid serving as an analyte is introduced; and a sealing
structure that covers so as to tightly seal the transmis-
sion-and-reception electrode from the exterior.
[0008] In the surface acoustic wave sensor, propaga-
tion characteristics of a surface acoustic wave from the
transmission electrode to the reception electrode vary
depending on the liquid serving as an analyte which is
introduced into the detection region.
[0009] Moreover, the surface acoustic wave sensor is
provided with a dummy electrode that is made of a metal,
is formed at at least one of intermediates between the
transmission electrode and the detection region and be-
tween the detection region and the reception electrode,

and is used to cause energy of a surface acoustic wave
to concentrate into the surface of the piezoelectric sub-
strate.
[0010] The surface acoustic wave sensor that is on the
piezoelectric substrate and between the IDT constituting
the transmission electrode and the IDT constituting the
reception electrode and is provided with the detection
region into which liquid serving as an analyte is intro-
duced (region serving as sensor surface), is disclosed in
Patent Document 1.
[0011] In the surface acoustic wave sensor, as a result
of measuring variation in propagation velocity (or phase)
of the surface acoustic wave which is caused by dropping
a liquid sample on an inspection region, it is determined
whether or not the liquid sample includes an analyte, and
the concentration or the like of the analyte is detected.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0012] [Patent Document 1]Japanese Unexamined
Patent Application, First Publication No. 2008-286606

SUMMARY OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0013] However, the surface acoustic wave sensor dis-
closed in Patent Document 1 has been used in a method
of directly dropping solution on the sensor surface or a
method of dipping the sensor surface in solution (dip-
ping).
[0014] Therefore, it is necessary to uncover the sensor
surface as its structure, and there are problems in that
damage such as scratches on the surface thereof easily
occurs and it is not possible to carry out simple meas-
urements.
[0015] Additionally, it is necessary to reliably cover
over the sensor surface with a solution dropping thereon
in order to sufficiently ensure accuracy of measurement;
however, a method of dropping a solution thereon cannot
realize the necessary.
[0016] Furthermore, there is a problem in that the so-
lution dropped cannot be maintained because of volatil-
ization or the like in a desired measurement time.
[0017] Moreover, since a technique disclosed in Patent
Document 1 provides a sealing structure, there is a prob-
lem of an increase in the cost of manufacture thereof.
[0018] Also, in the technique disclosed in Patent Doc-
ument 1, in the case where the distance between the
transmission electrode and the reception electrode and
the width of the detection region are large, when a liquid
sample having an analyte with a high concentration is
dropped on the detection region, the reaction between
the sensor surface and the analyte is saturated.
[0019] In the case where the reaction is saturated,
since a propagation loss of a surface acoustic wave in-
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creases, the amplitude of vibration of the surface acoustic
wave becomes small or becomes 0.
[0020] In the case where the amplitude of vibration of
the surface acoustic wave becomes 0, there is a problem
in that it is difficult for the surface acoustic wave sensor
to detect an analyte in the liquid sample.
[0021] The invention was made with respect to the
above-described viewpoint and provides a surface
acoustic wave sensor that can carry out simple meas-
urements and improve the accuracy of measurement.
[0022] Additionally, the invention provides a surface
acoustic wave sensor that can reduce the cost of man-
ufacture thereof.
[0023] Moreover, an object of the invention is to pro-
vide a surface acoustic wave sensor that easily detects
an analyte.

MEANS FOR SOLVING THE PROBLEMS

[0024] The invention was made in order to solve the
above problems, and a surface acoustic wave sensor of
an aspect of the invention includes: a piezo element that
propagates a surface acoustic wave; an electrode (elec-
trode portion) that carries out conversion of an electrical
signal and a surface acoustic wave; and a porous base
member into which liquid infiltrates and which comes into
contact with the piezo element.
[0025] It is preferable that the surface acoustic wave
sensor of the aspect of the invention further include: a
detection region which is disposed at a propagation path
of the surface acoustic wave, into which liquid serving as
an analyte is introduced; and a sealing structure that pre-
vents the electrode from coming into contact with the
liquid, wherein the porous base member comes into con-
tact with the detection region.
[0026] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the porous base
member have a portion that does not overlap the detec-
tion region in a plan view.
[0027] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the porous base
member include at least one of a reaction layer including
a substance that reacts with a target and a filter layer that
removes other than a target.
[0028] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the electrode
be constituted of two electrode pairs, and the detection
region have a short-circuiting reaction region that is elec-
trically connected to one of the two electrode pairs and
an open reaction region that is not electrically connected
to the other of the two electrode pairs.
[0029] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the electrode
be constituted of a plurality of electrode pairs, and a sep-
arate reactant that reacts with a target in each electrode
pair be provided on the porous base member that is pro-
vided between the electrode pairs.
[0030] In the surface acoustic wave sensor of the as-

pect of the invention, it is preferable that the electrode
be constituted of two electrode pairs, that the porous base
member come into contact with the piezo element with
a thin film interposed therebetween and be connected to
the porous base member, and that a portion thereof which
comes into contact with each electrode be made of a
hydrophobic base member.
[0031] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the porous base
member have a portion that does not come into contact
with the piezo element.
[0032] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the porous base
member include at least one of a reaction layer including
a substance that reacts with a target and a filter layer that
removes other than a target.
[0033] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the piezo ele-
ment include: a first portion having a region that is not
electrically connected to the electrode; and a second por-
tion having a thin film that is electrically connected to the
electrode.
[0034] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the electrode
be constituted of a plurality of electrode pairs, and a re-
actant that reacts with a target in each electrode pair be
provided on the porous base member that is provided
between the electrode pairs.
[0035] It is preferable that the surface acoustic wave
sensor of the aspect of the invention further include: a
detection region which is disposed at a propagation path
of the surface acoustic wave, into which liquid serving as
an analyte is introduced, wherein the porous base mem-
ber comes into contact with the detection region, and
liquid infiltrates into the porous base member due to a
capillary phenomenon.
[0036] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the porous base
member allow liquid to infiltrate thereinto due to a capil-
lary phenomenon in a propagation direction of the sur-
face acoustic wave.
[0037] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that separate reac-
tants which react with a target be formed and dispersed
in directions in which the solution infiltrates into the po-
rous base member.
[0038] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that the porous base
member include a first region and a second region, that
the first region and the second region be alternately
formed in a propagation direction of the surface acoustic
wave, and that the infiltration rate in the first region be
greater than the infiltration rate in the second region.
[0039] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that, in the porous
base member, lengths in the propagation direction of the
surface acoustic wave in a plurality of the first regions be
different from each other.
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[0040] In the surface acoustic wave sensor of the as-
pect of the invention, it is preferable that, in the porous
base member, lengths in the propagation direction of the
surface acoustic wave in a plurality of the second regions
be different from each other.

Effects of the Invention

[0041] According to the invention, it is possible to pro-
vide a surface acoustic wave sensor that can carry out
simple measurements and improve the accuracy of
measurement.
[0042] According to the invention, it is possible to re-
duce manufacturing costs.
[0043] According to the invention, since the porous
base member that creates a capillary phenomenon is
provided at the inspection region, the entirety of the in-
spection region is not wet at the same time.
[0044] For this reason, even in the case where the con-
centration of analyte in a solution is high, a detection
signal is not saturated, and detection of analyte is easy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

FIG. 1A is a schematic top view showing a SAW
sensor according to a first embodiment of the inven-
tion.
FIG. 1B is a schematic cross-sectional view showing
the SAW sensor according to the first embodiment
of the invention.
FIG. 2 is a schematic perspective view showing the
SAW sensor according to the first embodiment of
the invention.
FIG. 3 is a schematic block diagram illustrating a
sense circuit of a SAW device according to the first
embodiment of the invention.
FIG. 4A is a schematic top view showing the config-
uration of a SAW sensor according to a second em-
bodiment of the invention.
FIG. 4B is a schematic cross-sectional view showing
the configuration of the SAW sensor according to
the second embodiment of the invention.
FIG. 5A is a schematic top view showing the config-
uration of a SAW sensor according to a third embod-
iment of the invention.
FIG. 5B is a schematic cross-sectional view showing
the configuration of the SAW sensor according to
the third embodiment of the invention.
FIG. 6 is a schematic view showing a configuration
of a SAW sensor according to a fourth embodiment
of the invention.
FIG. 7 is a schematic perspective view showing a
SAW sensor according to a fifth embodiment of the
invention.
FIG. 8A is a schematic top view showing the SAW
sensor according to the fifth embodiment of the in-

vention.
FIG. 8B is a schematic cross-sectional view showing
the SAW sensor according to the fifth embodiment
of the invention.
FIG. 9A is a schematic top view showing a configu-
ration of a SAW sensor according to a sixth embod-
iment of the invention.
FIG. 9B is a schematic cross-sectional view showing
the configuration of the SAW sensor according to
the sixth embodiment of the invention.
FIG. 10A is a schematic top view showing a config-
uration of a SAW sensor according to a seventh em-
bodiment of the invention.
FIG. 10B is a schematic cross-sectional view show-
ing the configuration of the SAW sensor according
to the seventh embodiment of the invention.
FIG. 11A is a schematic top view showing the con-
figuration of a SAW sensor according to an eighth
embodiment of the invention.
FIG. 11B is a schematic cross-sectional view show-
ing the configuration of the SAW sensor according
to the eighth embodiment of the invention.
FIG. 12 is a schematic view showing a configuration
of a SAW sensor according to a ninth embodiment
of the invention.
FIG. 13A is a schematic top view showing a SAW
sensor according to a tenth embodiment.
FIG. 13B is a schematic cross-sectional view show-
ing the SAW sensor according to the tenth embodi-
ment.
FIG. 14A is a view illustrating a state where a solution
is infiltrating on a porous base member according to
the tenth embodiment.
FIG. 14B is a view illustrating a state where a solution
is infiltrating on a porous base member according to
the tenth embodiment.
FIG. 14C is a view illustrating a state where a solution
is infiltrating on a porous base member according to
the tenth embodiment.
FIG. 15A is a schematic top view showing the con-
figuration of a SAW sensor according to an eleventh
embodiment.
FIG. 15B is a schematic cross-sectional view show-
ing the configuration of the SAW sensor according
to the eleventh embodiment.
FIG. 16A is a schematic top view showing a config-
uration of a SAW sensor according to a twelfth em-
bodiment.
FIG. 16B is a schematic cross-sectional view show-
ing the configuration of the SAW sensor according
to the twelfth embodiment.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

(First Embodiment)

[0046] Hereinafter, an embodiment of the invention will
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be described in detail with reference to drawings.
[0047] FIGS. 1A and 1B are schematic views showing
a SAW sensor according to a first embodiment.
[0048] FIG. 1A is a schematic top view showing the
SAW sensor 1, and FIG. 1B is a schematic cross-sec-
tional view showing the SAW sensor 1 as seen from the
cutting plane A.
[0049] The SAW sensor 1 is configured to include a
piezoelectric element substrate 10 (piezo element), a
transmission electrode 11-1a, a transmission electrode
11-1b, a reception electrode 11-2a, a reception electrode
11-2b, a reaction-region thin film 12, a porous base mem-
ber 13, a sealing structure 14-1, and a sealing structure
14-2.
[0050] The piezoelectric element substrate 10 is a sub-
strate that propagates a SAW.
[0051] The piezoelectric element substrate 10 is a
quartz substrate.
[0052] The transmission electrode 11-1a and the
transmission electrode 11-1b are metal electrodes that
constitute a transmission electrode and are formed in a
comb-shaped pattern.
[0053] Hereinbelow, the transmission electrode 11-1a
and the transmission electrode 11-1b are referred to as
IDT 11-1.
[0054] In addition, the reception electrode 11-2a and
the reception electrode 11-2b are metal electrodes that
constitute reception electrode and is formed of a comb-
shaped pattern.
[0055] Hereinbelow, the reception electrode 11-2a and
the reception electrode 11-2b are collectively referred to
as IDT 11-2.
[0056] The IDT 11-1 and the IDT 11-2 (collectively re-
ferred to as IDT 11) are electrodes that are formed on
the piezoelectric element substrate 10.
[0057] The IDT 11 is a pair of facing electrodes.
[0058] The IDT 11 is configured of, for example, an
aluminum thin film.
[0059] The reaction-region thin film 12 is a thin film that
is produced by vapor deposition of gold.
[0060] The reaction-region thin film 12 is a thin film
having a surface on which an antibody is supported.
[0061] The reaction-region thin film 12 is formed on the
piezoelectric element substrate 10 and on the region be-
tween the paired IDTs 11 that are provided on the pie-
zoelectric element substrate 10 so as to face each other.
[0062] The portion on which the piezoelectric element
substrate 10 overlaps the reaction-region thin film 12 is
a detection region into which liquid serving as an analyte
is introduced (region serves as sensor surface).
[0063] The porous base member 13 is a base member
that is provided to be in contact with the reaction-region
thin film 12.
[0064] The porous base member 13 is made of a sub-
stance such as cellulose nitrate.
[0065] The porous base member 13 is fixed so as to
completely cover the reaction-region thin film 12.
[0066] For example, the porous base member 13 is

