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(54) ELECTRONIC COMPONENT AND METHOD FOR MANUFACTURING SAME

(57)  To provide an electronic component including a
resistor element having a variety of resistance that can
be efficiently produced, and a method for manufacturing
the electronic component.

The electronic component includes a pair of termi-
nals 4 and 6, and a resistor element disposed between
the terminals 4 and 6. The resistor element includes at
least two resistive portions (hereinafter referred to as a

first resistive portion and a second resistive portion) that

are continuously disposed. The first resistive portion in-
cludes a plurality of first dots 1a overlapping one another.
The second resistive portion includes a plurality of sec-
ond dots 2a having a different electric resistance from
the first dots overlapping one another.

FIG. 2
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Description
Technical Field

[0001] The present invention relates to electronic components and methods for manufacturing the same. More spe-
cifically, the invention relates to an electronic component having a resistor element and a method for manufacturing the
same.

Background Art

[0002] Screen printing, an ink jet method, and the like are known as techniques for forming a resistor element, such
as a resistive film having a desired resistance, for a resistor or the like.

[0003] For example, Patent Document 1 discloses that a substantially band-like first resistive portion defined by dots
having different areas disposed at different intervals and a second resistive portion having a different electric resistance
from the first resistive portion are continuously formed in that order on the surface of a base material by screen printing.
[0004] Patent Document 2 discloses that a single type of resistive ink is applied onto a ceramic green sheet by an ink
jet method to form a resistor.

Patent Document 1: Japanese Unexamined Patent Application Publication No. 60-30101
Patent Document 2: Japanese Unexamined Patent Application Publication No. 10-189305

Disclosure of Invention
Problems to be Solved by the Invention

[0005] When resistive portions are formed by screen printing as in Patent Document 1, however, the screen plate
must be replaced every change in resistance. Accordingly, a high cost is required for preparing a corresponding screen
plate for each resistance and it takes a long time to prepare the screen plates.

[0006] When at least two types of electroconductive pastes are printed by screen printing, they cannot be printed at
one time. For each electroconductive paste, several steps are required including printing, drying, and replacing the
screen plate. In addition, the second and subsequent printings of electroconductive pastes require precise positioning
with respect to the previously printed electroconductive paste. Furthermore, electroconductive pastes applied by the
second and subsequent screen printing do not sufficiently fill the spaces among the previously printed electroconductive
pastes, and gaps may be formed. It is thus difficult to simplify the process.

[0007] When a resistor is produced using a single type of resistive ink as in Patent Document 2, resistive inks having
different compositions according to desired resistances must be prepared in order to form resistors with the same size
and shape having different resistances. This is not suitable for small-volume production in great varieties.

[0008] Accordingly, the present invention provides an electronic component including a resistor element having a
variety of resistance that can be efficiently produced, and a method for manufacturing the electronic component.

Means for Solving the Problems

[0009] In order to solve the above-described problems, the present invention provides the following electronic com-
ponent.

[0010] The electronic component includes a pair of terminals opposing each other and a resistor element disposed
between the pair of terminals. The resistor element includes at least two resistive portions (hereinafter referred to as
first resistive portion and second resistive portion) that are continuously disposed. The first resistive portion includes a
plurality of first dots overlapping one another, and the second resistive portion includes a plurality of second dots having
a different electric resistance from the first dots overlapping one another.

[0011] In this structure, the first dots and the second dots are formed by ejecting fine particles of resistive inks having
different compositions to apply the resistive inks onto a base material by, for example, an ink jet method. A laser printer
may be used to apply fine particles of resistive toners having different compositions to the base material. The resistor
element includes at least two portions: a first resistive portion and a second resistive portion, and the resistive portions
each contain a plurality of dots overlapping each other.

[0012] The above structure does not require screen plates in a manufacture of the resistor element. Hence, costs for
preparing and maintaining screen plates are eliminated. Since the plate making time is eliminated, the delivery time can
be shortened. By varying the size or number of dots in the resistive portions, or the shape of the resistive portions, the
resulting resistor element can have a variety of resistance without changing the resistive inks or resistive toners for
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forming dots.

[0013] Preferably, the first resistive portion and the second resistive portion are arranged in series between the ter-
minals.

