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(57) Abstract: A breath sensor including a main body into which breath can be introduced, a conversion section for converting a gas
component contained in the breath to a specific component, and a sensing section for detecting the specific component. The sensing
section constitutes a first unit including an integrated detection element and a first heater. The conversion section constitutes a second
unit including an integrated catalyst and a second heater. The first unit and the second unit are disposed inside the main body so as to
be separated from each other with a gap therebetween, or are in contact with each other via a heat insulating member. The first unit and
second unit are in communication with each other through a pipe that allows the breath to pass therethrough, and the pipe is partially bent.

[Continued on next page]
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BACKGROUND OF THE INVENTION
Field of the Invention:
i1} The present invention relates to a breath sensor for detecting the concentration
of a specific component contained in breath,

Description of the Related Art

i2} {me known sensor for dingnosis of, for example, asthina measures NOx
contained at a very low concentration (at a level of several ppb to several hundreds of ppbs in
breath {see U.S. Patent Application Publication No. 2015/0250408 incorporated herein by
reference in its entirety, inchuding but not fimited to, FIG. 6B).

{31 In this sensor, a conversion section including a PtY (platinum-zeohie) catalyst
for converting NO in breath to NO; and a sensing section including & mixed-potential sensor
element for detecting NO; are formed as a single unit using a cevanuie stacking technique.

{4} A heater for heating the catalyst is disposed i the conversion section, and a
heater for hegting the sensor element is disposed n the seasing section. The temperatures of
these heaters are controlied separately, This is because the temperature for optimal operation
of the catalyst is different from the temperature for optimal operation of the sensor element.
{51 When the conversion section and the sensing section gve formned as a single
unit, the eleciromotive force {element ouiput) of the sensor element may decrease gach time
the measursment is repeated. This may be because heat generated by the heater for activation
of the catalyst affects the control of the temperature of the sensor element disposed close to

the catalyst so as to miluence the element cutput.
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SUMMARY OF THE INVENTION

{6} it 1s therefore an object of the present invention to provide a breath sensor n
which the influence of the heat from the conversion section on the sensing section 1s reduved,
1o thereby tmprove the accuracy of detection of a specific component by the sensing section.
§71 The above object has been achieved by providing, (13} a breath sensor which
comprises @ man body into which breath can be mtroduced, a conversion section that
converts a gas componeni contamed in the breath to a specific component, and a sensing
section that defedily the speaific component contained m the breath passing through the
conpversion section, the conversion ssction and the sensing section being disposed inside the
main body. The sensing section constituies a finst unit inclading an integrated detection
element and a first heater, the delsction slement having eleciric characienistics that vary
depending on the concentration of the specific component, and the first heater heating the
detection clement to a first temperature.  The conversion section constitutes a second unit
mcluding an integrated cotalvst and 2 second bheater, the catalyst comverting the gas
component contained in the breath, snd the second heater heating the catalyst 1o a second
temnperature different from the first temperature.  The {irst unit and the second unit are
disposed nside the main body 50 as to be separated from each other with g gap therebetween,
or are in contact with each other via a heat tnsulating member. The first unit and second unit
are In conununication with each other thvough a pipe that allows the breath to pass
therethrough, and the pipe is partially bent,

{8} In the breath sensor (1), the Hrst unit incloding the detection element and the
first heater that gre fegraied together, and the second wuny including the catghyst and the
second heater that are integrated togather, are provided as singde units. The first vnit and the
second unit are disposed inside the main body so as 1o be separated fromt each other with

zap thersbetwsen, or are i comtact with sach other through the heat insulating member., Head