fixed to be adhesively attached to the external four cor-
ners of the reaction-region thin film 12.
[0067] The porous base member 13 holds solution that
drops thereon and allows the solution to infiltrate into the
inside thereof and the surface thereof.
[0068] The porous base member 13 transfers the so-
lution, that dropped thereon, to the inside of the porous
base member 13 and the surface of the reaction-region
thin film 12 due to a capillary phenomenon, and holds it.
[0069] That is, the SAW sensor 1 holds the solution
drop inside the porous base member 13 and on the sur-
face of the reaction-region thin film 12.
[0070] In the SAW sensor 1, the solution that is trans-
ported to the inside of the porous base member 13 makes
a specified area of the reaction-region thin film 12 wet.
[0071] Here, the specified area is a region having a
surface area defined by the portion on which the porous
base member 13 overlaps the reaction-region thin film
12.
[0072] For example, in the case where the porous base
member 13 covers the entire surface of the reaction-re-
gion thin film 12, it is the entire region of the reaction-
region thin film 12.
[0073] An antigen in solution reacts with an antibody
that is supported on the reaction-region thin film 12, and
an antigen antibody complex is thereby generated on a
specified region of the reaction-region thin film 12.
[0074] That is, in the reaction-region thin film 12, as a
result of dropping a liquid sample including an antigen
on the top surface thereof, an antigen-antibody reaction
occurs between the antibody that is supported on the
reaction-region thin film 12 and the antigen of the liquid
sample.
[0075] Consequently, an antigen antibody complex in
which the antibody that is supported on the reaction-re-
gion thin film 12 and the antigen are combined is pro-
duced on the reaction-region thin film 12.
[0076] In other cases, even other than gold, various
materials may be adopted as a material used to form the
reaction-region thin film 12 as long as the material can
support an antibody.
[0077] Additionally, as shown in FIGS. 1A and 1B,
since the porous base member 13 is larger than the re-
action-region thin film 12, it protrudes from the reaction-
region thin film 12; however, the porous base member
13 does not necessarily protrude from the reaction-region
thin film 12 as shown in drawings, and it may overlap the
reaction-region thin film 12 so as to have the same sur-
face area when seen in a plan view or may be disposed
to have a small surface area so as to be located inside
of the reaction-region thin film 12 when seen in plan view.
[0078] The porous base member 13 is only necessary
to be disposed so as to cover the specified region of the
reaction-region thin film 12.
[0079] The sealing structure 14-1 of the transmission
electrode (disposed at the position close to the transmis-
sion electrode) includes a sealing wall 15-1 and a seal
ceiling 16-1.
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[0080] Moreover, an adhesive layer that is used to ad-
hesively attach both the sealing wall 15-1 and the seal
ceiling 16-1 are provided therebetween, and it is not
shown in FIGS. 1A and 1B.
[0081] The sealing wall 15-1 is a wall that covers the
IDT 11-1 and is formed on the piezoelectric element sub-
strate 10 in a rectangle shape.
[0082] The sealing wall 15-1 is formed from, for exam-
ple, photosensitive resin.
[0083] Furthermore, the seal ceiling 16-1 is a ceiling
that occludes the upper side of the sealing wall 15-1 and
thereby tightly seals the IDT 11-1 from the exterior.
[0084] The seal ceiling 16-1 is disposed at the upper
side of the sealing wall 15-1 so that the sealing wall 15-1
is located in the flat surface region of the seal ceiling 16-1.
[0085] The seal ceiling 16-1 is formed of, for example,
a glass substrate.
[0086] In particular, an adhesive layer which is not
shown in the figure is provided between the sealing wall
15-1 and the seal ceiling 16-1, and adhesively attaches
the sealing wall 15-1 to the seal ceiling 16-1 by tight seal-
ing.
[0087] The sealing structure 14-1 is a sealing structure
that covers and tightly seals the IDT 11-1 from the exterior
so as to form a space above the IDT 11-1 and prevents
the IDT 11-1 from coming into contact with liquid.
[0088] Additionally, similar to the sealing structure
14-1, the sealing structure 14-2 of the reception electrode
(provided at the position close to the reception electrode)
is a sealing structure that includes a sealing wall 15-2
and a seal ceiling 16-2, covers and tightly seals the IDT
11-2 from the exterior so as to form a space above the
IDT 11-2, and prevents the IDT 11-2 from coming into
contact with liquid.
[0089] Even where there is a variation in an atmos-
phere (for example, degree of humidity) in the detection
region, as a result of adopting the sealing structure 14-1
and the sealing structure 14-2, the IDT 11-1 and the IDT
11-2 are less easily affected by the variation thereof.
[0090] Furthermore, a structure in which the porous
base member 13 is disposed so as to overlap the sealing
structure 14-1 and the seal ceiling of the sealing structure
14-2 is shown in FIGS. 1A and 1B; however, it is not
necessary to arrange the porous base member 13 so as
to overlap the seal ceiling as long as it is disposed so as
to cover the detection region of a sensor on which the
reaction-region thin film 12 is placed.
[0091] Particularly, in the case of arranging the porous
base member 13 so as not to overlap the seal ceiling,
even where the porous base member 13 is significantly
displaced in a direction in which a surface acoustic wave
propagates (displacement), since the sealing structure
14-1 and the sealing structure 14-2 protect the IDT 11-1
and the IDT 11-2, respectively, the IDT is not wet with
solution, it does not affect an operation of transmitting an
elastic wave or an operation of receiving an elastic wave
of the IDT.
[0092] FIG. 2 is a schematic perspective view showing

the SAW sensor 1 according to the first embodiment.
[0093] In FIG. 2, identical symbols are used for the
elements which are identical to those of FIGS. 1A and
1B, and the explanations thereof are omitted here.
[0094] In particular, the reaction-region thin film 12, the
sealing structure 14-1, and the sealing structure 14-2
which are shown in FIGS. 1A and 1B are omitted in FIG. 2.
[0095] A burst signal serving as a transmitting signal
is input to the IDT 11-1 from a burst circuit 22 which will
be described later.
[0096] The IDT 11-1 excites a SAW corresponding to
the input burst signal on the surface of the piezoelectric
element substrate 10.
[0097] The IDT 11-2 converts the SAW that propagat-
ed along the surface of the piezoelectric element sub-
strate 10 into an electrical signal.
[0098] The IDT 11-2 outputs the received electrical sig-
nal (referred to as a detection signal) to a phase-ampli-
tude detecting circuit 23 which will be described later.
[0099] Particularly, the region represented by refer-
ence letter S indicates part of the porous base member
13 on which solution is to be dropped.
[0100] The region S is an area of part of the porous
base member 13, which is formed in a direction orthog-
onal to the direction in which the IDT 11-1 and the IDT
11-2 are arranged and in a direction in which the porous
base member 13 extends outward.
[0101] When a measurer of the SAW sensor 1 drops
solution on the region S by use of, for example, a micro-
pipette 17 shown in FIG. 2, the porous base member 13
transfers the solution that is dropped thereon to the inside
of the porous base member 13 and the surface of the
reaction-region thin film 12 due to a capillary phenome-
non, and holds it.
[0102] That is, even where the porous base member
13 has a portion that does not overlap the detection re-
gion in a plan view, since the porous base member 13
transfers the solution to the surface of the reaction-region
thin film 12 and holding it, it is possible to make the spec-
ified region of the reaction-region thin film 12, for exam-
ple, the entire surface thereof (detection region), wet with
the solution that is dropped thereon.
[0103] FIG. 3 is a schematic block diagram illustrating
a sense circuit 20 used in solution measurement using
the SAW sensor 1.
[0104] As shown in FIG. 3, the sense circuit 20 is con-
figured to include the SAW sensor 1, an alternating-cur-
rent signal source 21, the burst circuit 22, the phase-
amplitude detecting circuit 23, and a PC 24 (Personal
Computer).
[0105] The alternating-current signal source 21 gener-
ates a sine wave alternating-current signal of, for exam-
ple, 250 MHz.
[0106] The alternating-current signal source 21 out-
puts the generated alternating-current signal to the burst
circuit 22.
[0107] The burst circuit 22 converts the alternating-cur-
rent signal that is input from the alternating-current signal
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source 21 into a periodic burst signal.
[0108] Here, the period of the burst signal is set to be
longer than a time required for propagation of the SAW
from the IDT 11-1 to the IDT 11-2 of the surface of the
piezoelectric element substrate 10.
[0109] The burst circuit 22 outputs the generated burst
signal to the IDT 11-1 and the phase-amplitude detecting
circuit 23 of the SAW sensor 1.
[0110] In other cases, in the case where a disturbing
signal such as noise including a direct wave, other bulk
wave, or the like with the exception of a main signal in-
cluded in the signal output from the SAW sensor 1 is
sufficiently low, the burst circuit 22 is not necessary, and
a continuous wave may be used.
[0111] Based on a detection signal input from the IDT
11-2 of the SAW sensor 1 and the burst signal input from
the burst circuit 22, the phase-amplitude detecting circuit
23 calculates a phase variation and an amplitude change
which are associated with a propagation time that is a
time required for propagation of the SAW on the piezo-
electric element substrate 10.
[0112] Specifically, the phase-amplitude detecting cir-
cuit 23 detects a phase variation and attenuation of am-
plitude which is associated with a required propagation
time between the inputting of the burst signal and the
inputting of the detection signal.
[0113] The phase-amplitude detecting circuit 23 out-
puts the detected phase variation and the attenuation of
amplitude to the PC 24.
[0114] Based on the phase variation and the attenua-
tion of amplitude which are input from the phase-ampli-
tude detecting circuit 23, the PC 24 determines the
amount and kind of an antibody on the surface and a
specifically-reacted antigen in a solution and displays the
determination result.
[0115] Here, the phase variation and the attenuation
of amplitude of the SAW will be described.
[0116] The SAW is an acoustic wave that concentrates
in the vicinity of the surface of the piezoelectric element
substrate 10 (the position close to the surface) and prop-
agates.
[0117] When a substance adsorbs onto the top surface
of the piezoelectric element substrate 10, the mass per
unit volume and the degree of viscosity of the top surface
thereof vary.
[0118] As a result, the propagation velocity and the am-
plitude of the SAW vary.
[0119] For this reason, the propagation time of the
SAW varies and the attenuation of amplitude varies.
[0120] In the first embodiment, an antigen that is con-
tained in a solution is measured utilizing the variation in
phase and variation in attenuation of amplitude.
[0121] Specifically, at first, a measurer of the SAW sen-
sor 1 drops a solvent that does not contain an antigen
on the region S shown in FIG. 2 and thereby makes the
top of the reaction-region thin film 12 wet with the solvent,
and measures the phase variation which is associated
with the propagation time of the SAW (blank test).

[0122] Next, the measurer of the SAW sensor 1 replac-
es the SAW sensor 1 with another sample (SAW sensor
1), drops the solution of the sample containing an antigen
on the region S shown in FIG. 2, and measures the phase
variation which is associated with the propagation time
thereof.
[0123] A difference between the phase variation cor-
responding to the solvent and the phase variation corre-
sponding to the solution is a variation in phase which is
caused by an antigen antibody complex that is generated
in the reaction-region thin film 12 due to an antigen-an-
tibody reaction.
[0124] The PC 24 has stored the phase variation of the
blank test in memory, calculates the difference between
the phase variation and the phase variation obtained by
dropping of a solution, and thereby calculates the varia-
tion in phase.
[0125] The PC 24 identifies an antigen contained in
solution based on the variation in phase.
[0126] Similarly, attenuation of amplitude identifies an
antigen contained in solution based on the variation in
attenuation of amplitude.
[0127] In other cases, if the phase variation of the SAW
in the solvent to be used is determined in advance, the
measurer does not need to measure the phase variation
of the SAW in the solvent.
[0128] Furthermore, even in the case where the prop-
agation time of the SAW in the solvent to be used is not
determined in advance, the phase and the amplitude
which are immediately after dropping of solution contain-
ing an antigen are used as a reference, the amount of
and the kind of antigen in solution is determined as a
result of obtaining the difference between subsequent
changes based thereon, and the determination result
may be displayed.
[0129] As described above, the SAW sensor of first
embodiment includes: a piezoelectric element substrate
(the piezoelectric element substrate 10) that propagates
a surface acoustic wave; electrodes that carry out con-
version of an electrical signal and a surface acoustic
wave (the IDT 11-1 that carries out conversion of an elec-
trical signal into a surface acoustic wave and the IDT
11-2 that carries out conversion of a surface acoustic
wave into an electrical signal); a porous base member
(the porous base member 13) which is placed on a trans-
mission path of the surface acoustic wave and comes
into contact with a detection region into which liquid serv-
ing as an analyte is introduced (the reaction-region thin
film 12), and into which liquid infiltrates; and a sealing
structure (the sealing structure 14-1 and the sealing
structure 14-2) that prevents the electrode from coming
into contact with liquid.
[0130] Accordingly, since a dropped sample solution
is held inside the porous base member 13, the SAW sen-
sor 1 can inhibit the solution from evaporating.
[0131] Moreover, the SAW sensor 1 can allow the so-
lution drop to reliably come into contact with a prelimi-
narily-determined specified area of the reaction-region

11 12 



EP 2 778 671 A1

9

5

10

15

20

25

30

35

40

45

50

55

thin film 12, and accurate measurement is possible.
[0132] Furthermore, according to the SAW sensor 1,
since solution does not directly drop on the piezoelectric
element substrate 10, when the dropping of solution is
carried out by a measurer, a dripping instrument such as
a micropipette does not directly come into contact with
the reaction-region thin film 12 (sensor surface), damage
such as scratches on the sensor surface thereof thereby
does not occur, and simple and accurate measurement
is possible.
[0133] Additionally, since it is possible to hold the liquid
on a surface reaction region, a problem does not occur
in that the liquid is not held by the SAW sensor 1 as a
result of vertically or horizontally disposing the SAW sen-
sor or vibrating the SAW sensor or a problem also does
not occur in that the liquid comes into contact with an
analyte, after the liquid serving as an analyte is intro-
duced thereinto.
[0134] On the other hand, a biosensor that is referred
to as a lateral flow is known.
[0135] The lateral flow is a sensor that carries out an
antigen-antibody reaction by an immunochromatogra-
phy using an antibody that identifies a measuring object
immobilized in advance and outputs a detection result of
the antigen-antibody reaction as a color.
[0136] Consequently, it is necessary to immobilize a
staining material on the antibody that identifies a meas-
uring object, a processing of coloring or staining is re-
quired, and there is a problem in that simple measure-
ment cannot be performed.
[0137] Furthermore, since determination of color is
carried out by a visual check, there is also a problem in
that accuracy of measurement cannot be sufficiently en-
sured.
[0138] According to the SAW sensor 1, a processing
of coloring or staining is not necessary, which is required
for the case of detecting an antigen by use of an immu-
nochromatography serving as a method of detecting a
general antigen.
[0139] As a result, it is possible to easily carry out
measurement with a high level of accuracy.

