[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

electrochertical biosehsor test strip is formed with a capillary space for the 20introduction of a sample

using a ca ijllﬁr%( ti89' %I@.ﬁh bling an enzymatic reaction with a reagent and precise
determination ofLﬁarges evemgﬂgcase of a small amount of the sample. [Citation List]

CHEMICAL SENSOR

[Technical Field]

wn

[0001]

The present invention relates to a chemical sensor
that detects analytes such as gas components in a gas,
viruses, and allergens.

[Rackground 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

15 reagent, 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

20 introduction 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]



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
pretreatme ¢ P &hich analytes are dissolved in a liquid. This pretreatment is a complicated treatment

that is Ca”'ﬁga%%tn'"{s'ﬁgi%é%@ ﬁsll%ec!l?pparatus, or carried out by manual labor.

JP 2002-541453 W

[Summary of Invention]
5 [Technical Problem]
[0005]

In the above-mentioried electrochemical biosensor test
strip, the sample should be liquid due to restrictions on
the reaction. Therefore, it is impossible to detect

10 analytes 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

15 carry out a pretreatment in which analytes are dissolved in
a liguid. This pretreatment is a complicated treatment
that is carried out using a large-sized apparatus, or
carried out by manual labor.

[0007]

20 The 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
liguid using a simple method.

[Solution to Problem]

25 [0008]



[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 |njectedaa sgr@pﬁle cqllectlon section in \Iﬁ\{thh t@g agﬁlé@efcor)[tgmed | th?1 as injected

through the gas injecﬁon ole’is c%ﬁ&&%ﬁ; & %anrp ) Hglivery sectlonet%ro&gen which the analyte

collected ip e, samplc, gallection segtion jg deliyetedio. sample-feactan.selion: dhe,sample reaction
eacti

T pres . ; :
section mﬁuﬁng a reactant that causes a predetermined 10r lon with the analyte delivered through

the sample delivery sgction;and.a detection sestion inwhich,the apalyte rsactechwith dhe keactant in

the sample réaction section is detected. The sample collection section includes a Peltier element that

liquefies watera@apoy 15gontained-in the gas injestedLhrough the gas irigction:halea [GPO9] According
to the feature of the present invention, is possible to prepare a solution containing an analyte by

20liguefying-water vagor gortainegHn the gas injacted hrogighdhe gas injeetierchalerdue to the Peltier
cooling effect of the Peltier element. Therefore, it is possible to collect the solution containing an
analyte franothe das 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
10 reaction 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 ig detected. The sample collection section
includes a Peltier element that liquefies water vapor
15 contained in the gas injected through the gas injection
hole.
[0009]
According to the feature of the present invention, it
is possible to prepare a solution containing an analyte by
20 ligquefying water vapor contained in the gas injected
through the gas injection hole due to the Peltier cooling
effect of the Peltier element. Therefore, i1t is possible
to collect the solution containing an analyte from the gas

injected through the gas injection hole, in the sample

25 collection section.



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 maydfavela. 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 15phenoméndiief theaaplirre Strééere o8 Samplé retiivAsechidie Withdttising a special
structure. [0012] The sample reaction section may include at least any one of an antibody, an

enzyme, a FE&efiBrandaS5bieit SN sgeficaffPescts MthtRE LnRlyts defdted BBugh the

sample dellver\é sectlon Thereby, it |s possible to . .
samn livery section, the sample reaction section and

5 the 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.

[o011]

10 In 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 soclution
liguefied by the Peltier element through a capillary

15 phenomenon 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,

20 that specifically reacts with the analyte delivered through
the sample delivery section. Thereby, it is possible to
specifically detect the analyte by an antigen-antibody
reaction with the analyte.

