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(57) ABSTRACT 

An electronic component includes a layered structure, an 
isolated electrode, first and second external electrodes, and 
first and second internal electrodes. The layered structure 
includes laminated ceramic layers laminated. The first and 
second external electrodes are disposed on the surface of the 
layered structure. The isolated electrode extends in the x-axis 
direction inside the layered structure and is not connected to 
the first and second external electrodes. The first internal 
electrode faces a first end of the isolated electrode with a 
ceramic layer therebetween. The second internal electrode 
faces a second end of the isolated electrode with a ceramic 
layer therebetween. When viewed in plan from the Z-axis 
direction, the width of the isolated electrode in the y-axis 
direction decreases in the direction from the first end to the 
second end of the isolated electrode. 

5 Claims, 10 Drawing Sheets 
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1. 

ELECTRONIC COMPONENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to electronic components, 
and an electronic component that includes a thermistor. 

2. Description of the Related Art 
A known example of a traditional electronic component 

that includes athermistor is a laminated thermistor described 
in Japanese Unexamined Patent Application Publication No. 
5-243OO7. 

FIGS. 10A and 10B illustrate a laminated thermistor 110. 
FIG. 10A illustrates the laminated thermistor 110 viewed 
from the lamination direction (Z-axis direction), and FIG. 
10B is a cross-sectional view of the laminated thermistor 110 
in an xy plane. The laminated thermistor 110 includes an 
internal electrode 106a connected to an external electrode 
114a, an internal electrode 106b connected to an external 
electrode 114b, and an internal electrode 107 overlapping the 
internal electrodes 106a and 106b. 

An electronic component that includes a thermistor is used 
in various devices. Such as a cellular phone, a personal com 
puter, or a power Supply component, for example. To support 
various uses, it is preferable for Such an electronic component 
including a thermistor to allow variations in the resistance 
value of the thermistor to be increased without a significant 
change of thermistor characteristics, such as a rate of change 
of resistance or breakdown voltage. That is, an electronic 
component is desired that allows the resistance value to be 
easily and precisely adjusted without a significant change of 
the structure among thermistors in which various resistance 
values are required. 

However, it is difficult for the laminated thermistor 110 
described in Japanese Unexamined Patent Application Pub 
lication No. 5-243007 to allow the resistance value to be 
changed without a significant change in the structure for the 
reasons described below. The resistance value in the lami 
nated thermistor 110 depends on the sum of the area S11 of 
the region E11 where the internal electrode 106a and the 
internal electrode 107 overlap each other and the area S12 of 
the region E12 where the internal electrode 106b and the 
internal electrode 107 overlap each other. One possible 
approach to adjusting the resistance value in the laminated 
thermistor 110 is to change the sum of the areas S11 and S12 
of the two regions E11 and E12. 

However, in the laminated thermistor 110, because, even if 
the internal electrode 107 is displaced in the x-axis direction 
and the area S11 of the region E11 where the internal elec 
trode 106a and the internal electrode 107 overlap each other 
is increased, the area S12 of the region E12 where the internal 
electrode 106b and the internal electrode 107 overlap each 
other is decreased, the sum of the two areas S11 and S12 is 
constant. Accordingly, in order to change the resistance value 
in the laminated thermistor 110, it is necessary to change the 
design, for example, the size or shape of the internal elec 
trodes 106a, 106b, and 107 for each of various thermistors. In 
other words, for the laminated thermistor 110 described in 
Japanese Unexamined Patent Application Publication No. 
5-243007, it is difficult to easily change the resistance value 
without having to significantly change the structure. With a 
method of changing the shape of the internal electrodes 106a, 
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2 
106b, and 107 for each desired resistance value, it is difficult 
to make fine adjustments such that the resistance value is in a 
desired range. 

SUMMARY OF THE INVENTION 

To overcome the problems described above, preferred 
embodiments of the present invention provide an electronic 
component in which the resistance value can be changed 
without a significant change in the basic structure thereof, and 
in particular, fine adjustment to the resistance value can be 
made. 

According to a preferred embodiment of the present inven 
tion, an electronic component includes a layered structure, a 
first external electrode and a second external electrode, an 
isolated electrode, a first internal electrode, and a second 
internal electrode. The layered structure includes laminated 
ceramic layers. The first external electrode and a second 
external electrode are disposed on a surface of the layered 
structure. The isolated electrode extends in a predetermined 
direction inside the layered structure and is not connected to 
the first external electrode and the second external electrode. 
The first internal electrode is connected to the first external 
electrode. The first internal electrode faces a first end of the 
isolated electrode such that one of the ceramic layers is dis 
posed therebetween. The second internal electrode is con 
nected to the second external electrode. The second internal 
electrode faces a second end of the isolated electrode such 
that one of the ceramic layers is disposed therebetween. 
When viewed in plan from a direction in which the ceramic 
layers are laminated, the isolated electrode includes a non 
Overlapping portion including a first section having a first 
width between opposite ends thereof and a second section 
having a second width between opposite ends thereof, and the 
first width is greater than the second width, the non-overlap 
ping portion not overlapping the first internal electrode and 
the second internal electrode, the first section being in contact 
with at least one of the first internal electrode and the second 
internal electrode, the second section being in contact with 
the other one of the first internal electrode and the second 
internal electrode, the first width and the second width being 
substantially perpendicular to the predetermined direction. 
With this electronic component, the first width is greater 