(Second Embodiment)

[0140] Hereinafter, a second embodiment of the inven-
tion will be described in detail with reference to drawings.
[0141] Particularly, in the explanation of the embodi-
ment described below, identical symbols are used for the
elements which are identical to those of the drawings,
and the explanations thereof are omitted here.
[0142] In the second embodiment, the case will be de-
scribed where the porous base member 13 includes a
layer that is formed of a substance having a filtering func-
tion and a function of a reaction field.
[0143] FIGS. 4A and 4B are schematic views showing
a configuration of a SAW sensor 1B according to a sec-
ond embodiment.
[0144] In addition, in FIGS. 4A and 4B, identical sym-

bols are used for the elements which are identical to those
of FIGS. 1A, 1B, and 2, and the explanations thereof are
omitted here.
[0145] FIG. 4A is a schematic top view showing the
SAW sensor 1B.
[0146] FIG. 4B is a cross-sectional view showing the
SAW sensor 1B as seen from the cross section C.
[0147] As shown in FIGS. 4A and 4B, the SAW sensor
1B is configured to include the piezoelectric element sub-
strate 10, the IDT 11, the reaction-region thin film 12, the
porous base member 13B, the sealing structure 14-1 and
the sealing structure 14-2.
[0148] As shown in FIG. 4B, the porous base member
13B is configured to include a filter layer 13B-1, a reaction
layer 13B-2, and a water retention layer 13B-3, and is
arranged so that the filter layer 13B-1, the reaction layer
13B-2, and the water retention layer 13B-3 are stacked
in layers on the reaction-region thin film 12 in order.
[0149] Particularly, in FIG. 4A, the water retention layer
13B-3 serving as an uppermost layer is shown and the
case is shown in which the surface area of the porous
base member 13B is different from that of FIGS. 1A and
1B and the same as the surface area of the reaction-
region thin film 12.
[0150] As a matter of course, as long as a specified
area is formed as mentioned above which has a surface
area defined by the portion on which the porous base
member 13 overlaps the reaction-region thin film 12, it is
not necessary for both of them to have the same area.
[0151] The filter layer 13B-1 filters an unnecessary
substance from the dropped sample solution.
[0152] The filter layer 13B-1 is a layer that is formed
of a material such as cellulose or cellulose nitrate having
micro pores.
[0153] A size of the micro pores of the filter layer 13B-
1 is suitably selected depending on the unnecessary sub-
stance that is required to be removed.
[0154] A reactant that reacts with a sample is held by
the reaction layer 13B-2 so as to be dispersed therein in
advance.
[0155] The reaction layer 13B-2 is a layer that is formed
of a material such as cellulose or cellulose nitrate having
micro pores.
[0156] In the reaction layer 13B-2, the reactant, that
passes through the filter layer 13B-1 and is transferred
to the reaction layer 13B-2, reacts with the reactant, that
is dispersed in the reaction layer 13B-2 in advance and
reacts with a sample.
[0157] The product material that is generated in the
reaction layer 13B-2 transfers to the water retention layer
13B-3 in accordance with solution infiltration.
[0158] In the case where an objective substance is, for
example, an antigen, a first antibody is preliminarily dis-
persed in the reaction layer 13B-2.
[0159] The antigen antibody complex that is generated
in the reaction layer 13B-2 transfers to the water retention
layer 13B-3 in accordance with solution infiltration.
[0160] The water retention layer 13B-3 maintains the
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solution that is transported from the reaction layer 13B-2.
[0161] The water retention layer 13B-3 transfers the
solution to the reaction-region thin film 12.
[0162] A material used to form the water retention layer
is, for example, cellulose, cellulose nitrate, or the like
having micro pores.
[0163] The water retention layer 13B-3 prevents tran-
spiration of solution.
[0164] Additionally, the water retention layer 13B-3
transfers a reactant in solution to the reaction-region thin
film 12, and holds it.
[0165] In the case where an objective substance is, for
example, an antigen, the reaction-region thin film 12 pre-
liminarily supports a second antibody.
[0166] The antigen-antibody complex including the an-
tigen, that is transferred from the water retention layer
13B-3, and the first antibody, reacts with the second an-
tibody on the reaction-region thin film 12.
[0167] As described above, in the second embodi-
ment, the porous base member 13B is provided with the
filter layer 13B-1 that removes other than a target body.
[0168] Because of this, since the SAW sensor 1B can
prevent an unnecessary substance from reaching the re-
action layer 13B-2, the reaction efficiency increases.
[0169] Moreover, since the SAW sensor 1B can pre-
vent an unnecessary substance from reaching the reac-
tion-region thin film 12, accurate measurement is possi-
ble.
[0170] Furthermore, the porous base member 13B is
provided with the reaction layer 13B-2 including a sub-
stance that reacts with a sample.
[0171] For this reason, the mass of the sample to be
detected becomes greater than that of the case where a
sample independently adheres to the reaction-region thin
film 12.
[0172] Therefore, as compared with the case where a
sample independently adheres to the reaction-region thin
film 12, the SAW sensor 1B can detect further significant
signal variation.
[0173] As a result, accurate measurement is possible.
[0174] In other cases, the order in which the filter layer
13B-1 and the reaction layer 13B-2 are disposed may be
reversed.
[0175] In other cases, one-layer film having functions
of both reaction and water retention may be adopted in-
stead of the reaction layer 13-B2 and the water retention
layer 13-B3.

(Third Embodiment)

[0176] Hereinafter, a third embodiment of the invention
will be described in detail with reference to drawings.
[0177] In the third embodiment, the case will be de-
scribed where the reaction-region thin film 12 is consti-
tuted of two portions having electroconductive and insu-
lation properties.
[0178] FIGS. 5A and 5B are schematic views showing
the configuration of a SAW sensor 1C according to the

third embodiment.
[0179] In addition, in FIGS. 5A and 5B, identical sym-
bols are used for the elements which are identical to those
of FIGS. 1A, 1B, 2, 4A, and 4B, and the explanations
thereof are omitted here.
[0180] FIG. 5A is a schematic view showing a config-
uration of the SAW sensor 1C as seen from the upper
surface thereof.
[0181] FIG. 5B is a schematic view showing a config-
uration of the SAW sensor 1C as seen from the cross
section D.
[0182] As shown in FIGS. 5A and 5B, the SAW sensor
1C is configured to include the piezoelectric element sub-
strate 10, the porous base member 13, a transmission
electrode 61A-1a, a transmission electrode 61A-1b, a
reception electrode 61A-2a, a reception electrode 61A-
2b (which are collectively referred to as IDT 61A), a trans-
mission electrode 61B-1a, a transmission electrode 61B-
1b, a reception electrode 61B-2a, a reception electrode
61B-2b (which are collectively referred to as IDT 61B), a
short-circuiting reaction region 62-1, an open reaction
region 62-2, the sealing structure 14-1, and the sealing
structure 14-2.
[0183] The IDT 61A excites a SAW, that propagates
along the region on which an electrically-short-circuited
short-circuiting reaction region 62-1 is provided, and de-
tects it.
[0184] The IDT 61B excites a SAW, that propagates
along the region on which an electrically-opened open
reaction region 62-2 is provided, and detects it.
[0185] As shown in FIG. 5B, the short-circuiting reac-
tion region 62-1 is provided on the piezoelectric element
substrate 10.
[0186] The short-circuiting reaction region 62-1 is a thin
film made of a thin film having electroconductivity such
as gold.
[0187] The short-circuiting reaction region 62-1 is elec-
trically in contact with the IDT 61A-1a and the IDT 61A-
2a which are electrically connected to the ground.
[0188] Additionally, the open reaction region 62-2 is
provided on the piezoelectric element substrate 10 and
is a region of the surface of the piezoelectric element
substrate 10.
[0189] The short-circuiting reaction region 62-1 and
the open reaction region 62-2 are arranged substantially
parallel to a direction in which the IDT 61A and the IDT
61B are arranged.
[0190] The short-circuiting reaction region 62-1 and
the open reaction region 62-2 are formed in a rectangle
shape and are in contact with each other.
[0191] The total of the surface area of the short-
circuiting reaction region 62-1 and the surface area of
the open reaction region 62-2 is substantially the same
as the surface area of the porous base member 13B.
[0192] As a matter of course, as long as a specified
area is formed which has a surface area defined by the
portion on which the porous base member 13 overlaps
the short-circuiting reaction region 62-1 and the open re-
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action region 62-2 as mentioned above, both of them are
not necessary to have the same area.
[0193] Moreover, the surface area of the short-
circuiting reaction region 62-1 is substantially equal to
the surface area of the open reaction region 62-2; how-
ever, they may be the same as each other or may be
different from each other by a certain percentage of the
surface area.
[0194] In addition, the reaction region is shown here
as a rectangle shape; however, it is not necessary to limit
the shape of the reaction region to this rectangle shape,
and other shapes may be adopted.
[0195] A solution that drops on the porous base mem-
ber 13 uniformly infiltrates on the top surfaces of the
short-circuiting reaction region 62-1 and the open reac-
tion region 62-2.
[0196] The surfaces of the short-circuiting reaction re-
gion 62-1 and the open reaction region 62-2 which face
the porous base member 13 is uniformly wet with the
sample solution.
[0197] Here, a transmission speed of the SAW that
transmits the short-circuiting reaction region 62-1 varies
depending on the density of a solution and the degree of
viscosity thereof.
[0198] On the other hand, a transmission speed of the
SAW that transmits the open reaction region 62-2 varies
depending on the density of solution, the degree of vis-
cosity, and electrical characteristics (relative permittivity
and electrical conductivity).
[0199] The IDT 61A detects a transmission time of the
SAW that transmits the short-circuiting reaction region
62-1.
[0200] On the other hand, the IDT 61B detects a trans-
mission time of the SAW that transmits the open reaction
region 62-2.
[0201] Therefore, a difference between the transmis-
sion time of the SAW that transmits the short-circuiting
reaction region 62-1 and the transmission time of the
SAW that transmits the open reaction region 62-2 repre-
sents a difference in electrical characteristics of the so-
lution.
[0202] As stated above, according to the third embod-
iment, the SAW sensor 1C is provided with the open re-
action region 62-2 that is not electrically connected to the
IDT 61B and the short-circuiting reaction region 62-1 that
is electrically connected to the IDT 61 A.
[0203] Because of this, based on the difference be-
tween the transmission time of the SAW that transmits
the short-circuiting reaction region 62-1 and the trans-
mission time of the SAW that transmits the open reaction
region 62-2, it is possible to individually detect the den-
sity, the degree of viscosity, and the electrical character-
istics of solution that is dropped on the top surface of the
porous base member 13.
[0204] Additionally, a difference in level, which is due
to the thickness of the short-circuiting reaction region
62-1, is formed between the short-circuiting reaction re-
gion 62-1 and the open reaction region 62-2.

[0205] However, since the short-circuiting reaction re-
gion 62-1 is sufficiently thin, the porous base member 13
can maintain a contact between the short-circuiting re-
action region 62-1 and the open reaction region 62-2,
and does not affect the measurement of the SAW.

(Fourth Embodiment)