[0013]

25 The sample reaction section may include a heating



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: {@014] Thexteteatiomsection may irelade-anantibadythat 10hindsdathe analyte
reacted with a reactant, and an electrode that supports the antibody, and this electrode may have a
porous strudtite VEhereby dtispossibléts nefeasenan mnmebiizatdnareamefsthe aatibody, and thus
enabling an increase in detection sensitivity. 15[0015] The chemical sensor is composed of a
plurality of fIESé18ors Formedhtegrally-enpheaenser supporesagtiohy sad eachenrseAgor may
consist of a gas injection hole, a sample collection section, a sample 20delivery section, a sample
reaction se€tidiF&nd a%&%ﬁ%tléﬁrlrﬁ@@éﬂﬁﬁﬂﬁo@wa ﬁhﬁ'aﬁﬂ?/%fad‘?ﬁt]s}é%@o%%ﬂ one sensor

support section enables suppression of smgle use of the sensor. [Advantageous Effects of Invention]
25w51& 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
10 binds 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

20 delivery section, a sample reaction section and a detection
section. Integral formation of a plurality of unit sensors
in one sensor support section enableg guppression 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. 2Xb) dessthihsaticaliows, egctciflsttatingca spécific benfigiratisieBgatple of a
sample reaction section 15 and a detection section 16 of Fig. 1(a). 15Fig. 3(a) and Fig. 3(b) are
schematic Qﬁvﬁ?%aﬁﬁﬁiﬁﬁﬂ’étiﬁ@‘ées'ﬁé%ﬁ}é/coﬁﬁgéﬁat@hséééh%ﬁeféﬁtlﬁgiéét‘é%ﬁ@n section 16 of Fig.
1(a). Fig. 4(a) and Fig. 4(b) are schematic views, each illustrating a specific configuration example

of the samPRPIOFeaEtioséctdnSL5 - Aelording o SEontPerhBbdififent bF the“peseREinvention. Fig. 5

is a conceptfgl view il ustratin\? the entire configuration of a chemicr]ial sen%?lroaé:cording to a third

embodimeht 6Fthe pCF séntifverition. ﬁf%e% iptigﬁ oF Entboeimie t%] me
5 [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.

10 Fig. 1(b) is a schematic view illustrating a Peltier
element with a sample collection section 13 of Fig. 1l(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).

15 Fig. 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. 4Ka) and Fig. 4 (b) are schematic views, each
illustrating a specific configuration example of the sample

20 reaction section 15 according to a second embodiment of the
present invention.

Fig. 5 1s a conceptual view illustrating the entire
configuration of a chemical sensor according to a third
embodiment of the presgent 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%Ubtrate 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 ir the gas jecied throfigh BRE§EE injedtibritiole 2'd Loli&ed: a sample delivery

section 14 through. which the analyte collected in the sample collection sectipn 13 is delivered to a
sample 20r§§€’tfg%l§aec(%%e ;‘?héy %gr}ﬁpfeefge%%ﬁgﬁ Sektion 5 iftHidifg A aB@nt Y thdses a

WEdEEH”“%%j%ﬁ@ﬂggscription of drawings, the same reference signs
5 are 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
10 will 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 contaiﬁing an analyte,
15 such 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
20 reaction 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

25 is detected.



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
micromachififgoOn 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. Ai5rofstive mEMBELE WisFsdetBver a mairs itaetérihe den¥orfstiport section
11 so as to cover the sample collection section 13, the sample delivery section 14, the sample reaction

section 15 3MatheHetedtidh settiBid®; ahlh FEHOIR i€opstefatit teSHWE Positions of the

protective member, Thgse holes at at least two ]posiéionslg;lr?;| corﬂfeiagucrgg1 Eo ilntroduce aqd discharge a
t n

81, eftc ). sub ate or.a a subsftra S edas:
gas contansi'm an anal te, anatiﬁe protectlve %emsoer and the sensor support SGC%I% are

preferably 88%9-,% gvn@ig%gg!c%%%gégg%gca@ Q'es%fﬁ{%%bgtag@g%&f@g%@é%éa %}toa%{@b'e

effective introduction an gas throug es at'two positions. One of holes at at least

two positiopg s, for gxample. provided,ahead.of the sample;collectian.seation 13 angithe gas is

introduced into the 25protective member through at least one hole and is
micromachining. On cne 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

10 detection 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

15 hole 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

20 capable 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

25 protective 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 integralli/ formed. 10[0021], The sample
collection $EcTiBRFERYiddoset T pthegadneetion e 22 herddyaeHtatify ciection of the
analyte contained in the gas injected through the gas injection hole 12. Hereil}beﬁam es of the

|
"analyte 15CERtARE 1P a JaE* At gas Componéits in 8%fas. Vitisds: Flefiens ard the like. In

