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(54) HEATER

(57) A heater includes a ceramic body having a cy-
lindrical or a tubular shape and extending from a first end
toward a second end, a heating resistor located inside
the ceramic body, an electrode pad electrically connect-
ed to the heating resistor, a lead terminal electrically con-
nected to the electrode pad, and a bonding material hav-
ing electrical conductivity and bonding the electrode pad
and the lead terminal. The electrode pad is located from
a side surface to an end surface of the ceramic body.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a heater used
for a liquid heating heater, a gas heating heater, an ox-
ygen sensor heater, or the like.

BACKGROUND OF INVENTION

[0002] As a heater used for a liquid heating heater, for
example, a ceramic heater described in Patent Docu-
ment 1 has been known. The ceramic heater described
in Patent Document 1 includes a core member including
a heat generation portion therein, a connection terminal
portion provided at a side surface of the core material
and connected to the heat generation portion, and a lead
terminal including one end portion bonded to the connec-
tion terminal portion by a brazing material and the other
end portion extending along a longitudinal direction of
the ceramic heater.

CITATION LIST

PATENT LITERATURE

[0003] Patent Document 1: JP 2016-81608 A

SUMMARY

[0004] In a heater of the present disclosure, the heater
includes a ceramic body having a cylindrical or a tubular
shape and extending from a first end toward a second
end, a heating resistor located inside the ceramic body,
an electrode pad electrically connected to the heating
resistor, a lead terminal electrically connected to the elec-
trode pad, and a bonding material having electrical con-
ductivity and bonding the electrode pad and the lead ter-
minal, wherein the electrode pad is located from a side
surface to an end surface of the ceramic body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

FIG. 1A is a perspective view illustrating an example
of a heater.
FIG. 1B is a schematic perspective view in which
part of the heater illustrated in FIG. 1A is seen
through.
FIG. 2A is an enlarged cross-sectional view of the
heater illustrated in FIG. 1A, taken along line A-A’.
FIG. 2B is an enlarged cross-sectional view of the
heater illustrated in FIG. 1A, taken along line B-B’.
FIG. 3 is an enlarged cross-sectional view of the
heater illustrated in FIG. 1A.
FIG. 4 is an enlarged cross-sectional view illustrating
another example of the heater.

FIG. 5 is an enlarged cross-sectional view illustrating
another example of the heater.
FIG. 6 is an enlarged cross-sectional view illustrating
another example of the heater.
FIG. 7 is an enlarged cross-sectional view illustrating
another example of the heater.
FIG. 8 is an enlarged cross-sectional view illustrating
another example of the heater.
FIG. 9 is an enlarged cross-sectional view illustrating
another example of the heater.
FIG. 10 is an enlarged cross-sectional view illustrat-
ing another example of the heater.
FIG. 11 is a side view illustrating another example
of the heater.
FIG. 12 is a plan view illustrating another example
of the heater.
FIG. 13 is a plan view illustrating another example
of the heater.

