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(57) ABSTRACT

A strain gauge includes a flexible substrate, a resistor, and
electrodes. Each electrode includes first patterns juxtaposed
at predetermined intervals and electrically connected to each
other. Second patterns of which longitudinal directions are
toward a same direction as a longitudinal direction of each
of the first patterns are disposed between opposing elec-
trodes. The second patterns are electrically floating dummy
patterns. The second patterns of which the longitudinal
directions are toward a same direction as the longitudinal
direction of each first pattern are disposed, the second
patterns being interposed between first patterns opposite
each other that are among given first patterns that constitute
one of the electrodes and given first patterns that constitute
another electrode. The plurality of second patterns are
interposed between first patterns opposite each other that are

(51) Int. CL among given first patterns that constitute one of the elec-
GOIL 1722 (2006.01) trodes and given first patterns that constitute another elec-
HO5K 1/02 (2006.01) trode.
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STRAIN GAUGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
and claims the benefit under 35 U.S.C. § 120 of U.S. patent
application Ser. No. 17/041,704, filed Sep. 25, 2020, which
claims priority to International Application No. PCT/
JP2019/013983, filed Mar. 29, 2019, which claims priority
to Japanese Patent Application No. 2018-065346, filed Mar.
29, 2018. The contents of these applications are incorporated
herein by reference in their entirety.

BACKGROUND

1. Field of the Invention

[0002] The present invention relates to a strain gauge.
2. Description of the Related Art
[0003] A strain gauge is known to be attached to a mea-

sured object to detect strain of the measured object. The
strain gauge includes a resistor for detecting strain, and as a
resistor material, for example, material including Cr (chro-
mium) or Ni (nickel) is used. For example, both end portions
of the resistor are used as electrodes, and a lead wire for
external connection, or the like is joined to the electrodes,
with solder, which allows signals with respect to an elec-
tronic component to be input and output (see, for example,
Patent document 1).

[0004] However, when the strain gauge is miniaturized,
connection with the lead wire or the like, using solder
becomes difficult because the electrodes are reduced in size
in accordance with the miniaturized strain gauge. For this
reason, with use of a bonding material (for example, an
anisotropic conductive film) other than solder, methods of
joining a miniaturized electrode to a flexible substrate or the
like have been attempted in recent years, and join reliability
of the miniaturized electrode and an object to be joined is
required to be secured.

CITATION LIST

Patent Document

[0005] [Patent document 1] Japanese Unexamined Patent
Application Publication No. 2016-74934

SUMMARY

[0006] In view of the point described above, an object of
the present invention is to achieve an electrode structure that
can secure join reliability with respect to an object to be
joined, even when a strain gauge including a resistor formed
on or above a flexible substrate is miniaturized.

[0007] A strain gauge includes a flexible substrate; a
resistor formed of material containing at least one from
among chromium and nickel, on or above the substrate; and
a pair of electrodes electrically connected to the resistor.
Each electrode includes a plurality of first patterns that are
juxtaposed at predetermined intervals and that are electri-
cally connected to each other. A plurality of second patterns
of which longitudinal directions are toward a same direction
as a longitudinal direction of each of the first patterns are
disposed between opposing electrodes.
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[0008] According to the disclosed technique, an electrode
structure that can secure join reliability with respect to an
object to be joined is achieved, even when a strain gauge
including a resistor formed on or above a flexible substrate
is miniaturized.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a plan view of an example of a strain
gauge according to a first embodiment.

[0010] FIG. 2 is a cross-sectional view (part 1) of an
example of the strain gauge according to the first embodi-
ment.

[0011] FIG. 3 is a cross-sectional view (part 2) of an
example of the strain gauge according to the first embodi-
ment.

[0012] FIG. 4 is a plan view of an example of a strain
gauge according to modification 1 of the first embodiment.
[0013] FIG. 5 is a plan view of an example of a strain
gauge according to modification 2 of the first embodiment.
[0014] FIG. 6 is a plan view of an example of a strain
gauge according to a second embodiment.

DESCRIPTION OF EMBODIMENTS

[0015] One or more embodiments will be hereinafter
described with reference to the drawings. In each figure, the
same numerals denote the same components; accordingly,
duplicative explanations may be omitted.

First Embodiment

[0016] FIG. 1 is a plan view of an example of a strain
gauge according to a first embodiment. FIG. 2 is a cross-
sectional view of an example of the strain gauge according
to the first embodiment, and illustrates a cross section taken
along the A-A line in FIG. 1. Referring to FIGS. 1 and 2, the
strain gauge 1 includes a substrate 10, a resistor 30, terminal
sections 41, and dummy patterns 45.

