
[DESCRIPTION] [TITLE OF INVENTION] CHEMICAL SENSOR [Technical Field] 5[0001] The present
invention relates to a chemical sensor that detects analytes such as gas components in a gas, viruses,
and allergens. [Bac]cground. Art] 10[0002]        There has hitherto been known an electrochemical
biosensor test strip in which body fluids such as blood, and fermented or naturally occurring materials
are used as a sample and the sample is enzymatically reacted with a 15reagent, and then charges
thus generated are detected (see Patent Literature 1). [0003]        It is disclosed that this
electrochemical biosensor test strip is formed with a capillary space for the 20introduction of a sample
using a capillary action, and thus enabling an enzymatic reaction with a reagent and precise
determination of charges even in the case of a small amount of the sample. [Citation List] 



25[Patent Literature]  [0004] [Patent Literature 1] JP 2002-541453 W [Summary of Invention]
5[Technical Problem] [0005]         In the above-mentioned electrochemical biosensor test strip, the
sample should be liquid due to restrictions on the reaction. Therefore it is impossible to detect
10analytes such as gas components in a gas, viruses, and allergens. [0006] In order to detect analytes
such as gas components in a gas, viruses, and allergens, it becomes necessary to 15carry out a
pretreatment in which analytes are dissolved in a liquid. This pretreatment is a complicated treatment
that is carried out using a large-sized apparatus, or carried out by manual labor. 



[0007] 20The present invention has been made in view of the above problems and an object thereof is
to provide a chemical sensor that can dissolve analytes in a gas in a liquid using a simple method.
[Solution to Problem] 25[0008]         A chemical sensor according to the feature of the present
invention includes a sensor support section; a gas injection hole through which a gas containing an
analyte is injected; a sample collection section in which the analyte contained in the gas injected
through the gas injection hole is collected; a sample delivery section through which the analyte
collected in the sample collection section is delivered to a sample reaction section; the sample reaction
section including a reactant that causes a predetermined 10reaction with the analyte delivered through
the sample delivery section; and a detection section in which the analyte reacted with the reactant in
the sample reaction section is detected. The sample collection section includes a Peltier element that
liquefies water vapor 15contained in the gas injected through the gas injection hole. [0009] According
to the feature of the present invention, is possible to prepare a solution containing an analyte by
20liquefying water vapor contained in the gas injected through the gas injection hole due to the Peltier
cooling effect of the Peltier element. Therefore, it is possible to collect the solution containing an
analyte from the gas 



injected through the gas injection hole, in the sample 25collection section.  [0010]        In the feature of
the present invention, preferably, the gas injection hole, the sample collection section, the sample
delivery section, the sample reaction section and 5the detection section are integrally formed on the
sensor support section. Thereby, miniaturization and weight saving are possible, and also it becomes
possible to detect at low costs. [0011j 10In the feature of the present invention, the sample delivery
section may have a. capillary structure, and one end of this capillary structure may be close to the
Peltier element. Thereby, it is possible to deliver a solution liquefied by the Peltier element through a
capillary 15phenomenon of the capillary structure to a sample reaction section without using a special
structure. [0012]        The sample reaction section may include at least any one of an antibody, an
enzyme, a receptor and a protein, 20that specifically reacts with the analyte delivered through the
sample delivery section. Thereby, it is possible to 



specifically detect the analyte by an an gen-antibody reaction with the analyte. [0013] 25The sample
reaction section may include a heating  section in which the analyte delivered through the sample
delivery section is heated, and a temperature measurement section in which the temperature of the
analyte is measured. Since a PCR method for amplifying DNAs of the analyte can  5 be carried out by
allowing a specific temperature cycle to occur in the analyte, it is possible to detect the analyte with
high sensitivity. [0014] The detection section may include an antibody that 10binds to the analyte
reacted with a reactant, and an electrode that supports the antibody, and this electrode may have a
porous structure. Thereby, it is possible to increase an immobilization area of the antibody, and thus
enabling an increase in detection sensitivity. 15[0015]        The chemical sensor is composed of a
plurality of unit sensors formed integrally on one sensor support section, and each unit sensor may
consist of a gas injection hole, a sample collection section, a sample 20delivery section, a sample
reaction section and a detection section. Integral formation of a plurality of unit sensors in one sensor
support section enables suppression of single-use of the sensor. [Advantageous Effects of Invention]
25[0016] 