Fig. 1(a), t%e_tre has been shawn an exam le in which thetgas iréjgcgon hole %:%gg)rﬁ)vided ahead
en

I h .
upstream o hie:]%Jei?’np"fg1 Bollection section 13°As Théntioned a ove, 20in the pre n%eventlon, the

sample colecton.sectian d3uma e disposed slased e aae dnestion Rglpd.and, for example, the

gas injection hole 1 e provided on the sample collection section 13. [0022] 25The sample

collection sectign d34ncludes aReltier; element 13 that liquefy waferyaporcontained 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 o kinds phmetalsithaconstitte fhe Peltier element k31, Sone mefakofitheReltier element
131 absorbs heat from an ambient gas. Fig. 1(b) is a plan view in which the sample collection section

13 shown ipafgg4 $(ayds seen ramitheaboyeuandihe wermside-otikig: L) s Hwecgdsimjection hole
12 side in Fig. 1(a) while the upper side of Fig. 1(b)
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
gag injection hole 12. Herein, examples of the “analyte

15 contained in a gas” include gas components in a gas,
viruseg, 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,

20 in 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]

25 The sample collection section 13 includes a Peltier



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 EX&Hplet ﬁﬁeé‘t%&’fnt&%Hé%éﬁd@é%@étid@mvv@mﬁwéflz@métalgfmoggw the wiring
formed on a supp régtru%ture thereof. It is preferred that a Peltier material is, for example, copper
[

oxide, polysLiton thin At oF 18 like Frofi the- VieRpbirtor Aftiatuk2atian I1ReE Wy 2Bageording to

the presenL]LiQ%efntio% it i%gﬁjOfsi:lLarlle toa Iigue water vapor contained in the gas injected through gas
injection hole dué to the Peftiet cooling el ot thé Peltist SERE Shfcetthetarfalyte % dissolved in

Sormpe COICELR SSiaN L3 Fon BUtamalaly coTGa the Sohheh Lt COVTAIRS the amalyte rom the

sample collection section 13 can automatically collect the So

gas njected aronghdhe gas injectiom hale 12, {QQe3] 10The sample delivery section 14 has a capillary

structure measuring about 100 pm in width and depth, and one en of the capillaryogltrl?é%ure is closed

to the Peltierelesient ghthe sample gallection sectian 3.1t is,passible fo.intraguce the sglution Lad

containing the 15analyte collected by the Peltier element into the capillary structure. The solution Lqd
introduced intd ke capilasesiticturels deliveredita the gamplesreaction segtian 15 by;a.capillary
phenomenon. In this way, the sample delivery section 14 can deliver the solution liquefied by the
20Peltier efdpratt throughtareagittaryphendmendridfdhe1 (b) is the gas injection
hole 12 side in Fig. 1(a) while the upper side of Fig. 1(b)
10 is the sample delivery section 14 side in Fig. 1(a). 1In
Fig. 1(b), metal of the low temperature side (endothermic
side) is shown, and a solution Lgd liquefied from the gas
is formed at protrusions provided oppositely and is dropped
on a recess provided in the sensor support section 11
15 directly 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 ig, for
example, injected into the bonded section of two kinds of
20 metals through the wiring formed on a support structure
thereof.
It is preferred that a Peltier material is, for
example, copper oxide, polysilicon thin film or the like

from the viewpoint of miniaturization. In this way,

25 according to the present invention, it is possible to



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 Lgd. For example, it is easy to produce the capillary structure in the case of

a method in which-3 silicon,oxide,fiim isjormed og aiﬁur@%&f%é method ia whieh-a.syrface is

covered with a water-soluble polymer such as polyethylene glycol. [0025] Specific

