EP 3 151 630 A1

(1 9) Europdisches

: Patentamt

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

EP 3151 630 A1

European
Patent Office

Office européen

des brevets (1 1 )

(43) Date of publication:
05.04.2017 Bulletin 2017/14

(51) IntClL:
HO5B 3/02 (2006.01)
HO05B 3/28 (2006.01)

HO5B 3/18 (200607

(21) Application number: 15798970.8
(86) International application number:

(22) Date of filing: 25.05.2015 PCT/JP2015/064851
(87) International publication number:
WO 2015/182535 (03.12.2015 Gazette 2015/48)

(84) Designated Contracting States: (71) Applicant: Kyocera Corporation
AL AT BE BG CH CY CZDE DK EE ES FI FRGB Kyoto-shi, Kyoto 612-8501 (JP)
GRHRHUIEISITLILT LULV MC MK MT NL NO

PL PT RO RS SE SI SK SM TR (72) Inventor: 1IZUTSU, Shoji

Designated Extension States: Kyoto-shi

BA ME Kyoto 612-8501 (JP)

Designated Validation States:

MA (74) Representative: Viering, Jentschura & Partner

mbB

Patent- und Rechtsanwailte
Am Brauhaus 8

01099 Dresden (DE)

(30) Priority: 27.05.2014 JP 2014109198

(54) CERAMIC HEATER AND IGNITION DEVICE PROVIDED WITH SAME

(67) A ceramic heater includes a ceramic body; a
heat-generating resistor embedded in the ceramic body
and having a belt shape; and a lead embedded in the
ceramic body, connected to an end portion of the
heat-generating resistor, and having a belt shape. The
lead includes a first portion covering the end portion of

the heat-generating resistor at a connection portion be-
tween the lead and the heat-generating resistor, and sec-
ond portions extending sideways from both sides of the
end portion. A thickness of each of the second portions
is smaller than a thickness of the first portion.

FIG 3

32(3)

32(3)

31(3)

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 151 630 A1 2

Description
Technical Field

[0001] The presentinvention relates to a ceramic heat-
er and an ignition device provided with the ceramic heat-
er.

Background Art

[0002] A ceramic heater is known as an example of a
heater for use in a gas stove, an on-vehicle heating de-
vice, a kerosene fan heater, a glow plug of an automobile
engine, a heater for preheating of fuel, or the like. An
example of a ceramic heater is disclosed in Japanese
Unexamined Patent Application Publication No.
2000-156275 (hereinafter referred to as Patent Docu-
ment 1).

[0003] The ceramic heater disclosed in Patent Docu-
ment 1 includes a ceramic structure, a heat-generating
resistor embedded in the ceramic structure, and feeder
lines connected to the heat-generating resistor and ex-
tending to a surface of the ceramic structure.

[0004] The ceramic heater disclosed in Patent Docu-
ment 1 has arisk that cracks will be formed in connection
portions between the feeder lines and the heat-generat-
ing resistor as a thermal stress is generated in the feeder
lines and the heat-generating resistor when the ceramic
heater is repeatedly used in a high-temperature environ-
ment. Thus, it is difficult to increase the long-term relia-
bility when the ceramic heater is repeatedly used in a
high-temperature environment.

Summary of Invention

[0005] A ceramic heater includes a ceramic body; a
heat-generating resistor embedded in the ceramic body
and having a belt shape; and a lead embedded in the
ceramic body, connected to an end portion of the heat-
generating resistor, and having a belt shape. The lead
includes a first portion covering the end portion of the
heat-generating resistor at a connection portion between
the lead and the heat-generating resistor, and second
portions extending sideways from both sides of the end
portion. A thickness of each of the second portions is
smaller than a thickness of the first portion.

[0006] An ignition device includes the ceramic heater,
and a channel through which fuel gas flows to the ceramic
body included in the ceramic heater.

Brief Description of Drawings

[0007]
Fig. 1 is a longitudinal sectional view of a ceramic
heater.

Fig. 2 is a cross-sectional view of the ceramic heater
illustrated in Fig. 1 taken along line A-A’.
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Fig. 3 is an enlarged view of a resistor and a lead of
the ceramic heater illustrated in Fig. 2.

Fig. 4 is a perspective view of an ignition device in-
cluding the ceramic heater illustrated in Fig. 1. De-
scription of Embodiments

[0008] A ceramic heater 10 will be described with ref-
erence to the drawings.