As described above, according to the chemical sensor of the present invention, it is possible to
dissolve analytes in a gas in a liquid due to the Peltier cooling effect of a Peltier element, using a
simple method. [Brief Description of Drawings] [0017] Fig. 1(a) is a sectional view illustrating the entire
configuration of a chemical sensor according to a first embodiment of the present invention. 10Fig.
1(b) is a schematic view illustrating a Peltier element with a sample collection section 13 of Fig. 1(a).
Fig. 2(a) and Fig. 2(b) are schematic views, each illustrating a specific configuration example of a
sample reaction section 15 and a detection section 16 of Fig. 1(a). 15Fig. 3(a) and Fig. 3(b) are
schematic views, each illustrating a specific configuration example of the detection section 16 of Fig.
1(a).        Fig. 4(a) and Fig. 4(b) are schematic views, each illustrating a specific configuration example
of the sample 20reaction section 15 according to a second embodiment of the present invention. Fig. 5
is a conceptual view illustrating the entire configuration of a chemical sensor according to a third
embodiment of the present invention. 25[Description of Embodiments] 



[C019.] Embodiments of the present invention will be described below with reference to the
accompanying drawings. In the description of drawings, the same reference signs 5are used for the
same structural elements. [0019] (First Embodiment) The entire configuration of a chemical sensor
according to a first embodiment of the present invention 10will be described with reference to Fig. 1(a).
The chemical sensor according to the first embodiment includes a sensor support section 11 having a
function as a substrate that supports the entire chemical sensor; a gas injection hole 12 through which
a gas containing an analyte, 15such as air is injected; a sample collection section 13 in which the
analyte contained in the gas injected through the gas injection hole 12 is collected; a sample delivery
section 14 through which the analyte collected in the sample collection section 13 is delivered to a
sample 20reaction section 15; the sample reaction section 15 including a reactant that causes a
predetermined reaction 



with the analyte delivered through the sample delivery section 14; and a detection section 16 in which
the analyte reacted with the reactant in the sample reaction section 15 25is detected.  [0020]        The
sensor support section 11 is a substantially flat substrate and is made, for example, of a
semiconductor (Si, SiC, etc.) substrate or a glass substrate that is easy to 5undergo microprocessing.
The sensor support section 11 and the below-mentioned protective member can be produced by
micromachining. On one main surface of the sensor support section 11, a sample collection section
13, a sample delivery section 14, a sample reaction section 15 and a 10detection section 16 are
disposed in order. A protective member is disposed over a main surface of the sensor support section
11 so as to cover the sample collection section 13, the sample delivery section 14, the sample reaction
section 15 and the detection section 16, and a 15hole is opened at at least two positions of the
protective member. These holes at at least two positions are configured to introduce and discharge a
gas containing an analyte, and the protective member and the sensor support section 11 are
preferably bonded by a bonding method 20capable of maintaining airtightness so as to enable
effective introduction and discharge of the gas through holes at two positions. One of holes at at least
two positions is, for example, provided ahead of the sample collection section 13, and the gas is
introduced into the 25protective member through at least one hole and is 



discharged through another holes. One hole, through which the gas is introduced, is called a gas
injection hole 12. In this way, in a detection space formed by covering the sensor support section 11
with the protective member 5provided with the gas injection hole 12, a sample collection section 13 in
which the analyte contained in the gas is collected in a solution, a sample delivery section 14, a
sample reaction section 15 and a detection section 16 are integrally formed. 10[0021]        The sample
collection section 13 is disposed close to the gas injection hole 12, thereby facilitating collection of the
analyte contained in the gas injected through the gas injection hole 12. Herein, examples of the
"analyte 15contained in a gas" include gas components in a gas, viruses, allergens and the like.        In
Fig. 1(a), there has been shown an example in which the gas injection hole 12 is provided ahead
upstream of the sample collection section 13. As mentioned above, 20in the present invention, the
sample collection section 13 may be disposed closed to the gas injection hole 12 and, for example, the
gas injection hole 12 may be provided on the sample collection section 13. [0022] 25The sample
collection section 13 includes a Peltier  element 131 that liquefy water vapor contained in the gas
injected through the gas injection hole 12, as shown in Fig. 1(b). By applying a current to the bonded
section of two kinds of metals that constitute the Peltier element 131, 5one metal of the Peltier element
131 absorbs heat from an ambient gas. Fig. 1(b) is a plan view in which the sample collection section
13 shown in Fig. 1(a) is seen from the above, and the lower side of Fig. 1(b) is the gas injection hole
12 side in Fig. 1(a) while the upper side of Fig. 1(b) 



