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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a ceramic heat-
er used for, for example, a warm water washing toilet
seat, a fan heater, an electric water heater, a 24-hour
bath system, a soldering iron, a hair straightener, and
the like, and a production method for the ceramic heater.

BACKGROUND ART

[0002] Conventionally, for example, in a warm water
washing toilet seat, a heat exchange unit having a con-
tainer (heat exchanger) made of resin is used, and in the
heat exchange unit, a ceramic heater having an elongat-
ed pipe shape is provided for warming washing water
contained in a heat exchanger.

[0003] As anexample of the ceramic heater, a ceramic
sheet printed with a heater wiring circuit serving as a
heat-generation resistor body is wrapped around a cy-
lindrical porcelain tube made of ceramic, and these are
sintered to obtain a ceramic heater (see Patent Docu-
ment 1).

[0004] Then, water flowing in a gap between the inner
wall of the heat exchanger and the outer circumference
of the ceramic heater is heated by the ceramic heater.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0005] Patent Document 1: Japanese Patent Applica-
tion Laid-Open (kokai) No. H09-7739

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0006] If the ceramic heater is downsized, the area of
a part where heater wiring can be formed, of the ceramic
sheet, is reduced. Therefore, in order to obtain the same
amount of heat as in the conventional ceramic heater by
one circuit, it is necessary to increase the wiring resist-
ance, or ensure a wiring length equivalent to the conven-
tional wiring length by reducing the wire-line width and
increasing the number of times of folding.

[0007] Here, the wiring circuit of the heater is formed
by printing an ink paste containing metal particles. There-
fore, in consideration of blur in printing, there is a limita-
tion in narrowing the wire-line width (e.g., about 0.3 mm).
Thus, it is necessary to increase the wiring resistance,
and for this purpose, ceramic particles such as alumina
are added to the ink paste.

[0008] However, if many ceramic particles which are
insulating materials are contained in wiring, ceramic par-
ticles are interposed between metal particles forming
conduction paths so that conduction is hampered, thus
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causing a problem that disconnection becomes likely to
occur.

[0009] Accordingly, an object of the present invention
is to provide a ceramic heater in which the resistance of
a heat-generation resistor body is increased while dis-
connection is suppressed, and a production method for
the ceramic heater.

MEANS FOR SOLVING THE PROBLEM

[0010] In order to solve the above problem, a ceramic
heater of the present invention is a ceramic heater com-
prising a heat-generation resistor body embedded in a
base, wherein the heat-generation resistor body includes
ametal component and a ceramic component, and when
ten different measurement parts of 10 um squares in a
transverse cross-section of the heat-generation resistor
body are measured, an average content of the metal
component is not less than 35% by area but less than
50% by area, and a minimum content of the metal com-
ponent is not less than 30% by area.

[0011] With this ceramic heater, since the "average
content ofthe metal component" which indicates the elec-
tric resistance of the entire heat-generation resistor body
issetto suchalevel thatthe electricresistance increases,
the resistance of the heat-generation resistor body can
be increased.

[0012] In addition, since the "minimum content of the
metal component" is set to such a level that the content
of the ceramic component does not vary in each meas-
urement part, occurrence of disconnection due to local
formation of such an area where there is an excessively
large amount of ceramic component can be suppressed.
[0013] Here, it is considered that, when the average
content of the metal component is not less than 35% by
area, the metal component aggregates and forms con-
nection over the entirety in the heat-generation resistor
body, thus stably exhibiting high conductivity.

[0014] In the ceramic heater of the present invention,
a maximum content of the metal component may be not
greater than 80% by area.

[0015] In this ceramic heater, variation in the content
of the ceramic component in each measurement part de-
scribed above is further reduced, so that disconnection
can be further suppressed.

[0016] In the ceramic heater of the present invention,
an electric resistivity of the heat-generation resistor body
per area of 100 wm?2 at 25°C when a thickness thereof
is 25 um mae be not less than 0.02 Q.