[0009] As illustrated in Fig. 1, the ceramic heater 10
includes a ceramic body 1, a heat-generating resistor 2
disposed in the ceramic body 1, and leads 3 disposed in
the ceramic body 1 and connected to the heat-generating
resistor 2. The ceramic heater 10 may be used, for ex-
ample, in a glow plug of an automobile engine, for pre-
heating a fuel, or for igniting a gas stove.

[0010] The ceramic body 1 is a member in which the
leads 3 and the heat-generating resistor 2 are embedded.
The durabilities of the leads 3 and the heat-generating
resistor 2 can be increased by placing the leads 3 and
the heat-generating resistor 2 in the ceramic body 1. The
ceramic body 1 is a member having, for example, a rod
shape or a plate shape (each of which may be regarded
as a columnar shape). The ceramic body 1 includes, for
example, a plurality of ceramic layers 11. In the example
described below, the ceramic body 1 of the ceramic heat-
er 10is amultilayer body including the plurality of ceramic
layers 11. However, the ceramic body 1 is not limited to
this. Thatis, the ceramic body 1 may be integrally formed.
Examples of a method for integrally forming the ceramic
body 1 include injection molding.

[0011] The ceramic body 1 is made of an electrically
insulative ceramic, such as an oxide ceramic, a nitride
ceramic, or a carbide ceramic. More specifically, the ce-
ramic body 1 is made of, for example, an alumina ceram-
ic, a silicon nitride ceramic, an aluminum nitride ceramic,
or a silicon carbide ceramic.

[0012] The ceramic body 1 made of a silicon nitride
ceramic may be obtained by the following method. For
example, silicon nitride, which is the main component, is
mixed with 5 to 15 mass% of rare earth oxide, such as
Y203, Yb203, or Er203, which functions as a sintering
additive; 0.5 to 5 mass% of Al203; and Si02, the amount
of which is adjusted so that the amount of Si02 in the
sintered body is 1.5 to 5 mass%. The thus-obtained ma-
terial is formed in a predetermined shape, and is then
fired at a temperature of 1650°C to 1780°C. Thus, the
ceramic body 1 made of a silicon nitride ceramic is ob-
tained. A hot press method, for example, may be used
in the firing process.

[0013] Whentheceramicbody 1hasarod shape, more
specifically, a rectangular-prism shape, the length of the
ceramic body 1 is set to, for example, 20 to 100 mm. The
cross-sectional shape of the ceramic body 1 is set to, for
example, a rectangle having a thickness of 1 to 6 mm
and a width of 2 to 40 mm.

[0014] The heat-generating resistor 2 is amember that
has a belt shape and that generates heat when a voltage
is applied thereto. The heat-generating resistor 2 is em-
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bedded between two ceramic layers 11 of the ceramic
body 1 adjacent to each other. When a voltage is applied
to the heat-generating resistor 2, a current flows through
the heat-generating resistor 2, and the heat-generating
resistor 2 generates heat. The generated heat is trans-
ferred through the ceramic body 1, so that the tempera-
ture of the surface of the ceramic body 1 increases. The
heat is transferred from the surface of the ceramic body
1to anobject to be heated, thereby providing the function
of the ceramic heater 10. The object to be heated that
receives the heat from the surface of the ceramic body
1is, forexample, diesel oilto be supplied to afuel injection
device of an automobile diesel engine.

[0015] The heat-generating resistor 2 is disposed in a
region near the front end of the ceramic body 1. The heat-
generating resistor 2 has, for example, a bent shape in
longitudinal cross section (cross section parallel to the
length direction of the heat-generating resistor 2). More
specifically, the heat-generating resistor 2 includes two
parallel linear portions 21 and a connecting portion 22
that has substantially semicircular or substantially sem-
ielliptical inner and outer peripheries and that is bent so
as to connect the two linear portions 21. The heat-gen-
erating resistor 2 is bent at a location near the front end
of the ceramic body 1. The length from the front end of
the heat-generating resistor 2 (the front end of the con-
necting portion 22) to the rear end of the heat-generating
resistor 2 (the rear end of each of the linear portions 21)
is set to, for example, 2 to 15 mm in the length direction
of the heat-generating resistor 2.

[0016] The heat-generating resistor 2 is made of, for
example, a material having a carbide, nitride, silicide,
etc., of tungsten (W), molybdenum (Mo), titanium (Ti),
etc., as the main component. When the ceramic body 1
is made of a silicon nitride ceramic, the heat-generating
resistor 2 is preferably made of a material having tung-
sten carbide as the main component. In this case, the
coefficient of thermal expansion of the ceramic body 1
and that of the heat-generating resistor 2 can be made
close to each other.