[0206] Hereinafter, a fourth embodiment of the inven-
tion will be described in detail with reference to drawings.
[0207] In the fourth embodiment, the case will be de-
scribed where the SAW sensor 1D includes three meas-
urement channels (channel A, channel B, and channel
C) and a porous base member corresponding to the three
measurement channels includes regions in which re-
spective antibodies different from each other are distrib-
uted.
[0208] FIG. 6 is a schematic view showing a configu-
ration of the SAW sensor 1D according to the fourth em-
bodiment.
[0209] In addition, in FIG. 6, identical symbols are used
for the elements which are identical to those of FIGS. 1A,
1B, 2, 4A, 4B, 5A, and 5B, and the explanations thereof
are omitted here.
[0210] As shown in FIG. 6, the SAW sensor 1D is con-
figured to include the piezoelectric element substrate 10,
a transmission electrode 71A-1a, a transmission elec-
trode 71A-1b, a reception electrode 71A-2a, a reception
electrode 71A-2b (collectively referred to as IDT 71A), a
transmission electrode 71B-1a, a transmission electrode
71B-1b, a reception electrode 71B-2a, a reception elec-
trode 71B-2b (collectively referred to as IDT 71B), a trans-
mission electrode 71C-1a, a transmission electrode 71C-
1b, a reception electrode 71C-2a, a reception electrode
71C-2b (collectively referred to as IDT 71C), the reaction-
region thin film 12 (not shown in FIG. 6), a porous base
member 73, the sealing structure 14-1, and the sealing
structure 14-2.
[0211] The porous base member 73 is configured to
include a region 73A, a region 73B, and a region 73C,
which have respective primary antibodies that are differ-
ent from each other and distributed therein.
[0212] The IDT 71A, the IDT 71B, and the IDT 71C
generate SAWs which propagate through the channel A,
the channel B, and the channel C and receive them, re-
spectively.
[0213] When a solution drops on the top surface of the
porous base member 73, the solution infiltrates into the
inside of the porous base member 73.
[0214] The solution drop infiltrates into the region 73A
of the porous base member 73 in which an antibody AA
represented by reference letter AA is dispersed, the re-
gion 73B thereof in which an antibody AB represented
by reference letter AB is dispersed, and the region 73C
thereof in which an antibody AC represented by refer-
ence letter AC is dispersed.
[0215] Here, the region 73A, the region 73B, and the
region 73C may be part of a common porous base mem-
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ber 73 or may be a base member that is newly provided
on a common porous base member 73.
[0216] In the case where a plurality of kinds of antigens
are contained in the solution that is dropped on the region
73A, the region 73B, and the region 73C, antigen-anti-
body combined bodies are generated at the respective
portions in which antibodies corresponding to the respec-
tive antigens are dispersed.
[0217] The generated antigen-antibody combined
bodies reach the top of the reaction-region thin film 12
due to diffusion.
[0218] The surface of the reaction-region thin film 12
supports second antibodies in advance which corre-
spond to the respective the first antibodies dispersed in
the region 73A, the region 73B, and the region 73C.
[0219] The second antibodies supported by the sur-
face of the reaction-region thin film 12 capture the re-
spective antigen-antibody complexes having masses
which are different from each other in each of the channel
A, the channel B, and the channel C.
[0220] As a result, transmission times of the SAW in
the respective channels are different from each other.
[0221] The SAW sensor 1D shows a different trans-
mission time for each channel.
[0222] As described above, according to the fourth em-
bodiment, a plurality of electrode pairs that are constitut-
ed of the transmission electrode and the reception elec-
trode is provided, and the porous base member includes
the antibodies, that react with the respective kinds of an-
tigen, between the paired electrodes of the IDT 71A, the
IDT 71B, and the IDT 71C.
[0223] As a result, the SAW sensor 1D can simultane-
ously measure a plurality of different antigens.
[0224] Moreover, in the fourth embodiment, the
number of the channels is three, but any number of the
channels may be adopted.
[0225] In other cases, in the first to fourth embodi-
ments, the piezoelectric element substrate 10 may be a
substrate made of a substance exhibiting a piezoelectric
effect such as lithium tantalate, lithium niobate, or lithium
tetraborate.
[0226] Furthermore, even other than aluminum, other
materials may be adopted as a material used to form the
IDT as long as the material is a high conductive metal.
[0227] Also, in the aforementioned first to fourth em-
bodiments, the reaction-region thin film is not limited to
have a structure in which an antibody is disposed and
may adopt a structure in which an antigen is disposed.
As long as a reaction-region thin film is made of a material
or a structure which specifically reacts with a body to be
detected, the reaction-region thin film is not limited to the
above-mentioned embodiment.
[0228] In addition, in the above-described first to fourth
embodiments, the reaction-region thin film 12 supports
an antibody and measures an antigen; and if it is not used
to measure an antigen, it is not necessary to provide the
reaction-region thin film 12.
[0229] Additionally, in the above-described first to

fourth embodiments, a transmission electrode and a re-
ception electrode are used; but, a transmission electrode
may double with a function of a reception electrode by
provision of a reflector of the SAW instead of a reception
electrode.
[0230] Furthermore, an electrode structure of the IDT
11 is not limited to the structure shown in the drawings.
Regarding the electrode structure, for example, where
the wavelength of a surface acoustic wave is represented
as λ, the width of an interdigitated array electrode may
be λ/4 or λ/8, or an electrode structure may be a unidi-
rectional electrode (FEUDT: Floating Electrode Uni Di-
rectional Transducer) or the like.

(Fifth Embodiment)

[0231] Hereinafter, an embodiment of the invention will
be described in detail with reference to drawings.
[0232] In each embodiment described below, identical
symbols are used for the elements which are identical to
those described above, and the explanations thereof are
omitted here.
[0233] FIG. 7 is a schematic perspective view showing
a SAW sensor 101 according to a fifth embodiment.
[0234] As shown in FIG. 7, the SAW sensor 101 (sur-
face acoustic wave sensor) is configured to include a
piezoelectric element substrate 110 (piezo element), the
IDT 111, a reaction-region thin film 112, and a porous
base member 113.
[0235] In each embodiment described below, identical
symbols are used for the elements which are identical to
those described above, and the explanations thereof are
omitted here.
[0236] The piezoelectric element substrate 110 is a
substrate that propagates a SAW.
[0237] The piezoelectric element substrate 110 is a
quartz substrate.
[0238] The IDT 111 (Inter Digital Transducer) is an
electrode formed on the piezoelectric element substrate
110.
[0239] The IDT 111 is a comb-shaped electrode.
[0240] The IDT 111 is a pair of facing electrodes.
[0241] The IDT 111 is configured of an aluminum thin
film.
[0242] The reaction-region thin film 112 is a thin film
that is produced by vapor deposition of gold.
[0243] The reaction-region thin film 112 is a thin film
having a surface on which an antibody is supported.
[0244] The reaction-region thin film 112 is formed on
the piezoelectric element substrate 110 and on the region
between the paired IDTs 111 that are provided on the
piezoelectric element substrate 110 so as to face each
other.
[0245] The porous base member 113 is a base mem-
ber that is provided to be in contact with the reaction-
region thin film 112.
[0246] The porous base member 113 is made of a sub-
stance such as cellulose nitrate.
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[0247] The porous base member 113 is fixed so as to
completely cover the reaction-region thin film 112 and so
as not to come into contact with the IDT 111.
[0248] For example, the porous base member 113 is
fixed by adhesively attaching the external four corners
of the reaction-region thin film 112 thereto.
[0249] The porous base member 113 holds solution
that drops thereon and allows the solution to infiltrate into
the inside thereof and the surface thereof.
[0250] The region represented by reference letter S is
an example of a region on which a solution drops.
[0251] The porous base member 113 transfers the so-
lution, that dropped on the region represented by refer-
ence letter S, to the inside of the porous base member
113 and the surface of the reaction-region thin film 112
due to a capillary phenomenon, and holds it.
[0252] That is, the SAW sensor 101 holds the solution
drop inside the porous base member 113 and thereon.
[0253] Therefore, it does not make the IDT 111 wet.
[0254] For this reason, the SAW sensor 101 can meas-
ure the solution without using a sealing structure.
[0255] As a result, it is possible to reduce manufactur-
ing costs.
[0256] FIGS. 8A and 8B are schematic views showing
the SAW sensor according to the fifth embodiment.
[0257] FIG. 8A is a schematic top view showing the
SAW sensor 101.
[0258] Additionally, FIG. 8B is a schematic cross-sec-
tional view showing the SAW sensor 101 as seen from
the cutting plane A.
[0259] The IDT 111 provided on the SAW sensor 101
is configured to include transmission electrodes 111-1a
and 111-1b that converts an electrical signal into a SAW
and reception electrodes 111-2a and 111-2b that convert
a SAW into an electrical signal.
[0260] A burst signal serving as a transmitting signal
is input to the transmission electrodes 111-1a and 111-1b
from a burst circuit 22 which will be described later.
[0261] The transmission electrodes 111-1a and
111-1b excite a SAW corresponding to the input burst
signal on the surface of the piezoelectric element sub-
strate 110.
[0262] The reception electrodes 111-2a and 111-2b
convert the SAW that propagated along the surface of
the piezoelectric element substrate 110 into an electrical
signal.
[0263] The reception electrodes 111-2a and 111-2b
output the received electrical signal (referred to as a de-
tection signal) to a phase-amplitude detecting circuit 23
which will be described later.
[0264] FIG. 3 is a schematic block diagram illustrating
the sense circuit 20 of the SAW sensor 101.
[0265] As shown in FIG. 3, the sense circuit 20 is con-
figured to include the SAW sensor 101, an alternating-
current signal source 21, the burst circuit 22, the phase-
amplitude detecting circuit 23, and a PC 24 (Personal
Computer).
[0266] Here, the period of the burst signal is set to be

longer than a time required for propagation of the SAW
from the transmission electrodes 111-1a and 111-1b
(FIGS. 8A and 8B) to the reception electrodes 111-2a
and 111-2b of the surface of the piezoelectric element
substrate 110.
[0267] The burst circuit 22 outputs the generated burst
signal to the SAW sensor 101 and the phase-amplitude
detecting circuit 23.
[0268] In other cases, in the case where a disturbing
signal such as noise including a direct wave, other bulk
wave, or the like with the exception of a main signal in-
cluded in the signal output from the SAW sensor 101 is
sufficiently low, the burst circuit 22 is not necessary, and
a continuous wave may be adopted.
[0269] Based on a detection signal input from the sen-
sor 101 and the burst signal input from the burst circuit
22, the phase-amplitude detecting circuit 23 calculates
a phase variation and an amplitude change which are
associated with a propagation time that is a time required
for propagation of the SAW on the piezoelectric element
substrate 110.
[0270] Specifically, the phase-amplitude detecting cir-
cuit 23 detects a phase variation and attenuation of am-
plitude which is associated with a required time (referred
to as a delay time) between the inputting of the burst
signal and the inputting of the detection signal.
[0271] The phase-amplitude detecting circuit 23 out-
puts a phase variation and an amplitude change, which
is due to the detected delay time, to the PC 24.
[0272] Based on the phase variation and the amplitude
change which are input from the phase-amplitude detect-
ing circuit 23, the PC 24 determines the amount and kind
of antibody on the surface and a specifically-reacted an-
tigen in a solution and displays the determination result.
[0273] Here, the phase variation and the amplitude
change of the SAW will be described.
[0274] The SAW is an acoustic wave that concentrates
in the vicinity of the surface of the piezoelectric element
substrate 110 (the position close to the surface) and prop-
agates.
[0275] When a substance is absorbed onto the top sur-
face of the piezoelectric element substrate 110, the mass
per unit volume and the degree of viscosity of the top
surface thereof vary.
[0276] As a result, the propagation velocity and ampli-
tude of the SAW vary.
[0277] For this reason, the phase variation and the am-
plitude change which are associated with the delay time
of the SAW vary.
[0278] In the fifth embodiment, an antigen that is con-
tained in solution is measured utilizing the phase and the
amplitude change of the SAW.
[0279] Specifically, at first, a measurer makes the top
of the reaction-region thin film 112 wet with the solvent,
and measures the phase variation which is associated
with a propagation time of the SAW, next, drops the so-
lution containing an antigen thereon, and measures the
phase variation and the amplitude change (blank test).
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[0280] A difference between the propagation time cor-
responding to the solvent and the propagation time cor-
responding to the solution is a variation in phase which
is caused by an antigen antibody complex that is gener-
ated in the reaction-region thin film 112 due to an antigen-
antibody reaction.
[0281] The PC 24 measures the antigen contained in
the solution based on the phase variation, and similarly,
the amplitude change is measured.
[0282] In other cases, if the phase variation of the SAW
in the solvent to be used is determined in advance, the
measurer does not need to measure a phase variation
of the SAW in the solvent.
[0283] Furthermore, even in the case where the prop-
agation time of the SAW in the solvent to be used is not
determined in advance, the PC 24 may determine an
amount of and the kind of antigen in solution with refer-
ence to the propagation time and the amplitude which
are immediately after dropping of solution containing an
antigen as a result of obtaining a difference between sub-
sequent changes based thereon, and also can display
the determination result.
[0284] In the SAW sensor 101, the solution that is
transported to the inside of the porous base member 113
makes a specified surface area of the reaction-region
thin film 112 wet.
[0285] Here, the specified surface area means a sur-
face area defined by the portion on which the porous
base member 113 overlaps the reaction-region thin film
112.
[0286] The antigen in solution reacts with the antibody
supported on the reaction-region thin film 112 and gen-
erates an antigen antibody complex on the reaction-re-
gion thin film 112.
[0287] In the reaction-region thin film 112, as a result
of dropping a liquid sample including an antigen on the
top surface thereof, an antigen-antibody reaction occurs
between the antibody that is supported on the reaction-
region thin film 112 and the antigen of the liquid sample.
[0288] Consequently, an antigen antibody complex in
which the antibody that is supported on the reaction-re-
gion thin film 112 and the antigen are combined is pro-
duced on the reaction-region thin film 112.
[0289] In other cases, even other than gold, various
materials may be adopted as a material used to form the
reaction-region thin film 112 as long as the material can
support an antibody.
[0290] Additionally, as shown in FIG. 7, since the po-
rous base member 113 is larger than the reaction-region
thin film 112, it protrudes from the reaction-region thin
film 112.
[0291] The measurer drops a solution on the protrusion
region S.
[0292] In other cases, the porous base member 113
does not necessarily protrude from the reaction-region
thin film 112 as shown in the drawings.
[0293] In this case, the porous base member 113 is
only necessary to be disposed so as to cover a fixed

region of the reaction-region thin film 112 which is deter-
mined in advance.
[0294] As described above, the fifth embodiment in-
cludes: the piezoelectric element substrate 110 that prop-
agates a surface acoustic wave; the transmission elec-
trodes 111-1a and 111-1b that carries out conversion of
the electrical signal into the surface acoustic wave; the
reception electrodes 111-2a and 111-2b that carries out
conversion of the surface acoustic wave into the electrical
signal; and the porous base member 113 that comes into
contact with the surface of the propagation path and holds
the solution.
[0295] Consequently, in the fifth embodiment, since
the SAW sensor 101 does not have a structure that seals
the transmission electrodes 111-1a and 111-1b and the
reception electrodes 111-2a and 111-2b, it is possible to
reduce the manufacturing cost thereof.
[0296] Moreover, since a dropped sample solution is
held inside the porous base member 113, the SAW sen-
sor 101 can inhibit the solution from evaporating.
[0297] Also, the SAW sensor 101 can allow the solution
drop to reliably come into contact with a preliminarily-
determined specified area of the reaction-region thin film
112, and accurate measurement is possible.
[0298] Additionally, the SAW sensor 101 can hold the
liquid on a surface reaction region, a problem which is
due to vertically or horizontally disposing the sensor chip,
vibrating the SAW sensor, or the like, does not occur, or
a problem of a liquid coming into contact with an analyte
again does not occur, after the liquid serving as an ana-
lyte is introduced thereinto.
[0299] Furthermore, according to the SAW sensor 101,
since a solution does not directly drop on the piezoelectric
element substrate 110, when the dropping of solution is
carried out by a measurer, damage such as scratches
on the sensor surface thereof does not occur, and simple
and accurate measurement is possible.
[0300] In the SAW sensor 101, a processing of coloring
or staining is not necessary, which is required for a case
where an antigen is detected by use of immunochroma-
tography serving as a method of detecting a general an-
tigen.
[0301] As a result, it is possible to easily carry out
measurement.