[0017] Note that in the present embodiment, for the sake
of convenience, with respect to the strain gauge 1, the side
of the substrate 10 where the resistor 30 is provided is
referred to as an upper side or one side; and the side of the
substrate 10 where the resistor 30 is not provided is referred
to as a lower side or another side. Further, for each com-
ponent, the surface on the side where the resistor 30 is
provided is referred to as one surface or an upper surface;
and the surface on the side where the resistor 30 is not
provided is referred to as another surface or a lower surface.
However, the strain gauge 1 can be used in a state of being
upside down, or be disposed at any angle. Further, a plan
view means that an object is viewed from a direction normal
to an upper surface 10a of the substrate 10, and a planar
shape refers to a shape of an object when viewed from the
direction normal to the upper surface 10a of the substrate 10.
[0018] The substrate 10 is a member that is a base layer for
forming the resistor 30 or the like and is flexible. The
thickness of the substrate 10 is not particularly restricted,
and can be appropriately selected for any purpose. For
example, such a thickness can be approximately between 5
um and 500 pm. In particular, when the thickness of the
substrate 10 is between 5 um and 200 um, it is preferable in
terms of strain transfer from a flexure element surface that
is bonded to a lower surface of the substrate 10 via an
adhesive layer or the like; and dimensional stability with
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respect to environment, and when the thickness is 10 pm or
more, it is further preferable in terms of insulation.

[0019] The substrate 10 can be formed of an insulating
resin film such as a PI (polyimide) resin, an epoxy resin, a
PEEK (polyether ether ketone) resin, a PEN (polyethylene
naphthalate) resin, a PET (polyethylene terephthalate) resin,
a PPS (polyphenylene sulfide) resin, or a polyolefin resin.
Note that the film refers to a flexible member having a
thickness of about 500 pm or less.

[0020] Here, the “formed of an insulating resin film” is not
intended to preclude the substrate 10 from containing fillers,
impurities, or the like in the insulating resin film. The
substrate 10 may be formed of, for example, an insulating
resin film containing fillers such as silica or alumina.
[0021] The resistor 30 is a thin film formed in a predeter-
mined pattern and is a sensitive section where resistance
varies according to strain. The resistor 30 may be formed
directly on the upper surface 10a of the substrate 10, or be
formed above the upper surface 10qa of the substrate 10, via
other layer(s). Note that in FIG. 1, for the sake of conve-
nience, the resistor 30 is illustrated in a crepe pattern.
[0022] The resistor 30 can be formed of, for example,
material including Cr (chromium); material including Ni
(nickel); or material including both of Cr and Ni. In other
words, the resistor 30 can be formed of material including at
least one from among Cr and Ni. An example of the material
including Cr includes a Cr composite film. An example of
the material including Ni includes Cu—Ni (copper nickel).
An example of the material including both of Cr and Ni
includes Ni—Cr (nickel chromium).

[0023] Here, the Cr composite film is a composite film of
Cr, CrN, and Cr,N, and the like. The Cr composite film may
include incidental impurities such as chromium oxide.
[0024] The thickness of the resistor 30 is not particularly
restricted, and can be appropriately selected for any purpose.
The thickness can be, for example, from about 0.05 pm to
about 2 um. In particular, when the thickness of the resistor
30 is 0.1 um or more, it is preferable in terms of improve-
ment in crystallinity (e.g., crystallinity of a-Cr) of a crystal
that constitutes the resistor 30, and when the thickness of the
resistor 30 is 1 pum or less, it is further preferable in terms of
reduction in cracks of a given film caused by internal stress
of the film that constitutes the resistor 30, or reduction in
warp in the substrate 10.

[0025] For example, when the resistor 30 is the Cr com-
posite film, the resistor is formed with a-Cr (alpha-chro-
mium) as the main component having a stable crystalline
phase, so that stability of the gauge characteristics can be
improved. Additionally, when the resistor 30 is formed with
a-Cr as the main component, a gauge factor of the strain
gauge 1 can be 10 or more, as well as a gauge factor
temperature coefficient TCS and temperature coefficient of
resistance TCR being able to be each in the range of from
-1000 ppm/° C. to +1000 ppm/° C. Here, a main component
means that a target substance is 50% by weight or more of
total substances that constitute the resistor. The resistor 30
preferably includes a-Cr at 80% by weight or more, from the
viewpoint of improving the gauge characteristics. Note that
a-Cr is Cr having a bee structure (body-centered cubic
structure).

[0026] The terminal sections 41 are respectively electri-
cally connected to both end portions of the resistor 30. The
terminal sections 41 are a pair of electrodes for externally
outputting a change in a resistance value of the resistor 30
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in accordance with strain, where for example, a flexible
substrate for external connection, or the like is joined via an
anisotropic conductive film (ACF). For example, the resistor
30 extends from one of the terminal sections 41, with
zigzagged hairpin turns, to be connected to another terminal
section 41.

[0027] Each terminal section 41 includes a plurality of
patterns 41a in each of which the X direction is the longi-
tudinal direction of the pattern, and that are juxtaposed in the
Y direction and at predetermined intervals. Each terminal
section 41 includes a pattern 415 in which the Y direction is
the longitudinal direction of the pattern. The patterns 41a are
electrically connected to each other, via the pattern 415.
[0028] One end portion of each pattern 41a is connected at
one side of the pattern 415 in the longitudinal direction of
the pattern 415. Another end portion of each pattern 41a is
open. Each pattern 41 has any width, and for example, the
width of the pattern 41a can be set to be narrower than the
width of the resistor 30.