[0017] In this ceramic heater, the electric resistance of
the heat-generation resistor body can be assuredly in-
creased.

[0018] A production method for a ceramic heater of the
present invention is a production method for a ceramic
heater, comprising: a ceramic base producing step of
producing a ceramic base; and an application step of
applying or printing an ink to be a heat-generation resistor
body, around the ceramic base, wherein the ink contains
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metal particles and ceramic particles, an average particle
size of the metal particlesis 0.5t0 2.0 um, and an average
particle size of the ceramic particles is 0.2 to 2.0 um.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0019] Accordingtothe presentinvention, itis possible
to increase the resistance of a heat-generation resistor
body of a ceramic heater while suppressing disconnec-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

[FIG. 1] Front view showing a ceramic heater accord-
ing to an embodiment of the present invention.
[FIG. 2] Development view showing a ceramic sheet
of the ceramic heater.

[FIG. 3] Development view schematically showing
heater wiring circuits included in FIG. 2.

[FIG. 4] Schematic view showing measurement
parts of a heat-generation resistor body according
to the embodiment of the presentinvention, and con-
duction paths in the measurement parts.

[FIG. 5] Schematic view showing measurement
parts of a heat-generation resistor body not corre-
sponding to the present invention, and conduction
paths in the measurement parts.

[FIG. 6] View showing an example in which a plurality
of measurement parts are taken from the same
transverse cross-section of a heat-generation resis-
tor body.

[FIG. 7] Graph showing the actual relationship be-
tween the content of a metal component and the
electric resistivity.

[FIG. 8] Graph showing a result of actually measuring
the contents of metal components in heat-generation
resistor bodies of the ceramic heater of the present
invention and commercial ceramic heaters.

[FIG. 9] Table that follows FIG. 8.

MODES FOR CARRYING OUT THE INVENTION

[0021] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
[0022] FIG. 1 is afront view showing a ceramic heater
11 according to the embodiment of the present invention.
FIG. 2 is a development view showing a ceramic sheet
19 of the ceramic heater 11. FIG. 3 is a development
view schematically showing heater wiring circuits 40a,
40b included in FIG. 2.

[0023] The ceramic heater 11 according to the embod-
iment of the present invention can be used for warming
washing water in a heat exchanger of a heat exchange
unit of a warm water washing toilet seat, for example.
[0024] As shown in FIG. 1, the ceramic heater 11 in-
cludes a tubular base (ceramic base) 13 having a heat-
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generation resistor body 40 embedded therein, and a
flange 30 which is joined to the outer circumference of
the ceramic base 13 via a joining member 20 and which
is made of ceramic and has a ring shape, or a ring shape
with ends. The ceramic base 13 includes a cylindrical
support body 17 made of ceramic, and a ceramic sheet
19 wrapped around the outer circumference of the sup-
port body 17. The support body 17 has a through hole
17h in an axial-line-O direction thereof. Then, in the heat
exchanger, water flowing inside the through hole 17h is
heated by the ceramic heater 11 and water in the gap
between the inner wall of the heat exchanger and the
outer circumference of the ceramic heater is also heated
by the ceramic heater 11.

[0025] The supportbody 17 and the ceramic sheet 19
can be formed from alumina, for example. The ceramic
sheet 19 does not completely cover the outer circumfer-
ence of the support body 17, and a slit 13s extending
along the axial-line-O direction of the support body 17 is
formed at a wrap-meeting part 19a of the ceramic sheet
19.

[0026] Meanwhile, as shown in FIG. 2, at the ceramic
sheet 19, a heat-generation resistor body 40 composed
of a plurality of heater wiring circuits 40a, 40b having
meandering pattern shapes is formed by printing or the
like. Each heater wiring circuit 40a, 40b of the heat-gen-
eration resistor body 40 is formed such that folded por-
tions 40m at both ends of a plurality of wiring portions
40L (see upper drawing in FIG. 3) mutually extending
along the axial-line-O direction extend in the width direc-
tion and are connected to ends of the adjacent wiring
portions 40L. The wiring portions at both ends of each
heater wiring circuit 40a, 40b are connected integrally to
the respective ones of three pad-shaped connection ter-
minals 41, 42a, 42b at one end in the axial-line-O direc-
tion.