10is the sample delivery section 14 side in Fig. 1(a). In Fig. 1(b), metal of the low temperature side
(endothermic side) is shown, and a solution Lqd liquefied from the gas is formed at protrusions
provided oppositely and is dropped on a recess provided in the sensor support section 11 15directly
thereunder. The Peltier element 131 constituting this sample collection section 13 is, for example,
supported on the sensor support section 11 at both ends so as not to inhibit a cooling function, and a
current is, for example, injected into the bonded section of two kinds of 20metals through the wiring
formed on a support structure thereof.        It is preferred that a Peltier material is, for example, copper
oxide, polysL icon thin film or the like from the viewpoint of miniaturization. In this way, 25according to
the present invention, it is possible to  liquefy water vapor contained in the gas injected through gas
injection hole due to the Peltier cooling effect of the Peltier element. Since the analyte is dissolved in
the liquefied water vapor, it is possible to prepare a solution Lqd' oontaining the analyte. Therefore, the
sample collection section 13 can automatically collect the solution Lqd containing the analyte from the
gas injected through the gas injection hole 12. [0023] 10The sample delivery section 14 has a capillary
structure measuring about 100 pm in width and depth, and one end of the capillary structure is closed
to the Peltier element of the sample collection section 13. It is possible to introduce the solution Lqd
containing the 15analyte collected by the Peltier element into the capillary structure. The solution Lqd
introduced into the capillary structure is delivered to the sample reaction section 15 by a capillary
phenomenon. In this way, the sample delivery section 14 can deliver the solution liquefied by the
20Peltier element through a capillary phenomenon of the 



capillary structure to the sample reaction section 15 without using a special structure. The capillary
structure measuring about 100 pm in width can be produced by micromachining. 25[0024]           A
capillary surface is preferably subjected to a hydropholization treatment so as to facilitate the
movement of the solution Lqd. For example, it is easy to produce the capillary structure in the case of
a method in which a silicon oxide film is formed on a surface, or a method in which a surface is
covered with a water-soluble polymer such as polyethylene glycol. [0025]               Specific
configuration example of a sample reaction 10section 15 and a detection section 16 of Fig. 1(a) will be
described with reference to Fig. 2(a) and Fig. 2(b). [0026] The sample reaction section 15 includes, as
a reactant that causes a predetermined reaction with the 13analyte delivered through the sample
delivery section 14, at least any one of an antibody, an enzyme, a receptor and a protein. In the first
embodiment, a description will be made on the case of including an enzyme-immobilized antibody as
an example of an antibody that specifically 20reacts with analytes such as viruses and allergens. The
enzyme-immobilized antibody specifically binds to viruses or allergens to form a complex. This
complex is delivered to the detection section 16. The enzyme-immobilized antibody includes, for
example, an anti-HA antibody and an ALP enzyme.  [0027]        The detection section 16 includes an
electrode composed of a metal thin film of gold, platinum or the like, 



and a substrate-immobilized antibody is supported as an 5example of an antibody that binds to the
above-mentioned complex at a capture site. The substrate-immobilized antibody includes, for
example, an anti-HA antibody, and the substrate includes, for example, para-aminophenyl phosphate
(pAPP) as a substrate that specifically reacts 10with an ALP enzyme. The substrate-immobilized
antibody can capture viruses or allergens that bind to the enzyme-immobilized antibody. Thereby, the
substrate of the substrate-immobilized antibody is close to an enzyme of an enzyme-immobilized
antibody at the capture site, where an 15enzyme-substrate reaction arises. In case the enzyme is an
ALP enzyme and the substrate is pAPP, para-aminophenol (pAP) is formed by the reaction. The thus
formed pAP can be oxidized to para-quinone mine (pQI) on the electrode. The detection section 16
can detect the analyte by 20measuring electrons that move by the oxidation reaction, using the
electrode. Since an oxidation-reduction reaction of pAP with pQI is reversible, an oxidation-reduction
cycle can be formed by forming the electrode in an opposing comb shape, and oxidizing pAP while
reducing pQI, and thus 25enabling amplification of the obtained current value.  Thereby, it becomes
possible to detect with high sensitivity. [00281        Specific configuration example of the detection
section 16 of Fig. 1(a) will be described with reference to Fig. 3(a) and Fig. 3(b). The detection section
16 includes an antibody (substrate-immobilized antibody) 163 that binds to analytes (viruses, allergens
etc.) reacted with a. reactant (enzyme-immobilized antibody), an electrode 162 