[0029] One end portion of each pattern 415 is connected to
a given end portion of the resistor 30. However, the one end
portion of the pattern 415 is not necessarily to be connected
to the end portion of the resistor 30. The end portion of the
resistor 30 may be connected at any location of the pattern
41b. For example, another end portion of the pattern 415
may be connected to the end portion of the resistor 30.
Alternatively, the pattern 415 may be connected to the end
portion of the resistor 30, at any location between the one
end portion and another end portion of the pattern 415. Each
pattern 415 has any width, and for example, the width of the
pattern 415 can be set to be narrower than the width of the
resistor 30.

[0030] Between opposing terminal sections 41 that are
disposed in the Y direction, the electrically floating plurality
of dummy patterns 45 in each of which the X direction is the
longitudinal direction of the dummy pattern are juxtaposed
in the Y direction and at predetermined intervals.

[0031] More specifically, the plurality of dummy patterns
45 of which the longitudinal directions are toward the same
direction as the longitudinal direction of each pattern 41a are
disposed with being interposed between patterns 41a oppo-
site each other, the patterns 41a opposite each other being
from among the plurality of patterns 41a that constitute the
one terminal section 41 and the plurality of patterns 41a that
constitute the another terminal section 41. The longitudinal
direction of each of the patterns 41a and the dummy patterns
45 can be, for example, parallel to the grid direction of the
resistor 30, but is not limited thereto. The width of each
dummy pattern 45 is the same as the width of each pattern
41a.

[0032] The plurality of dummy patterns 45, as well as the
plurality of patterns 41a that constitute the one terminal
section 41; and the plurality of patterns 41a that constitute
the another terminal section 41, are ranged in the Y direction
and at regular intervals. In other words, a space between
patterns 41a that are next to each other; a space between
dummy patterns 45 that are next to each other; and a space
between a given pattern 41a¢ and a given dummy pattern 45
that are next to each other, are identical. The width of each
pattern 41a may be different from the space between patterns
41a. The space between patterns 41a is desirably between
0.5 and 1.5 times of the width of the pattern 414, in terms
of uniformity of thermal distribution and pressure distribu-
tion. The space between patterns 41a is desirably 1 times the
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width of the pattern 41a, in terms of further uniformity of
thermal distribution and pressure distribution.

[0033] Note that for the sake of convenience, the resistor
30, the terminal sections 41, and the dummy patterns 45 are
expressed by different numerals. However, the resistor, the
terminal sections, and the dummy patterns can be integrally
formed of the same material, in the same process.

[0034] A cover layer 60 (insulating resin layer) may be
provided on and above the upper surface 10a of the substrate
10, such that the resistor 30 is coated and the terminal
sections 41 and the dummy patterns 45 are exposed. With
the cover layer 60 being provided, mechanical damage, and
the like can be prevented from occurring in the resistor 30.
Additionally, with the cover layer 60 being provided, the
resistor 30 can be protected against moisture, and the like.
Note that the cover layer 60 may be provided to cover all
portions except for the terminal sections 41 and the dummy
patterns 45.

[0035] The cover layer 60 can be formed of an insulating
resin such as a PI resin, an epoxy resin, a PEEK resin, a PEN
resin, a PET resin, a PPS resin, or a composite resin (e.g., a
silicone resin or a polyolefin resin). The cover layer 60 may
contain fillers or pigments. The thickness of the cover layer
60 is not particularly restricted, and can be appropriately
selected for any purpose. For example, the thickness may be
approximately between 2 pm and 30 um.

[0036] Inorder to manufacture the strain gauge 1, first, the
substrate 10 is prepared and the resistor 30, the terminal
sections 41, and the dummy patterns 45 each of which has
the planar shape illustrated in FIG. 1 are formed on the upper
surface 10a of the substrate 10. The material and thickness
for each of the resistor 30 and the terminal sections 41, and
the dummy patterns 45 are the same as the material and 30
thickness described above. The resistor 30, the terminal
sections 41, and the dummy patterns 45 can be integrally
formed of the same material.

[0037] The resistor 30, the terminal sections 41, and the
dummy patterns 45 can be formed, for example, such that a
raw material capable of forming the resistor 30, the terminal
sections 41, and the dummy patterns 45 is a target to be
deposited by magnetron sputtering, and such that patterning
is performed by photolithography. Instead of magnetron
sputtering, the resistor 30, the terminal sections 41, and the
dummy patterns 45 may be deposited by reactive sputtering,
vapor deposition, arc ion plating, pulsed laser deposition, or
the like.

[0038] From the viewpoint of stabilizing the gauge char-
acteristics, before depositing the resistor 30, the terminal
sections 41, and the dummy patterns 45, preferably, as a base
layer, a functional layer having a film thickness that is
approximately between 1 nm and 100 nm is vacuum-
deposited on the upper surface 10a of the substrate 10, by
conventional sputtering, for example. Note that, after form-
ing the resistor 30, the terminal sections 41, and the dummy
patterns 45 on the entire upper surface of the functional
layer, the functional layer, as well as the resistor 30, the
terminal sections 41, and the dummy patterns 45, are pat-
terned to have the planar shape illustrated in FIG. 1, by
photolithography.

[0039] In the present application, the functional layer
refers to a layer that has a function of promoting crystal
growth of the resistor 30 that is at least an upper layer. The
functional layer preferably further has a function of prevent-
ing oxidation of the resistor 30 caused by oxygen and
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moisture included in the substrate 10, as well as a function
of improving adhesion between the substrate 10 and the
resistor 30. The functional layer may further have other
functions.