configuratign, example-efia sample-reaetion J0seetian.1% and a-dejection seation16.¢f kige1(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 causesagredeiermined-eeachen svitnthed Sagalyie; delivesed through the sample
delivery section 14, at least any one of an antibody, an enzyme, a receptor and a protein. In the first
embodiment, @udeScagtion ndl-beramade, on thel eassekinpiuding-am epzyme-immohilizedantibody as
an example of an antibody that specifically 20reacts with analytes such as viruses and allergens. The
enzgme-inmimobilizettantibody speeificaly bines toirisesor alletgenstefgrica complex. This
complex is delivered to the detection section 16. The enzyme-immobilized antibody includes, for
example, &frantEAAI&RiIbYRY EHean ALPeeh A bep 1 1y The betsttiohlsction 16 includes an

electrode composed of a metal thin film of gold, platinum or the like, o
solution Lgd containing the analyte from the gas injected

through the gas injection hole 12.
[0023]

10 The sample delivery section 14 has a capillary
gstructure measuring about 100 um 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 Lgd containing the

15 analyte collected by the Peltier element into the capillary
structure. The solution Lgd introduced into the capillary
structure 1is 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

20 Peltier 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 um in width can be produced by
micromachining.

25 [0024]



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 captuge gggiqug&.?)leég%@gt p@%@e@gﬂgyyeém%@g@g antibody. Thereby, the

substrate of the substrate-immobilized antibody Is close to an enzyme of an enzyme-immobilized

antibody ai,thg.captye;sier y\@lgrec @@é@tﬁ@ﬁméé%’ét@@ E‘;‘%QEE‘!QQ QQ%%S-HH&%%&%%SHQ/ me is an
ALP enzyme and the substrate is pAPP, para-aminophenol (pAP) is formed by the reaction. The thus

formed pAB cafrhe @¥dizedda pagarquinene minen(pQl) ondhe glesirogder the detaction section 16
can detect the analyte by 20measuring electrons that move by the oxidation reaction, using the
electrode. Sincecapaxidatign-geduction reaction-efcp AR yéthqrQLis feversible, ranwexidatian-reduction
cycle can be formed by forming the electrode in an opposing comb shape, and oxidizing pAP while
reducing p&1,lanhthus:25emablidgamplificaticetofthe obtainéd carrentvaluee Therebyn it becomes
possible to detect with high sensitivity. [00281 Specific configuration example of the detection
section 16 @i i 1Fapwiliscgesdatibedwatierkferehicedo Wig.S(apaidiPie 3p9)L Thedetection section
16 includes an antibody (substrate-immobilized antibody) 163 that binds to analytes (viruses, allergens
etc.) reactét fvith @S resctifC{@nzfme-imhsiilized antibody), an electrode 162

[0025]
Specific configuration example of a sample reaction
10 section 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
15 analyte 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
20 reacts 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

25 ALP enzyme.

- 12 -



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 s€&H8H 16 can 20also support a lot of antibodies 163. When the electrode 162 has a porous
structure, it is possible to increase an immobilization ariczéof the antibogy 163, %nd thus enabling an

increase in detectigl?geﬁiﬁﬁ\ﬁﬁ; I'lt(?ﬁa)? Btg,tpjo%]élib]re6 to-(iSe- HaSHh MimGb Ao

method of the

antibody 163, 25for exa pIe,ameq_dwo of a self-assembled monolayer (SAM t%‘tbi to a metal
surface viacé)?tﬁglséar%ug?[o%ﬁ]e&? eggr}ﬁle é%énve?%;c Sgdﬁqrrf]g R())i t?iejfégtm er%)go ?rln%rrltp lSJ{ec’)f the

present invenon, Uie Jollowng operaion and Sellpctganbe oRtanab 0] Aslysprated n Fig. 1,2

solution containing analytes (viruses, allergens, etc.) can be prepared by liquefying water vapor

contained in,a gas injgeted,throlgh 101 9as dnjeetionshole J 2:que totheleltier-cagling effect of the

Peltier element. Therefore, the sample collection section 13 can collect the analyste from the gas
injected threyghithe gas injeetigithole 12 4@032krhe substrate-immobilized

antibody includeé, for example, an anti-HA antibody, and
the substrate includes, for example, para-aminophenyl
phosphate (pAPP) as a substrate that specifically reacts

10 with 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

15 enzyme-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-guinoneimine (pQI) on the electrode.
The detection section 16 can detect the analyte by

20 measuring electrons that move by the oxidation reactiomn,
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

25 enabling amplification of the obtained current wvalue.