10that supports the antibody 163, and an anodized silicon 161. [0029]         On a main surface of the
anodized silicon 161, a plurality of recesses are formed. The electrode 162 is composed of a thin film
of gold (Au) formed in a uniform 15thickness along an irregular shape of the main surface of this
anodized silicon 161. In such way, the electrode 162 has a porous structure. On a surface of the
electrode 162, an antibody 163 is supported. Since the antibody 163 is also supported in a recess, the
detection section 16 can 20also support a lot of antibodies 163. When the electrode 162 has a porous
structure, it is possible to increase an immobilization area of the antibody 163, and thus enabling an
increase in detection sensitivity. It may be possible to use, as an immobilization method of the
antibody 163, 25for example, a method of a self-assembled monolayer (SAM)  that binds to a metal
surface via a thiol group. [0030] As described above, according to the first embodiment       of the
present invention, the following operation and 5effect can be obtained. [0031] As illustrated in Fig. 1, a
solution containing analytes (viruses, allergens, etc.) can be prepared by liquefying water vapor
contained in a gas injected through 10 a gas injection hole 12 due to the Peltier cooling effect of the
Peltier element. Therefore, the sample collection section 13 can collect the analyste from the gas
injected through the gas injection hole 12. [0032] 



15In the chemical sensor according to the present invention, a sample delivery section 14, a sample
reaction section 15 and a detection section 16, including a sample collection section 13, are
accumulated and integrally formed in a narrow detection space formed by covering a 20sensor support
section 11 with a protective member. Therefore, miniaturization and weight saving are possible and
also a small amount of a sample can be detected by a small amount of a reactant such as an antibody
or an enzyme, and thus enabling a decrease in use amount of an expensive 25reactant can be
reduced, and detection at low costs.  [0033]        The ample delivery section 14 has a capillary
structure, and one end of the capillary structure is close to a Peltier element. Thereby, it is possible to
deliver a 5solution liquefied by the Peltier element through a capillary phenomenon of the capillary
structure to a sample reaction section 15 without using a special structure. [0034] As illustrated in Fig.
2(b), the sample reaction 10section 15 includes an antibody (enzyme-immobilized antibody) that
specifically reacts with an analyte delivered through a sample delivery section 14. It is possible to
specifically detect the analyte by an antigen-antibody reaction of the enzyme-immobilized antibody
with 15the analyte. 



[01235]        As illustrated in Fig. 3(b), the detection section 16 includes an antibody 163
(substrate-immobilized antibody) that binds to an analytes reacted with a reactant (enzyme-
20immobilized antibody), and an electrode 162 that supports the antibody 163, and an electrode 162
has a porous structure. When the electrode 162 has a porous structure, it is possible to increase an
immobilization area of the antibody 163, and thus enabling an increase in detection 25sensitivity.
[0036) (Second Embodiment)        Specific configuration example of the sample reaction section 15
according to a second embodiment will be 5described with reference to Fig. 4(a) and Fig. 4(b). Since
configurations excluding the sample reaction section 15 of a chemical sensor according to the second
embodiment are the same as those in the first embodiment, illustration and description will be omitted.
10[0037]        Fig. 4(h) is an exploded perspective view of a sample reaction section 15 and a
detection section 16. The sample reaction section 15 includes a heating section (for example, heater
151) in which a solution containing viruses 15delivered through a sample delivery section 14 is heated,
and a temperature measurement section (for example, temperature sensor 152) in which the
temperature of a solution containing viruses is measured. In the present embodiment, there is shown
an example in which a heater 151 20and a temperature sensor 152 are formed on a lower surface 



of an upper substrate that constitutes a protective member, and is provided in a detection space
(sample reaction section 15) between the upper substrate and the sensor support section. Although
the drawing is omitted, the 25sample reaction section 15 includes a control section in  which a value of
a current to be applied to the heater 151 is controlled based on the temperature of a solution
measured by the temperature sensor 152. A plurality of heaters 151 and a plurality of temperature
sensors 152 are 5respectively prepared, and they are respectively disposed in the sample reaction
section 15 in a dispersed manner. On the lower surface of the upper substrate, an electrode 16a
constituting a part of the detection section is formed. [0038] 10In the sample reaction section 15, a
primer, a DNA polymerase, deoxynucleotide triphosphate (dNTP) as a DNA synthesis material
(substrate) , and a buffer solution are disposed in a dry state. [0039] 15In the control section, a
polymerase chain reaction  (PCR) method is carried out by controlling the heater 151. Herein, an
example thereof is shown. DNAs in viruses are extracted by maintaining a solution containing viruses
delivered to the sample reaction section 15 in the sample 20reaction section at high temperature, for
example, about 90C to 98C. Next, the extracted DNAs are repeatedly exposed to high temperature of
about 90 to 98C and low temperature of about 50 to 65C about 20 to 50 times. Thereby, it is possible
to amplify DNAs as the analyte in 