(Sixth Embodiment)

[0302] Hereinafter, a sixth embodiment of the invention
will be described in detail with reference to drawings.
[0303] FIGS. 9A and 9B are schematic views showing
the SAW sensor 101A according to the sixth embodi-
ment.
[0304] FIG. 9A is a schematic top view showing the
SAW sensor 101A.
[0305] FIG. 9B is a cross-sectional view showing the
SAW sensor 101A as seen from the cross section B.
[0306] As shown in FIGS. 9A and 9B, the SAW sensor
101A is configured to include the piezoelectric element

23 24 



EP 2 778 671 A1

15

5

10

15

20

25

30

35

40

45

50

55

substrate 110, the transmission electrodes 111-1a and
111-1b, the reception electrodes 111-2a and 111-2b (the
transmission electrodes 111-1a and 111-1b and the re-
ception electrodes 111-2a and 111-2b are collectively
referred to as IDT 111), the reaction-region thin film 112,
the porous base member 113 and a hydrophobic base
members 114A-1 and 114A-2.
[0307] In the sixth embodiment, the case will be de-
scribed where the porous base member 113 is connected
to the hydrophobic base members 114A-1 and 114A-2
by adhesion or the like, the hydrophobic base members
114A-1 and 114A-2 are arranged so as to cover the upper
surface of the IDT 111.
[0308] The hydrophobic base members 114A-1 and
114A-2 are made of a substance of a material that does
not allow a solution to infiltrate thereinto.
[0309] Here, a material that does not allow a solution
to infiltrate thereinto is, for example, plastic (polyethylene
or the like).
[0310] As shown in the drawings, the hydrophobic
base members 114A-1 and 114A-2 are connected to re-
spective both opposed sides of the IDT 111 side of the
porous base member 113 (which is disposed at the po-
sition close to the IDT 111).
[0311] The sample solution that dropped on the porous
base member 113 infiltrates into the entire porous base
member 113 due to a capillary phenomenon.
[0312] On the other hand, since the solution does not
infiltrate into the hydrophobic base members 114A-1 and
114A-2, the IDT 111 does not become wet with a solution.
[0313] Moreover, the porous base member 113 is fixed
by adhesively attaching the four corners of the reaction-
region thin film 112 thereto.
[0314] As stated above, in the sixth embodiment, the
portions of the hydrophobic base members 114A-1 and
114A-2, which come into contact with the transmission
electrodes 111-1a and 111-1b and the reception elec-
trodes 111-2a and 111-2b, have hydrophobicity.
[0315] For this reason, in the SAW sensor 101A, the
transmission electrodes 111-1a and 111-1b and the re-
ception electrodes 111-2a and 111-2b do not become
wet with solution, and accurate measurement is possible.
[0316] Furthermore, since the surfaces of the trans-
mission electrodes 111-1a and 111-1b and the reception
electrodes 111-2a and 111-2b are covered with the hy-
drophobic base members 114A-1 and 114A-2, it is pos-
sible to protect the transmission electrodes 111-1a and
111-1b and the reception electrodes 111-2a and 111-2b.

(Seventh Embodiment)

[0317] Hereinafter, a seventh embodiment of the in-
vention will be described in detail with reference to draw-
ings.
[0318] In the seventh embodiment, the case will be de-
scribed where the porous base member 113 includes a
layer made of a substance having a filtering function and
a function as a reaction field.

[0319] FIGS. 10A and 10B are schematic views show-
ing a configuration of the SAW sensor 101B according
to the seventh embodiment.
[0320] FIG. 10A is a schematic top view showing the
SAW sensor 101B.
[0321] FIG. 10B is a cross-sectional view showing the
SAW sensor 101B as seen from the cross section C.
[0322] As shown in FIGS. 10A and 10B, the SAW sen-
sor 101B is configured to include the piezoelectric ele-
ment substrate 110, the IDT 111, the reaction-region thin
film 112, and the porous base member 113B.
[0323] The porous base member 113B is configured
to include a filter layer 113B-1, a reaction layer 113B-2,
and a water retention layer 113B-3.
[0324] The filter layer 113B-1 filters an unnecessary
substance from the dropped sample solution.
[0325] The filter layer 113B-1 is a layer that is formed
of a material such as cellulose or cellulose nitrate having
micro pores.
[0326] A size of the micro pores of the filter layer 113B-
1 is suitably selected depending on an unnecessary sub-
stance that is required to be removed.
[0327] A reactant that reacts with a sample is held by
the reaction layer 113B-2 so as to be dispersed therein
in advance.
[0328] The reaction layer 113B-2 is a layer that is
formed of a material such as cellulose or cellulose nitrate
having micro pores.
[0329] In the reaction layer 113B-2, the reactant, that
passes through the filter layer 113B-1 and is transferred
to the reaction layer 113B-2, reacts with the reactant that
is dispersed in the reaction layer 113B-2 in advance and
reacts with a sample.
[0330] The product material that is generated in the
reaction layer 113B-2 transfers to the water retention lay-
er 113B-3 in accordance with solution infiltration.
[0331] In the case where an objective substance is, for
example, an antigen, a first antibody is preliminarily dis-
persed in the reaction layer 113B-2.
[0332] The antigen antibody complex that is generated
in the reaction layer 113B-2 transfers to the water reten-
tion layer 113B-3 in accordance with solution infiltration.
[0333] The water retention layer 113B-3 maintains the
solution that is transported from the reaction layer 113B-
2.
[0334] The water retention layer 113B-3 transfers the
solution to the reaction-region thin film 112.
[0335] A material used to form the water retention layer
is, for example, cellulose, cellulose nitrate, or the like
having micro pores.
[0336] The water retention layer 113B-3 prevents tran-
spiration of solution.
[0337] Additionally, the water retention layer 113B-3
transfers a reactant in solution to the reaction-region thin
film 112.
[0338] In the case where an objective substance is, for
example, an antigen, the reaction-region thin film 112
preliminarily supports a second antibody.
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[0339] The antigen-antibody complex including the an-
tigen, that is transferred from the water retention layer
113B-3, and the first antibody, reacts with the second
antibody on the reaction-region thin film 112.
[0340] As described above, in the seventh embodi-
ment, the porous base member 113B is provided with
the filter layer 113B-1 that removes other than a target
body.
[0341] Because of this, since the SAW sensor 101B
can prevent an unnecessary substance from reaching
the reaction layer 113B-2, the reaction efficiency increas-
es.
[0342] Moreover, since the SAW sensor 101B can pre-
vent an unnecessary substance from reaching the reac-
tion-region thin film 112, accurate measurement is pos-
sible.
[0343] Furthermore, the porous base member 113B is
provided with the reaction layer 113B-2 including a sub-
stance that reacts with a sample.
[0344] For this reason, the mass of the sample to be
detected becomes greater than that of the case where a
sample independently adheres to the reaction-region thin
film 112.
[0345] Therefore, as compared with the case where a
sample independently adheres to the reaction-region thin
film 112, the SAW sensor 101B can detect further signif-
icant signal variation.
[0346] As a result, accurate measurement is possible.
[0347] In other cases, the order in which the filter layer
113B-1 and the reaction layer 113B-2 are disposed may
be reversed.
[0348] In other cases, one-layer film having functions
of both reaction and water retention may be adopted in-
stead of the reaction layer 113-B2 and the water retention
layer 113-B3.

(Eighth Embodiment)

[0349] Hereinafter, an eighth embodiment of the inven-
tion will be described in detail with reference to drawings.
[0350] In the eighth embodiment, the case will be de-
scribed where the reaction-region thin film 112 is consti-
tuted of two portions having electroconductive and insu-
lation properties.
[0351] FIGS. 11A and 11B are schematic views show-
ing a configuration of a SAW sensor 101C according to
the eighth embodiment.
[0352] FIG. 11A is a schematic view showing a config-
uration of the SAW sensor 101C as seen from the upper
surface thereof.
[0353] FIG. 11B is a schematic view showing a config-
uration of the SAW sensor 101C as seen from the cross
section D.
[0354] As shown in FIGS. 11A and 11B, the SAW sen-
sor 101C is configured to include the piezoelectric ele-
ment substrate 110, the porous base member 113, the
IDT 161A-1a, 161A-1b, 161A-2a, 161A-2b (which are
collectively referred to as IDT 161A), the IDT 161B-1a,

161B-1b, 161B-2a, 161B-2b (which are collectively re-
ferred to as IDT 161B), a short-circuiting reaction region
(second portion) 162-1, and an open reaction region (first
portion)162-2.
[0355] The IDT 161A excites a SAW, that propagates
along the region on which an electrically-short-circuited
short-circuiting reaction region 162-1 is provided, and de-
tects it.
[0356] The IDT 161B excites a SAW, that propagates
along the region on which an electrically-opened open
reaction region 162-2 is provided, and detects it.
[0357] The open reaction region 162-2 is provided on
the piezoelectric element substrate 110 and is a surface
of the piezoelectric element substrate 110.
[0358] The short-circuiting reaction region 162-1 is a
thin film made of a thin film having electroconductivity
such as gold.
[0359] The short-circuiting reaction region 162-1 is
electrically in contact with the IDT 161A-1a and the IDT
161A-2a which are electrically connected to the ground.
[0360] A solution that drops on the porous base mem-
ber 113 uniformly infiltrates the top surfaces of the short-
circuiting reaction region 162-1 and the open reaction
region 162-2.
[0361] The surfaces of the short-circuiting reaction re-
gion 162-1 and the open reaction region 162-2 which
face the porous base member 113 is uniformly wet with
the sample solution.
[0362] Here, the transmission speed of the SAW that
transmits the short-circuiting reaction region 162-1 varies
depending on the density of solution and the degree of
viscosity thereof.
[0363] On the other hand, a transmission speed of the
SAW that transmits the open reaction region 162-2 varies
depending on the density of solution, the degree of vis-
cosity, and the electrical characteristics (relative permit-
tivity and electrical conductivity).
[0364] The IDT 161A determines the transmission time
of the SAW that transmits the short-circuiting reaction
region 162-1.
[0365] On the other hand, the IDT 161B detects a trans-
mission time of the SAW that transmits the open reaction
region 162-2.
[0366] Therefore, the difference between the transmis-
sion time of the SAW that transmits the short-circuiting
reaction region 162-1 and the transmission time of the
SAW that transmits the open reaction region 162-2 rep-
resents the difference in electrical characteristics of a
solution.
[0367] As stated above, according to the eighth em-
bodiment, the SAW sensor 101C is provided with the
open reaction region 162-2 that is not electrically con-
nected to the IDT 161B and the short-circuiting reaction
region 162-1 that is electrically connected to the IDT
161A.
[0368] Because of this, based on a difference between
a transmission time of the SAW that transmits the short-
circuiting reaction region 162-1 and the transmission time
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of the SAW that transmits the open reaction region 162-2,
it is possible to individually detect the density, the degree
of viscosity, and the electrical characteristics of a solution
that is dropped on the top surface of the porous base
member 113.
[0369] Additionally, the difference in level which is due
to the thickness of the short-circuiting reaction region
162-1 occurs between the short-circuiting reaction region
162-1 and the open reaction region 162-2.
[0370] However, since the short-circuiting reaction re-
gion 162-1 is sufficiently thin, the porous base member
113 can maintain a contact between the short-circuiting
reaction region 162-1 and the open reaction region
162-2, there is no influence to measure the SAW.