[0014] In this structure, a desired resistance can easily be calculated. Also, the resistance of a resistor element that
has been completed can be adjusted later. For adjusting the resistance later, the resistive portion having a higher
resistance may be partially removed to roughly adjust the resistance, and then the resistive portion having a lower
resistance is partially removed to finely adjust the resistance.

[0015] Preferably, the first resistive portion and the second resistive portion are arranged in parallel between the
terminals. In this instance, the first resistive portion and the second resistive portion may be in contact with each other
or separate from each other. When they are in contact with each other, they may be disposed one on top of the other.
When they are disposed one on top of the other, the second resistive portion may be disposed in an island manner on
the first resistive portion.

[0016] In such a structure, a desired resistance can easily be calculated. Also, the resistance of a resistor element
that has been completed can be adjusted later. For adjusting the resistance later, the resistive portion having a higher
resistance may be partially removed to roughly adjust the resistance, and then the resistive portion having a lower
resistance is partially removed to finely adjust the resistance.

[0017] Preferably, at least one of the first resistive portion and the second resistive portion is made of a metal.
[0018] Examples of the metal include various types, such as Ni-Cr having a quite high resistance, Pd having a rather
high resistance, and Ag having a low resistance. The resistor element can have a variety of resistance according to the
application.

[0019] In order to solve the above-described problems, the present invention provides the following method for man-
ufacturing an electronic component.

[0020] The method for manufacturing an electronic component includes: (1) the first step of applying a first resistive
ink containing a constituent of one part of a resistor element to a first region of a base material by an ink jet method so
as to dispose a plurality of first dots overlapping one another; (2) the second step of applying a second resistive ink to
a second region adjacent to the first region of the base material so as to dispose a plurality of second dots overlapping
one another, the second resistive ink having a different composition from the first resistive ink and containing a constituent
of the other part of the resistor element; (3) the third step of heating the first dots in the first region and the second dots
in the second region to yield the resistor element.

[0021] In the method, the first dots and the second dots are formed by respectively ejecting fine ink droplets of the
first resistive ink and the second resistive ink onto a base material. The resistor element is divided into at least two
regions: a first region and a second region. Each region includes a plurlity of dots overlapping one another. The second
step may be started before the completion of the first step. The third step may include a plurality of sub steps performed
at different temperatures for drying and firing. Drying step may be started before completion of the first step or the second
step.

[0022] The method can eliminate the necessity of screen plates, costs for preparing and maintaining screen plates,
and screen plate-making time, for forming a resistor element. By varying the size or number of dots in a region using
the same resistive ink, or the shape of the region, a resistor element having a variety of resistance can be formed.
[0023] Preferably, the method further includes the dot drying step of drying the first dots before the second step. The
dot drying step may be performed independently between the first step and the second step, but preferably performed
simultaneously with the first step. For example, the base material may be heated to a temperature higher than room
temperature in the first step, or the first step is performed in a drying atmosphere. Preferably, the dot drying step is thus
performed.

[0024] By heating the base material to a temperature higher than room temperature (for example, 25°C or more), or
by performing the first step in a drying atmosphere, the drying time of the first dots disposed on the base material can
be shortened. Accordingly, even though two resistive inks are superposed or horizontally arranged, the two inks are not
easily mixed, and thus a desired resistance can be produced.

[0025] In order to solve the above-describe problems, the present invention provides the following method for manu-
facturing an electronic component.

[0026] The method for manufacturing an electronic component includes: (1) the first step of applying a first resistive
ink containing a constituent of a resistor element to a base material by an ink jet method so as to dispose a plurality of
first dots; (2) a second step of applying a second resistive ink by an ink jet method so as to dispose a plurality of second
dots on the first dots to mix the first resistive ink of the first dots with the second resistive ink of the second dots, thus
forming a mixed portion, the second resistive ink containing a constituent of the resistor element and having a different
composition from the first resistive ink; and (3) the third step of heating the mixed portion to yield the resistor element.
[0027] The second step may be started before completion of the first step.

[0028] The method can eliminate the necessity of screen plates, costs for preparing and maintaining screen plates,
and screen plate-making time, for forming a resistor element. A variety of resistance can be obtained by varying the
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mixing ratio of resistive inks, the size (amount of ink) or number of the first or second dots, or the number of times of printing.
[0029] Preferably, the first step and the second step are performed at a temperature lower than or equal to room
temperature.