than the second width. Thus, in the electronic component, 
when the isolated electrode is moved in the predetermined 
direction, the amount of increase or decrease in the area of the 
overlapping portion between the first internal electrode and 
the isolated electrode is greater than the amount of increase or 
decrease in the area of the overlapping portion between the 
second internal electrode and the isolated electrode. Accord 
ingly, the sum of the area of the overlapping portion between 
the first internal electrode and the isolated electrode and the 
area of the overlapping portion between the second internal 
electrode and the isolated electrode can be increased or 
decreased, and the resistance value of the electronic compo 
nent can be decreased or increased accordingly. As a result, 
fine adjustment of the resistance value can preferably be 
performed merely by moving the isolated electrode without 
having to change the design of the isolated electrode, for 
example, the size or shape thereof. 
The first width may preferably be greater than the second 

width even when the isolated electrode is moved in the pre 
determined direction. 
The isolated electrode may preferably have a width 

arranged substantially perpendicular to the predetermined 
direction which decreases in a direction from the first end to 
the second end thereof, and each of the first internal electrode 
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and the second internal electrode may preferably have a width 
arranged substantially perpendicular to the predetermined 
direction and being equal or Substantially equal to or greater 
than each of the width of the isolated electrode at the first end 
and the width of the isolated electrode at the second end. 

The width of the isolated electrode arranged substantially 
perpendicular to the predetermined direction preferably 
decreases in the direction from the first end to the second end 
of the isolated electrode. Thus, irrespective of the amount of 
movement of the isolated electrode, the first width is always 
greater than the second width. As a result, the range of the 
adjustment of the resistance value can be increased by an 
increase in the amount of movement of the isolated electrode. 
In addition, each of the width of the first internal electrode and 
the width of the second internal electrode arranged substan 
tially perpendicular to the predetermined direction are equal 
or substantially equal to or greater than each of the width of 
the isolated electrode at the first end and that at the second 
end. Accordingly, in the process of forming the layered struc 
ture in the electronic component, even if the isolated electrode 
is displaced in a direction Substantially perpendicular to the 
predetermined direction due to misregistration during lami 
nation of the ceramic green sheets, the isolated electrode is 
less likely to extend from the first and second internal elec 
trodes. As a result, deviations in the resistance value of the 
electronic component are prevented. 
The isolated electrode may preferably include a space that 

has no conductive film, and the space may preferably have a 
width arranged substantially perpendicular to the predeter 
mined direction that increases in a direction from the first end 
to the second end of the isolated electrode. Therefore, the 
outer shape of the isolated electrode can preferably remain 
Substantially rectangular, so as to prevent deviations in the 
resistance value. 

Each of the isolated electrode, the first internal electrode, 
and the second internal electrode may preferably have a width 
arranged substantially perpendicular to the predetermined 
direction and increasing a direction from the first end to the 
second end of the isolated electrode. The isolated electrode, 
the first internal electrode, and the second internal electrode 
may preferably have substantially the same electrode pattern. 
Therefore, the isolated electrode, the first internal electrode, 
and the second internal electrode can be formed using one 
electrode pattern. Therefore, the manufacturing efficiency of 
the electronic component is improved. 

With the electronic component according to various pre 
ferred embodiments of the present invention, when viewed in 
plan from the lamination direction, the first width at opposite 
ends of the first section of the non-overlapping portion of the 
isolated electrode which does not overlap the first internal 
electrode and the second internal electrode in contact with the 
first internal electrode is greater than the second width at 
opposite ends of the second section of the non-overlapping 
portion of the isolated electrode in contact with the second 
internal electrode. Accordingly, the resistance value can be 
changed without a significant change of the structure of the 
electronic component. In particular, the resistance value can 
be minutely adjusted or changed. Therefore, variations in the 
resistance value that are slightly different can be increased 
without a significant change in the thermistor characteristics. 

Other features, elements, steps, characteristics and advan 
tages of the present invention will become more apparent 
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4 
from the following detailed description of preferred embodi 
ments of the present invention with reference to the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an external perspective view of an electronic 
component according to a preferred embodiment of the 
present invention. 

FIG. 2 is an exploded perspective view of a layered struc 
ture of the electronic component illustrated in FIG. 1. 
FIG.3A illustrates the electronic component shown in FIG. 

1 viewed in plan from a Z-axis direction; and FIG. 3B is a 
cross-sectional view of the electronic component illustrated 
in FIG. 1 in an xy plane. 

FIG. 4A illustrates the electronic component viewed in 
plan from the Z-axis direction when an internal electrode is 
moved by AL in a positive x-axis direction from the state 
shown in FIGS. 3A and 3B; FIG. 4B illustrates the amount of 
decrease of the area of a portion where internal electrodes 
overlap each other; and FIG. 4C illustrates the amount of 
increase of the area of a portion where internal electrodes 
overlap each other. 

FIG. 5A illustrates the electronic component viewed in 
plan from the Z-axis direction when the internal electrode is 
moved by AL in a negative X-axis direction from the State 
shown in FIGS. 3A and 3B; and FIG. 5B is a cross-sectional 
view of the electronic component illustrated in FIG. 5A. 

FIG. 6A illustrates a first model corresponding to the elec 
tronic component shown in FIG. 1 viewed in plan from the 
Z-axis direction; FIG. 6B illustrates a second model corre 
sponding to a laminated thermistor described in Japanese 
Unexamined Patent Application Publication No. 5-243.007 
viewed in plan from the Z-axis direction; and FIG. 6C is a 
cross-sectional view of the first and second models in an Xy 
plane. 

FIG. 7 is a graph that illustrates results of a simulation. 
FIGS. 8A to 8C illustrate electronic components according 

to modified examples of preferred embodiments of the 
present invention viewed in plan from the Z-axis direction. 