DESCRIPTION OF EMBODIMENTS

[0006] In such a ceramic heater, a terminal connection
portion is provided at one surface of a core member. This
has resulted in a risk of failure to maintain the bonding
strength of the terminal connection portion when vibration
occurs in a direction in which the core member and the
terminal connection portion are separated from each oth-
er. Thus, the terminal connection portion may be peeled
off from the core member when used for a long period of
time. As a result, it has been difficult to improve the long-
term reliability of ceramic heaters.
[0007] In a heater according to an embodiment of the
present disclosure, an electrode pad is located from a
side surface to an end surface of a ceramic body. Thus,
the electrode pad can be provided at a plurality of sur-
faces of the ceramic body. With this configuration, even
when vibration occurs in a direction in which the ceramic
body and the electrode pad are separated from each oth-
er, the bonding strength of the electrode pad can be main-
tained. Thus, a risk of peeling of the electrode pad from
the ceramic body can be reduced even when used for a
long period of time. As a result, the long-term reliability
of the heater can be improved.
[0008] A heater 100 will be described in detail.
[0009] FIG. 1A is a perspective view illustrating an ex-
ample of the heater 100. FIG. 1B is a schematic perspec-
tive view in which part of the heater illustrated in FIG. 1A
is seen through. As illustrated in FIGs. 1A and 1B, the
heater 100 includes a ceramic body 1 having a cylindrical
or a tubular shape and extending from a first end 101
toward a second end 102, a heating resistor 2 located
inside the ceramic body 1, an electrode pad 3 electrically
connected to the heating resistor 2, a lead terminal elec-
trically connected to the electrode pad 3, and a bonding
material 5 having electrical conductivity and bonding the
electrode pad 3 and the lead terminal 4, wherein the elec-
trode pad 3 is located from a side surface to an end sur-
face of the ceramic body 1.
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[0010] In FIGs. 1A and 1B, the first end 101 and the
second end 102 of the heater 100 are at the lower left
side and the upper right side, respectively. In FIG. 3, the
first end 101 and the second end 102 are provided at the
upper side and the lower side, respectively. In the follow-
ing description, the terms "first end 101 side" and "second
end 102 side" may be used. Based on the center in the
longitudinal direction, which is the direction in which the
ceramic body 1 extends, a portion closer to the first end
101 is the "first end 101 side" and a portion closer to the
second end 102 is the "second end 102 side". The "first
end 101 side" can also be referred to as the vicinity of
the first end 101, and the "second end 102 side" can also
be referred to as the vicinity of the second end 102.
[0011] The ceramic body 1 is a member provided to
protect the heating resistor 2. The ceramic body 1 has a
cylindrical or tubular shape having a longitudinal direc-
tion. In the heater 100 illustrated in FIG. 1, the ceramic
body 1 has a tubular shape.
[0012] The ceramic body 1 includes an insulating ce-
ramic material. The ceramic body 1 includes an insulating
ceramic material such as, for example, alumina, silicon
nitride, or aluminum nitride. When the ceramic body 1
has a cylindrical shape, the dimensions of the ceramic
body 1 can be, for example, 10 mm to 400 mm in length
and 5 mm to 60 mm in outer diameter. When the ceramic
body 1 has a tubular shape, the dimensions of the ce-
ramic body 1 may be, for example, 10 mm to 400 mm in
length, 5 mm to 60 mm in outer diameter, and 3 mm to
50 mm in inner diameter.
[0013] The ceramic body 1 may include a slit-like re-
cess extending from the first end 101 toward the second
end 102 in the outer peripheral surface as illustrated in
FIGs. 1A and 1B.
[0014] The heating resistor 2 is a member for gener-
ating heat when electrical current flows therethrough.
The heating resistor 2 is provided inside the ceramic body
1 as illustrated in FIGs. 1B, 2A, and 2B. The heating
resistor 2 may be disposed so as to generate the largest
amount of heat at the second end 102 side of the ceramic
body 1. For example, the heating resistor 2 may extend
from the first end 101 side toward the second end 102
side of the ceramic body 1 and may extend from the sec-
ond end 102 side toward the other first end 101 side after
reaching the second end 102 side. As illustrated in FIG.
1B, for example, the heating resistor 2 may include a
folded portion in which the heating resistor 2 is provided
along a circumferential direction while being repeatedly
folded in the longitudinal direction, at the second end 102
side of the ceramic body 1. Further, the heating resistor
2 may be a pair of linear portions at the second end 102
side of the folded portion. The heating resistor 2 may
have a pattern in which the heating resistor 2 is repeat-
edly folded back and forth between the first end 101 side
and the second end 102 side, instead of the pattern in
which the folded portion with repeated folding is only at
the second end 102 side.
[0015] The heating resistor 2 includes a metal material.