[0040] The insulating resin film that constitutes the sub-
strate 10 contains oxygen and moisture. In this regard,
particularly when the resistor 30 includes Cr, it is effective
for the functional layer to have a function of preventing
oxidation of the resistor 30, because Cr forms an autoxidized
film.

[0041] The material of the functional layer is not particu-
larly restricted as long as it is material having a function of
promoting crystal growth of the resistor 30 that is at least an
upper layer. Such material can be appropriately selected for
any purpose, and includes one or more types of metals
selected from the group consisting of, for example, Cr
(chromium), Ti (titanium), V (vanadium), Nb (niobium), Ta
(tantalum), Ni (nickel), Y (yttrium), Zr (zirconium), Hf
(hatnium), Si (silicon), C (carbon), Zn (zinc), Cu (copper),
Bi (bismuth), Fe (iron), Mo (molybdenum), W (tungsten),
Ru (ruthenium), Rh (rhodium), Re (thenium), Os (osmium),
Ir (iridium), Pt (platinum), Pd (palladium), Ag (silver), Au
(gold), Co (cobalt), Mn (manganese), and Al (aluminum); an
alloy of any metals from among the group; or a compound
of any metal from among the group.

[0042] Examples of the above alloy include FeCr, TiAl,
FeNi, NiCr, CrCu, and the like. Examples of the above
compound include TiN, TaN, Si;N,, TiO,, Ta,Os, SiO,, and
the like.

[0043] The functional layer can be vacuum-deposited by,
for example, conventional sputtering in which a raw mate-
rial capable of forming the functional layer is the target and
in which an Ar (argon) gas is supplied to a chamber. By
using conventional sputtering, the functional layer is depos-
ited while the upper surface 10a of the substrate 10 is etched
with Ar. Thus, a deposited amount of film of the functional
layer is minimized and thus an effect of improving adhesion
can be obtained.

[0044] However, this is an example of a method of depos-
iting the functional layer, and the functional layer may be
deposited by other methods. For example, as such a method,
before depositing the functional layer, the upper surface 10a
of'the substrate 10 is activated by plasma treatment using Ar,
etc. or the like to thereby obtain the effect of improving the
adhesion; subsequently, the functional layer may be
vacuum-deposited by magnetron sputtering.

[0045] A combination of the material of the functional
layer; and the material of the resistor 30, the terminal
sections 41, and the dummy patterns 45 is not particularly
restricted, and can be appropriately selected for any purpose.
For example, Ti is used for the functional layer, and a Cr
composite film formed with a-Cr (alpha-chromium) as the
main component can be deposited as the resistor 30, the
terminal sections 41, and the dummy patterns 45.

[0046] In this case, the resistor 30, the terminal sections
41, and the dummy patterns 45 can be deposited by, for
example, magnetron sputtering in which a raw material
capable of forming the Cr composite film is the target and in
which an Ar gas is supplied to a chamber. Alternatively, the
resistor 30, the terminal sections 41, and the dummy patterns
45 may be deposited by reactive sputtering in which pure Cr
is the target and in which an appropriate amount of nitrogen
gas, as well as an Ar gas, are supplied to a chamber.
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[0047] in such methods, a growth face of the Cr composite
film is defined by the functional layer formed of Ti, and a Cr
composite film that is formed with a-Cr as the main com-
ponent having a stable crystalline structure can be deposited.
Also, Ti that constitutes the functional layer is diffused into
the Cr composite film, so that the gauge characteristics are
improved. For example, the gauge factor of the strain gauge
1 can be 10 or more, as well as the gauge factor temperature
coefficient TCS and temperature coefficient of resistance
TCR being able to be each in the range of from -1000 ppm/®
C. to +1000 ppm/° C. Note that, when the functional layer
is formed of Ti, the Cr composite film may include Ti or TiN
(titanium nitride).

[0048] Note that when the resistor 30 is a Cr composite
film, the functional layer formed of Ti includes all functions
being a function of promoting crystal growth of the resistor
30; a function of preventing oxidation of the resistor 30
caused by oxygen or moisture contained in the substrate 10;
and a function of improving adhesion between the substrate
10 and the resistor 30. Instead of Ti, when the functional
layer is formed of Ta, Si, Al, or Fe, the functional layer also
includes the same functions.

[0049] As described above, with the functional layer being
provided in the lower layer of the resistor 30, the crystal
growth of the resistor 30 can be promoted and thus the
resistor 30 having a stable crystalline phase can be fabri-
cated. As a result, with respect to the strain gauge 1, the
stability of the gauge characteristics can be improved. Also,
the material that constitutes the functional layer is diffused
into the resistor 30, so that the gauge characteristics of the
strain gauge 1 can be thereby improved.