[0030] By cooling the base material to a temperature lower than or equal to room temperature (for example, lower
than 25°C), the drying of the ink of the first dots is delayed so that the mixing time of the ink can be increased. Consequently,
the variation in resistance of the resulting resistive film can be reduced, and, thus a stable resistance can be produced.

Advantages
[0031] According to the presentinvention, a resistor element having a variety of resistance can be efficiently produced.
Brief Description of Drawings
[0032]
Fig. 1 is a general view of the structure of an ink jet printer used for printing (Embodiment 1).
Fig. 2 is a schematic representation of printing patterns (Embodiment 1).
Fig. 3 is a schematic representation of printing patterns (Embodiment 1).
Fig. 4 is a schematic representation of a printing method (Embodiment 2).
Fig. 5 is a schematic representation of a printed pattern (Embodiment 2)

Fig. 6 is a schematic representation of printed patterns (Embodiment 3)

Reference Numerals

[0033]

1a first dot

2a second dot

3 mixing portion
4 terminal

6 terminal

8 base material
10 ink jet printer

14,16, 18 ink jet head
34, 36,38 resistive ink
35, 37,39 ink droplet

Best Modes for Carrying Out the Invention

[0034] Embodiments of the present invention will now be described with reference to Figs. 1 to 5. <Embodiment 1>
Embodiment 1 will now be described with reference to Figs. 1 to 3.

[0035] Aninkjetprinter 10 used for printing a pattern intended for a resistive film (resistor element) will first be described
with reference to the schematic representation shown in Fig. 1.

[0036] The ink jet printer 10 generally includes a movable table 12 on which a base material 8 is placed, a plurality of
(for example, three) ink jet heads 14, 16, and 18, and a controller 11 controlling the entire apparatus.

[0037] The movable table 12 is driven in the X direction designated by reference numeral 23 by a motor 22, in the Y
direction designated by reference numeral 25 by another motor 24, and in the 6 direction designated by reference
numeral 27 (around on the Z axis perpendicular to the x and the y axis) by still another motor 26. The drive of the movable
table 12 by the motors 22, 24, and 26 is controlled by the controller 11. The movable table 12 may be able to move in
a direction other than the X, Y, and 0 directions, or only in one or two directions of the X, Y, and 6 directions. The movable
table 12 may have a vacuum suction hole for sucking and securing the base material 8 or a heater for heating the base
material 2, if necessary.

[0038] The ink jet heads 14, 16, and 18 are each fixed above the movable table 12. Resistive inks 34, 36, and 38
having different compositions are fed to the ink jet heads 14, 16, and 18 from tanks 15, 17, and 19, respectively. The
ink jet heads 14, 16, and 18 each have at least one tiny hole through which ink droplets 35, 37, or 39 being the particles
of the corresponding resistive ink 34, 36, or 38 are ejected onto the movable table 12. The size and number of the ink
droplets 35, 37,39 ejected from the ink jet heads 14, 16, and 18 are carried by the control of the controller 11.

[0039] The resistive inks 34, 36, and 38 each contain a resistive material, such as ruthenium oxide, glass, carbon, or
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metal particles. The resistive materials contained in the resistive inks 34, 36, and 38 can be selected according to the
desired resistance. For example, metal particles include various types, such as Ni-Cr having a quite high resistance, Pd
having a rather high resistance, and Ag having a low resistance. Any type may be used according to the application.
The base material 8 disposed on the movable table 12 is a work, such as a substrate or a ceramic green sheet, on which
an electronic component will be produced.

[0040] The controller 11 can be, for example, a personal computer. The controller 11 operates the ink jet heads 14,
16, and 18 to eject the ink droplets 35, 37, and 39 in synchronization with the movement of the movable table 12 according
to parameters input through a key board or the like (not shown) and a specific program. Consequently, a predetermined
pattern is printed with the resistive inks 34, 36, and 38 on the base material 8 disposed on the movable table 12.
[0041] Preferably, the ink jet heads 14, 16, and 18 each have a plurality of holes aligned in a line through which the
respective ink droplets 35, 37, and 39 are ejected, and the ink jet heads 14, 16, and 18 are arranged in such a manner
that the lines of the holes of the respective heads are disposed in parallel with each other. The movable table 12 moves
in the direction in which the ink jet heads 14, 16, and 18 are disposed (in the direction perpendicular to the hole lines)
orin a slanting direction. Thus, the resistive inks 34, 36, and 38 are printed substantially simultaneously to form a pattern
intended for the resistor elements.