FIGS. 9A and 9B illustrate electronic components accord 
ing to other modified example of preferred embodiments 
viewed in plan from the Z-axis direction. 

FIGS. 10A and 10B illustrate the laminated thermistor 
described in Japanese Unexamined Patent Application Pub 
lication No. 5-243007. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An electronic component according to preferred embodi 
ments of the present invention is described below. The elec 
tronic component is a laminated electronic component that 
includes a negative temperature coefficient (NTC) thermistor. 

FIG. 1 is an external perspective view of an electronic 
component 10a according to a preferred embodiment of the 
present invention. FIG. 2 is an exploded view of a layered 
structure 12 of the electronic component 10a. In the following 
description, the direction in which ceramic green sheets are 
laminated in the process of forming the electronic component 
10a is defined as the lamination direction. That lamination 
direction indicates a Z-axis direction; the Substantially longi 
tudinal direction of the electronic component 10a indicates an 
X-axis direction; and a direction Substantially perpendicular 
to the X-axis and Z-axis indicates a y-axis direction. The 
X-axis, y-axis, and Z-axis are substantially perpendicular to a 
corresponding side of the electronic component 10a. FIG.3A 
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illustrates the electronic component 10a viewed in plan from 
the Z-axis direction. FIG. 3B is a cross-sectional view of the 
electronic component 10a in an Xy plane. 
As illustrated in FIG. 1, the electronic component 10a 

includes a Substantially rectangular parallelepiped layered 
structure 12 and external electrodes 14a and 14b disposed on 
the surface of the layered structure 12. The layered structure 
12 includes athermistor. The external electrodes 14a and 14b 
are arranged so as to cover respective side Surfaces of the 
layered structure 12 at opposite ends in the X-axis direction. 
The layered structure 12 includes a plurality of internal 

electrodes and ceramic layers laminated together. More spe 
cifically, the layered structure 12 is formed by laminating a 
plurality of ceramic layers 5a, 5b, 5c., 4a, 4b, 5d., 5e, and 5fin 
that order, as illustrated in FIG. 2. The plurality of ceramic 
layers 5a to 5c., 4a, 4b, and 5d to 5fare substantially rectan 
gular semiconductor layers having Substantially the same 
area and shape. 
As illustrated in FIG. 2, a substantially rectangular internal 

electrode 6a is disposed on a principal Surface of the ceramic 
layer 4a. The internal electrode 6a extends substantially from 
a short side of the ceramic layer 4a disposed in the negative 
x-axis direction to the positive x-axis direction. The internal 
electrode 6a is connected to the external electrode 14a at the 
short side disposed in the negative X-axis direction, as illus 
trated in FIGS 3A and 3B. 
As illustrated in FIG. 2, a substantially rectangular internal 

electrode 6b is disposed on the principal surface of the 
ceramic layer 4a. The internal electrode 6b extends substan 
tially from a short side of the ceramic layer 4a disposed in the 
positive X-axis direction to the negative X-axis direction. The 
internal electrode 6b is connected to the external electrode 
14b at the short side disposed in the positive x-axis direction, 
as illustrated in FIGS. 3A and 3B. 

As illustrated in FIGS. 2, 3A, and 3B, the internal elec 
trodes 6a and 6b have substantially the same width in the 
y-axis direction. The internal electrodes 6a and 6b are aligned 
or Substantially aligned along the X-axis direction and are 
separated by a predetermined gap. 
As illustrated in FIGS. 2, 3A, and 3B, a substantially isos 

celes trapezoidal internal electrode 7 (isolated electrode) is 
disposed on a principal Surface of the ceramic layer 4b. The 
internal electrode 7 extends in the X-axis direction and is not 
connected to the external electrodes 14a and 14b. More spe 
cifically, as illustrated in FIG. 3A, the width of the internal 
electrode 7 in the y-axis direction decreases in the direction 
from a side on an end in the negative X-axis direction (here 
inafter referred to as the lower base) to another side on an end 
in the positive x-axis direction (hereinafter referred to as the 
upper base). The height direction of the substantially isosce 
les trapezoidal internal electrode 7 is substantially the same as 
the X-axis direction. 

As illustrated in FIG. 3A, when viewed in plan from the 
Z-axis direction, the internal electrode 6a faces the lower base 
of the internal electrode 7 such that the ceramic layer 4a is 
disposed therebetween. Similarly, the internal electrode 6b 
faces the upper base of the internal electrode 7 such that the 
ceramic layer 4a is disposed therebetween. The ceramic layer 
4a and the internal electrodes 7, 6a, and 6b define the ther 
mistor. 

The ceramic layers 5a to 5c., 4a, 4b, and 5d to 5fillustrated 
in the exploded perspective view of FIG. 2 are laminated in 
that order from top to bottom in the Z-axis direction to define 
the layered structure 12. The external electrodes 14a and 14b 
are provided on the surface of the layered structure 12. In this 
manner, the electronic component 10a is obtained. 
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6 
The electronic component 10a allows the resistance value 

to be both increased and reduced without changing the design 
of the internal electrode 7, for example the size or shape, thus 
enabling fine adjustment of the resistance value, as described 
below with reference to FIGS.3A to 5. More specifically, the 
resistance value can be increased by moving the internal 
electrode 7 in the positive x-axis direction and can be 
decreased by moving the internal electrode 7 in the negative 
x-axis direction. That is, for the electronic component 10a, 
the resistance value of the electronic component 10a illus 
trated in FIGS. 3A and 3B can be increased and decreased, 
thus enabling the electronic component to have various resis 
tance values. Fine adjustment of the resistance value of the 
electronic component 10a can be performed without having 
to change the design of the internal electrode 7, for example, 
the size or shape. 