[0050] After forming the resistor 30, the terminal sections
41, and the dummy patterns 45, the cover layer 60 with
which the resistor 30 is coated and that exposes the terminal
sections 41 and the dummy patterns 45 is provided on and
above the upper surface 10a of the substrate 10, as neces-
sary, so that the strain gauge 1 is completed. For example,
the cover layer 60 can be fabricated, such that a thermoset-
ting insulating resin film in a semi-cured state is laminated
on the upper surface 10a of the substrate 10, and such that
the resistor 30 is coated therewith and the terminal sections
41 and the dummy patterns 45 are exposed; subsequently,
heat is added and curing is performed. The cover layer 60
may be formed, such that a thermosetting insulating resin
that is liquid or paste-like is applied to the upper surface 10a
of the substrate 10, and such that the resistor 30 is coated
therewith and the terminal sections 41 and the dummy
patterns 45 are exposed; subsequently, heat is added and
curing is performed.

[0051] Note that when the functional layer, as a base layer
of the resistor 30; the terminal sections 41; and the dummy
patterns 45, is provided on the upper surface 10a of the
substrate 10, the strain gauge 1 has a cross-section shape
illustrated in FIG. 3. A layer expressed by the numeral 20
indicates the functional layer. The planar shape of the strain
gauge 1 in the case of providing the functional layer 20 is the
same as that in FIG. 1.

[0052] As described above, for the strain gauge 1, the
plurality of dummy patterns 45 are disposed between a pair
of terminal sections each of which becomes an electrode.
The plurality of dummy patterns 45, as well as the plurality
of patterns 41a that constitute one terminal section 41; and
the plurality of patterns 41a that constitute another terminal
section 41, are ranged in a predetermined direction and at
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regular intervals, such that the longitudinal directions of the
dummy patterns and the patterns are toward the same
direction. Further, the width of each dummy pattern 45 is the
same as the width of each pattern 41a.

[0053] In such a manner, when a flexible substrate or the
like are disposed above the pair of terminal sections 41 and
the dummy patterns 45, via an anisotropic conductive film,
and the pair of terminal sections 41 is joined to the flexible
substrate or the like, via the anisotropic conductive film, heat
and pressure can be uniformly applied to the anisotropic
conductive film. As a result, join reliability in the case of
joining the pair of terminal sections 41 to the flexible
substrate or the like, via the anisotropic conductive film can
be improved.

[0054] Further, with at least one end side from among both
end portions of each pattern 41a being open, when pressure
is applied to the anisotropic conductive film, an escape path
for excess anisotropic conductive film can be provided. In
this regard, it is preferable.

[0055] Note that when the width of each pattern 41a is the
same as the width of each dummy pattern 45, and, a given
space between patterns 41a that are next to each other; a
given space between dummy patterns 45 that are next to
each other; and a given space between a given pattern 41a
and a given dummy pattern 45 that are next to each other are
identical, heat and pressure can be applied with the greatest
uniformity to the anisotropic conductive film. Thus, such a
configuration is the most excellent. However, even when all
of the requirements described above are not met, a constant
effect can be obtained.

[0056] In other words, each terminal section 41 includes a
plurality of patterns 41 that are juxtaposed at predetermined
intervals and that are electrically connected to each other. A
plurality of dummy patterns 45 are disposed between oppos-
ing terminal sections 41, such that the longitudinal direc-
tions of the dummy patterns are toward the same direction
as the longitudinal direction of each pattern 41a. Thereby, a
constant effect of improving join reliability in the case of
joining a pair of terminal sections 41 to a flexible substrate
or the like, via an anisotropic conductive film can be
obtained. The following embodiments also have the same
effect as described above.

Modification 1 of the First Embodiment

[0057] Modification 1 of the first embodiment will be
described using an example of a strain gauge that differs in
the electrode pattern described in the first embodiment. Note
that in the modification 1 of the first embodiment, explana-
tion for the components that are the same as having been
described in the embodiment may be omitted.

[0058] FIG. 4 is a plan view of an example of the strain
gauge according to the modification 1 of the first embodi-
ment. Referring to FIG. 4, the strain gauge 1A differs from
the strain gauge 1 (see FIGS. 1 and 2 and the like) in that
terminal sections 42 and dummy patterns 46 are used instead
of the terminal sections 41 and the dummy patterns 45.
[0059] The terminal sections 42 are electrically connected
to both end portions of the resistor 30. The terminal sections
42 are a pair of electrodes for externally outputting a change
in a resistance value of the resistor 30 in accordance with
strain, where for example, a flexible substrate for external
connection, or the like is joined via an anisotropic conduc-
tive film. For example, the resistor 30 extends from one of
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the terminal sections 42, with zigzagged hairpin turns, to be
connected to another terminal section 42.

[0060] Each terminal section 42 includes a plurality of
patterns 42a in each of which the X direction is the longi-
tudinal direction of the pattern, and that are juxtaposed in the
Y direction and at predetermined intervals. Each terminal
section 42 includes a pattern 425 in which the Y direction is
the longitudinal direction of the pattern. The patterns 42q are
electrically connected to each other, via the pattern 425.
[0061] A substantially intermediate portion of each pattern
42a is connected to the pattern 425. One end portion of each
outermost pattern 424 is connected to a given end portion of
the resistor 30, and the one end portions of the other patterns
42a are open. The other end portions of all of the patterns
42a are open. The width of each pattern 42a is set to be
narrower than the width of the resistor 30. Each pattern 426
has any width, and the width of the pattern 425 may be set
to be narrower than the width of the resistor 30.