-
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ix applied o the catalyst frony the second heater in cadet o activate the catalyst. Howaver,
with the above configuration, the influence of the heat on the sensing section is reduced, so
that the detection accuracy of the sensing section can be myproved.
{9} Since the pipe is partially bent, the path length of the pipe is longer than that
of an unbent pipe. In this case, the breath heated in the conversion section is easily cooled
within the pipe. This can also reduce the influence of the heat applied to the conversion
section on the sensing section,
{10 In a preferred embodiment {2} of the breath sensor {1) above, the pipe is
disposed inzide the main body withoual being exposed oulside the ma body.
{1 The breath sensor £2) 15 less susceptible to external perturbations {such as
wind}. Therefore, the lemperature of the cooled gas is stabilized, so that the output can be
stabilized.
121 In the present mvention, the first beater beats the detection element to the first
temperature, and the second heater heats the catalyst to the second temperature different from
the first temperature. Even i this case, the influence of the heat in the conversion section on
the sensing section is redueed, and the breath sensor thus obtained has improved accuracy of
detection of the specilic component,

BRIEF DESCRIPTION OF THE DRAWINGS
{13} FIG. 1 isa perspective view of & breath sensor according to an embodiment of
the present invention;
{14} FIG. 2 is 8 cross-sectional view of the breath sensor wken along line A-A

FIG. 1

{15} FI(G. 3 is an exploded perspective view of the breath sensor;
{16} FIG. 4 s an exploded perspective view of a sensing section; and
{171 FIG. 5 is an exploded perspeciive view of a conversion section.

Lad
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
{18} The present invention will next be described in detail with reference to the
drawings. However, the present myvention should not be construed as bemg Imuted thereto.
{191 FIG. 1 13 a3 perspective view of a breath sensor ¥ according to an
embodiment of the present mvemtion, and FIG. 2 is a cross-sectional view of the breath
sensor 1M} taken along hee A-A i FIG, 1. FIG. 3 13 an exploded perspective view of the
breath sensor 1M}, and FIG. 4 is an exploded perspective view of a sensing sechion 1. FIG. 5
is an exploded perspeetive view of a conversion section 30,
{201 Az shown m FIGS. 1 and 2, the breath semsor 109 tnchudes a main body 80
serving as a housing, the senymyg section 10, the conversion sechion 30, and a pipe {pas
circulation pipe) 60. The sensing section 10 and the conversion section 30 are comtained in
the main body 90, and the main body 90 as 8 whole i3 formed into a box shape.
{21} The mam body %0 mcludes: a base 93 having an approximately rectangolar
shape and elongated in the left-right divection in FIG. 1 an upper case 92 having an
approximately vectangular shape and shorter i the left-night direction in FIG. | than the base
93; and a lid 91 fastened to the upper case 92 with screws 91a to close an internal space 93r
of the upper case 92 (see FIG. 3). The main body 90 is formed of a metal or  resin,
{22 One longitadinal end of the upper case 92 {(the right end in FIG. 1) 15 ahgned
with one longituding! end of the base 93 {the night end in FIG. 1), and the upper case Y2 is
fastened to the upper surface of the base 93 with screws 92a to thereby close an internal space
93¢ of the base 93 {see FIG: 31
{231 As shown in FIG. 3, the sensing section 10 15 contained in the mternal space
92r of the upper case 92, and a tubulyr casseite connector 19 15 conneciad o the sensing
section 1. The conversion section 30 is comaned i the nternsl space 93r of the base 93,

and a tubular casseite connecior 39 is comnected o the convergon section 30,
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{241 A detection oyt for a specific component from the sensing section 10 i
output o the outside from one end of the casselte comnector 19 (the left end n FIG. 1}
through lead wires 19a, and heater powsr for energizing a heater mchuded i the sensing
section 10 15 externally supplied through lead wires 1%, Heater power for heating the
conversion section 30 is externallv supplied to one end of the cassette connector 39 (the fefi
end i FIG. 1) through lead wires 393,

j251 As shown in FIG. 1, breath G i3 introduced into the conversion section 30
inside the base 93 through a sub-pipe 88, discharged from the conversion sechion 3, and then
introduced into the sensing section 11 wside the upper case 92 by way of the maw pipe 60
provided outside the base 93, The sensing section 10 detects a spectfic component in the
breath G, and the breath G i» discharged to the outside through a seb-pipe 31 provided
outside the upper case 92