FIG. 4A illustrates the electronic component 10a viewed in 
plan from the Z-axis direction when the internal electrode 7 is 
moved by AL in the positive x-axis direction from the state 
shown in FIGS 3A and 3B. FIG. 4B illustrates the amount of 
decrease in the area of a portion where the internal electrode 
6a and the internal electrode 7 overlap each other. FIG. 4C 
illustrates the amount of increase in the area of a portion 
where the internal electrode 6b and the internal electrode 7 
overlap each other. FIG. 5A illustrates the electronic compo 
nent 10a viewed in plan from the Z-axis direction when the 
internal electrode 7 is moved by AL in the negative x-axis 
direction from the State illustrated in FIGS 3A and 3B. FIG. 
5B is a cross-sectional view of the electronic component 10a 
illustrated in FIG. 5A in an xy plane. 

In FIG. 3A, a region E1 indicates a region of the internal 
electrode 7that overlaps the internal electrode 6a, a region E2 
indicates a region of the internal electrode 7 that overlaps the 
internal electrode 6b, and a region E3 indicates a region of the 
internal electrode 7 that does not overlap either of the internal 
electrodes 6a and 6b. The region E1 has an area S1, the region 
E2 has an area S2, and the region E3 has an area S3. 
As illustrated in FIG.3A, in the electronic component 10a, 

the internal electrode 6a has a width in the y-axis direction 
that is slightly greater than the width of the lower base of the 
internal electrode 7 in the y-axis direction. The internal elec 
trode 6b has a width in the y-axis direction that is greater than 
the width of the upper base of the internal electrode 7 in the 
y-axis direction. When a portion of the lower base of the 
substantially isosceles trapezoidal internal electrode 7 over 
laps the internal electrode 6a and a portion of the upper base 
thereof overlaps the internal electrode 6b, a width L1 in the 
y-axis direction between the opposite ends of a portion of the 
region E3 that is in contact with the internal electrode 6a in 
plan view is greater than a width L2 in the y-axis direction 
between the opposite ends of a portion of the region E3 that is 
in contact with the internal electrode 6b in plan view. 
When the width L1 is greater than the width L2, as 

described above, the amount of increase and decrease in the 
area S1 of the region E1 is greater than that in the area S2 of 
the region E2 when the internal electrode 7 is moved in the 
x-axis direction. That is, the area S3 of the region E3 can be 
increased and decreased merely by moving the internal elec 
trode 7 without changing the shape of the internal electrode 
6a, 6b, or 7. The details are described below. 
When the internal electrode 7 is moved by AL in the posi 

tive X-axis direction, as illustrated in FIGS. 4A and 4B, the 
area S1 of the region E1 is reduced by the area AS1 corre 
sponding to a Substantially isosceles trapezoidal region AE1. 
Here, the amount of movement of the internal electrode 7 to 
adjust the resistance value is preferably about 0.05 mm or 
less, for example. Accordingly, the region AE1 can preferably 
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be approximated to a rectangle having the length L1 and the 
width AL, as illustrated in FIG. 4B. Similarly, the area S2 of 
the region E2 is increased by the area AS2 corresponding to a 
Substantially isosceles trapezoidal region AE2. Accordingly, 
the region AE2 can preferably be approximated to a rectangle 
having the length L2 and the width AL, as illustrated in FIG. 
4C. 

When the area AS1 of the region AE1 and the area AS2 of 
the region AE2 are compared with each other, because the 
width L1 is greater than the width L2, the area AS1 is greater 
than the area AS2. That is, in the electronic component 10a, 
the Sum of the areas of the overlapping portions where the 
internal electrodes 6a and 6b overlap the internal electrode 7. 
i.e., the sum of the area S1 of the region E1 and the area S2 of 
the region E2 can be reduced by moving the internal electrode 
7 in the positive x-axis direction. The resistance value of the 
electronic component 10a depends on the sum of the areas S1 
and S2. When the sum of the areas S1 and S2 is reduced by 
moving the internal electrode 7 in the positive x-axis direc 
tion, the resistance value of the electronic component 10a is 
increased. 

In contrast, as illustrated in FIGS. 5A and 5B, when the 
internal electrode 7 is moved in the negative x-axis direction, 
the sum of the areas S1 and S2 is increased and the resistance 
value of the electronic component 10a is reduced. The prin 
ciple of this is Substantially the same as that in the movement 
of the internal electrode 7 in the positive x-axis direction 
described above, so the description thereof is not repeated 
herein. 

As explained above, the internal electrodes 6a, 6b, and 7 in 
the electronic component 10a have a structure and arrange 
ment in which the width L1 is greater than the width L2. 
Accordingly, the resistance value of the electronic component 
10a can be decreased or increased by moving the internal 
electrode 7 in the positive x-axis direction or the negative 
X-axis direction. As a result, fine adjustment of the resistance 
value can be performed without having to change the design 
of the internal electrode 7, for example, the size or shape. 

Additionally, in the electronic component 10a, the width of 
the internal electrode 7 in the y-axis direction decreases in the 
positive x-axis direction, as illustrated in FIG. 3A. Thus, 
irrespective of the amount of movement of the internal elec 
trode 7, the width L1 is always greater than the width L2. 
Accordingly, in the electronic component 10a, an increase in 
the amount of movement of the internal electrode 7 enables an 
increase in the range of adjustment of the resistance value. 