[0062] However, the one end portion of each outermost
pattern 42a is not necessarily connected to a given end
portion of the resistor 30. One end portion of any pattern 42a
may be connected to a given end portion of the resistor 30.
For example, one end portion of each innermost (dummy
pattern 46 side) pattern 42a may be connected to a given end
portion of the resistor 30. Alternatively, one end portion of
any pattern 42a that is positioned between the outermost
pattern and the innermost pattern may be connected to a
given end portion of the resistor 30.

[0063] Note that the pattern 425 of each terminal section
42 is a pattern that is set by the pattern 415 of the terminal
section 41 of which a location has moved from the innermost
side (the resistor 30 side) to the intermediate side of the
terminal section. The pattern 425 has the same function as
the function of electrically connecting a plurality of patterns
that are juxtaposed in the Y direction. The pattern 4256 of
each terminal section 42 may be provided at any location
between the innermost (the resistor 30 side) portion and the
outermost (side opposite the resistor 30) portion of the
pattern in the X direction. The pattern 425 of each terminal
section 42 may be provided at the outermost side (side
opposite the resistor 30) of the pattern in the X direction.
[0064] Between opposing terminal sections 42 that are
disposed in the Y direction, the electrically floating dummy
patterns 46 in each of which the X direction is the longitu-
dinal direction of the dummy pattern are juxtaposed in the Y
direction and at predetermined intervals.

[0065] More specifically, the plurality of dummy patterns
46 of which the longitudinal directions are toward the same
direction as the longitudinal direction of each pattern 424 are
disposed with being interposed between patterns 42a oppo-
site each other, the patterns 42a opposite each other being
from among the plurality of patterns 42a that constitute one
terminal section 42 and the plurality of patterns 42a that
constitute another terminal section 42. The longitudinal
direction of each of the patterns 42 and the dummy patterns
46 can be, for example, parallel to the grid direction of the
resistor 30, but is not limited thereto. The width of each
dummy pattern 46 is the same as the width of each pattern
42aq.

[0066] The plurality of dummy patterns 46, as well as the
plurality of patterns 42a that constitute the one terminal
section 42; and the plurality of patterns 42a that constitute
the another terminal section 42, are ranged in the Y direction
and at regular intervals. In other words, a given space
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between patterns 42a that are next to each other, a given
space between dummy patterns 46 that are next to each
other, and a given space between a given pattern 42a and a
given dummy pattern 46 that are next to each other, are
identical.

[0067] Note that for the sake of convenience, the resistor
30, the terminal sections 42, and the dummy patterns 46 are
expressed by different numerals. However, the resistor, the
terminal sections, and the dummy patterns can be integrally
formed of the same material, in the same process.

[0068] As described above, for the strain gauge 1A, the
plurality of dummy patterns 46 are disposed between a pair
of terminal sections 42 each of which becomes an electrode.
The plurality of dummy patterns 46, as well as the plurality
of patterns 42a that constitute one terminal section 42; and
the plurality of patterns 42a that constitute another terminal
section 42, are ranged in a predetermined direction and at
regular intervals, such that the longitudinal directions of the
dummy patterns and the patterns are toward the same
direction. Further, the width of each dummy pattern 46 is the
same as the width of each pattern 42a.

[0069] In such a manner, as in the first embodiment, join
reliability in the case of joining a pair of terminal sections 42
to a flexible substrate or the like, via an anisotropic con-
ductive film can be improved.

Modification 2 of the First Embodiment

[0070] Modification 2 of the first embodiment will be
described using an example of a strain gauge that differs in
the electrode pattern described in the first embodiment. Note
that in the modification 2 of the first embodiment, explana-
tion for the components that are the same as having been
described in the embodiment may be omitted.

[0071] FIG. 5 is a plan view of an example of the strain
gauge according to the modification 2 of the first embodi-
ment. Referring to FIG. 5, the strain gauge 1B differs from
the strain gauge 1 (see FIGS. 1 and 2 and the like) in that
terminal sections 43 and dummy patterns 47 are used instead
of the terminal sections 41 and the dummy patterns 45.
[0072] The terminal sections 43 are respectively electri-
cally connected to both end portions of the resistor 30. The
terminal sections 43 are a pair of electrodes for externally
outputting a change in a resistance value of the resistor 30
in accordance with strain, where for example, a flexible
substrate for external connection, or the like is joined via an
anisotropic conductive film. For example, the resistor 30
extends from one of the terminal sections 43, with zigzagged
hairpin turns, to be connected to another terminal section 43.
[0073] Each terminal section 43 includes a plurality of
patterns 43a in each of which the Y direction is the longi-
tudinal direction of the pattern, and that are juxtaposed in the
X direction and at predetermined intervals. Each terminal
section 43 includes a pattern 435 in which the X direction is
the longitudinal direction of the pattern 4356. The patterns
43a are electrically connected to each other, via the pattern
43b.

[0074] One end portion of each pattern 43« is connected at
one side of the pattern 435 in the longitudinal direction of
the pattern 435. Another end portion of each pattern 43a is
open. The width of each pattern 43a is set to be narrower
than the width of the resistor 30.