{26} The main pipe 60 protrudes from a front face of the base 93 {the left face
FIG. 1), is bent at a bent portion 60a 907 in the direction of the width of the base 93 {an
oblique divection toward the lower right side i FIG. 1), farther bent at & bent portion 60b 907
i the lengthwise divection of the base 93 (the direction toward the night side in FIG. 1}, and
then extends in the lengthwise divection of the base 93, Near the one longitudinal end of the
base 93 (the right end in FIG. 1), the main pipe 60 is bent at a bent portion 60¢ 90° in an
upward direction (the upward dirgction in FIG. 1) toward the upper case 92, bent at & bent
portion 60d 90° in the direction of the width of the upper case 92 {an obligue direction toward
the upper side in FIG. 1, and then enters the upper case 92,

{27} As deseribed above, the main pipe 60 has gt least one bent portion {fowur bemny
portions i this example, t.e., the bent portions 603 10 60d}. The main pipe 60 1s formed from
a metal-made pipe {e.g., 3 stainless steel slloy pipe) baving hipgh hest dissipation performancs.

{28] The main pipe 60 corresponds to the "pipe” of the invention.
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{291 Referring next o FIG. 4, the sensing section 10 will be described.
{301 The sensing section 10 includes: a metal-made lower case 12 having an

approximately rectangular box shape and having a recess on ifs upper surface (the surface
facing upward in FIG, 4}, 3 ld 11 for closing the recess of the lower case 12; a ceramic
circuit board {5 contained in the lower case 127 rectangular frame-shaped seal members
{zaskets) 13 and 14; an element unit 20 disposed within an opening §5h of the ceramie circuit
board 15; and energiving members 16 and 17 for suspending and fixing the element unit 20
within the opeming 15h. The ceramic civeutt board 15 has a shape including a rectangular
plate-shaped povtion and a narvow width base end portion 13e protruding from one edge of
the rectangular plate-shaped portion.

311 The seal members 13 and 14 and a forward end portion of the ceramic civeuit
board 13 are contained in the internal space of the lower case 12, and the marrow width base
end portion 15¢ of the ceramic civcuit board 15 protrudes outside the lower case 12 through a
notch 12n of the fower case 12,

{321 The hid 11 15 disposed on the seal member 13 and fastened 1o the Tower case 12
with bolis 11a. As a result, the seal members 13 and 14 are pressed between the lower case
12 and the hd 11, and the ceramie circuit board 13 15 thereby sealed.

331 An introduction pipe 12a and a discharge pipe 12b for the breath G are
attached o one side wall of the lower case 12 (the right side wall in FIG. 4). The breath G
introduced into the lower case 12 through the imroduction pipe 123 comes into contact with
the elenent wnit 20, and the concentration of a specific component is detecied.  Then the
breath (& is discharged to the outside thiough the discharge pipe 12b.

{34} The element ymit 20 has an approximately rectangular plate shape and includes
a substrate 21, a first heater 22 disposed on an upper surface of the substrate 21 {the surface

facing upward in FIG. 4), and a detection slement 23 disposed on a lower surfage of the

6
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substrate 21, The element unit 20 has an ntegral structurs i which the detection element 23
and the tirst heater 22 are stacked on the lower and upper surfaces, respectively, of the

substrate 21.

a3

{351 The electrie characteristics of the detection element 23 vary depending on the
concentration of the specific component, and the change m the sleciric signal is sensed to
detect the concentration of the specific component. When the fivst heater 22 is energized,
heat s generated, and the detection element 23 is thereby heated to 8 first temperature, which
is the operating femperature of the detection glement 23, Ouipit terminaly of the detection
eleyent 23 and energization tenminals of the fivst beater 22 are suspended by the energizing
members 16 and 17 and thereby fined and electrically connected {o the ceramuc circuit board
15, The element unit 20 includes a temperature sensor for measuring the temperature of the
first heater 22, and the temperatare sensor 18 formed into a preseribed pattern on the surface
of the substrate 21 on which the first heater 22 15 disposed.