Furthermore, in the electronic component 10a, as illus 
trated in FIG. 3A, each of the width of the internal electrode 
6a in the y-axis direction and the width of the internal elec 
trode 6b in the y-axis direction is greater than each of the 
length of the lower base of the internal electrode 7 and the 
length of the upper base of the internal electrode 7. Accord 
ingly, even if the internal electrode 7 is displaced due to 
misregistration during lamination of the ceramic green sheets 
in the process of forming the layered structure 12 of the 
electronic component 10a, the internal electrode 7 is not 
likely to extend from the edges of the internal electrodes 6a, 
6b, and 7 in the y-axis direction. As a result, deviations of the 
resistance value of the electronic component 10a are pre 
vented. 

In some cases, depending on conditions. Such as tempera 
ture and humidity, because of print blurring or light printing 
that may occur in the process of printing an internal electrode 
on a ceramic layer, an electronic component having a desired 
resistance value may not be able to be obtained. To address 

5 

15 

25 

30 

40 

45 

50 

55 

60 

65 

8 
this problem, with the aim to finely adjust the resistance value 
to a desired resistance value, the internal electrode 7 may be 
moved in the X-axis direction. 

The inventor of the present invention performed a simula 
tion described below to clarify advantages that are obtained 
by the electronic component 10a. FIGS. 6A to 6C illustrate 
models used in the simulation. FIG. 6A illustrates a first 
model corresponding to the electronic component 10a 
according to a preferred embodiment of the present invention 
viewed in plan from the Z-axis direction. FIG. 6B illustrates a 
second model corresponding to the laminated thermistor 
described in Japanese Unexamined Patent Application Pub 
lication No. 5-243007 viewed in plan from the Z-axis direc 
tion. FIG. 6C is a cross-sectional view of the first and second 
models in an Xy plane. In this simulation, the internal elec 
trodes 6a, 6b, 7, 106a, 106b, and 107 of the two models 
illustrated in FIGS. 6A and 6B were moved in the X-axis 
direction, and the resistance values of the electronic compo 
nent 10a and the laminated thermistor 110 were calculated. 
The conditions of the simulation are described below. 

In the first model illustrated in FIG. 6A, the model of 0603 
chip size (approximately 0.6 mmx0.3 mmx0.3 mm) is used, 
and the internal electrodes 6a, 6b, and 7 are arranged in a 
similar manner to the electronic component 10a illustrated in 
FIGS. 3A and 3B. In contrast to the electronic component 
10a, the two internal electrodes 6a and the two internal elec 
trodes 6b are provided, and the internal electrode 7 is sand 
wiched between the two internal electrodes 6a and between 
the two internal electrodes 6b. The length L11 of the upper 
base of the internal electrode 7 is approximately 0.16mm, the 
length L12 of the lower base thereof is approximately 0.2 
mm, and the height L13 thereof is approximately 0.405 mm. 
The width L12 of each of the internal electrodes 6a and 6b is 
approximately 0.2 mm. The gap between the internal elec 
trodes 6a and 6b is indicated by L15. 

In the second model illustrated in FIG. 6B, the model of 
0603 chip size (approximately 0.6 mmx0.3 mmx0.3 mm) is 
used, and the internal electrodes 106a, 106b, and 107 are 
arranged in a similar manner to the laminated thermistor 110 
illustrated in FIGS. 10A and 10B. In contrast to the laminated 
thermistor 110, the two internal electrodes 106a and the two 
internal electrodes 106b are provided, and the internal elec 
trode 107 is sandwiched between the two internal electrodes 
106a and between the two internal electrodes 106b. The 
width L21 of the internal electrode 107 is approximately 0.2 
mm, and the height L23 thereof is approximately 0.38 mm. 
The width L21 of each of the internal electrodes 106a and 
106b is approximately 0.2 mm. The gap between the internal 
electrodes 106a and 106b is indicated by L25. 
Under the above-described simulation conditions, the 

resistance values were calculated when the internal elec 
trodes 7 and 107 were displaced by approximately +0.05 mm 
in the X-axis direction from the respective reference positions. 
Here, the reference position for the internal electrode 7 is the 
position of the internal electrode 7 when the overlap portion 
between the internal electrodes 7 and 6a and the overlap 
portion between the internal electrodes 7 and 6b have sub 
stantially the same width in the x-axis direction. Similarly, the 
reference position for the internal electrode 107 indicates the 
position thereof when the overlap portion between the inter 
nal electrodes 107 and 106a and the overlap portion between 
the internal electrodes 107 and 106b have substantially the 
same width in the X-axis direction. The resistance values were 
calculated when the gaps L15 and L25 were changed in units 
of approximately 0.01 mm between approximately 0.15 mm 
and approximately 0.19 mm. FIG. 7 is a graph that illustrates 
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the results of the simulation. The vertical axis indicates the 
values of resistance, and the horizontal axis indicates the 
magnitudes of the gaps. 
As illustrated in FIG. 7, in the second model corresponding 

to the laminated thermistor described in Japanese Unexam- 5 
ined Patent Application Publication No. 5-243007, when the 
gap L25 is approximately 0.15 mm, the resistance value is 
approximately 11 kS2, for example, and even if the internal 
electrode 107 is moved, the resistance value remains substan 
tially the same. In contrast, in the first model corresponding to 10 
the electronic component 10a, when the gap L15 is approxi 
mately 0.15 mm, the resistance value is changed from 
approximately 10.7 kS2 to approximately 11.2 kS2 if the inter 
nal electrode 7 is moved. Thus, it is understood that a change 
of approximately 0.4 kS2 to approximately 0.5 kS2 is obtain- 15 
able merely by moving the internal electrode 7. That is, the 
simulation shows that the resistance value in the laminated 
thermistor described in Japanese Unexamined Patent Appli 
cation Publication No. 5-243007 cannot be changed by mov 
ing the internal electrode 107, whereas the resistance value in 20 
the electronic component 10a according to a preferred 
embodiment of the present invention can be changed by mov 
ing the internal electrode 7. In addition, minute changes in the 
resistance value can be made. Accordingly, the use of the 
electronic components 10a enables an electronic component 25 
to have various resistance values without changing the design 
thereof. 
As illustrated in FIG.7, in the second model, even when the 