[0042] Instead of fixed ink jet heads 14, 16, and 18 and the movable base material 8, the base material 8 may be fixed
using movable ink jetheads 14, 16, and 18, or both the base material 8 and the ink jetheads 14, 16, and 18 may be movable.
[0043] The pattern intended for the resistive film printed with the plurality of resistive inks by the ink jet printer 10 is
then dried and fired. Thus, the resistive film is completed.

[0044] For a pattern intended for the resistive film, for example, the base material is divided into a plurality of printing
areas (regions) along the surface of the base material, and the printing areas are coated with different types of resistive
inks with a plurality of ink jet heads. Thus, the resistive film can have a different resistance from a resistive film formed
of a single type of resistive ink. Also, a resistive film having another resistance can be formed by changing the plane or
sectional shape of the pattern intended for the resistive film.

[0045] Preferably, the base material 8 is heated to higher than room temperature (for example, 25°C or more) during
printing, or the printing is performed in a drying atmosphere, such as of dry air. For example, the movable table 12 has
a heater to heat the base material 8. The substrate 8 may be heated before printing, or may be heated to a temperature
higher than room temperature under controlled air conditions during printing. The printing section may be enclosed with
a cover, and dry air with a predetermined humidity is delivered into the enclosure to maintain a drying atmosphere. Thus,
the dots of the resistive inks printed on the base material 8 can be more quickly dried. Consequently, two resistive inks
are not mixed even if they are overlapped or horizontally applied, thus easily providing a desired resistance.

[0046] The pattern intended for a resistive film can be printed as illustrated in the schematic representations shown
in Figs. 2 and 3. Dots 1a and 2a of two resistive inks 1 and 2 are disposed between terminals 4 and 6 previously formed
on the base material 8 (see Fig. 1). Groups of dots 1a and 2a form the pattern intended for the resistive film.

[0047] The pattern shown in the plan view of Fig. 2(a) includes first groups and second groups between the terminals
4 and 6. Each first group is defined by a plurality of dots 1a (2 by 2 in the figure) of resistive ink 1, and each second
group is defined by a plurality of dots 2a (2 by 2 in the figure) of resistive ink 2. The first groups and the second groups
are alternately arranged in a staggered manner. The two types of dots 1a and 2a overlap each other, and thus the first
groups and the second groups are continuous.

[0048] The pattern shown in the plan view of Fig. 2(b) includes first groups and second groups between terminals 4
and 6. Each first group is defined by a plurality of dots 1a (six in the figure) of resistive ink 1 arranged perpendicular to
the direction connecting the terminals 4 and 6, each second group is defined by a plurality of dots 2a (six in the figure)
of resistive ink 2 arranged perpendicular to the direction connecting the terminals 4 and 6. The first groups and the
second groups are alternately arranged in the direction perpendicular to the direction connecting the terminals 4 and 6.
The two types of dots 1a and 2a overlap each other, and thus the first groups and the second groups are continuous.
[0049] The pattern shown in the plan view of Fig. 2(c) includes first groups and second groups between terminals 4
and 6. Each first group is defined by a plurality of dots 1a (ten in the figure) of resistive ink 1 arranged along the direction
connecting the terminals 4 and 6, and each second group is defined by a plurality of dots 2a (ten in the figure) of resistive
ink 2 arranged along the direction connecting the terminals 4 and 6. The first groups and the second groups are alternately
arranged perpendicular to the direction connecting the terminals 4 and 6. The two types of dots 1a and 2a overlap each
other, and thus the first groups and the second groups are continuous.

[0050] The pattern shown in the plan view of Fig. 2(d) includes a first group and a second group between terminals
4 and 6. The first group is defined by a plurality of dots 1a (5 by 6 in the figure) of resistive ink 1 arranged in a rectangular
manner, and the second group is defined by a plurality of dots 2a (5 by 6 in the figure) of resistive ink 2 arranged in a
rectangular manner. The first group and the second group are disposed in series between the terminals 4 and 6. The
two types of dots 1a and 2a overlap each other, and thus the first group and the second group are continuous.