The metal material includes, for example, tungsten, mo-
lybdenum, or rhenium. The heating resistor 2 may include
an insulating member. Thus, the resistance value of the
heating resistor 2 can be adjusted. The dimensions of
the heating resistor 2 can be set to, for example, 0.2 mm
to 5 mm in width, 5 mm to 1000 mm in total length, and
0.05 mm to 0.5 mm in thickness.
[0016] The electrode pad 3 is a member for connecting
the lead terminal 4 and the heating resistor 2. The elec-
trode pad 3 is provided from a side surface to an end
surface of the ceramic body 1. The electrode pad 3 is
electrically connected to the heating resistor 2. The elec-
trode pad 3 includes a metal material. The metal material
includes, for example, tungsten, molybdenum, or rhe-
nium. Further, a layer of a metal such as nickel, chromi-
um, or gold may be formed on the surface thereof. The
dimensions of a portion of the electrode pad 3 provided
at the side surface of the ceramic body 1 may be 0.5 mm
to 15 mm in length, 0.5 mm to 5 mm in width, and 0.2
mm to 1.5 mm in thickness. The dimensions of a portion
of the electrode pad 3 provided at the end surface of the
ceramic body 1 may be 0.1 mm to 20 mm in length, 0.1
mm to 20 mm in width, and 0.2 mm to 1.5 mm in thickness.
As illustrated in FIG. 1, the electrode pad 3 and the lead
terminal 4 may be provided at each of both ends of the
heating resistor 2.
[0017] The electrode pad 3 and the heating resistor 2
may be electrically connected to each other via a through-
hole conductor, for example, as illustrated in FIG. 2B.
Thus, the lead terminal 4 provided at the outer peripheral
portion of the ceramic body 1 and the heating resistor 2
provided inside the ceramic body 1 can be electrically
connected to each other.
[0018] The lead terminal 4 is a member for supplying
power to the heating resistor 2. The lead terminal 4 is
electrically connected to an external power supply. The
lead terminal 4 is electrically bonded to the electrode pad
3 and extends in the longitudinal direction of the ceramic
body 1. The lead terminal 4 is, for example, a linear, rod-
shaped, cylindrical, belt-shaped, or string-shaped mem-
ber. The lead terminal 4 may have, for example, a circu-
lar, an elliptical, a polygonal such as a triangular or rec-
tangular cross-sectional shape or may be hollow with
these shapes. In the lead terminal 4 illustrated in FIG. 1,
the lead terminal 4 has a cylindrical shape. The dimen-
sions of the lead terminal 4, for example, in the case of
a cylindrical shape, may be 0.5 mm to 5 mm in diameter
and 10 mm to 300 mm in length. As the lead terminal 4,
a wire or a plate made of metal such as nickel or copper
can be used.
[0019] The bonding material 5 is a member for firmly
fixing the lead terminal 4 and the electrode pad 3. The
bonding material 5 is located on the electrode pad 3. The
bonding material 5 may be, for example, a metal material
having electrical conductivity such as silver, copper, or
tin.
[0020] In a sample holding unit of the present embod-
iment, as illustrated in FIGs. 1A, 1B, 2A, and 2B, the
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heater 100 includes the ceramic body 1 having a cylin-
drical or a tubular shape and extending from the first end
101 toward the second end 102, the heating resistor 2
located inside the ceramic body 1, the electrode pad 3
electrically connected to the heating resistor 2, the lead
terminal 4 electrically connected to the electrode pad 3,
and the bonding material 5 having electrical conductivity
and bonding the electrode pad 3 and the lead terminal
4, wherein the electrode pad 3 is located from a side
surface to an end surface of the ceramic body 1. Thus,
the electrode pad 3 can be provided at a plurality of sur-
faces of the ceramic body 1. With this configuration, even
when vibration occurs in a direction in which the ceramic
body 1 and the electrode pad 3 are separated from each
other, the bonding strength of the electrode pad 3 can
be maintained. Thus, a risk of peeling of the electrode
pad 3 from the ceramic body 1 can be reduced even
when used for a long period of time. As a result, the long-
term reliability of the heater 100 can be improved.
[0021] As illustrated in FIG. 3, the ceramic body 1 may
include a first part 11 including the outer periphery of the
ceramic body 1 and a second part 12 continuous with
the first part 11 and located near the center axis. The first
part 11 may include a first side surface 111 including the
outer periphery and a first end surface 112 continuous
with the first side surface 111. The second part 12 may
include a second side surface 121 continuous with the
first end surface 112 and extending toward the second
end 102 and a second end surface 122 continuous with
the second side surface 121.
[0022] The "side surface" illustrated in FIG. 1 includes
the first side surface 111 and the second side surface
121, and the "end surface" includes the first end surface
112 and the second end surface 122. Here, since the
second part 12 includes the second side surface 121
continuous from the first end surface 112 and extending
toward the second end 102 and the second end surface
122 continuous with the second side surface 121, a step
can be provided between the second part 12 and the first
part 11. Thus, a space for storing the bonding material 5
can be provided between the lead terminal 4, the first
end surface 112, and the second side surface 121. This
makes it possible to add a larger amount of the bonding
material 5. Thus, the bonding strength between the lead
terminal 4 and the ceramic body 1 can be increased. As
a result, the long-term reliability of the heater 100 can be
improved.
[0023] As illustrated in FIG. 3, the electrode pad 3 may
be located from the first side surface 111 to the first end
surface 112. Here, the second side surface 121 and the
second end surface 122 may include a portion not pro-
vided with the electrode pad 3. Furthermore, the second
side surface 121 and the second end surface 122 may
include a portion not provided with the bonding material
5. With the electrode pad 3 located from the first side
surface 111 to the first end surface 112, compared with
a case where the electrode pad 3 is provided at one sur-
face of the ceramic body 1, the bonding strength of the