[0027] Specifically, as shown in FIG. 3, wiring portions
40L1, 40L2 at both ends of the heater wiring circuit 40a
are respectively connected to the connection terminal 41
serving as a shared ground and the connection terminal
42aonthe plus side. Similarly, wiring portions 40L3, 40L4
at both ends of the heater wiring circuit 40b are respec-
tively connected to the connection terminal 41 and the
connection terminal 42b on the plus side.

[0028] Then,the connectionterminals41,42a,42b are
electrically connected respectively to three external ter-
minals 43 (only two are shown in FIG. 1) formed at the
outer circumferential surface (back surface in FIG. 2) of
the ceramic sheet 19, through via-conductors or the like
(not shown).

[0029] The heat-generation resistor body 40 and the
connection terminals 41, 42a, 42b can be formed using
tungsten as a main component, for example.

[0030] Next, with reference to FIG. 4 and FIG. 5, the
heat-generation resistor body 40 (each heater wiring cir-
cuit 40a, 40b) will be described. FIG. 4 is a schematic
view showing measurement parts A1, A2 of the heat-
generation resistor body according to the embodiment
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of the present invention, and conduction paths in the
measurement parts A1, A2. FIG. 5 is a schematic view
showing measurement parts A10, A20 of a heat-gener-
ation resistor body not corresponding to the present in-
vention, and conduction paths in the measurement parts
A10, A20.

[0031] The heat-generation resistor body 40 contains
a metal component and a ceramic component. When ten
different measurement parts of 10 um squares in a trans-
verse cross-section of the heat-generation resistor body
40 are measured, the average content of the metal com-
ponent is not less than 35% by area but less than 50%
by area, and the minimum content of the metal compo-
nent is not less than 30% by area.

[0032] Here, as shown in FIG. 4, the measurement
parts A1, A2 are 10-um-square areas in the transverse
cross-section of the heat-generation resistor body 40 (in
FIG. 4, representing one wiring portion 40L of the heater
wiring circuit 40a shown in FIG. 3). Then, for each meas-
urement part A1, A2, ..., by an electron microscope
(SEM), a secondary electron image (composition image)
is binarized, and the area ratio (% by area) of a bright
part corresponding to the metal component is calculated
as the content of the metal component.

[0033] In addition, the "average content of the metal
component" is the average value of the contents of the
metal component in the ten measurement parts. The
"minimum content of the metal component" is the small-
est value of the contents of the metal component in the
measurement parts. Similarly, a "maximum content of
the metal component" described later is the highest value
of the contents of the metal component in the measure-
ment parts.

[0034] Normally, the heat-generation resistor body 40
is formed by printing an ink paste containing metal par-
ticles and ceramic particles. The ceramic particles such
as alumina increases the wiring resistance, but if many
ceramic particles are contained, the ceramic particles are
interposed between the metal particles forming conduc-
tion paths so that conduction is hampered and discon-
nection becomes likely to occur.

[0035] Accordingly, as shownin FIG. 4, metal particles
M and ceramic particles C are uniformly mixed in each
measurementpartA1, A2 (i.e., the content of the ceramic
component does not vary in each measurement part A1,
A2), whereby the metal particles M connect to each other
without being separated by the ceramic particles C in
each measurement part A1, A2 and thus conduction
paths P are assuredly formed.