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 asa le can be detected by a small amount of a reactant such as an antibody
or an enzyme, an% hus'ena ﬁ)ﬁé’ rgtedget:l?tg.?asssel(|‘1f')1€jl§§sef\{éfmoﬁﬁtegft—’ar‘f’ é%lerﬁsjl\%%ereactant 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 Sspfigiogy 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 reagtion ¥0section 154neludes anantihgdy (enzymesimmobilized antibody) that

specifically reacts with an analyte delivered through a sample delivery section 14. It is possible to
specifically sietectdhe analyfe by an antigen-antibody: reaction af dae enzyme-dmmahilized-antibody
with 15the analyte.
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
10 that 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

15 thickness 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

20 also 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,

25 for example, a method of a self-assembled monolayer (SAM)



[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) (Setbad Embsdimeat)a meSpdcificiedntiiration exdmplelofIHe$Bmple reaction section 15
according to a second embodiment will be 5described with reference to Fig. 4(a) and Fig. 4(b). Since
configuratiéﬁé)é%luding 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. &) E&T Bxpoded PoVSpectivs Vicw BPa SAnipte reéaction selioh 15Fhd a

detection se tig?l 16. The sagwple reaction sec(E%n 1? gﬁr!udes a heatin% sectionaggr example, heater

151)in whith a SGiubior %grrlltainjiﬁléf \e/frlﬁsléjsnﬁ elivered t ?g&g aos%?nrp éc agﬁlvery Section 14 is heated,

and5a temperature “&%%?%%ms&i%%%’é‘ (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 i which a heater 151 20and a temperature sensor 152 are formed on a lower surface

As illustrated in Fig. 1, a solution containing
analytes (viruses, allergens, etc.) can be prepared by
liguefying 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]

15 In 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

20 gsensor 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

25 reactant can be reduced, and detection at low costs.



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 thedtemperature sensor 152. A plurality of heaters 151 and a plurality of temperature
sensors 152 are 5Srespectively prepared, and they are respectively disposed in the sample reaction
section 15 in a disperSed Harher-om e lowis Sutfike of the Bppecstibstratésan electrode 16a
constituting a part of the detection sectign is_formed. [0038] 10In the sample reaction_section 15, a
primer, a &F BENerase FesBRuth i&éﬁtrfr}h%sﬁﬁgfel(%ﬁ\ﬁﬁ’)sa%rélﬁwgyﬁtﬁe§i%?ﬁé’terial
(substrate) Oanég $nger solutjon grrletdis ﬁggl: érllba drx state. %OOSQ%%E?Ln th% cgniol section, a

polymerase chain reaction (E’ eFES method is carried ouF b)"/L 2o tcr)&ﬁng e ﬁ‘eatefa %fel-rleraein, an

example thergofiis gﬁowpqggﬁseig \géysgﬁgreii]gmgggd @emgmai@&qgo% (?Ju jon containing viruses

delivered to the sample reaction section 15 in the sample 20reaction section at high temperature, for

example, a@gg&@@gﬂ BeMdntby extracied BNASarg repeatedly gxposed tg highyfsmperature of
about 90 to 98C and low temperature of about 50 to 65C about 20 to 50 times. Thereby, it is possible
to amplify BNAstasstheanalyterin 15 without using a special structure.
[0034]
As illustrated in Fig. 2(b), the sample reaction
10 section 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
15 the analyte.
[0035]
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-
20 immobilized 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

25 sensitivity.