(Ninth Embodiment)

[0371] Hereinafter, a ninth embodiment of the inven-
tion will be described in detail with reference to drawings.
[0372] In the ninth embodiment, the case will be de-
scribed where the SAW sensor 101D includes three
measurement channels (channel A, channel B, and
channel C) and a porous base member 172A, 172B, and
172C corresponding to the three measurement channels
includes portions in which respective antibodies different
from each other are distributed.
[0373] FIG. 12 is a schematic view showing a config-
uration of the SAW sensor 101D according to the ninth
embodiment.
[0374] As shown in FIG. 12, the SAW sensor 101D is
configured to include the piezoelectric element substrate
110, IDTs 171A-1a, 171A-1b, 171A-2a, and 171A-2b
(collectively referred to as IDT 171A), IDTs 171B-1a,
171B-1b, 171B-2a, and 171B-2b (collectively referred to
as IDT 171B), IDTs 171C-1a, 171C-1b, 171C-2a, and
171C-2b (collectively referred to as IDT 171C), the reac-
tion-region thin film 112 (not shown in the figure), and a
porous base member 173.
[0375] The porous base member 173 is configured to
include regions 173A, 173B, and 173C, which have re-
spective primary antibodies that are different from each
other and distributed therein.
[0376] The IDT 171A, the IDT 171B, and the IDT 171C
generate SAWs which propagate through the channel A,
the channel B, and the channel C and receive them, re-
spectively.
[0377] When solution drops on the top surface of the
porous base member 173, the solution infiltrates into the
inside of the porous base member 173.
[0378] The solution drop infiltrates into the region 173A
of the porous base member 173 in which an antibody AA
represented by reference letter AA is dispersed, the re-
gion 173B thereof in which an antibody AB represented
by reference letter AB is dispersed, and the region 173C
thereof in which an antibody AC represented by refer-
ence letter AC is dispersed.
[0379] Here, the regions 173A, 173B, and 173C may
be part of a common porous base member 173 or may

be a base member that is newly provided on a common
porous base member 173.
[0380] In the case where a plurality of kinds of antigens
are contained in the solution that is dropped on the re-
gions 173A, 173B, and 173C, antigen-antibody com-
bined bodies are generated at the respective portions in
which antibodies corresponding to the respective anti-
gens are dispersed.
[0381] The generated antigen-antibody combined
bodies reach the top of the reaction-region thin film 112
due to diffusion.
[0382] The surface of the reaction-region thin film 112
supports second antibodies in advance which corre-
spond to the respective the first antibodies dispersed in
the regions 173A, 173B, and 173C.
[0383] The second antibodies supported by the sur-
face of the reaction-region thin film 112 capture the re-
spective antigen-antibody complexes having masses
which are different from each other in each of the channel
A, the channel B, and the channel C.
[0384] As a result, transmission times of the SAW in
the respective channels are different from each other.
[0385] The SAW sensor 101D shows a different trans-
mission time for each channel.
[0386] As described above, according to the ninth em-
bodiment, a plurality of electrode pairs that are constitut-
ed of the transmission electrode and the reception elec-
trode is provided, and the porous base member includes
the antibodies, that react with the respective kinds of an-
tigen, between the paired electrodes of the IDT 171A,
the IDT 171B, and the IDT 171C.
[0387] As a result, the SAW sensor 101D can simulta-
neously measure a plurality of different antigens.
[0388] Moreover, in the ninth embodiment, the number
of the channels is three, but any number of the channels
may be adopted.
[0389] In other cases, in the fifth to ninth embodiments,
the piezoelectric element substrate 110 may be a sub-
strate made of a substance exhibiting a piezoelectric ef-
fect such as lithium tantalate, lithium niobate, or lithium
tetraborate.
[0390] Furthermore, in the above-described fifth to
ninth embodiments, even other than aluminum, other ma-
terials may be adopted as a material used to form the
IDT111 (including 161A, 171A, 171B, and 171C) as long
as the material is a high conductive metal.
[0391] Also, in the aforementioned fifth to ninth em-
bodiments, the reaction-region thin film is not limited to
have a structure in which an antibody is disposed and
may adopt a structure in which an antigen is disposed.
As long as a reaction-region thin film is made of a material
or a structure which specifically reacts with a body to be
detected, the reaction-region thin film is not limited to the
above-mentioned embodiment.
[0392] In addition, in the above-described fifth to ninth
embodiments, the reaction-region thin film 112 supports
an antibody and measures an antigen; and if it is not used
to measure an antigen, it is not necessary to provide the
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reaction-region thin film 112.
[0393] Additionally, in the above-described fifth to ninth
embodiments, transmission electrodes 111-1a and
111-1b and a reception electrodes 111-2a and 111-2b
are used; but, transmission electrodes 111-1a and
111-1b may double with a function of reception elec-
trodes by provision of a reflector of the SAW instead of
a reception electrode electrodes 111-2a and 111-2b.
[0394] Also, in the above-described fifth to ninth em-
bodiments, an electrode structure of the IDT 111 is not
limited to the structure shown in the drawings and may
be a unidirectional electrode (FEUDT: Floating electrode
unidirectional transducers) or the like such as one having
λ/4 or λ/8.

(Tenth Embodiment)

[0395] Hereinafter, an embodiment of the invention will
be described in detail with reference to drawings.
[0396] In each embodiment described below, identical
symbols are used for the elements which are identical to
those described above, and the explanations thereof are
omitted here.
[0397] FIGS. 13A and 13B are schematic views show-
ing a SAW sensor 201 used in the tenth embodiment of
the invention.
[0398] FIG. 13A is a schematic top view showing the
SAW sensor 201, and FIG. 13B is a schematic cross-
sectional view showing the SAW sensor 201 as seen
from the cutting plane A.
[0399] As shown in FIGS. 13A and 13B, the SAW sen-
sor 201 is configured to include a piezoelectric element
substrate 210 (piezo element), a transmission electrode
211-1a, a transmission electrode 211-1b, a reception
electrode 211-2a, a reception electrode 211-2b, a reac-
tion-region thin film 212, a porous base member 213, a
sealing structure 214-1, and a sealing structure 214-2.
[0400] Moreover, in FIG. 13A, the longitudinal direction
of the SAW sensor 201 (a propagation direction of the
SAW) is represented by the x-axial direction and the lat-
eral direction thereof is represented by the y-axial direc-
tion.
[0401] In FIG. 13B, the longitudinal direction of the
SAW sensor 201 is represented by the x-axial direction
and the thickness direction thereof is represented by the
z-axial direction.
[0402] The piezoelectric element substrate 210 is a
substrate that propagates a SAW (Surface Acoustic
Wave; surface acoustic wave).
[0403] The piezoelectric element substrate 210 is, for
example, a quartz substrate.
[0404] The transmission electrode 211-1a and the
transmission electrode 211-1b are metal electrodes that
constitute a transmission electrode and are formed of a
comb-shaped pattern.
[0405] Hereinbelow, the transmission electrode
211-1a and the transmission electrode 211-1b are re-
ferred to as IDT 211-1.

[0406] In addition, the reception electrode 211-2a and
the reception electrode 211-2b are metal electrodes that
constitute reception electrode and is formed of a comb-
shaped pattern.
[0407] Hereinbelow, the reception electrode 211-2a
and the reception electrode 211-2b are collectively re-
ferred to as IDT 211-2.
[0408] The IDT 211-1 and the IDT 211-2 (collectively
referred to as IDT 211) are electrodes that are formed
on the piezoelectric element substrate 210.
[0409] The IDT 211 is a pair of facing electrodes.
[0410] The IDT 211 is configured of, for example, an
aluminum thin film.
[0411] A burst signal serving as a transmitting signal
is input to the IDT 211-1 from a burst circuit of a sense
circuit which will be described later.
[0412] The IDT 211-1 excites a SAW corresponding to
the input burst signal on the surface of the piezoelectric
element substrate 210.
[0413] The IDT 211-2 receives the SAW that propa-
gated along the surface of the piezoelectric element sub-
strate 210 and converts it into a received electrical signal.
[0414] The IDT 211-2 outputs the converted electrical
signal (referred to as a detection signal) to a phase-am-
plitude detecting circuit of the sense circuit.
[0415] The reaction-region thin film 212 is a thin film
that is produced by vapor deposition of gold.
[0416] The reaction-region thin film 212 is a thin film
having a surface on which an antibody is supported.
[0417] In particular, the antibody is supported by use
of a well-known technique (for example, refer to Non-
Patent Document "SH-SAW Biosensor for POCT", Yat-
suda, Kogai, et al, Article 40 EM symposium, pp.29 to
32, 2011.5.19).
[0418] The reaction-region thin film 212 is formed on
the piezoelectric element substrate 210 and on the region
between the paired IDTs 211 that are provided on the
piezoelectric element substrate 210 so as to face each
other.
[0419] The portion on which the piezoelectric element
substrate 210 overlaps the reaction-region thin film 212
is a detection region into which liquid serving as an an-
alyte is introduced (region serving as a sensor surface).
[0420] The porous base member 213 is a base mem-
ber that is provided to be in contact with the reaction-
region thin film 212.
[0421] The porous base member 213 is made of a sub-
stance such as cellulose nitrate.
[0422] The porous base member 213 is fixed so as to
cover the reaction-region thin film 212.
[0423] For example, the porous base member 213 is
fixed to be adhesively attached to the external four cor-
ners of the reaction-region thin film 212.
[0424] The porous base member 213 holds solution
that drops thereon and allows the solution to infiltrate into
the inside thereof and the surface thereof.
[0425] The porous base member 213 transfers the so-
lution, that dropped thereon, to the inside of the porous
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base member 213 and the surface of the reaction-region
thin film 212 due to a capillary phenomenon, and holds it.
[0426] That is, the SAW sensor 201 holds the solution
drop inside the porous base member 213 and on the
surface of the reaction-region thin film 212.
[0427] Moreover, as shown in FIG. 13A, the porous
base member 213 is disposed between the positions x1
and x2 in the x-axial direction.
[0428] In the SAW sensor 201, the solution that is
transported to the inside of the porous base member 213
makes a specified area of the reaction-region thin film
212 wet.
[0429] Here, the specified area is a region having a
surface area defined by the portion on which the porous
base member 213 overlaps the reaction-region thin film
212.
[0430] For example, in the case of covering the entire
surface of the reaction-region thin film 212 with the po-
rous base member 213, it means the entire region of the
reaction-region thin film 212.
[0431] An antigen in solution reacts with an antibody
that is supported on the reaction-region thin film 212, and
an antigen antibody complex is thereby generated on a
specified region of the reaction-region thin film 212.
[0432] That is, in the reaction-region thin film 212, as
a result of dropping a liquid sample including an antigen
on the top surface thereof, an antigen-antibody reaction
occurs between the antibody that is supported on the
reaction-region thin film 212 and the antigen of the liquid
sample.
[0433] Consequently, an antigen antibody complex in
which the antibody that is supported on the reaction-re-
gion thin film 212 and the antigen are combined is pro-
duced on the reaction-region thin film 212.
[0434] In other cases, even other than gold, various
materials may be adopted as a material used to form the
reaction-region thin film 212 as long as the material can
support an antibody.
[0435] Additionally, as shown in FIGS. 13A and 13B,
the porous base member 213 may overlap the reaction-
region thin film 212 so as to have the same surface area
when seen in a plan view or may be disposed to have a
small surface area so as to be located inside of the re-
action-region thin film 212 when seen in a plan view.
[0436] The porous base member 213 is only necessary
to be disposed so as to cover the specified region of the
reaction-region thin film 212.
[0437] The sealing structure 214-1 of the transmission
electrode (disposed at the position close to the transmis-
sion electrode) includes a sealing wall 215-1 and a seal
ceiling 216-1.
[0438] The sealing wall 215-1 is a wall that covers the
IDT 211-1 and is formed on the piezoelectric element
substrate 210 in a rectangle shape.
[0439] The sealing wall 215-1 is formed from, for ex-
ample, photosensitive resin.
[0440] Furthermore, the seal ceiling 216-1 is a ceiling
that occludes the upper side of the sealing wall 215-1

and thereby tightly seals the IDT 211-1 from the exterior.
[0441] The seal ceiling 216-1 is disposed at the upper
side of the sealing wall 215-1 so that the sealing wall
215-1 is located in the flat surface region of the seal ceil-
ing 216-1.
[0442] The seal ceiling 216-1 is formed of, for example,
a glass substrate.
[0443] In particular, an adhesive layer which is not
shown in the figure is provided between the sealing wall
215-1 and the seal ceiling 216-1, and adhesively attaches
the sealing wall 215-1 to the seal ceiling 216-1 by tight
sealing.
[0444] The sealing structure 214-1 is a sealing struc-
ture that covers and tightly seals the IDT 211-1 from the
exterior so as to form a space above the IDT 211-1 and
prevents the IDT 211-1 from coming into contact with
liquid.
[0445] Additionally, similar to the sealing structure
214-1, the sealing structure 214-2 of the reception elec-
trode (provided at the position close to the reception elec-
trode) is a sealing structure that includes a sealing wall
215-2 and a seal ceiling 216-2, covers and tightly seals
the IDT 211-2 from the exterior so as to form a space
above the IDT 211-2, and prevents the IDT 211-2 from
coming into contact with liquid.
[0446] Even where there is a variation in an atmos-
phere (for example, degree of humidity) in the detection
region, as a result of adopting the sealing structure 214-1
and the sealing structure 214-2, the IDT 211-1 and the
IDT 211-2 are less easily affected by the variation thereof.
[0447] Furthermore, in FIGS. 13A and 13B, the porous
base member 213 is disposed so as to overlap the sealing
structure 214-1 and the seal ceiling of the sealing struc-
ture 214-2; however, it is not necessary to arrange the
porous base member 213 so as to overlap the seal ceiling
as long as it is disposed so as to cover the detection
region of a sensor on which the reaction-region thin film
212 is placed.
[0448] Particularly, in the case of arranging the porous
base member 213 so as not to overlap the seal ceiling,
even where the porous base member 213 is significantly
displaced in a direction in which a surface acoustic wave
propagates (displacement), since the sealing structure
214-1 and the sealing structure 214-2 protect the IDT
211-1 and the IDT 211-2, respectively, the IDT is not wet
with solution, it does not affect an operation of transmit-
ting an elastic wave or an operation of receiving an elastic
wave of the IDT.
[0449] FIG. 3 is a schematic block diagram illustrating
a sense circuit 20 used in solution measurement using
the SAW sensor 201.
[0450] As shown in FIG. 2, the sense circuit 20 is con-
figured to include the SAW sensor 201, an alternating-
current signal source 21, the burst circuit 22, the phase-
amplitude detecting circuit 23, and a PC 24 (Personal
Computer).
[0451] The alternating-current signal source 21 gener-
ates a sine wave alternating-current signal of, for exam-
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ple, 250 MHz.
[0452] The alternating-current signal source 21 out-
puts the generated alternating-current signal to the burst
circuit 22.
[0453] The burst circuit 22 converts the alternating-cur-
rent signal that is input from the alternating-current signal
source 21 into a periodic burst signal.
[0454] Here, the period of the burst signal is set to be
longer than a time required for propagation of the SAW
from the IDT 211-1 to the IDT 211-2 of the surface of the
piezoelectric element substrate 210.
[0455] The burst circuit 22 outputs the generated burst
signal to the IDT 211-1 and the phase-amplitude detect-
ing circuit 23 of the SAW sensor 201.
[0456] In other cases, in the case where a disturbing
signal such as noise including a direct wave, other bulk
wave, or the like with the exception of a main signal in-
cluded in the signal output from the SAW sensor 201 is
sufficiently low, the burst circuit 22 is not necessary, and
a continuous wave may be used.
[0457] Based on a detection signal input from the IDT
211-2 of the SAW sensor 201 and the burst signal input
from the burst circuit 22, the phase-amplitude detecting
circuit 23 calculates a phase variation and an amplitude
change which are associated with a propagation time
that is a time required for propagation of the SAW on the
piezoelectric element substrate 210.
[0458] Specifically, the phase-amplitude detecting cir-
cuit 23 detects a phase variation and attenuation of am-
plitude which is associated with a required propagation
time between the inputting of the burst signal and the
inputting of the detection signal.
[0459] The phase-amplitude detecting circuit 23 out-
puts the detected phase variation and the attenuation of
amplitude to the PC 24.
[0460] Based on the phase variation and the attenua-
tion of amplitude which are input from the phase-ampli-
tude detecting circuit 23, the PC 24 determines an
amount of and the kind of an antibody on the surface and
a specifically-reacted antigen in solution and displays the
determination result.
[0461] Next, a state where a solution is infiltrating on
the porous base member 213 when an antibody that is
contained in the solution is measured will be described.
[0462] FIGS. 14A to 14C are views illustrating an infil-
tration state of the solution on the porous base member
213 according to the tenth embodiment.
[0463] FIG. 14A is a view illustrating an infiltration state
of the solution on the porous base member 213 at a time
point t1.
[0464] FIG. 14B is a view illustrating an infiltration state
of the solution on the porous base member 213 at a time
point t2 (t2 is greater than t1).
[0465] FIG. 14C is a view illustrating an infiltration state
of the solution on the porous base member 213 at a time
point t3 (t3 is greater than t2).
[0466] In FIGS. 14A to 14C, a longitudinal direction of
the porous base member 213 is represented as the x-