gap L25 is fixed at approximately 0.150 mm and the internal 
electrode 107 is moved, the resistance value is approximately 30 
11 kS2 and remains substantially unchanged. Also, even when 
the gap L25 is incrementally changed by approximately 0.01 
mm, the resistance value can only be discontinuously 
changed in units of approximately 0.4 kS2 to approximately 
0.5 kS2. In contrast, in the first model according to a preferred 35 
embodiment of the present invention, as illustrated in FIG. 7, 
when the gap L15 is increased by approximately 0.01 mm, the 
resistance value is reduced by approximately 0.4 kS2 to 
approximately 0.5 kS2. In addition, when the gap L15 is fixed 
and the internal electrode 7 is moved by approximately 0.05 40 
mm, the resistance value is changed by approximately 0.4 kS2 
to approximately 0.5 kS2. That is, in the first model according 
to a preferred embodiment of the present invention, the resis 
tance value can be continuously changed in the range of 
approximately 8.9 kS2 to approximately 11.2 kS2 by adjusting 45 
the gap L15 in units of approximately 0.01 mm and the 
movement of the internal electrode 7 in units of approxi 
mately 0.05 mm. In other words, in the electronic component 
10a, the resistance value can be more finely adjusted over a 
wider range. Accordingly, in the electronic component 10a, a 50 
Small amount of displacement of the resistance value result 
ing from print blurring or light printing of the internal elec 
trodes 6a, 6b, and 7 can be corrected by adjusting the amount 
of movement of the internal electrode 7 and the magnitude of 
the gap L15. 55 
As is clear from FIGS. 3A, 3B, and 4A to 4C, the resistance 

value of the electronic component 10a can be decreased or 
increased by moving the internal electrode 7 in the positive or 
negative x-axis direction because the internal electrode 7 
preferably has a Substantially isosceles trapezoidal shape. 60 
However, even when the internal electrode 7 has a shape other 
than a Substantially isosceles trapezoid shape, the resistance 
value of the electronic component can be decreased or 
increased using any Suitable structure and arrangement in 
which the width L1 is greater than the width L2 in the internal 65 
electrodes 6a, 6b, and 7. Modified examples of the electronic 
component 10a are described below with reference to the 

10 
drawings. FIGS. 8A to 8C and 9A and 9B illustrate electronic 
components 10b to 10f according to the modified examples of 
preferred embodiments of the present invention viewed in 
plan from the Z-axis direction. 

FIG. 8A illustrates the electronic component 10b accord 
ing to a first modified example viewed in plan from the Z-axis 
direction. The internal electrode 7 included in the electronic 
component 10b has the shape of a combination of a Substan 
tial rectangle and a Substantial semicircle. More specifically, 
the internal electrode 7 has a shape in which the substantially 
semicircular electrode is coupled to a portion of the Substan 
tially rectangular electrode in the positive X-axis direction. 
Even in the electronic component 10b including the internal 
electrode 7 having this a shape, the width L1 is greater than 
the width L2. As a result, the resistance value of the electronic 
component 10b can be decreased or increased by moving the 
internal electrode 7 in the positive or negative x-axis direc 
tion. 

FIG.8B illustrates the electronic component 10c according 
to a second modified example viewed in plan from the Z-axis 
direction. The internal electrode 7 included in the electronic 
component 10c has the shape of a combination of a Substan 
tial isosceles trapezoid and a Substantial rectangle. More spe 
cifically, the internal electrode 7 has a shape in which the 
Substantially rectangular electrode is coupled to a portion of 
the Substantially isosceles trapezoidal electrode in the nega 
tive x-axis direction. Even in the electronic component 10c 
including the internal electrode 7 having this shape, the width 
L1 is greater than the width L2. As a result, the resistance 
value of the electronic component 10c can be decreased or 
increased by moving the internal electrode 7 in the positive or 
negative X-axis direction. 

In the above-described electronic components 10a to 10c, 
in order for the width L1 to be greater than the width L2, the 
width of the internal electrode 7 in the y-axis direction is 
reduced in the positive x-axis direction. However, this is not 
the only way to have the width L1 greater than the width L2. 
Other ways are described below using other modified 
examples of preferred embodiments of the present invention. 

FIG. 8C illustrates the electronic component 10d accord 
ing to a third modified example viewed in plan from the Z-axis 
direction. The internal electrode 7 included in the electronic 
component 10d has a Substantially rectangular outer shape. It 
is noted that the internal electrode 7 has a substantially trian 
gular space B that does not include a conductive film therein. 
The space B has a shape in which the width thereof in the 
y-axis direction increases in the direction from the edge at 
which the internal electrode 7 and the internal electrode 6a 
overlap each other to the edge at which the internal electrode 
7 and the internal electrode 6b overlap each other. 