[0017] Each of the leads 3 is a member that has a belt
shape, that is embedded in the ceramic body 1, and one
end of which is at a corresponding one of side surfaces
of the ceramic body 1. The leads 3 are located between
two ceramic layers 11 adjacent to each other. The leads
3 are electrically connected to the heat-generating resis-
tor 2. The leads 3 are used to electrically connect the
heat-generating resistor 2 to an external electric power
source.

[0018] The number oftheleads 3 is two. The two leads
3 extend in the length direction of the ceramic body 1 so
as to correspond to the two linear portions 21 of the heat-
generating resistor 2. Each of the leads 3 is bentin arear
end portion of the ceramic body 1 so as to extend to a
corresponding one of side surfaces of the ceramic body
1. Thelead 3 is bentin the rear end portion of the ceramic
body 1 by an angle of 90° so as to extend to the corre-
sponding one of side surfaces of the ceramic body 1.
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[0019] The leads 3 are made of, for example, a highly
heat-resistant metal material, such as W or Mo. In par-
ticular, preferably, the leads 3 are made of tungsten car-
bide, which is the same as the heat-generating resistor
2,in consideration ofthe coefficient of thermal expansion.
For example, the width of each of the leads 3 is set to
about 1 to 20 mm; the length of a part of the lead 3 ex-
tending in the length direction of the heat-generating re-
sistor 2 is set to about 10 to 80 mm; the length of a part
of the lead 3 extending, in a direction perpendicular to
the heat-generating resistor 2, to a corresponding one of
the side surfaces of the ceramic body 1 is set to about 2
to 30 mm; and the thickness the lead 3 is set to about 10
to 50 pm.

[0020] Fig. 2 is a cross-sectional view of the ceramic
heater 10 illustrated in Fig. 1 taken along line A-A’, which
passes through connection portions between the heat-
generating resistor 2 and the leads 3. Fig. 2 illustrates a
cross section perpendicular to the main surface of the
heat-generating resistor 2. In Fig. 2, the boundaries be-
tween the plurality of ceramic layers 11 are shown by
dotted lines. Fig. 3 is an enlarged view of the resistor 2
and one of the leads 3 illustrated in Fig. 2. As illustrated
in Figs. 2and 3, each of the leads 3 includes a first portion
31, covering a corresponding end portion of the heat-
generating resistor 2, and second portions 32, extending
sideways from both sides of the end portion. The bound-
ary between the lead 3 and the heat-generating resistor
2 is not planar, since the lead 3 covers the end portion
of the heat-generating resistor 2 and extends sideways
from both sides of the end portion in this way. Therefore,
cracks are not easily formed in the boundary between
the lead 3 and the heat-generating resistor 2. In particu-
lar, preferably, the sideway length W of each of extending
portions (each of the second portions 32) is greater than
the thickness T (shown by a broken line in Fig. 3) of the
lead 3 at the end portion of an overlapping portion (the
first portion 31) in which the lead 3 and the heat-gener-
ating resistor 2 overlap. Thus, the end portion of the lead
3 can be located sufficiently far from the heat-generating
resistor 2. Therefore, if cracks are formed at an end of
the second portion 32, the risk that the cracks will extend
into a space between the lead 3 and the heat-generating
resistor 2 can be reduced. In particular, the sideway
length W of the second portion 32 may be greater than
or equal to twice the thickness T of the lead 3 at the end
portion of the first portion 31. In this case, the second
portion 32 can extend thinly in the ceramic body 1. As a
result, a thermal stress generated in the ceramic body 1
when the second portion 32 thermally expands can be
reduced.

[0021] The thickness of each of the extending portions
(each of the second portions 32) of the lead 3 is smaller
than the thickness of the overlapping portion (the first
portion 31) of the lead 3 overlapping the heat-generating
resistor 2. Thus, when a thermal stress is generated in
the heat-generating resistor 2, the thermal stress is easily
concentrated on the extending portion.
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[0022] Therefore, the possibility that cracks will be
formed in the overlapping portion (the first portion 31) of
the lead 3 overlapping the heat-generating resistor 2 can
be reduced. As a result, the long-term reliability when the
ceramic heater 10 is repeatedly used in a high-temper-
ature environment can be increased. For example, the
thickness of the first portion 31 of the lead 3 is setto 5
to 50 wm, and the thickness of the second portion 32 of
the lead 3 is setto 0.5 to 10 um.