{36} The substrate 21 may be, for example, a ceramic substrate. The detection
element 23 may be formed, for example, 85 a mixed potential NOx (nitrogen oxide} sensor
meluding a solid electrolyte layer and a pair of electrodes disposed on surfaces of the solid
electrolvte laver. The first heater 22 has a meandering patiem,

{37} inn the present erobodiment, the ceramic circuit board 153, the hd 11, the lower
gase 12, the seal members 13 and 14 and the olement unit 2(Hin which the detection clement
23 and the fist beater 22 are disposed on the substrate 21 are mtegrated and form the “fivst
unit” of the fvention, to thereby constitute the sensing section 10,

{381 A plurality of conductive pads 18p are disposed on the front and back sides of
the base end portion 15e of the caramic cirowt board 15 and are electrically connected to the
detection elenent 23 and the first beater 22 through lead portions and the energiring

members 16 and 17, Conductive pads 15p on the back side of the ceramic circuyt board 13
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are not Hlusteated. An slectric signal outputted from the detection element 23 is outputied
outside the breath sensor through conductive pads 15p formed on the back side of the ceramic
cirentt board 15, and electnic power is externally supphed to the first heater 22 through
vonductive pads 13p formed on the front side of the cermmnic circuit board 15 to energize the
first heater 22 and thereby generate heat.

{391 As shown i FIG. 2, a tubular separator 19b is disposed on the forward end
side of the tubular cassette commector 19, and a plurality of spring termunals 19c are held ina
plurality of through holes of the tubular separator 19, Therefore, when the base end pottion
15¢ of the ceranue chroult board IS i3 inseried into the cassetie connector 19, the spring
terminals 19¢ come mio elastical comact with the conductive pads 15p of the base end
poriton 1Se and are thereby electrically conngeted to the conductive pads 13p. Bare forward
ends of the lead wires 199 are crimped and fixed to ends of the spring terminals 19¢. The rear
ends of the lead wires 1% are comnecied lo an anillustrated female connector, and the lead

wires 19a are thereby connected to an external device.

§401 Referring nexito FIG. 5, the conversion section 30 will be deseribed.
{411 The conversion section 30 includes: a rectangular plate-shaped wpper hd 31; a

rectangular frame-shaped spacer 33al; a rectangular plate-shaped upper catalyst support 35al
having opposite surfaces coated with a catalyst 41; a spacer 33a2; a rectangular plate-shaped
upper catalyst support 380! having a surface {the surface facing wpward m FIG. 5 conted
with a catalyst 42; g hegter substrate 50 having a reciangular plate-shaped main bodv and g
narrow wigih base end portien $0¢ protruding from one gdge of the rectangular miain body; ¢
rectangular plote-shaped lower catalvst support 353b2 having g surface {the swrface fncing
downward m FIG. 5 coated with the catslyst 427 a spacer 3333; a rectangular plate-shaped

fower catalyst support 3332 baving opposite surfaces coated with the catalvet 410 a spacer
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33ad; and a rectangular plate-shaped lower hid 32 These components are stacked in the
above order from top to bottom in FIG, 5.

{421 The spacers 33al to 33a4 have the same shape and may be collectively
referred 10 as spacers 33a. The upper catalyst support 33al and the lower catalyst support
3522 have the same shape and mayv be collectively referred to as catalyst supports 335a.
Stmilarly, the upper catalvst support 35b1 and the lower catalyst support 35b2 have the same
shape and may be collectively referved to as catalyst supports 35h.

{43} The above components 31, 32, 33a, 33a, 35b and 30 are formed of for
example, a ceranve and are hermetically bonded and stacked with, for example, a glass or
morpamc adhestve layer thevebetween

j441 Since the upper ld 31 and the lower lid 32 bave the same shaps, only the
fower Hd 32 will be described. The lower lid 32 includes a rectangular plate having a tuoungh
hole 32h and a pipe 32b that is attached to the through hole 32h so0 as to extend therethrough.
The pipe 32b protrades From the through hole 32h to the outside and is bent 907 along the
plate surface of the lower 1id 32, and the bent end extends bevond the peripheral edge of the
fower lid 32 toward the base end portion 50e of the heater substrate 5. The upper hd 31 s
simtlarty configured.