electrode pad 3 can be maintained even when vibration
occurs in the direction in which the ceramic body 1 and
the electrode pad 3 are separated from each other. Thus,
a risk of peeling of the electrode pad 3 from the ceramic
body 1 can be reduced even when used for a long period
of time. As a result, the long-term reliability of the heater
100 can be improved.
[0024] As illustrated in FIG. 4, the electrode pad 3 may
be located from the first end surface 112 to the second
side surface 121. Here, the second end surface 122 may
include a portion not provided with the electrode pad 3.
Furthermore, the second end surface 122 may include a
portion not provided with the bonding material 5. With
the electrode pad 3 located from the first end surface 112
to the second side surface 121, a portion between the
first end surface 112 and the second side surface 121
that is the boundary between the first part 11 and the
second part 12 can be covered by the electrode pad 3.
Thus, the possibility of generation of cracks between the
first end surface 112 and the second side surface 121 in
the ceramic body 1 can be reduced. As a result, the long-
term reliability of the heater 100 can be improved. The
first part 11 is a portion that can be referred to as a surface
layer, and the second part 12 is a portion that can be
referred to as a core.
[0025] As illustrated in FIG. 5, the electrode pad 3 may
be located from the second side surface 121 to the sec-
ond end surface 122. Here, the first end surface 112 and
the second side surface 121 may be provided with the
electrode pad 3 and the bonding material 5. With the
electrode pad 3 located from the second side surface
121 to the second end 102 surface 122, the electrode
pad 3 can be provided at a larger number of surfaces of
the ceramic body 1. With this configuration, even when
vibration occurs in a direction in which the ceramic body
1 and the electrode pad 3 are separated from each other,
the bonding strength of the electrode pad 3 can be main-
tained. Thus, a risk of peeling of the electrode pad 3 from
the ceramic body 1 can be reduced even when used for
a long period of time. As a result, the long-term reliability
of the heater 100 can be improved.
[0026] As illustrated in FIG. 6, the heating resistor 2
may be located between the first part 11 and the second
part 12 and include an end portion protruding from the
first end 101 surface 112, and the end portion and the
electrode pad 3 may be bonded to each other. Thus, the
number of paths through which electrical current flows
from the lead terminal 4 to the heating resistor 2 can be
increased. Thus, a risk of failure of electrical connection
between the lead terminal 4 and the heating resistor 2
can be reduced. As a result, the long-term reliability of
the heater 100 can be improved.
[0027] As illustrated in FIG. 7, the bonding material 5
may be provided in a meniscus form from the first end
surface 112 to the second side surface 121. Thus, the
bonding material 5 can cover the interface between the
first end surface 112 and the second side surface 121,
so that a risk of generation of cracks at the interface be-
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tween the first end surface 112 and the second side sur-
face 121 of the ceramic body 1 can be reduced. As a
result, the long-term reliability of the heater 100 can be
improved.
[0028] As illustrated in FIG. 7, the bonding material 5
may be provided in a meniscus form from the first end
surface 112 to the lead terminal 4 and a space may be
provided between the second side surface 121 and the
lead terminal 4. Accordingly, while the lead terminal 4
and the ceramic body 1 are firmly fixed to each other by
the bonding material, a region in which the bonding ma-
terial 5 can thermally expand can be formed by the space
provided between the second side surface 121 and the
lead terminal 4. Accordingly, a risk of generation of ther-
mal stress between the lead terminal 4 and the bonding
material 5 due to thermal expansion of the bonding ma-
terial 5 can be reduced. Thus, a risk of generation of
cracks between the lead terminal 4 and the bonding ma-
terial 5 can be reduced. As a result, the long-term relia-
bility of the heater 100 can be improved.
[0029] As illustrated in FIG. 8, the bonding material 5
may be located filling the space between the second side
surface 121 and the lead terminal 4. Thus, the lead ter-
minal 4 and the ceramic body 1 can be firmly fixed by the
bonding material 5. Thus, a risk of peeling between the
lead terminal 4 and the ceramic body 1 can be reduced.
As a result, the long-term reliability of the heater 100 can
be improved. This space between the second side sur-
face 121 and the lead terminal 4 refers to a portion sur-
rounded by a virtual extension line of the first side surface
111 and a virtual extension line of the second end 102
surface 122.
[0030] As illustrated in FIG. 9, the lead terminal 4 may
be curved. The expression "curved" as used herein
means that, as illustrated in FIG. 9, a portion connecting
a portion electrically bonded to the electrode pad 3 and
a portion extending toward the first end 101 is curved.
With this configuration, vibration generated can be dis-
persed. Thus, the bonding strength between the lead ter-
minal 4 and the bonding material 5 can be maintained.
Thus, a risk of peeling between the lead terminal 4 and
the bonding material 5 can be reduced. As a result, the
long-term reliability of the heater 100 can be improved.
The closer the angle between the portion electrically
bonded to the electrode pad 3 and the portion extending
toward the first end 101 is to 90 degrees, the larger the
effect of the curve at the connecting portion.
[0031] As illustrated in FIG. 10, the bonding material 5
may be provided along the first side surface and extend-
ing to the second side surface, and a gap may be provided
between the bonding material 5 and the first end 101
surface 121. Accordingly, the bonding material 5 can
thermally expand to a portion where the first part 11 is
exposed. Accordingly, a risk of generation of thermal
stress between the lead terminal 4 and the bonding ma-
terial 5 due to thermal expansion of the bonding material
5 can be reduced. Thus, a risk of generation of cracks
between the lead terminal 4 and the bonding material 5