[0023] The thickness of the first portion 31 and the
thickness of the second portion 32 can be compared with
each other by, for example, comparing the average thick-
ness of the first portion 31 and the average thickness of
the second portion 32 with each other. The average thick-
nesses of the first portion 31 and the second portion 32
can be obtained by using, for example, the following
method. To be specific, three imaginary lines that quarter
each of the first portion 31 and the second portion 32 are
drawn in each of the first portion 31 and the second por-
tion 32. Then, the averages of the thicknesses of the first
portion 31 and the second portion 32 at positions where
the three imaginary lines are drawn are calculated. The
averages can be regarded as the average thickness of
the first portion 31 and the average thickness of the sec-
ond portion 32.

[0024] Preferably, as illustrated in Figs. 2 and 3, the
thickness of each of the second portions 32 gradually
decreases as further it gets sideways from the lead 3 at
the connection portion between the lead 3 and the heat-
generating resistor 2. In this case, a thermal stress is
easily concentrated on a part of the second portion 32
near the end thereof, since the thickness of each of the
second portions 32 gradually decreases as further it gets
sideways. Thus, even when a thermal stress is generated
in the lead 3, the positions where cracks may be formed
in the lead 3 can be located away from the heat-gener-
ating resistor 2 and the first portion 31. Therefore, the
risk that the connection reliability between the lead 3 and
the heat-generating resistor 2 will decrease can be re-
duced.

[0025] As illustrated in Figs. 2 and 3, the heat-gener-
ating resistor 2 and the lead 3 may be disposed between
two ceramic layers 11 adjacent to each other. Thus,
cracks that may be formed in the ceramic body 1 can be
reduced. In the ceramic body 1, in particular, a stress is
easily concentrated on a region between the ceramic lay-
ers 11. The second portion 32 can absorb the stress gen-
erated between the ceramic layers 11 by disposing the
heat-generating resistor 2 and the lead 3, which can con-
centrate the stress on the second portion 32 as described
above, between the ceramic layers 11. Therefore, the
risk that cracks will be formed between the ceramic layers
11 in the ceramic body 1 can be reduced.

[0026] The heat-generating resistor 2 and each of the
second portions 32 may be in contact with one surface
of one of the two ceramic layers 11 in the connection
portion between the lead 3 and the heat-generating re-
sistor 2. In this case, both the heat-generating resistor 2
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and the lead 3 can absorb a force when a thermal stress
is generated in the ceramic body 1, since the heat-gen-
erating resistor 2 and each of the second portions 32 are
in contact with the same surface. In other words, the risk
that a force will be applied to only the heat-generating
resistor 2 or only the lead 3 can be reduced. Therefore,
for example, the risk that cracks will be formed at the
interface between the heat-generating resistor 2 and the
lead 3 can be reduced.

[0027] The heat-generating resistor 2 and each of the
second portions 32 may be continuous on one surface.
The phrase "continuous on one surface" means that,
when a cross section passing through the heat-generat-
ing resistor 2 and the lead 3 is viewed, the heat-gener-
ating resistor 2 and the lead 3 are in contact with each
other on one surface of one of two ceramic layers 11
adjacent to each other. Thus, gaps from which cracks
may develop can be reduced at the interface between
the heat-generating resistor 2 and each of the second
portions 32, and therefore the risk that cracks will be
formed at the interface between the heat-generating re-
sistor 2 and the lead 3 can be reduced.

[0028] As illustrated in Figs. 2 and 3, one of main sur-
faces of each of the second portions 32 of the lead 3 and
the heat-generating resistor 2 may be in contact with one
surface of one of two ceramic layers 11 adjacent to each
other, and the other main surface of the second portion
32 may be convexly curved inward. In this case, stress
can be more easily concentrated on the end portion of
the second portion 32. As a result, even when a thermal
stress is generated in the second portion 32, positions
where cracks may be formed in the lead 3 can be located
away from the first portion 31. Therefore, the reliability
of connection between the lead 3 and the heat-generat-
ing resistor 2 can be increased.

[0029] The lead 3 and the heat-generating resistor 2
may be made of a metal material and a ceramic material
mixed in the metal material. Examples of the metal ma-
terial include WC. Examples of the ceramic material in-
clude Si3N4 and BN. In this case, the ceramic material
content of the second portion 32 may be greater than the
ceramic material content of the first portion 31. Thus,
when a stress is applied to the entirety of the lead 3,
cracks can be allowed to be formed more easily in the
second portion 32 than in the first portion 31. This is be-
cause, the second portion 32 can be elastically deformed
less easily than the first portion 31 when the metal ma-
terial content of the second portion 32 is smaller than that
of the first portion 31 and the ceramic material content
of the second portion 32 is greater than that of the first
portion 31. Examples of a method for making the com-
positions of the first portion 31 and the second portion
32 differ from each other include a method of forming the
first portion 31 and the second portion 32 from different
green sheets.