{451 it the present example, a pipe 3la attached o the upper id 31 serves as an
itroduction pipe for the breath G, and the pipe 32b serves as s discharge pipe.

{46} The catalyst 41 is applied to oppostte surfaces of the upper catalyst sapport
35al.  Specifically, the cmtalvst 41 i apphed to approximately rectangular vegions
comresponding to the intermal spaces of the spacers 33al and 3322, and the upper catalvst
support 3531 has a slit-shaped opening 335 adjacent 1o edges of the catalvst 41 {the Iefl edges
in FIG, 5). The breath {3 miroduced from the pipe 31a comes lnto contact with the catalyst

41 on the upper side within the internal space of the spacer 33al, passes through the opening

B
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335, and then comes inte contact with the catalyst 41 on the lower side within the internal
space of the spacer 3332,

{471 The catalyst 42 15 apphied to one surface of the upper catalvst support 35361
(the swface facing upward i FIG. 3).  Specifically, the catalyst 42 is applied to an
approximately rectangular region corresponding {o the mternal space of the spacer 33a2, and
the upper catalyst support 35b1 has a circular hole-shaped opering 35h at the center of one
edge of the catalyst 42 (the upper right edge m FIG. 3). The breath & comes into contact
with the catalvet 42 within the internal space of the spacer 33a2 and then flows downward
through the opening 35h

fau The other surface of the upper catalyst support 35b1 is in contact with the
heater substrate S0, When a second heater 51 having a meandering pattern is formed on the
front surface of the heater substrate 50 and genevates heat, the upper catalyst support 3551
and the catalyst 42 are heated to 8 second tewmperature different from the first temperature
through the heater substrate SO, A temperature sensor {not shown) for detecting the heating
temperature of the second heater §1 is formed into a prescribed patiern on the back surface of
the heater substrate 58, A circular hole-shaped opening 50b aligned with the opening 35h i
formed in the heater substrate 50, and the breath G passing through the opening 35h Hows
downward through the operung 50h.

{491 When the catalvst 42 15 heated, the breath G i the internal space of the spacer
33a2 to which the coatalyst 42 18 exposed is beated, and the catalvst 41 exposed to the interaal
space of the spacer 33a2 is also heated. The heas of this catalyst 41 15 also transferred to the

catalyst 41 on the opposite surface (the upper swelace) through the upper catalvst suppont

35al.
{501 Utsetul catalysts 41 and 42 may be PUY catalysts that convert a pas component

vontained in the breath G to a specific component, e.g., convert NO i the breath G 1o NO;,
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{51 i the present embodiment, the upper lid 31, the lower Lid 32, the upper
catalyst supports 3%al and 35b1 {including the catalysts 41 and 42), the fower catalyst
supports 35a2 and 3552 (including the catalvsis 41 and 42}, the heater substrate 50 on which
the second heater 31 is disposed, and the spacers 33al, 3342, 33a3 and 33ad are mntegrated
and form the "second unit" of the invention, to thereby constitte the conversion section 34,

i

I8

2} A plurality of conductive pads 50p are disposed on the front and back surfaces
of the base end portion S0e of the heater substrate 50 and are electrically connected to the
second heater 31 and the tenperature sensor {not shown) through lead porhons. The second
heater 51 is energived by electric power externally supphied through the conductive pads 3p
to thereby generate heat.

{331 As shown i FIG. 2, a tubelar separator 39b 15 dispozed on the forward end
side of the tubular cassette connector 39, and spring terminads 390 are held 1 a phashity of
insertion holes of the tubular separator 39b. Therefore, when the base end portion S0¢ of the
heater substrate 50 i3 inserted into the cassette connector 39, the spring terminals 39¢ come
mto elastic contact with the conductive pads 50p of the base end portion 50e and are thereby
electrically connected to the conductive pads 50p. Bare forward ends of the lead wires 39a
are crimped and fixed 10 ends of the spring terminals 3%¢. The rear ends of the lead wires 39a
are comected to an wnillustrated female connector, and the lead wires 394 gre connected 1o an
gxternal device.