axial direction and the lateral direction thereof is repre-
sented as the y-axial direction.
[0467] In FIGS. 14A to 14C, positions x1 and x2 of the
porous base member 213 are the same as the positions
shown in FIG. 13A.
[0468] As shown in FIGS. 14A to 14C, a measurer of
the SAW sensor 201 drops solution a on the position (x3,
y3) by use of, for example, a micropipette which is not
shown in the figure.
[0469] The porous base member 213 transfers the so-
lution a, that dropped thereon, to the inside of the porous
base member 213 and the surface of the reaction-region
thin film 212 due to a capillary phenomenon in the x-axial
positive direction, and holds it.
[0470] The solution a that dropped on the porous base
member 213 gradually infiltrates into the inside of the
porous base member 213 and the surface of the porous
base member 213 in the x-axial positive direction.
[0471] Because of this, at a time point t1, the end of
the region b1 (hereinbelow, refer to an infiltrating region)
into which the introduced solution a infiltrates to reach
the position x4 in the x-axial direction as shown in FIG.
14A.
[0472] Furthermore, at a time point t2, the end of the
infiltrating region b2 infiltrates to reach the position x5
(x5 is greater than x4) in the x-axial direction as shown
in FIG. 14B.
[0473] Furthermore, at a time point t3, the end of the
infiltrating region b3 infiltrates to reach the position x6
(x6 is greater than x5) in the x-axial direction as shown
in FIG. 14C.
[0474] In addition, an antigen in solution gradually re-
acts with the antibody, that is supported on the reaction-
region thin film 212, in accordance with the infiltration of
the solution and thereby generates an antigen antibody
complex on the reaction-region thin film 212.
[0475] Subsequently, temporarily, a case will be de-
scribed where solution directly drops on the reaction-re-
gion thin film 212 of the SAW sensor 201.
[0476] As shown in FIGS. 13A and 13B, in the case
where, temporarily, solution directly drops on the reac-
tion-region thin film 212 of the SAW sensor 201, the so-
lution infiltrates into the entirety of the reaction-region
thin film 212.
[0477] The SAW is an acoustic wave that concentrates
in the vicinity of the surface of the piezoelectric element
substrate 210 (the position close to the surface) and prop-
agates.
[0478] When a substance adsorbs onto the top surface
of the piezoelectric element substrate 210, a mass per
unit volume and a degree of viscosity of the top surface
thereof vary.
[0479] According to variations in a mass and a degree
of viscosity, a propagation velocity of the SAW varies,
and attenuation of amplitude of the SAW varies.
[0480] The phase-amplitude detecting circuit 23 of the
sense circuit 20 measures an antigen that is contained
in solution utilizing the variation in phase and the variation
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in attenuation of amplitude.
[0481] In the case where a concentration of the antigen
contained in solution is low, since an antigen-antibody
reaction occurs at a portion of the reaction-region thin
film 212, a detection signal is not saturated.
[0482] Because of this, the phase-amplitude detecting
circuit 23 of the sense circuit 20 can detect a phase var-
iation and an amplitude change which are associated
with a propagation time that is a time required for prop-
agation of the SAW on the piezoelectric element sub-
strate 210.
[0483] On the other hand, in the case where a concen-
tration of the antigen contained in solution is high, since
an antigen-antibody reaction occurs at over the entirety
of the reaction-region thin film 212, a detection signal is
saturated.
[0484] Because of this, the phase-amplitude detecting
circuit 23 of the sense circuit 20 cannot detect a phase
variation and an amplitude change which are associated
with a propagation time.
[0485] For this reason, in the tenth embodiment, solu-
tion does not directly drop on the reaction-region thin film
212, and solution drops on a porous base member 213
in which the solution infiltrates thereinto for a long time
longer than the case of directly dropping the solution on
the reaction-region thin film 212.
[0486] The solution that dropped on the porous base
member 213 infiltrates thereinto in the x-axial positive
direction at every time point as shown in FIGS. 14A and
14B.
[0487] Consequently, even where a concentration of
an antigen in solution is high, since the solution does not
infiltrate into the above of the reaction-region thin film
212 at one time, the phase-amplitude detecting circuit 23
can detect a phase variation and an amplitude change,
which are associated with a propagation time, at every
time point.
[0488] Next, measurement using the sense circuit 20
will be described.
[0489] At first, a measurer drops a solvent, that does
not contain an antigen, on the position (x3, y3) shown in
FIGS. 14A to 14C and thereby causes the solvent to in-
filtrate onto the top of the reaction-region thin film 212,
and measures a phase variation which is associated with
a propagation time of the SAW (blank test).
[0490] Next, the measurer replaces the SAW sensor
201 with another sample (SAW sensor 201), drops the
solution of the sample containing an antigen on the po-
sition (x3, y3) shown in FIG. 14A, and measures a phase
variation which is associated with the propagation time
thereof.
[0491] A difference between the phase variation cor-
responding to the solvent and the phase variation corre-
sponding to the solution is a variation in phase which is
caused by an antigen antibody complex that is generated
in the reaction-region thin film 212 due to an antigen-
antibody reaction.
[0492] The PC 24 has stored the phase variation of the

blank test in memory, calculates a difference between
the phase variation and a phase variation obtained by
dropping of solution, and thereby calculates a variation
in phase.
[0493] The PC 24 identifies an antigen contained in
solution based on the variation in phase.
[0494] Similarly, attenuation of amplitude identifies an
antigen contained in solution based on the variation in
attenuation of amplitude.
[0495] Furthermore, even in the case where the prop-
agation time of the SAW in the solvent to be used is not
determined in advance, the phase and the amplitude
which are immediately after dropping of solution contain-
ing an antigen are used as a reference, the amount of
and the kind of antigen in solution is determined as a
result of obtaining a difference between subsequent
changes based thereon, and the determination result
may be displayed.
[0496] As described above, in the tenth embodiment,
the SAW sensor 201 is configured to the porous base
member 213, that requires an infiltration time longer the
length of time of converting a surface acoustic wave into
an electrical signal or converting an electrical signal into
a surface acoustic wave, on the reaction-region thin film
212.
[0497] Because of this, the SAW sensor 201 can output
a detection signal for a long period of time.
[0498] Moreover, in the SAW sensor 201, an intensity
of a detection signal becomes lower than the case where
solution comes into contact with the reaction-region thin
film 212 at the same time.
[0499] As a result, even in the case of measuring so-
lution having a high concentration, since the SAW sensor
201 can output the detection signal without being satu-
rated, accurate measurement can be carried out.
[0500] Particularly, the case is described where the re-
action-region thin film 212 supports an antibody in the
tenth embodiment, the reaction-region thin film 212 may
not support an antibody.
[0501] Even in this case, it is possible to carry out com-
parison of the characteristics of solutions, such as wheth-
er a concentration of solution is high or low, or whether
or not a solution includes an antigen.

(Eleventh Embodiment)

[0502] Hereinafter, an eleventh embodiment of the in-
vention will be described in detail with reference to draw-
ings.
[0503] In the eleventh embodiment, the case will be
described where antibodies different from each other are
dispersed in a porous base member.
[0504] Particularly, the sense circuit 20 is configured
so that the SAW sensor 201 in FIG. 3 shown in the first
embodiment is replaced with the SAW sensor 201a of
the eleventh embodiment.
[0505] FIGS. 15A and 15B are schematic views show-
ing a configuration of the SAW sensor 201a according
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to the eleventh embodiment.
[0506] FIG. 15A is a schematic top view showing the
SAW sensor 201a, and FIG. 15B is a schematic cross-
sectional view showing the SAW sensor 201a as seen
from the cutting plane B.
[0507] In FIG. 15A, the longitudinal direction of the
SAW sensor 201a is represented by the x-axial direction
and the lateral direction thereof is represented by the y-
axial direction.
[0508] In FIG. 15B, the longitudinal direction of the
SAW sensor 201a is represented by the x-axial direction
and the thickness direction thereof is represented by the
z-axial direction.
[0509] As shown in FIGS. 15A and 15B, the SAW sen-
sor 201a is configured to include the piezoelectric ele-
ment substrate 210, the transmission electrode 211-1a,
the transmission electrode 211-1b, the reception elec-
trode 211-2a, the reception electrode 211-2b, the reac-
tion-region thin film 212, the porous base member 241,
the sealing structure 214-1, and the sealing structure
214-2.
[0510] The porous base member 241 is configured to
include a porous base member 241-1 having a first an-
tibody AA that is dispersed therein and represented by
reference letter AA, a porous base member 241-2 having
a first antibody AB that is dispersed therein and repre-
sented by reference letter AB, and a porous base mem-
ber 241-3 having a first antibody AC that is dispersed
therein and represented by reference letter AC.
[0511] Furthermore, the antibody AA, the antibody AB,
and the antibody AC are first antibodies different from
each other.
[0512] When solution drops on the position (x3, y3) on
the top surface of the porous base member 241, the so-
lution that dropped thereon infiltrates into the inside of
the porous base member 241 and infiltrates into the po-
rous base member 241 in the x-axial positive direction.
[0513] Here, as an example, the case will be described
where solution drops on the position (x3, y3) on the po-
rous base member 241 at a time point t0.
[0514] At a time point t1, the solution infiltrates to reach
the position x4 in the x-axial direction.
[0515] Since the solution infiltrates into the region of
the porous base member 241-1, it reacts with the first
antibody AA in the porous base member 241-1.
[0516] The antigen-antibody complex generated by
the reaction reacts with the second antibody that is sup-
ported on the reaction-region thin film 212.
[0517] Next, at a time point t2, the solution infiltrates
to reach the position x5 in the x-axial direction.
[0518] Since the solution infiltrates into the region of
the porous base member 241-2, it reacts with the first
antibody AB in the porous base member 241-2.
[0519] The antigen-antibody complex generated by
the reaction reacts with the second antibody that is sup-
ported on the reaction-region thin film 212.
[0520] Next, at a time point t3, the solution infiltrates
to reach the position x2 in the x-axial direction.

[0521] Since the solution infiltrates into the region of
the porous base member 241-3, it reacts with the first
antibody AC in the porous base member 241-3.
[0522] The antigen-antibody complex generated by
the reaction reacts with the second antibody that is sup-
ported on the reaction-region thin film 212.
[0523] The phase-amplitude detecting circuit 23 se-
quentially observes a detection signal that is detected by
the reaction generated in the porous base member
241-1, a detection signal that is detected by the reaction
generated in the porous base member 241-2, and a de-
tection signal that is detected by the reaction generated
in the porous base member 241-3, with a delay corre-
sponding to the infiltration velocity of the solution.
[0524] Accordingly, the eleventh embodiment includes
the piezoelectric element substrate 210 that propagates
a surface acoustic wave, the IDT 211 that carries out
conversion of an electrical signal and a surface acoustic
wave, and the porous base member 241 which comes
into contact with the piezoelectric element substrate 210
and into which liquid having reactants, that react with the
respective different targets and are dispersed therein,
infiltrates in liquid infiltration directions.
[0525] Consequently, it is possible to detect reactions
which are due to different antibodies at different time
points, and it is possible to detect a plurality of samples
by use of one SAW sensor 201a and one porous base
member 241.
[0526] In other cases, the porous base members
241-1, 241-2, and 241-3 may be part of a common porous
base member 241 or may be a base member that is newly
provided on a common porous base member 241.
[0527] In the case where a plurality of kinds of antigens
are contained in the solution that is dropped on the porous
base members 241-1, 241-2, and 241-3, antigen-anti-
body combined bodies are generated at the respective
portions in which antibodies corresponding to the respec-
tive antigens are dispersed.
[0528] Particularly, in the eleventh embodiment, the
porous base member 241, in which three kinds of anti-
bodies different from each other are dispersed, is illus-
trated as an example; however, as the number of kinds
of antibodies, any number may be used as long as it is
more than one.