[0036] Thus, the content of the ceramic component in
the heat-generation resistor body is increased so that the
resistance is increased, while disconnection can be sup-
pressed. In particular, if the wire-line width of the heat-
generation resistor body 40 (wiring portion 40L) becomes
smaller, disconnection is more likely to occur when there
is a part where many ceramic particles are contained
locally, but such disconnection can also be suppressed.
[0037] In FIG. 4, for convenience sake, conduction
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paths P along the cross-sections of the measurement
parts A1, A2 are shown, butin actuality, conduction paths
are formed so as to pass the cross-section of each meas-
urement part A1, A2 toward the backward direction of
the drawing sheet. However, it is considered that the ar-
rangement state of the metal particles M and the ceramic
particles C is three-dimensionally isotropic (the arrange-
ment states in the cross-section of each measurement
part A1, A2 and in the backward direction of the drawing
sheet perpendicular to the cross-section are the same).
Therefore, for convenience in illustration in the drawing,
conduction paths P along the cross-sections of the meas-
urement parts A1, A2 are shown.

[0038] On the other hand, as shown in FIG. 5, a case
where metal particles M and ceramic particles C are not
uniformly mixed in each measurement part A1, A2 (i.e.,
the content of the ceramic component greatly varies in
each measurement part A1, A2) will be considered.
[0039] In this case, in a measurement part A10, the
ratio of the ceramic particles C is great (there are four
particles in the measurement part) and therefore the met-
al particles M are separated by the ceramic particles C,
so thata conduction path is not formed and disconnection
B occurs. Meanwhile, in a measurement part A20, the
ratio of the ceramic particles C is small (there is one par-
ticle in the measurement part) and therefore the metal
particles M connect to each other without being separat-
ed by the ceramic particles C, so that a conduction path
P is formed.

[0040] Fromthe above, as anindex indicating the elec-
tricresistance of the entire heat-generation resistor body,
the "average content of the metal component" described
above is defined, and is set so as to increase the electric
resistance.

[0041] In addition, as an index for ensuring that the
content of the ceramic component in each measurement
part does not vary and occurrence of disconnection due
to local formation of such an area where there is an ex-
cessively large amount of ceramic component is sup-
pressed, the "minimum content of the metal component”
described above is defined, to suppress disconnection.
For example, in the measurement part A10in FIG. 5, the
"minimum content of the metal component" is smaller
than the prescribed range of the present invention.
[0042] Inthe presentinvention,ifthe maximum content
of the metal component is not greater than 80% by area,
variation in the content of the ceramic componentin each
measurement part described above is further reduced,
so that disconnection can be further suppressed.
[0043] Inthe presentinvention, if the electric resistivity
of the heat-generation resistor body 40 per area of 100
um?2 at 25°C when the thickness thereof is 25 um is not
less than 0.02 Q, the electric resistance of the heat-gen-
eration resistor body can be assuredly increased. For the
electric resistivity, the heat-generation resistor body 40
iscutandthe resistance is measured, the width, the thick-
ness, and the length of the cut part are measured, and
then the resistance value per area of 100 um2 when the
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thickness is 25 um is calculated.

[0044] In the present embodiment, as a method for
controlling the average content of the metal component
and the minimum content of the metal component in the
above ranges, for example, the particle sizes of the metal
particles and the ceramic particles contained in a resistor
body ink for forming the heat-generation resistor body 40
are made fine. By making the particle sizes of the respec-
tive particles fine, the degree of dispersion when the re-
spective particles are mixed is increased, whereby vari-
ation in the content of the ceramic component can be
reduced.

[0045] Specifically, for example, in a case of perform-
ing measurement using a particle size distribution by la-
ser diffraction and scattering, an average particle size ¢
of the metal particles can be set at 0.5 to 2.0 um, and an
average particle size ¢ of the ceramic particles can be
setat 0.2 to 2.0 um.

[0046] As the metal particles, tungsten powder and
molybdenum powder can be used in combination. Ex-
amples of the ceramic particles include alumina.

[0047] By adjusting the sintering temperature for form-
ing the heat-generation resistor body 40, in particular, by
suppressing excessive grain growth or excessive sinter-
ing of the metal component, variation in the content of
the ceramic component can be reduced.