[0051] The pattern shown in the plan view of Fig. 2(e) includes a first group and a second group between terminals
4 and 6. The first groups is defined by a plurality of dots 1a (10 by 3 in the figure) of resistive ink 1 arranged in a rectangular
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manner, and the second group is defined by a plurality of dots 2a (10 by 3 in the figure) of resistive ink 2 arranged in a
rectangular manner. The first group and the second group are disposed in parallel. The two types of dots 1a and 2a
overlap each other and thus the first group and the second group are continuous.

[0052] When the first group and the second group are disposed in parallel, they may be partially in parallel. For
example, part of the first group defined by the dots 1a of resistive ink 1 and part of the second group defined by the dots
2a of resistive ink 2 may be disposed one on top of the other, as shown in Fig. 3(a), or the entire second group defined
by the dots 2a of resistive ink 2 is disposed in an island manner on part of the first group defined by the dots la of resistive
ink 1, as shown in Fig. 3(b). In these cases, the vertical positions of the first group and the second group may be inverted.
The first group defined by the dots 1a of resistive ink 1 and the second group defined by the dots 2a of resistive ink 2
may be separate, as shown in Fig. 3(c).

[0053] The pattern shown in the plan view of Fig. 2(f) and the side view of Fig. 2(g) includes a first group as a first
layer and a second group as a second layer between terminals 4 and 6. The first group is defined by a plurality of dots
1a (10 by 6 in the figure) of resistive ink 1 arranged in a rectangular manner, and the second group is defined by a
plurality of dots 2a (10 by 6 in the figure) of resistive ink 2 arrange in a rectangular manner. The two types of dots 1a
and 2a are disposed one on top of the other, and thus the first group and the second group are continuous.

[0054] In each of the patterns shown in Figs. 2 and 3, the dots 1a of the first group are disposed in a first region and
the dots 2a of the second group are disposed in a second region. The first group including dots 1a and the second group
including dots 2a are dried and fired to form the resistive film and act as a first resistive portion and a second resistive
portion, respectively.

[0055] In the pattern shown in Fig. 2(a), preferably, the first group of resistive ink 1 and the second group of resistive
ink 2 are formed rather large so that the overlaps of resistive inks 1 and 2 (boundaries between the first regions in which
the first dots 1a are disposed and the second regions in which the second dots 2a are disposed), which may result in
variation in resistance, are shortened as a whole. Thus, the resistances of the resistive film between the terminals 4 and
6 can easily be estimated. Also, the electric resistance can be uniformly distributed between the terminals 4 and 6.
[0056] In the patterns shown in Figs. 2(b) to 2(g) and Fig. 3, the first groups of resistive ink 1 and the second groups
of resistive ink 2 are arranged in series or parallel between the terminals 4 and 6. The resistances of the resistive film
between the terminals 4 and 6 can easily be estimated. In order to adjust the resistance of the resulting resistive film,
for example, the group having a higher resistance is partially removed to roughly adjust the resistance and then the
group having a lower resistance is partially removed to finely adjust the resistance.

[0057] The resistance of the resistive film between the terminals 4 and 6 can be varied by changing the pattern formed
by applying resistive inks 1 and 2 (sizes, shapes, and arrangements of the groups), and the size (amount of ink droplet)
or number of the dots 1a or 2a of resistive inks 1 or 2 of each group.

[0058] The use of a plurality of ink jet heads allows at least two resistive inks to be printed at one time. Consequently,
drying can be completed by only one step. In addition, printing can be performed at one time without interruption by a
drying step. Thus, the resistive inks can easily be printed with highly precise alignment without aligning printing positions.
[0059] Also, since screen plates are not use, the second or a subsequent resistive ink can be printed in a pattern
without forming gaps even if the first resistive ink has been printed with narrow intervals.

[0060] Furthermore, the resistance depending on how the plurality of resistive inks are applied can easily be varied
or adjusted by changing parameters of software.

[0061] Specific examples will now be described.

[0062] Two ink jet resistive inks 1 and 2 having different compositions were prepared in advance in which materials
of a resistive film for an electronic component, such as ruthenium oxide (RuO,) and glass, are dispersed in an organic
solvent.