(Twelfth Embodiment)

[0529] Hereinafter, a twelfth embodiment of the inven-
tion will be described in detail with reference to drawings.
[0530] In the twelfth embodiment, the case will be de-
scribed where a porous base member has regions having
different infiltration rates of solutions.
[0531] FIGS. 16A and 16B are schematic views show-
ing a configuration of a SAW sensor 201b according to
the twelfth embodiment.
[0532] FIG. 16A is a schematic top view showing the
SAW sensor 201b, and FIG. 16B is a schematic cross-
sectional view showing the SAW sensor 201b as seen
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from the cutting plane C.
[0533] In FIG. 16A, a longitudinal direction of the SAW
sensor 201b is represented as the x-axial direction and
the lateral direction thereof is represented as the y-axial
direction.
[0534] In FIG. 16B, the longitudinal direction of the
SAW sensor 201b is represented by the x-axial direction
and the thickness direction thereof is represented by the
z-axial direction.
[0535] As shown in FIGS. 16A and 16B, the SAW sen-
sor 201b is configured to include the piezoelectric ele-
ment substrate 210, the IDT 211, the reaction-region thin
film 212, and a porous base member 251.
[0536] The porous base member 251 is configured to
include a porous base members 251-1, 251-2, and 251-3
(first region) having a first infiltration rate and a porous
base members 251-4 and 251-5 (second region) having
a second infiltration rate.
[0537] For example, the infiltration rate, at which the
solutions infiltrate into the porous base members 251-4
and 251-5 in a predetermined distance, is 1/10 of the
infiltration rate of the porous base members 251-1, 251-2,
and 251-3.
[0538] As shown in FIG. 16A, a length of the porous
base member 251-1 in the x-axial direction is x4-x1, a
length of the porous base member 251-2 in the x-axial
direction is x6-x5, and a length of the porous base mem-
ber 251-3 in the x-axial direction is x2-x7.
[0539] Additionally, a length of the porous base mem-
ber 251-4 in the x-axial direction is x5-x4, and a length
of the porous base member 251-5 in the x-axial direction
is x7-x6.
[0540] The lengths of the porous base members 251-4
and 251-5 in the x-axial direction may be shorter than
the lengths of the porous base members 251-1, 251-2,
and 251-3 in the x-axial direction.
[0541] Next, the case will be described where a solu-
tion drops into the position (x3, y3) in the x-axial direction
on the porous base member 251-1 at a time point t1.
[0542] Infiltration of a solution promptly occurs in the
porous base member 251-1, and the reaction-region thin
film 212 corresponding to the surface area of the porous
base member 251-1 becomes infiltrated.
[0543] At a time point t1, the solution infiltrates into the
porous base member 251-4 over the position x4 of the
porous base member 251-1 in the x-axial direction, the
infiltration rate is extremely slow as compared with that
in the porous base member 251-1.
[0544] Accordingly, in the period from the time point t1
to the time point t2, that is, until the solution reaches the
porous base member 251-2, the SAW sensor 201b ex-
clusively detects the reaction of the antibody supported
by the reaction-region thin film 212 that comes into con-
tact with the antigen-antibody combined body generated
in the porous base member 251-1 or the porous base
member 251-1.
[0545] At a time point t2, when a solution reaches the
position x5 of the porous base member 251-2 in the x-

axial direction, it promptly infiltrates into the porous base
member 251-2.
[0546] For this reason, the SAW sensor 201b simulta-
neously detects the reactions that occurs at the porous
base member 251-1 and the porous base member 251-2.
[0547] The sense circuit 20 calculates a difference be-
tween the detection signal of the porous base member
251-1 and the detection signal of the porous base mem-
ber 251-2 and thereby detects a signal which is due to
the reaction that occurs at the porous base member
251-2.
[0548] As described below, at a time point t2, the so-
lution infiltrates into the porous base member 251-5 over
the position x6 the porous base member 251-2 in the x-
axial direction.
[0549] Furthermore, at a time point t3, when solution
reaches the position x7 of the porous base member 251-3
in the x-axial direction, it promptly infiltrates into the po-
rous base member 251-3.
[0550] At a time point t3, the SAW sensor 201b simul-
taneously detects the reactions that occurs at the porous
base member 251-1, the porous base member 251-2,
and the porous base member 251-2.
[0551] The sense circuit 20 calculates a difference be-
tween the detection signal of the detection signal of the
porous base member 251-1, the porous base member
251-2, and the porous base member 251-3 and thereby
detects a signal which is due to the reaction that occurs
at the porous base member 251-3.
[0552] In the sense circuit 20, it is necessary to detect
a degree of traveling of the dropped solution in the x-axial
direction.
[0553] The above degree of traveling is detected by
use of, for example, two SAW sensors 201b shown in
FIGS. 16A and 16B.
[0554] In this case, the porous base members 251-1,
251-2, and 251-3 of one of SAW sensor 201b-1 support
first antibodies.
[0555] The porous base members 251-1, 251-2, and
251-3 of the other SAW sensor 201b-2 do not support
first antibodies.
[0556] With this configuration, the SAW sensor 201b-
1 detects an antigen in the dropped solution, and the
SAW sensor 201b-2 does not detect an antigen in the
dropped solution.
[0557] Consequently, it is possible to detect the degree
of viscosity of the solution in the SAW sensor 201b-2.
[0558] The measurer simultaneously drops the same
amount of a solution on the respective positions (x3, y3)
of two the SAW sensors 201b-1 and 201b-2.
[0559] The sense circuit 20 may be configured to de-
tect a degree of traveling of solution by measuring the
two SAW sensors 201b-1 and 201b-2.
[0560] As described above, in the twelfth embodiment,
the porous base member 251 has a structure in which
the porous base members 251-1, 251-2, and 251-3 hav-
ing a fast infiltration rate and the porous base members
251-4 and 251-5 having a slow infiltration rate are alter-
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nately repeated.
[0561] By means of this structure, it is possible to detect
analyte by time division, which is contained in solution.
[0562] Additionally, in the above-described tenth to
twelfth embodiments, the transmission electrodes
211-1a and 211-1b and the reception electrodes 211-2a
and 211-2b are used; but, the transmission electrodes
211-1a and 211-1b may double with a function of a re-
ception electrode by provision of a reflector of the SAW
instead of the reception electrodes 211-2a and 211-2b.
[0563] As a reflector, for example, a grating reflection
unit may be used.
[0564] In the twelfth embodiment, in the case where a
reflector of the SAW is provided instead of the reception
electrodes 211-2a and 211-2b and the transmission elec-
trodes 211-1a and 211-1b double with a function of a
reception electrode, the porous base members 251-4
and 251-5 having a slow infiltration rate also function as
a reflector.
[0565] Consequently, a surface acoustic wave that re-
turns to the transmission electrodes 211-1a and 211-1b
includes a reflected wave which is caused by the reflector
of the SAW instead of the reception electrodes 211-2a
and 211-2b, a reflected wave which is caused by the
porous base member 251-4, and a reflected wave which
is caused by the porous base member 251-5.
[0566] For this reason, since it is necessary to identify
the reflected waves, lengths of the porous base members
251-1, 251-2, and 251-3 in the x-axial direction may be
varied so that the reflected waves of the respective re-
gions do not overlap.
[0567] Alternatively, lengths of the porous base mem-
bers 251-4 and 251-5 in the x-axial direction may vary.
[0568] Moreover, in the aforementioned tenth to twelfth
embodiments, the piezoelectric element substrate 210
may be a material made of a substance exhibiting a pi-
ezoelectric effect such as lithium tantalate, lithium nio-
bate, or lithium tetraborate.
[0569] Additionally, in the above-described tenth to
twelfth embodiments, even other than aluminum, other
materials may be adopted as a material used to form the
IDT 211 as long as the material is a high conductive metal.
[0570] Furthermore, the above-mentioned tenth to
twelfth embodiments shows as an example that, the re-
action-region thin film 212 supports an antibody and
measures an antigen; and if it is not used to measure an
antigen, it is not necessary to provide the reaction-region
thin film 212.
[0571] Hereinbefore, the embodiments of the invention
are described with reference to drawings, however, spe-
cific configurations are not limited to the above-men-
tioned embodiments, and various design modifications
or the like may be made without departing from the scope
of the invention.

DESCRIPTION OF REFERENCE NUMERAL

[0572]

1, 1B, 1C, 1D, 101, 101A, 101B, 101C, 101D,
201  SAW sensor
10, 110, 210 piezoelectric element substrate
(piezo element)
11, 61A, 61B, 71A, 71B, 71C electrode
12, 112, 212 reaction-region thin film
13, 13B, 73, 113, 113B, 173, 213, 241, 241-1, 241-2,
241-3, 251, 251-1, 251-2, 251-3, 251-4,251-5
porous base member
13B-1, 113B-1 filter layer
13B-2, 113B-2 reaction layer
13B-3, 113B-3 water retention layer
114A-1, 114A-2 hydrophobic base member
14  sealing structure
17  micropipette
20  sense circuit
21 alternating-current signal source
22  burst circuit
23  phase-amplitude detecting circuit
62-1  short-circuiting reaction region
62-2  open reaction region
111, 111-1a, 111-1b, 111-2a, 111-2b, 161A, 161B,
161A-1a, 161A-1b, 161A-2a, 161A-2b, 161B-1a,
161B-1b, 161B-2a, 161B-2b, 171A, 171A-1a, 171A-
1b, 171A-2a, 171A-2b, 171B, 171B-1a, 171B-1b,
171B-2a, 171B-2b, 171C, 171C-1a, 171C-1b, 171C-
2a, 171C-2b, 211, 211-1a, 211-1b, 211-2a, 211-2b

IDT
20  sense circuit
21  alternating-current signal source
22 burst circuit
23 phase-amplitude detecting circuit
24 PC
162-1 short-circuiting reaction region
162-2 open reaction region

Claims

1. A surface acoustic wave sensor comprising:

a piezo element that propagates a surface
acoustic wave;
an electrode that carries out conversion of an
electrical signal and a surface acoustic wave;
and
a porous base member into which liquid infil-
trates and which comes into contact with the pi-
ezo element.

2. The surface acoustic wave sensor according to claim
1, further comprising:

a detection region which is disposed at a prop-
agation path of the surface acoustic wave, into
which liquid serving as an analyte is introduced;
and
a sealing structure that prevents the electrode
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from coming into contact with liquid, wherein
the porous base member comes into contact
with the detection region.

3. The surface acoustic wave sensor according to claim
2, wherein
the porous base member has a portion that does not
overlap the detection region in a plan view.

4. The surface acoustic wave sensor according to claim
2 or claim 3, wherein
the porous base member includes at least one of a
reaction layer including a substance that reacts with
a target and a filter layer that removes other than a
target.

5. The surface acoustic wave sensor according to any
one of claims 2 to 4, wherein
the electrode is constituted of two electrode pairs,
and
the detection region has a short-circuiting reaction
region that is electrically connected to one of the two
electrode pairs and an open reaction region that is
not electrically connected to the other of the two elec-
trode pairs.

6. The surface acoustic wave sensor according to any
one of claims 2 to 4, wherein
the electrode is constituted of a plurality of electrode
pairs, and a separate reactant that reacts with a tar-
get in each electrode pair is provided on the porous
base member that is provided between the electrode
pairs.

7. The surface acoustic wave sensor according to claim
1, wherein
the electrode is constituted of two electrode pairs,
and
the porous base member comes into contact with
the piezo element with a thin film interposed there-
between and is connected to the porous base mem-
ber, and a portion thereof which comes into contact
with each electrode is made of a hydrophobic base
member.

8. The surface acoustic wave sensor according to claim
7, wherein
the porous base member has a portion that does not
come into contact with the piezo element.

9. The surface acoustic wave sensor according to claim
7 or claim 8, wherein
the porous base member includes at least one of a
reaction layer including a substance that reacts with
a target and a filter layer that removes other than a
target.

10. The surface acoustic wave sensor according to any

one of claims 7 to 9, wherein
the piezo element includes:

a first portion having a region that is not electri-
cally connected to the electrode; and
a second portion having a thin film that is elec-
trically connected to the electrode.

11. The surface acoustic wave sensor according to any
one of claims 7 to 10, wherein
the electrode is constituted of a plurality of electrode
pairs, and a reactant that reacts with a target in each
electrode pair is provided on the porous base mem-
ber that is provided between the electrode pairs.

12. The surface acoustic wave sensor according to claim
1, further comprising
a detection region which is disposed at a propagation
path of the surface acoustic wave, into which liquid
serving as an analyte is introduced, wherein
the porous base member comes into contact with
the detection region, and
liquid infiltrates into the porous base member due to
a capillary phenomenon.

13. The surface acoustic wave sensor according to claim
12, wherein
the porous base member allows liquid to infiltrate
thereinto due to a capillary phenomenon in a prop-
agation direction of the surface acoustic wave.

14. The surface acoustic wave sensor according to claim
12 or claim 13, wherein
separate reactants which react with a target are
formed and dispersed in directions in which the so-
lution infiltrates into the porous base member.

15. The surface acoustic wave sensor according to any
one of claims 12 to 15, wherein
the porous base member includes a first region and
a second region,
the first region and the second region are alternately
formed in a propagation direction of the surface
acoustic wave, and
an infiltration rate in the first region is greater than
an infiltration rate in the second region.

16. The surface acoustic wave sensor according to claim
15, wherein
in the porous base member, lengths in the propaga-
tion direction of the surface acoustic wave in a plu-
rality of the first regions are different from each other.

17. The surface acoustic wave sensor according to claim
15 or claim 16, wherein
in the porous base member, lengths in the propaga-
tion direction of the surface acoustic wave in a plu-
rality of the second regions are different from each
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other.
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