In the electronic component 10d, as illustrated in FIG. 8C, 
each of the widths L1 and L2 is defined as the width of the 
space B in the y-axis direction subtracted from the width of 
the internal electrode 7 in the y-axis direction. The width of 
the internal electrode 7 in the y-axis direction is constant or 
Substantially constant in the X-axis direction, whereas the 
width of the space B in the y-axis direction increases in the 
positive X-axis direction. Accordingly, in the electronic com 
ponent 10d, the width L1 is greater than the width L2. As a 
result, the resistance value of the electronic component 10d 
can be decreased or increased by the movement of the internal 
electrode 7 in the positive or negative x-axis direction. In 
addition, because the outer shape of the internal electrode 7 in 
the electronic component 10d is Substantially rectangular, 
deviations in the resistance value of the electronic component 
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10d can be prevented. In the electronic component 10d, the 
space B may preferably be substantially trapezoidal, for 
example. 

FIG. 9A illustrates the electronic component 10e accord 
ing to a fourth modified example viewed in plan from the 
Z-axis direction. The internal electrode 7 included in the elec 
tronic component 10e preferably has a substantially rectan 
gular shape, and each of the internal electrodes 6a and 6b 
preferably has a Substantially isosceles trapezoidal shape. 
More specifically, the width of each of the internal electrodes 
6a and 6b in the y-axis direction increases in the positive 
X-axis direction. In addition, the width of the internal elec 
trode 6a in the y-axis direction is equal or Substantially equal 
to (in FIG. 9A) or greater than the width of the internal 
electrode 7 in the y-axis direction at the end in the negative 
x-axis direction (the width of the internal electrode 7 in the 
y-axis direction shown in FIG. 9A, where the internal elec 
trode 7 is substantially rectangular). With the use of the inter 
nal electrodes 6a, 6b, and 7 having such a structure, the width 
L1 can be greater than the width L2. As a result, the resistance 
value of the electronic component 10e can be decreased or 
increased by the movement of the internal electrode 7 in the 
positive or negative X-axis direction. 

FIG.9B illustrates the electronic component 10f according 
to a fifth modified example viewed in plan from the Z-axis 
direction. The internal electrode 7 included in the electronic 
component 10fpreferably has a substantially isosceles trap 
ezoidal shape, similar to the internal electrode 7 of the elec 
tronic component 10a illustrated in FIG. 3A. Each of the 
internal electrodes 6a and 6b included in electronic compo 
nent 10fpreferably has a substantially isosceles trapezoidal 
shape, similar to those of the electronic component 10e illus 
trated in FIG.9A. More specifically, the width of each of the 
internal electrodes 6a, 6b, and 7 in the y-axis direction 
increases in the positive X-axis direction. In addition, the 
width of the internal electrode 6a in the y-axis direction at the 
edge in the positive X-axis direction is greater than the width 
of the internal electrode 7 in the y-axis direction at the edge in 
the negative x-axis direction. Additionally, the width of the 
internal electrode 6b in the y-axis direction at the edge in the 
negative X-axis direction is greater than the width of the 
internal electrode 7 in the y-axis direction at the edge in the 
positive x-axis direction. With the use of the internal elec 
trodes 6a, 6b, and 7 having such a structure, the width L1 can 
preferably be greater than the width L2. As a result, the 
resistance value of the electronic component 10f can be 
decreased or increased by the movement of the internal elec 
trode 7 in the positive or negative X-axis direction. In particu 
lar, this modified example is advantageous in terms of effi 
ciency of mass production because Substantially the same 
electrode pattern can be used in the internal electrodes 6a, 6b, 
and 7. 

In the electronic components 10a to 10f it is preferable that 
the width L1 is always greater than the width L2 even when 
the internal electrode 7 is moved in the X-axis direction. It is 
noted that the amount of movement of the internal electrode 7 
to adjust the resistance value is relatively small in many cases. 
Accordingly, the width L1 need only be greater than the width 
L2 at least within the range at which the internal electrode 7 
is moved to adjust the resistance value, so the width L2 may 
be greater than the width L1 in other ranges. The range of the 
amount of movement of the internal electrode 7 to adjust the 
resistance value may preferably be, for example, approxi 
mately 0.05 mm. 
The electronic components 10a to 10f according to the 

various preferred embodiments and modified examples of the 
present invention are illustrated by way of example. The 
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12 
present invention is not limited to these above-described pre 
ferred embodiments and examples. For example, the internal 
electrodes 6a and 6b may preferably be disposed on different 
planes. One example of this is that the internal electrodes 6a 
and 6b are disposed on first and second planes, respectively, 
that face and sandwich the isolated electrode 7. 
A method of manufacturing the electronic components 10a 

to 10f according to a preferred embodiment of the present 
invention is described below with reference to FIGS. 1 and 2. 
Here, a method of manufacturing the electronic component 
10a is described as one example of the method of manufac 
turing the electronic components 10a to 10f 

First, a material including approximately 78.5 mol % 
MnO, approximately 21.5 mol % NiO, and, when these 
materials are 100 molar portions, approximately 0.5 molar 
portion of TiO, are prepared. Then, pure water is added to 
compounded powder, the mixture is subjected to a mixing and 
crushing process together with a Zirconia ball for approxi 
mately 10 hours. After being dried, the mixture is calcined at 
approximately 1100° C. for approximately two hours. 
An organic binder, a disperser, and water are added to the 

obtained calcined powder and mixed together with a Zirconia 
ball for several hours to produce slurry. 

Then, a ceramic green sheet preferably having a thickness 
of approximately 20 um to approximately 30 Jum, for 
example, is formed using the slurry by the doctor blade tech 
nique, for example. 