[0063] The solid of resistive ink 1 contained 30% by weight of RuO,, 56% by weight of CaO-Al,05-Si0,-B,04 glass,
14% by weight of SiO,-B,05-K,0 glass. The solid of resistive ink 2 contained 50% by weight of RuO,, 35% by weight
of Ca0-Al,03-Si0,-B,03, 15% by weight of SiO,-B,03-K,0 glass. Resistive ink 1 had a viscosity of 89 mPa-s at room
temperature, and resistive ink 2 had a viscosity of 109 mPa-s at room temperature. Since the inks were heated before
being ejected, however, the viscosities before ejection were reduced to lower than those at room temperature, and to
about 20 mPa's.

[0064] Anink jet printer and a ceramic green sheet were prepared. The ink jet printer had a movable table 2 that can
move in the X direction and the Y direction under two piezoelectric ink jet heads. The ceramic green sheet is provided
with two separate silver electrodes as a pair of terminals. Each ink jet head had 256 holes of 50 uwm in diameter aligned
in a line at intervals of 280 wm, and ejected ink droplets of 10 to 100 pL (picoliters) each.

[0065] Resistive inks 1 and 2 were substantially simultaneously ejected from the two respective ink jet heads of the
ink jet printer onto the ceramic green sheet to print a pattern as shown in the schematic view of Fig. 2(a). Specifically,
a rectangular pattern was printed between the silver electrodes such that first groups each defined by a plurality of dots
of resistive ink 1 and second groups each defined by a plurality of dots of resistive ink 2 were alternately arranged in a
staggered manner.
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[0066] The printed ceramic green sheet and another sheet were laminated, pressed, and fired to yield a ceramic
substrate including a resistive film between the silver electrodes. The resistance of the resistive film on the ceramic
substrate was measured and the result was 5.4 kQ.

[0067] For Comparative Example 1, only resistive ink 1 was ejected to print a rectangular pattern connecting two silver
electrodes on a ceramic green sheet. The printed ceramic green sheet and another sheet were lamented, pressed, and
fired in the same manner as in Example 1 to yield a ceramic substrate including a resistive film made of only resistive
ink 1 between the silver electrodes. The resistance of the resistive film made of only resistive ink 1 was measured and
the result was 84 kQ.

[0068] For Comparative Example 2, only resistive ink 2 was ejected to print a rectangular pattern connecting two silver
electrode on a ceramic green sheet. The printed ceramic green sheet and another sheet were laminated, pressed, and
fired in the same manner as in Example 1 to yield a ceramic substrate including a resistive film made of only resistive
ink 2 between the silver electrodes. The resistance of the resistive film made of only resistive ink 2 was measured and
the result was 2.3 kQ.

[0069] As is clear from the above specific examples, the resistive film formed by applying resistive ink 1 and resistive
ink 2 can have a resistance between the resistances of the resistive film made of only resistive ink 1 and the resistive
film made of only resistive ink 2. <Embodiment 2> Embodiment 2 will now be described with reference to Figs. 4 and 5.
[0070] In Embodiment 2 as well, an ink jet printer is used for printing.

[0071] As schematically shown in Fig. 4, resistive inks ejected from the respective ink jet heads 14 and 16 are simul-
taneously printed at substantially the same position on a base material 8 disposed on a movable table 12. In this instance,
some or all of the dots 1a of resistive ink 1 ejected from the ink jet head 14 and some or all of the dots 2a of resistive
ink 2 ejected from the ink jet head 16 are disposed one on top of the other. Also, the dots 2a of resistive ink 2 are disposed
on the dots 1a of resistive ink 1 before the dots 1a are dried so that the dots 1a and 2a of resistive inks 1 and 2 are
mixed. In order to accelerate the mixing, supersonic waves may be applied. Part of the constituents of resistive ink 1
and part of the constituents of resistive ink 2 may chemically react with each other or form an alloy by the mixing.
[0072] Preferably, the movable table 12 is cooled to a temperature lower than or equal to room temperature (for
example, lower than 25°C). Thus, the drying of the resistive inks is delayed so that the mixing time of the resistive inks
can be increased. Consequently, the variation in resistance of the resulting resistive film can be reduced, and, thus a
stable resistance can be produced.

[0073] By mixing the resistive inks, a mixed portion 3 in the resistive inks 1 and 2 are mixed is formed between the
terminals 4 and 6, as schematically shown in the plan view of Fig. 5. The mixed portion 3 is dried and fired to yield a
resistive film between the terminals 4 and 6.