[0048] The resistor body ink can be produced as fol-
lows, for example. First, the metal particles and the ce-
ramic particles are weighed and put into a pot, and a
solvent is further added. Then, the particles are crushed
into fine powder by a ball mill. Further, resin (binder) is
added into the ball mill, to be further mixed and crushed.
Thereafter, the extra solvent is removed through expo-
sure to air. Thus, a slurry ink is obtained.

[0049] The ceramic heater 11 can be produced as fol-
lows, for example.

[0050] First, from slurry of ceramic powder such as alu-
mina, a member to be the support body 17 is extrusion-
molded, and then is calcined. In addition, from the same
slurry as above, a green sheet to be the ceramic sheet
19 is formed, and on the surface thereof, the above re-
sistor body ink to be the heat-generation resistor body
40 and the connection terminals 41, 42a, 42b as shown
in FIG. 2is printed and dried. Then, on the printed surface
of the green sheet, another green sheet is laminated and
pressed, whereby the heat-generation resistor body 40
and the connection terminals 41, 42a, 42b are embedded
between both green sheets. Further, in one surface of
the laminated body of both green sheets, via holes are
provided and are filled with via-conductors. Directly
above these, conductive pastes to be the external termi-
nals 43 are printed and dried.

[0051] Then, aceramic pasteis applied onthe opposite
surface of the laminated body of both green sheets, the
laminated body is wrapped around the support body 17,
and the entire body is sintered.

[0052] In addition, ceramic powder such as alumina is
pressure-molded by a mold and then sintered, thus ob-
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taining the flange 30.

[0053] The ceramic base 13 and the flange 30 pro-
duced as described above are heated at a glass melting
temperature or higher in a state in which a solid joining
material 20 (glass) to be the joining member 20 is placed
in a gap between the ceramic base 13 and the flange 30,
whereby the flange 30 is joined to the outer circumference
of the ceramic base 13.

[0054] The production method for the ceramic heater
of the present invention includes a ceramic base produc-
ing step of producing a ceramic base, and an application
step of applying (printing) an ink to be a heat-generation
resistor body, around the ceramic base. The above ink
contains metal particles and ceramic particles, an aver-
age particle size of the metal particles is 0.5 to 2.0 um,
and an average particle size of the ceramic particles is
0.2t0 2.0 pm.

[0055] It should be understood that the present inven-
tion is not limited to the above embodiment and incorpo-
rates various modifications and equivalents within the
idea and the scope of the present invention.

[0056] The kinds of the metal component and the ce-
ramic component composing the heat-generation resis-
tor body are not limited to the above ones.

[0057] The number of heater wiring circuits and the
shape thereof are also not limited.

[0058] Regarding each measurement part in a trans-
verse cross-section of the heat-generation resistor body,
measurement parts may be taken from different trans-
verse cross-sections, or as shown in FIG. 6, a plurality
of measurement parts A5, A6 may be taken from the
same transverse cross-section.

[Examples]
[Example 1]

[0059] Using tungsten powder and molybdenum pow-
der as metal particles and using alumina powder as ce-
ramic particles, resistor body inks in which the average
particle size ¢ of the metal particles was 1.3 um and the
average particle size ¢ of the ceramic particles was 0.5
um, were produced. The blend ratio of the metal particles
was variously changed for the respective resistor body
inks.

[0060] Each resistor body ink was printed in a prede-
termined heat generation pattern and was dried, and then
was sintered at such a temperature that the metal parti-
cles were not oxidized. Then, the electric resistivity at
25°C when the thickness was 25 um was measured by
a usual method.

[0061] The obtained resultis shownin FIG. 7. The con-
tent of the metal component s the area ratio (% by area)
when ten different measurement parts of 10 um squares
in the transverse cross-section of the heat-generation
resistor body were measured as described above.
[0062] As shown in FIG. 7, when the content of the
metal component is less than approximately 50% by ar-
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ea, the electric resistivity sharply increases. On the basis
ofthis result, the average content of the metal component
inthe presentinventionis settobe less than 50% by area.