[0075] One end portion of each pattern 435 is connected to
a given end portion of the resistor 30. However, the one end
portion of the pattern 435 is not necessarily connected to the
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end portion of the resistor 30. The end portion of the resistor
30 may be connected at any location of the innermost
(resistor 30 side) pattern 43a. The pattern 435 has any width.
For example, the width of each pattern 435 can be set to be
narrower than the width of the resistor 30.

[0076] Between opposing terminal sections 43 that are
disposed in the Y direction, the electrically floating dummy
patterns 47 in each of which the Y direction is the longitu-
dinal direction of the dummy pattern are juxtaposed in the X
direction and at predetermined intervals.

[0077] More specifically, the plurality of dummy patterns
47 of which longitudinal directions are toward the same
direction as the longitudinal direction of each pattern 43a are
disposed with being interposed between end portions of
opposing patterns 434, the opposing patterns 43a being from
among the plurality of patterns 43a that constitute one
terminal section 43 and the plurality of patterns 43a that
constitute another terminal section 43. The longitudinal
direction of each of the patterns 43a and the dummy patterns
47 can be, for example, perpendicular to the grid direction
of the resistor 30, but is not limited thereto. The width of
each dummy pattern 47 is the same as the width of each
pattern 43a.

[0078] A plurality of sets in each of which one pattern 43a
that constitutes part of the one terminal section 43; one
dummy pattern 47; and one pattern 43q that constitutes part
of the another terminal section 43 are arranged in line in the
Y direction so as not to contact each other, are ranged in the
X direction and at predetermined intervals. In other words,
each space between sets that are next to each other is
identical.

[0079] Note that for the sake of convenience, the resistor
30, the terminal sections 43, and the dummy patterns 47 are
expressed by different numerals. However, the resistor, the
terminal sections, and the dummy patterns can be integrally
formed of the same material, in the same process.

[0080] As described above, for the strain gauge 1B, the
plurality of dummy patterns 47 are disposed between a pair
of terminal sections 43 each of which becomes an electrode.
The plurality of dummy patterns 47, as well as the plurality
of patterns 43a that constitute one terminal section 43; and
the plurality of patterns 43a that constitute another terminal
section 43, are ranged in a predetermined direction and at
regular intervals, such that the longitudinal directions of the
dummy patterns and the patterns are toward the same
direction. Further, the width of each dummy pattern 47 is the
same as the width of each pattern 43a.

[0081] In such a manner, as in the first embodiment, join
reliability in the case of joining a pair of terminal sections 43
to a flexible substrate or the like, via the anisotropic con-
ductive film can be improved.

Second Embodiment

[0082] The second embodiment will be described using an
example of a strain gauge that differs in the electrode pattern
described in the first embodiment. Note that in the second
embodiment, explanation for the components that are the
same as the components that have been described in the
embodiment may be omitted.

[0083] FIG. 6 is a plan view of an example of the strain
gauge according to the second embodiment. Referring to
FIG. 6, the strain gauge 2 differs from the strain gauge 1 (see
FIGS. 1 and 2 and the like) in that terminal sections 44 are
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used instead of the terminal sections 41. Note that the strain
gauge 2 has no dummy pattern.

[0084] The terminal sections 44 are respectively electri-
cally connected to both end portions of the resistor 30. The
terminal sections 44 are a pair of electrodes for externally
outputting a change in a resistance value of the resistor 30
in accordance with strain, where for example, a flexible
substrate for external connection, or the like is joined via an
anisotropic conductive film.

[0085] Each terminal section 44 includes a plurality of
patterns 44a in each of which the X direction is the longi-
tudinal direction of the pattern, and that are juxtaposed in the
Y direction and at predetermined intervals. Each terminal
section 44 includes a pattern 445 in which the Y direction is
the longitudinal direction of the pattern 4456. The patterns
44a are electrically connected to each other, via the pattern
44b.

[0086] One end portion of each pattern 44a is connected at
one side of the pattern 445 in the longitudinal direction of
the pattern 445. Another end portion of each pattern 44aq is
open. The width of each pattern 44a is set to be narrower
than the width of the resistor 30.

[0087] One end portion of each pattern 445 is connected to
a given end portion of the resistor 30. The pattern 445 has
any width. For example, the width of each pattern 445 can
be set to be the same as the width of the resistor 30.
[0088] Between opposing terminal sections 44 that are
disposed in the Y direction, the resistor 30 in which the X
direction is the grid direction of the resistor, and that is
patterned to be zigzagged at predetermined intervals, is
disposed.

[0089] More specifically, the resistor 30 of which the grid
direction is toward the same direction as the longitudinal
direction of each pattern 44a is disposed with being inter-
posed between patterns 44a opposite each other, the patterns
44a opposite each other being from among the plurality of
patterns 44q that constitute one terminal section 44 and the
plurality of patterns 44a that constitute another terminal
section 44.

[0090] The resistor 30, as well as the plurality of patterns
44a that constitute the one terminal section 44; and the
plurality of patterns 44a that constitute the another terminal
section 44, are ranged in the Y direction and at regular
intervals, such that the longitudinal directions of the resistor
and the patterns are toward the same direction. In other
words, a given space between patterns 44a that are next to
each other; a given space between patterns that constitute
part of the resistor 30 and that are next to each other; and a
given space between a given pattern 44a and a given pattern
constituting part of the resistor 30, which are next to each
other, are identical.