can be reduced. As a result, the long-term reliability of
the heater 100 can be improved.
[0032] As illustrated in FIG. 11, the electrode pad 3
may be narrower at the first end 101 side than at the
second end 102 side of the ceramic body 1. The term
"narrow" used herein means that the length of the elec-
trode pad 3 at the first end 101 side of the ceramic body
1 is shorter than that at the second end 102 side in the
circumferential direction of the ceramic body 1. Thus,
when two lead terminals 4, and electrode pads 3 each
corresponding to a respective one of the two lead termi-
nals 4 are provided at the first end 101 of the ceramic
body 1, the two electrode pads 3 can be separated from
each other at a distance. Accordingly, a risk of the two
electrode pads 3 being connected to each other can be
reduced, and a risk of occurrence of short circuiting can
be reduced. As a result, the long-term reliability of the
heater 100 can be improved. The electrode pad 3 may
have a stepped shape in which the electrode pad 3 is
narrower at the first end 101 side than at the second end
102 side of the ceramic body 1. Still, when the electrode
pad 3 is tapered toward the first end 101 side of the ce-
ramic body 1, the stress can be further reduced as com-
pared with the stepped shape.
[0033] As illustrated in FIG. 12, the electrode pad 3
may be tapered toward the center of the second part 12
when viewed from the first end 101 side of the ceramic
body 1. Thus, the two electrode pads 3 provided at the
end surface of the ceramic body 1 can be separated from
each other. Thus, a risk of occurrence of short circuiting
at the end surface of the ceramic body 1 can be reduced.
As a result, the long-term reliability of the heater 100 can
be improved.
[0034] As illustrated in FIG. 13, the two electrode pads
3 may have different outer peripheral lengths as viewed
from the first end 101 side of the ceramic body 1. Thus,
the anode and the cathode can be distinguished from
each other when bonding the heater 100 to another com-
ponent. Thus, the heater 100 can be accurately connect-
ed with other members.
[0035] As illustrated in FIG. 13, the two electrode pads
3 may have different inner peripheral lengths as viewed
from the first end 101 side of the ceramic body 1. Thus,
the anode and the cathode can be distinguished from
each other when bonding the heater 100 to another com-
ponent. Thus, the heater 100 can be accurately connect-
ed with other members.
[0036] In particular, making the outer periphery of the
electrode pad 3 serving as the cathode longer than that
of the anode or increasing the inner peripheral length can
make the diameter or the number of lead terminals 4
attached to the electrode pad 3 serving as the cathode
larger than that for the anode. This enables the heater
100 to be fixed, with the cathode lead terminal 4 ground-
ed.
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REFERENCE SIGNS