[0030] The thermal expansion coefficient of the heat-
generating resistor 2 may be smaller than that of the lead
3. In this case, after firing, a residual stress remains in
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such a way that the lead 3 cramps the heat-generating
resistor 2. Therefore, the risk that peeling will occur be-
tween the heat-generating resistor 2 and the lead 3 can
be reduced. The thermal expansion coefficient of the
heat-generating resistor 2 can be made smaller than that
of the lead 3 by using, for example, the following method.
To be specific, WC is used as the main component of
the lead 3 and the heat-generating resistor 2, and Si3N4,
which has a smaller thermal expansion coefficient than
WC, is added as a subcomponent. In this case, by adding
a larger amount of Si3N4 to the heat-generating resistor
2 than to the lead 3, the thermal expansion coefficient of
the heat-generating resistor 2 can be made smaller than
that of the lead 3.

[0031] The ceramic heater 10 described above can be
made, for example, by using a hot press method. To be
specific, a paste, which is to become the heat-generating
resistor 2 and the leads 3, is stacked on a green sheet,
which is to become a part of the ceramic layer 11. In
doing so, in order to make the second portions 32 of the
lead 3 to extend sideways from both sides of the heat-
generating resistor 2, a part of the paste to become the
second portions 32 of the lead 3 and a green paste are
made to closely contact each other by applying a small
pressure to the part to become the second portion 32.
Subsequently, another green sheet is stacked on the
green sheet so that the heat-generating resistor 2 and
the lead 3 are disposed between the green sheets, there-
by obtaining a multilayer body. Subsequently, the ceram-
ic heater 10 is produced by firing the multilayer body by
using a hot-press method.

[0032] The ceramic heater 10 is used in, for example,
an ignition device 100 illustrated in Fig. 4. The ignition
device 100 includes the ceramic heater 10 and a channel
20 through which a fuel gas is supplied to the ceramic
heater 10. The channel 20 includes, for example, a gas
valve 21 and a gas flow pipe 22 having ejection holes
23. The gas valve 21 has a function of controlling the flow
rate of the fuel gas. The fuel gas supplied from the gas
valve 21 is, for example, natural gas or propane gas. The
gas flow pipe 22 ejects the fuel gas, which is supplied
from the gas valve 21, toward the ceramic heater 10
through the ejection holes 23. The ejected fuel gas can
be ignited by heating the fuel gas with the heater 10. The
ignition device 100, which includes the ceramic heater
10 having improved long-term reliability, has improved
fuel-gas ignition stability.

Reference Signs List

[0033]

1 ceramic body

11 ceramic layer

2 heat-generating resistor
21 linear portion

22 connecting portion

3 lead
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31 first portion

32 second portion
10 ceramic heater
100 ignition device

Claims
1. A ceramic heater comprising:

a ceramic body;

a heat-generating resistor embedded in the ce-
ramic body and having a belt shape; and
alead embedded in the ceramic body, connect-
ed to an end portion of the heat-generating re-
sistor, and having a belt shape,

wherein the lead comprises:

afirst portion covering the end portion of the
heat-generating resistor at a connection
portion between the lead and the heat-gen-
erating resistor; and

second portions extending sideways from
both sides of the end portion, and

a thickness of each of the second portions is
smaller than a thickness of the first portion.

2. The ceramic heater according to Claim 1, wherein
the thickness of each of the second portions gradu-
ally decreases as further it gets sideways from the
lead at the connection portion between the lead and
the heat-generating resistor.

3. Theceramicheateraccordingto Claim 1 or 2, where-
in asideway length of the each of the second portions
is greater than a thickness of the first portion at an
end portion thereof.

4. The ceramic heater according to any one of Claims
1 to 3, wherein the ceramic body is a multilayer body
comprising a plurality of ceramic layers.

5. The ceramic heater according to Claim 4, wherein
the heat-generating resistor and the lead are dis-
posed between two ceramic layers adjacent to each
other.

6. The ceramic heater according to Claim 5, wherein
the heat-generating resistor and each of the second
portions are in contact with one surface of one of the
two ceramic layers.

7. The ceramic heater according to Claim 6, wherein
the heat-generating resistor and each of the second

portions are continuous on the one surface.

8. An ignition device comprising:
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the ceramic heater according to any one of
Claims 1 to 7; and

a channel through which fuel gas flows to the
ceramic body included in the ceramic heater.
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