Then, conductive paste preferably including silver-palla 
dium, for example, as a conductive component is printed by 
screen printing on ceramic green sheets defining the ceramic 
layers 4a and 4b, and conductive paste films defining the 
internal electrodes 6a, 6b, and 7 illustrated in FIG. 2 are 
formed. 

Then, it is determined whether print blurring or light print 
ing, for example, occurs in the conductive paste films defining 
the internal electrodes 6a, 6b, and 7. This may preferably be 
performed by, for example, the use of image analysis. 

Then, ceramic green sheets defining ceramic layers 5f 5e, 
5d., 4b, 4a, 5c, 5b, and 5a are laminated from below in 
sequence and pressed and attached. Additionally, the lami 
nated ceramic layers 5f.5e, 5d, 4b, 4a, 5c. 5b, and 5a are cut 
into desired dimensions, and the green layered structure 12 is 
obtained. In the process of laminating the ceramic layer 4a, 
the ceramic green sheet defining the ceramic layer 4a is 
laminated while the position of the internal electrode 7 is 
adjusted such that the area S1 of the region E1, where the 
internal electrode 6a and the internal electrode 7 overlap each 
other, and the area S2 of the region E2, where the internal 
electrode 6b and the internal electrode 7 overlap each other, 
have desired areas. In particular, if print blurring occurs in the 
conductive paste, the areas S1 and S2 would be greater than 
the desired areas and the resistance value of the electronic 
component 10a would be less than a desired value. To avoid 
this deviation, the internal electrode 7 is moved in the positive 
X-axis direction when the ceramic green sheet defining the 
ceramic sheet 4a is laminated. If light printing occurs in the 
conductive paste, the areas S1 and S2 would be less than 
desired areas and the resistance value of the electronic com 
ponent 10a would be greater than a desired value. To avoid 
this, the internal electrode 7 is moved in the negative x-axis 
direction when the ceramic green sheet defining the ceramic 
sheet 4a is laminated. 

Then, the green layered structure 12 is degreased for 
approximately 20 hours at approximately 350° C. in the atmo 
sphere, and is baked for approximately two hours at approxi 
mately 1200° C. in an air atmosphere. In such a manner, the 
baked layered structure 12 is obtained. 
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Then, by applying barrel polishing using silicon and alu 
minum polishing media, for example, to the layered structure 
12, the corners of edges and edge lines are rounded. 

Then, a silver baking electrode is preferably formed on a 
side surface of the layered structure 12. Subsequently, a 
nickel plating film is preferably formed on the silver elec 
trode, and a tin plating film is preferably further formed to 
define the external electrodes 14a and 14b. Through the 
above-described steps, the electronic component 10a is com 
pleted. 

While preferred embodiments of the invention have been 
described above, it is to be understood that variations and 
modifications will be apparent to those skilled in the art 
without departing from the Scope and spirit of the invention. 
The scope of the invention, therefore, is to be determined 
solely by the following claims. 
What is claimed is: 
1. An electronic component comprising: 
a layered structure including laminated ceramic layers; 
a first external electrode and a second external electrode 

disposed on a surface of the layered structure; 
an isolated electrode extending in a predetermined direc 

tion inside the layered structure and not being connected 
to the first external electrode and the second external 
electrode: 

a first internal electrode connected to the first external 
electrode, the first internal electrode facing a first end of 
the isolated electrode such that one of the ceramic layers 
is disposed therebetween; and 

a second internal electrode connected to the second exter 
nal electrode, the second internal electrode facing a sec 
ond end of the isolated electrode such that one of the 
ceramic layers is disposed therebetween; wherein 

when viewed in plan from a direction in which the ceramic 
layers are laminated, the isolated electrode includes a 
non-overlapping portion including a first section having 
a first width between opposite ends thereof and a second 
section having a second width between opposite ends 
thereof, and the first width is greater than the second 
width, the non-overlapping portion not overlapping the 
first internal electrode and the second internal electrode, 
the first section being in contact with at least one of the 
first internal electrode and the second internal electrode, 
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14 
the second section being in contact with the other one of 
the first internal electrode and the second internal elec 
trode, the first width and the second width being perpen 
dicular or substantially perpendicular to the predeter 
mined direction. 

2. The electronic component according to claim 1, wherein 
the first internal electrode and the isolated electrode overlap 
each other to define a first overlapping portion and the second 
internal electrode and the isolated electrode overlap each 
other to define a second overlapping portion, and an area of 
the first overlapping portion and an area of the second over 
lapping portion are dependent upon an amount by which the 
first width is greater than the second width. 

3. The electronic component according to claim 1, wherein 
the isolated electrode has a width extending perpendicular 

or substantially perpendicular to the predetermined 
direction which decreases in a direction from the first 
end to the second end thereof, and 

each of the first internal electrode and the second internal 
electrode has a width arranged perpendicular or Substan 
tially perpendicular to the predetermined direction that 
is equal or Substantially equal to or greater than each of 
the width of the isolated electrode at the first end and the 
width of the isolated electrode at the second end. 

4. The electronic component according to claim 1, wherein 
the isolated electrode includes a space that has no conduc 

tive film therein; and 
the space has a width extending perpendicular or Substan 

tially perpendicular to the predetermined direction that 
increases in a direction from the first end to the second 
end of the isolated electrode. 

5. The electronic component according to claim 1, wherein 
each of the isolated electrode, the first internal electrode, 

and the second internal electrode has a width extending 
perpendicular or Substantially perpendicular to the pre 
determined direction that increases in a direction from 
the first end to the second end of the isolated electrode: 
and 

the isolated electrode, the first internal electrode, and the 
second internal electrode have substantially the same 
electrode pattern. 

k k k k k 