[Example 2]

[0063] Foraceramic heater (Example) producedinthe
same manner as in Example 1 and commercial ceramic
heaters (Comparative examples 1 to 3), the "average
content of the metal component”, the "minimum content
of the metal component”, and the "maximum content of
the metal component" were measured by the above
method. In addition, a max-min difference of the content
of the metal component = (maximum content of metal
component) - (minimum content of metal component)
was calculated.

[0064] The obtained results are shown in FIG. 8 and
FIG. 9.
[0065] FIG. 8 shows a result of actually measuring the

contents of the metal components of the heat-generation
resistor bodies in Comparative examples 1, 2, 3 and Ex-
ample. A result of measurements at ten points randomly
selected in each sample is plotted on the left side in each
sample, and a result of measurements for an area con-
taining a large amount of metal component and an area
containing a small amount of metal component, which
were intentionally selected visually in each sample, were
plotted on the right side in each sample.

[0066] FIG. 9 shows a resultof calculating the average
content, the maximum content, and the minimum content
of the metal component, and the max-min difference of
the content of the metal component in each of Compar-
ative examples 1, 2, 3 and Example on the basis of the
measurement result shown in FIG. 8.

[0067] In Comparative examples 1, 2, the "average
contents of the metal components" were not less than
50% by area and therefore were greater than that in Ex-
ample. Thus, the resistances of the heat-generation re-
sistor bodies of the ceramic heaters could not be in-
creased.

[0068] In Comparative example 3, the "average con-
tent of the metal component" was great equivalently to
that in Example, but the "minimum content of the metal
component" was less than 30% by area and therefore
less than that in Example. Thus, it is considered that dis-
connection is likely to occur.

[Description of Reference Numerals]
[0069]
11 ceramic heater

40 heat-generation resistor body
A1,A2,A5,A6 measurement part
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Claims

1. A ceramic heater comprising a heat-generation re-
sistor body embedded in a base, wherein

the heat-generation resistor body includes a
metal component and a ceramic component,
and

when ten different measurement parts of 10 um
squares in a transverse cross-section of the
heat-generation resistor body are measured, an
average content of the metal component is not
less than 35% by area but less than 50% by
area, and a minimum content of the metal com-
ponent is not less than 30% by area.

2. The ceramic heater according to claim 1, wherein
a maximum content of the metal component is not
greater than 80% by area.

3. The ceramic heater according to claim 1 or 2, where-

in
an electric resistivity of the heat-generation resistor
body per area of 100 um?2 at 25°C when a thickness
thereof is 25 um is not less than 0.02 Q.

4. A production method for a ceramic heater, compris-

ing:

a ceramic base producing step of producing a
ceramic base; and

an application step of applying or printing an ink
to be a heat-generation resistor body, around
the ceramic base, wherein

the ink contains metal particles and ceramic par-
ticles, an average particle size of the metal par-
ticles is 0.5 to 2.0 um, and an average particle
size of the ceramic particles is 0.2 to 2.0 um.
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[FIG.1]
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[FIG.Z2]
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[FIG. 3]
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[FIG.4]
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[FIG. 5]
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[FIG.7]
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[FIG.9]
COMPARATIVE COMPARATIVE | COMPARATIVE
EXAMPLE
EXAMPLE 1 EXAMPLE 2 EXAMPLE 3
AVERAGE CONTENT OF METAL
85.7 49.8 80.6 43.9
COMPONENT (% BY AREA)
MAXTIMUM CONTENT OF METAL
98.9 70.2 89.7 91.0
COMPONENT (% BY AREA)
MINIMUM CONTENT OF METAL
777 37.4 73.3 17.6
COMPONENT (% BY AREA)
MAX-MIN DIFFERENCE OF
CONTENT OF METAL COMPONENT 21.2 32.8 16.3 73.4
(% BY AREA)
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