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 usingoam 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. [0040JeconAsHhustrated:intHig. 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 measteseritisection fiemperstiure sersorrls2) if whith thenedperatard ofthe analyte is
measured. Since a PCR method for amplifying DNAs of the analyte can be carried out by allowing a
specific terapefatare dyle iy el iSing a hedRF AL, RUDIFIIBle 6 Heted® the analyte with high
sensitivity. [0041] (Third Embodiment) The entire configuration of a chemical sensor according to a

third embodfF&Rtivmbedddtribed swtrosrefdtefidd to Fig? b Prifcrieifiicaftd&hsor atofing to the

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(b) 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

15 delivered 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

20 and 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

25 sample reaction section 15 includes a control section in



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 ehips {uwit séhsors TS)amtier:neddedipintithds epabliry Adeersasédn number of
replacements of the sensor, and suppression of single-use of the chip. [0043] 15While the present
invention Has Isear-dedckbédianARay oRtHrBe chsiiimantsr & shBuR Kt B dierstood that
statements and drawings that form a part of the disclosure, limit the present_invention. Various

alternate ePBCHFRAMS EXANDHIESHRE e REAMGIodRE willlbekbHiedgpiateRtto 20those skilled

in the art from this disclosure.ﬁ{\?044] Agglica?t'i?n examples of a chemical sen or according to
embodimeRt&5Fhe pradertifvéntiohdhaibd& horte SpPlaACaS Atided Wi A ?unlc%iona}f?he

abogeJnngggthively 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]

10 In 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]

15 In 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

20 reaction section at high temperature, for example, about
90°C to 98°C. Next, the extracted DNAs are repeatedly
exposed to high temperature of about 90 to 98°C and low
temperature of about 50 to 65°C about 20 to 50 times.
Thereby, it is possible to amplify DNAs as the analyte in

25 the sample reaction section 15. The solution containing



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 s,ce}%ion

10

15

20

25

amplified DNAs is conveyed to the detection section,
where it i1g possible to confirm whether or not viruses are
present in an initial solution by an oxidation-reduction
reaction using an electrode. According to this PCR method,
it 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
fluorescence 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

is heated, and a temperature measurement section
(temperature sensor 152) in which the temperature of the
analyte 1s 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
igs 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

reference to Fig. 5. The chemical sensor according to the



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

second embodiment is composed of a plurality of unit
sensors CS1 to CS4 -:-- arranged 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

5 sample 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

10 arrays 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]

15 While 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

20 those 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

25 chemical sensor, such as an alr cleaner and an air



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

10

15

conditioner; portable virus sensorsgs 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
phone.

[Reference Signs List]

[0045]

11: Sensgor support section

12: Gas injection hole

13: Sample collection section

14: Sample delivery section

15: Sample reaction section

16: Detection section

131: Peltier element

151: Heater (Heating section)

152: Temperature sensor (Temperature measurement section)
162: Electrode

163: Antibody

CS: Unit sensor



163: Antibody CS: Unitsensor MCSUP CLAIMS: 1. A chemical sensor comprising: support
section; 5a gas injection hole through which a gas containing an analyte is inj%%(fl

1P
CLAIMS:
1. A chemical sensor comprising:
support section;
5 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;

10 a sample delivery section through which the analyte
collected in the sample collection 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

15 a 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
25 the sensor support section.



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 reactantfxat|qaises 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 injecteghthreyghthegasinipctionole, 29ing 2 TheLchgmica);sepsor according

to claim 1, wherein the gas injection hole, the sample collection section, the sample delivery section,

the sampleteaction seetiornsanghthe detectien-geetianarsrintegsally feaped paAbthe sensor support
section. MCSLLP 3. The chemical sensor according to claim 1 or 2, wherein the sample delivery

section has awapillary stractdreyand=ane erd ohtheceapillary strusturerstelose 5to thedRedtier element.
4. The chemical sensor as in one of claims 1 to 3, wherein the sample reaction section comprises at
least any one dftem &stibody;rae eawgme, a receptor and a protein, 10that specifically reacts with the
analyte delivered through the sample delivery section.

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,

10 that 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,
20 wherein 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.

25 7. The chemical sensor as in one of claims 1 to 6,



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 %}?@QQWS 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 Halvirreed porous stitieturey 257, Theidhepsitalwensbpagatond beelbins Y1 @6, MCSLLP
wherein a plurality of unit sensors formed integrally on one sensor support section, each unit sensor
comprisingh€& galTeEt GHRBIRT thesSahpRRIollRRfioh ¥8dtfonS T SampRHRTEA Seidh, the

sample reaction section and 5the detection section. , _
gas inijection hole, the sample collection section, the

sample delivery section, the sample reaction section and

5 the detection section.