[0074] The resistance of the resistive film between the terminals 4 and 6 can be varied, for example, by varying
parameters of the program for the controller 11 to change the mixing ratio or the printed areas of the resistive inks 1 and
2, or the shape (plane shape, sectional shape) of the printed pattern. The mixing ratio of resistive inks 1 and 2 can be
varied by changing the sizes (amount of ink dots) or the numbers of the dots 1a and 2a of resistive inks 1 and 2, or the
number of times of superposing printing of the inks.

[0075] By printing dots 1a and 2a of resistive inks 1 and 2 at constant intervals with a constant mixing ratio maintained,
a substantially uniform resistive film can be formed between the electrodes 4 and 6.

[0076] The mixing ratio of the resistive inks 1 and 2 for a resistive film having a desired electric resistance can be
estimated according to a law called "volume mixing law" (following equation (1)).

[0077] More specifically, in the resistivity or the dielectric constant of a composite material prepared by mixing a
plurality of, for example, two constituents, the following approximate equation holds:

Viotal 100G Protar = Vi log p1 + Vi log p2 (1)

[0078] In the equation, Vi, represents the volume of the composite material, py., represents the resistivity of the
composite material. V4 and V, represent the volumes of constituents 1 and 2, respectively, in the composite material.
p1 and p2 represent the resistivities of constituents 1 and 2.

[0079] Specific examples will now be described.

[0080] In the same manner as in Example 1, resistive inks 1 and 2 were ejected to be printed by an ink jet printer so
that a plurality of dots of resistive inks 1 and 2 were superimposed, and were thus formed into a pattern intended for a
resistive film while the resistive inks 1 and 2 were mixed on the ceramic green sheet. In this instance, the movable table
was not heated and was kept room temperature (25°C) to delay the drying of the inks on the ceramic green sheet, thus
ensuring a sufficient time to mix resistive inks 1 and 2.

[0081] The green sheet on which a pattern intended for the resistive film had been printed and another sheet were
laminated, pressed, and fired to yield a resistive film. The resistance of the resistive film was measured and the result
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was 15.3 kQ. This resistance was between the resistances of the resistive film made of only resistive ink 1 of Comparative
Example 1 and the resistive film made of only resistive ink 2 of Comparative Example 2. <Embodiment 3> Embodiment
3 will now be described with reference to Fig. 6.

[0082] The pattern shown in the plan view of Fig. 6(a) includes first groups disposed at the terminal 4 side and second
groups disposed at the terminal 6 side, like the pattern shown in Fig. 2(d). The first group 1s is defined by a plurlity of
(4 by 6 in the figure) dots 1a of resistive ink 1 arranged in a rectangular manner, and the second group 2s is defined by
a plurality of (4 by 6 in the figure) dots 2a of resistive ink 2 arranged in a rectangular manner. Third groups and fourth
groups are disposed in a staggered manner like the pattern shown in Fig. 2(a) in a region 5s between the first group 1s
and the second group 2s. Each third group is defined by a plurlity of dots 1a of resistive ink 1 as in the pattern shown
in Fig. 2(a), and each fourth group is defined by a plurality of dots 2a of resistive ink 2. The dots 1a and 2a overlap each
other and thus the first to the fourth group are continuous.

[0083] The pattern shown in the plan view of Fig. 6(b) includes a first group 1t disposed at the terminal 4 side and a
second group 2t disposed at the terminal 6 side, like the pattern shown in Fig. 2(d). The first group 1t is defined by a
plurlity of (4 by 6 in the figure) dots 1a of resistive ink 1 arranged in a rectangular manner, and the second group 2t is
defined by a plurlity of (4 by 6 in the figure) dots 2a of resistive ink 2 arranged in a rectangular manner. Third groups
and fourth groups are disposed in a region 5t between the first group 1t and the second group 2t. Each third group is
defined by a plurality of (6 in the figure) dots 1a of resistive ink 1 arranged in a line perpendicular to the direction connecting
the terminals 4 and 6. Each fourth group is defined by a plurality of (6 in the figure) dots 2a of resistive ink 2 arranged
in a line perpendicular to the direction connecting the terminals 4 and 6. The third groups and the fourth groups are
alternately arranged in the direction connecting the terminals 4 and 6. The dots 1a and 2a overlap each other, and thus
the first to the fourth group are continuous.