{541 Returning to FIG. 5, the lower catalyst support 3562 is n contact with the
lower surface of the hegter substrate 50 (the surface facing downward in FIG. 5), and the
catalyst 42 15 apphied to an approximately reclangular region on the lower surface of the
lower catalyst support 3552 (the swriace facing downward i FIG. 53, a5 m the case of the

upper catalyst support 3561,
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351 The lower catalyst support 35b2, the spacer 33a3, the lowsr catalvst support
33582, the spacer 33ad, and the lower fid 32 that are on the lower side of the heater subsirate
50 and the upper catalyst support 35b1, the spacer 33a2, the upper catalyst support 33al, the
spacer 33al, and the upper lid 31 that are on the upper side of the heater substrate 50 are
syimnmetric with respect to the plate surface of the heater substrate 54, The componenis on the
lower side have substantially the same functions as the components on the upper side, and
their detailed description will be omitted.

{36} The breath G flowing downward through the epening 50k and an opening 35h
of the fower catalyst support 3552 comes into contact with the catalyst 42 within the mternal
space of the spacer 3333 and then comes nto contact with the catalyst 41 on the upper side of
the lower catalyst support 3522, Then the breath G passes through an opening 335, comes
o contact with the catalyst 41 on the lower side of the lower catalyst sapport 3532 within
the nternal space of the spacer 33a4, and is discharged from the pipe 32b.

{571 in the manner described above, the breath G s brought into contact with the

catalysts heated to the second temperature, and the gas componemt (specifically, NO}

contained in the breath G is converted to the speaific component (specifically NO:)
{5381 Returning to FIGS. 2 and 3, the conversion section 30 i onented with 1

stacking direction aligned with a horizontal direction {the lefi-right divection in FIG. 3), is
goversd with an upper hest msulsting member 71 from above and with a lower heat
msulating member 72 from below, and contained in the internal space 93r of the base 93
The sensing section 10 is oriented with uts stacking divection aligned with a vertical divection
{the top-bottom direction i FIG. 3) and 15 contained in the mternal space 92r of the uppar
vase 92 with a sheet-shaped heat msulating member 73 disposed below the sensing section 18
{591 The upper heat insulating member 71, the lower heat insulating member 72,

and the sheet-shaped heat nsulating member 73 are formed, for example, of glass fibers.
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601 The upper heat insulsting membsr 71, the lower heat insulating
menber 72, and the sheet-shaped heal insulating member 73 correspond to the “heat
msulating member” of the invention,

{61} Sub-pipes 85, 34 and ¥3 are connected to the introduction pipe 3ia of the
conversion section 30, and one end of the main pipe 60 is connected to the dischargs pipe 32b
through a sub-pipe 86. The other end of the main pipe 60 is connected 0 the introdaction
pipe 12a of the seasing section 10 through a sub-pipe &2, and the sub-pipe 81 15 connected to
the discharge pipe 12b.

{62} As described above, the fivsh ool constifiting the sensing section 1 and the
second unit comstituting the conversion section 34} are in communication with each other
through the main pipe 60 that allows the breath G to pass therethroogh. The breath G enters
the conversion section 30 through the cub-pipe 83, then enters the sensing section 10 through
the main pipe 60, and is discharged to the ouiside through the sub-pipe 81

{631 As described above, the main pipe 60 includes at least one bent portion {four
bent portions in the present example, Le., the bent portions 60a to 60d).

{641 As desenibed above, heat is apphed to the conversion sechon 30 through the
second heater 51 in order to activaie the catalysts. However, since the first unit constituting
the sensing section 10 and the second unit constituting the conversion section 30 are formed
as single wnts and are 1 contact with each other through the upper heat insulating member
71, the lower heat insulating member 72 and the sheet-shaped heat insulating member 73, the
influgnce of the heat on the sensing section 10 is reduced. Consequently, the accuracy of
detection of the specific component by the sensing section 10 can be improved.