[0037]

1 Ceramic body
101 First end
102 Second end
11 First part
111 First side surface
112 First end surface
12 Second part
121 Second side surface
122 Second end surface
2 Heating resistor
3 Electrode pad
4 Lead terminal
5 Bonding material
100 Heater

Claims

1. A heater comprising:

a ceramic body having a cylindrical or a tubular
shape and extending from a first end toward a
second end;
a heating resistor located inside the ceramic
body;
an electrode pad electrically connected to the
heating resistor;
a lead terminal electrically connected to the elec-
trode pad; and
a bonding material having electrical conductivity
and bonding the electrode pad and the lead ter-
minal, wherein
the electrode pad is located from a side surface
to an end surface of the ceramic body.

2. The heater according to claim 1, wherein

the ceramic body comprises:

a first part comprising an outer periphery of
the ceramic body, and
a second part continuous with the first part
and located near a center axis,

the first part comprises:

a first side surface comprising the outer pe-
riphery, and
a first end surface continuous with the first
side surface, and

the second part comprises:

a second side surface continuous with the

first end surface and extending toward the
second end, and
a second end surface continuous with the
second side surface.

3. The heater according to claim 2, wherein the elec-
trode pad is located from the first side surface to the
first end surface.

4. The heater according to claim 3, wherein the elec-
trode pad is located from the first end surface to the
second side surface.

5. The heater according to claim 4, wherein the elec-
trode pad is located from the first side surface to the
second end surface.

6. The heater according to claim 2, wherein

the heating resistor is located between the first
part and the second part and comprises an end
portion protruding from the first end surface, and
the end portion and the electrode pad are bond-
ed to each other.

7. The heater according to claim 2, wherein the bonding
material is located in a meniscus form from the first
end surface to the second side surface.

8. The heater according to claim 2, wherein

the bonding material is located in a meniscus
form from the first end surface to the lead termi-
nal, and
a space is provided between the second side
surface and the lead terminal.

9. The heater according to claim 2, wherein the bonding
material is located filling a space between the second
side surface and the lead terminal.

10. The heater according to claim 1, wherein the lead
terminal is curved at a portion connecting a portion
electrically bonded to the electrode pad and a portion
extending in a longitudinal direction of the ceramic
body.

11. The heater according to claim 2, wherein

the bonding material is provided along the first
side surface and extending to the second side
surface, and
a gap is provided between the bonding material
and the first end surface.

9 10 



EP 4 351 272 A1

7



EP 4 351 272 A1

8



EP 4 351 272 A1

9



EP 4 351 272 A1

10



EP 4 351 272 A1

11



EP 4 351 272 A1

12



EP 4 351 272 A1

13



EP 4 351 272 A1

14



EP 4 351 272 A1

15



EP 4 351 272 A1

16



EP 4 351 272 A1

17



EP 4 351 272 A1

18



EP 4 351 272 A1

19



EP 4 351 272 A1

20



EP 4 351 272 A1

21



EP 4 351 272 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 4 351 272 A1

23

5

10

15

20

25

30

35

40

45

50

55



EP 4 351 272 A1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2016081608 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