25the sample reaction section 15. The solution containing  the amplified DNAs is conveyed to the
detection section, where it is possible to confirm whether or not viruses are present in an initial solution
by an oxidation-reduction reaction using an electrode. According to this PCP, method, 5it is possible to
detect the analyte with high sensitivity by amplifying a trace amount of the analyte.        While a
method using an electrode has been shown as the detection method in the present embodiment, the
same detection can be carried out even by an assay with 10fluorescence emitted by the amplified
DNAs. [0040]        As illustrated in Fig. 4(b), the sample reaction section 15 includes a heating section
(heater 151) in which an analyte delivered through a sample delivery section 14 15is heated, and a
temperature measurement section (temperature sensor 152) in which the temperature of the analyte is
measured. Since a PCR method for amplifying DNAs of the analyte can be carried out by allowing a
specific temperature cycle to occur using a heater 151, it 20is possible to detect the analyte with high
sensitivity. [0041] (Third Embodiment) The entire configuration of a chemical sensor according to a
third embodiment will be described with 25reference to Fig. 5 The chemical sensor according to the 



second embodiment is composed of a plurality of unit sensors CS1 to CS4arranged into arrays. Each
of unit sensors CS is composed of a gas injection hole 12, a sample collection section 13, a sample
delivery section 14, a 5sample reaction section 15 and a detection section 16 illustrated in Fig. 1(a). A
plurality of unit sensors CS are integrally formed on one sensor support section 11. [0042] When a
plurality of unit sensors CS are arranged in 10arrays on one sensor support section 11, it is possible to
use only requisite chips (unit sensors CS) when needed, and thus enabling a decrease in number of
replacements of the sensor, and suppression of single-use of the chip. [0043] 15While the present
invention has been described by way of three embodiments, it should not be understood that
statements and drawings that form a part of the disclosure, limit the present invention. Various
alternate embodiments, Examples and operation technologies will become apparent to 20those skilled
in the art from this disclosure. [0044]        Application examples of a chemical sensor according to
embodiments of the present invention include home appliances added with a function of the
above-mentioned 



25chemical sensor, such as an air cleaner and an air  conditioner; portable virus sensors in which the
above-mentioned chemical sensor has been formed into a portable size by users; and portable
devices added with a function of the above-mentioned chemical sensor, such as a cellular 5phone.
[Reference Signs List] [00451 11: Sensor support section 12: Gas injection hole   10 13:  Sample
collection section    



14:  Sample delivery section    15:  Sample reaction section    16:  Detection section    131: Peltier
element 



15 151:  Heater(Heating section)    152:  Temperature sensor (Temperature measurement section)
162:  Electrode   



163:  Antibody    CS: Unit sensor    MCSUP CLAIMS:         1. A chemical sensor comprising: support
section; 5a gas injection hole through which a gas containing an analyte is injected; 



a sample collection section in which the analyte contained in the gas injected through the gas injection
hole is collected; 10a sample delivery section through which the analyte collected in the sample collect
on section is delivered;        a sample reaction section including a reactant that causes a
predetermined reaction with the analyte delivered through the sample delivery section; and 15a
detection section in which the analyte reacted with the reactant in the sample reaction section is
detected,        wherein the sample collection section has a Peltier element that liquefies water vapor
contained in the gas injected through the gas injection hole. 20         2. The chemical sensor according
to claim 1, wherein the gas injection hole, the sample collection section, the sample delivery section,
the sample reaction section and the detection section are integrally formed on 25the sensor support
section.  MCSLLP         3. The chemical sensor according to claim 1 or 2, wherein the sample delivery
section has a capillary structure, and one end of the capillary structure is close 5to the Peltier element.
4. The chemical sensor as in one of claims 1 to 3, wherein the sample reaction section comprises at
least any one of an antibody, an enzyme, a receptor and a protein, 10that specifically reacts with the
analyte delivered through the sample delivery section. 



5. The chemical sensor as in one of claims 1 to 4, wherein the sample reaction section comprises a
heating 15 section in which the analyte delivered through the sample delivery section is heated, and a
temperature measurement section in which the temperature of the analyte is measured.         6. The
chemical sensor as in one of claims 1 to 5, 20wherein the detection section comprising an antibody
that binds to the analyte reacted with a reactant, and an electrode that supports the antibody, the
electrode having a porous structure. 257.The chemical sensor as in one of claims .1 to 6,  MCSLLP
wherein a plurality of unit sensors formed integrally on one sensor support section, each unit sensor
comprising the gas injection hole, the sample collection section, the sample delivery section, the
sample reaction section and 5the detection section. 