{651 The miain pipe 60 iz bent at the bent portions 60 to 60d. Therefore, the path
length of the nain pipe 68 that ix disposed putside the sevond unit is longer than that of an

unbent pipe. In this case, the breath G heated in the conversion section 30 15 gasily cooled In
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the main pipe 60, and this van also reduce the influence of the heat applied 1o the conversion
section 38 on the sensing section 10.
661 The present mvention is not himited to the above-described embodinient and

spcompasses various modifications and eguivalents within the spirit and scope of the

mvention.
{67} For example, in the above embodiment, the first unit constituting the sensing

section 10 and the second wnil constitating the conversion section 30 are 1n contact with each
other through the heat msulating members (the upper beat insulating member 71, the lower
heat insulating member 72, and the sheet-shaped heat insulating wember 73).. However, the
first unit (the sensing section 10} and the second wnit {the conversion section 3 may be
disposed inside the main body 90 30 ax o be separated from each other with a gap
therehetween.

j68] The main pipe 60 may be disposed instde the main body D0 withoul being
exposed outside the main body 90, In this case, the breath seusor s less susceptible to
external perturbations {such as wind) than a breath sensor including a pipe exposed outside of
the casing. Theretore, the temperature of the cooled gas is stabilized, so that the cutpot can
he stabilized.

{691 The shapes, matenals, etc., of the breath sensor, 1e, the main body, sensing
section, conversion section, and main pipe included in the breath sensor, are not Hnnted to
those in the gbove embodiment.  No limation is mmposed on the type, efe., of the sensing
section. No hmitation is imposed on the placement positions of the sensing section and the
conversion section within the main body, and no Dinutation 15 imposed on the placement
position of the main pipa.

{701 in the above embodiment, the first vntt constituting the sensing section 1 s

formed through use of the lower case 12, the lid 11, etc. However, like the second unit
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constituting the gonversion section 30, the first unit may be formed by g ceramic stacked
struchure. In the above smbodiment, the second unii constifuting the conversion section 30 is
formed by a ceramic stacked structurg. However, ke the Orst unit constituting the sensing
section 10, the second unit constituting the conversion section 30 may be formed of 3 metal-
made case containing catalysis. No particular limitation is imposed on the foas of the first
and second units, so long as the sensing section 10 and the conversion section 34 are
provided as separate units,

{71} I the example shown i the above smbodiment, the fuain pipe 60 inctades the
four bent portions 60a to 60d. However, the main pipe 60 may have any structure, so long a3
i has a bent portion. The nuain pipe 60 may have a strocture i which the mamn pipe 60 13
bent a plurahiy of times in the longitudinal direction in & meandering manner or o structuye in
which the main pipe 60 is bent a plorality of times into a helical shape.

{721 The mvention has been described o detast with reference to the abowve
embodiments. However, the invention should not be construed as being limited thereto. R
should further be apparent 1o those skilled in the art that various changes in form and detal of
the invention as shown and deseribed above may be made. Tt is intended that such changes

he mnchuded within the spirit and scope of the claimas appended hereto.

S
e
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WHAT IS CLAIMED IS:

1. A breath sensor conywising.

a main body mio which breath can be introduced;

a conversion section that converts a gas component contained in the breath to 2
specific component; and

a sensing section that detects the specific component contained in the breath passing
through the conversion section, the conversion section and the sensing section being disposed
inside ihe mam body,

whereiin the sensmyg section constitides a Brst wall inghading an integraded dulection
clement and a Dirst heater, the detection element having electric chavacteristies that vary
depending on the concentration of the specific component, and the first heater heating the
detection element to a first temperatare,

wherein the conversion section constitties a second wnil jucluding an teginied
catalyst and a second heater, the catalyst converting the gas component contained in the
breath, the second heater heating the catalyst 1o a second teruperatare different from the first
temperature,

wherein the first unit and the second unit are disposed nside the main body so a5 ©
be separated from each other with a gap therebetween, or are in contact with each other via a
heat insulating member,

wherein the first unit and second untt are 1 communication with each other through g
pipe that allews the breath to pass therethrough, and

wherein the pipe 1s partislly bent,

2. The hreath sensor as claimed in claim 1, wherein the pipe is disposed mside

the main body without being exposad outside the main body.
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