[0084] By arranging the dots 1a and 2a having different resistances as shown in Figs. 6(a) and 6(b), a resistance
gradient is produced between the terminals 4 and 6. For example, a pattern formed with dots 1a of resistive ink 1
containing Pd having a higher electric resistance and dots 2a of resistive ink 2 containing Ag having a lower electric
resistance has electric resistances gradually decreasing in the direction from the terminal 4, at the upper side in the
figure, to the lower terminal 6, thus having a resistance gradient.

[0085] By providing a resistance gradient, impedance matching can be achieved between the circuit side and the
ground side without additionally using a so-called shunt resistor. Thus, an effect of grounding can be produced by a
simple method.

[0086] Both of the dots 1a of resistive ink 1 and the dots 2a of resistive ink 2 may be made of metals, or at least one
of the resistive inks 1 and 2 may be made of a metal and the other may be made of a non-metal, such as ruthenium
oxide, glass, or carbon. Such a non-metal can provide a resistance gradient between the terminals 4 and 6. <Conclusion>
According to Embodiments 1 and 2, resistor elements having various resistances can efficiently be produced.

[0087] Printing resistive inks by an ink jet method eliminates the necessity of many screen plates and reduces the
plate-making cost. Accordingly, electronic components can be manufactured at low cost. Since the plate-making time
is eliminated, the delivery time can be shortened.

[0088] The ink jet method facilitates the change of the printed pattern. By changing the plane shape or the sectional
shape of the pattern intended for the resistive film, a resistive film having a variety of resistance can easily be formed.
[0089] The invention is not limited to the above-described embodiments, and various modifications may be made.
[0090] For example, at least three types of resistive inks may be used. As an alternative to an ink jet method, a laser
printer may apply a plurlity of dots having different electric resistances to produce a resistor element.

Claims
1. An electronic component comprising:

a pair of terminals opposing each other; and

a resistor element disposed between the pair of terminals, the resistor element including at least two resistive
portions (hereinafter referred to as first resistive portion and second resistive portion) that are continuously
disposed,

wherein the first resistive portion includes a plurality of first dots overlapping one another, and the second resistive
portion includes a plurality of second dots having a different electric resistance from the first dots overlapping one
another.

2. The electronic component according to Claim 1, wherein the first resistive portion and the second resistive portion
are arranged in series between the terminals.
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The electronic component according to Claim 1, wherein the first resistive portion and the second resistive portion
are arranged in parallel between the terminals.

The electronic component according to Claim 1, wherein at least one of the first resistive portion and the second
resistive portion is made of a metal.

A method for manufacturing an electronic component, comprising;

the first step of applying a first resistive ink containing a constituent of one part of a resistor element to a first region
of a base material by an ink jet method so as to dispose a plurality of first dots overlapping one another;

the second step of applying a second resistive ink to a second region adjacent to the first region of the base material
soas to dispose a plurality of second dots one on top of another, the second resistive ink having a different composition
from the first resistive ink and containing a constituent of the other part of the resistor element; and

the third step of heating the first dots in the first region and the second dots in the second region to yield the resistor
element.

The method for manufacturing an electronic component according to Claim 5, further comprising the dot drying step
of drying the first dots before the second step.

The method for manufacturing an electronic component according to Claim 6, wherein the dot drying step dries the
first dots by heating the base material in the first step.

The method for manufacturing an electronic component according to Claim 6 or 7, wherein the dot drying step dries
the first dots by performing the first step in a drying atmosphere.

A method for manufacturing an electronic component, comprising:

the first step of applying a first resistive ink containing a constituent forming a resistor element to a base material
by an ink jet method so as to dispose a plurality of first dots;

a second step of applying a second resistive ink by an ink jet method so as to dispose a plurality of second dots
on the first dots to mix the first resistive ink of the first dots with the second resistive ink of the second dots, thus
forming a mixed portion, the second resistive ink containing a constituent forming the resistor element and
having a different composition from the first resistive ink; and

the third step of heating the mixed portion to yield the resistor element.

10. The method for manufacturing an electronic component according to Claim 9, wherein the first step and the second

step are performed at a temperature lower than or equal to room temperature.
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