[0091] Note that for the sake of convenience, the resistor
30 and the terminal sections 44 are expressed by different
numerals. However, the resistor and the terminal sections
can be integrally formed of the same material, in the same
process.

[0092] As described above, for the strain gauge 2, the
resistor 30 that is patterned to be zigzagged between a pair
of terminal sections 44 that become electrodes, is disposed.
The zigzag patterned resistor 30, as well as the plurality of
patterns 44a that constitute one terminal section 44; and the
plurality of patterns 44a that constitute another terminal
section 44, are ranged in a predetermined direction and at
regular intervals, such that the longitudinal directions of the
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resistor and the patterns are toward the same direction.
Further, the width of the resistor 30 is the same as the width
of each pattern 44a.

[0093] In such a manner, as in the first embodiment, join
reliability in the case of joining a pair of terminal sections 44
to a flexible substrate or the like, via the anisotropic con-
ductive film can be improved.

[0094] Note that in the strain gauge 2, density in the
resistor 30 and the terminal sections 44 is approximately
uniform. Thus, the resistor 30 and the terminal sections 44
are easily formed by etching, in comparison to the strain
gauges 1, 1A, and 1B in each of which density in the resistor
and the terminal sections is non-uniform.

[0095] The preferred embodiments and the like have been
described above in detail, but are not limited thereto. Various
modifications and alternatives to the above embodiments
and the like can be made without departing from a scope set
forth in the claims.

[0096] For example, the embodiments and the modifica-
tions have been described about improvement of join reli-
ability in the case of joining a pair of terminal sections to a
flexible substrate or the like, via an anisotropic conductive
film. However, the electrode structure according to the
present invention also has a similar effect, when an aniso-
tropic conductive paste (ACP) is used.

What is claimed is:

1. A strain gauge comprising:

a flexible substrate;

a resistor formed of material containing at least one from
among chromium and nickel, on or above the substrate;
and

a pair of electrodes electrically connected to the resistor,

wherein each electrode includes a plurality of first pat-
terns that are juxtaposed at predetermined intervals and
that are electrically connected to each other,

wherein a plurality of second patterns of which longitu-
dinal directions are toward a same direction as a
longitudinal direction of each of the first patterns are
disposed between opposing electrodes,

wherein the plurality of second patterns are electrically
floating dummy patterns, and

wherein the plurality of second patterns of which the
longitudinal directions are toward a same direction as
the longitudinal direction of each first pattern are
disposed, the second patterns being interposed between
first patterns opposite each other, among the first pat-
terns, and the first patterns opposite each other being
from among given first patterns that constitute one of
the electrodes and given first patterns that constitute
another electrode.

2. The strain gauge according to claim 1, wherein a width
of each first pattern is same as a width of each second
pattern, and

wherein a space between first patterns that are next to each
other is same as a space between second patterns that
are next to each other.

3. The strain gauge according to claim 1, wherein the
longitudinal direction of each of the first patterns and the
second patterns is parallel to a grid direction of the resistor.

4. The strain gauge according to claim 1, wherein the
resistor is formed with alpha-chromium as a main compo-
nent.

5. The strain gauge according to claim 4, wherein the
resistor includes alpha-chromium at 80% by weight or more.
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6. The strain gauge according to claim 1, wherein the
functional layer includes a function of promoting crystal
growth of the resistor.

7. A strain gauge comprising:

a flexible substrate;

a resistor formed of material containing at least one from
among chromium and nickel, on or above the substrate;
and

a pair of electrodes electrically connected to the resistor,

wherein each electrode includes a plurality of first pat-
terns that are juxtaposed at predetermined intervals and
that are electrically connected to each other,

wherein the plurality of second patterns are a zigzag
pattern that constitutes the resistor, and

wherein the plurality of second patterns of which the
longitudinal directions are toward a same direction as
the longitudinal direction of each first pattern are
disposed, the second patterns being interposed between
first patterns opposite each other, among the first pat-
terns, and the first patterns opposite each other being
from among given first patterns that constitute one of
the electrodes and given first patterns that constitute
another electrode.

8. The strain gauge according to claim 7, wherein a width
of each first pattern is same as a width of each second
pattern, and

wherein a space between first patterns that are next to each
other is same as a space between second patterns that
are next to each other.

9. The strain gauge according to claim 7, wherein the
longitudinal direction of each of the first patterns and the
second patterns is parallel to a grid direction of the resistor.

10. The strain gauge according to claim 7, wherein the
resistor includes alpha-chromium as a main component.

11. The strain gauge according to claim 10, wherein the
resistor includes alpha-chromium at 80% by weight or more.

12. The strain gauge according to claim 7, wherein the
functional layer includes a function of promoting crystal
growth of the resistor.

13. A strain gauge comprising:

a flexible substrate;

a resistor formed of material containing at least one from
among chromium and nickel, on or above the substrate;
and

a pair of electrodes electrically connected to the resistor,

wherein each electrode includes a plurality of first pat-
terns that are juxtaposed at predetermined intervals and
that are electrically connected to each other,

wherein a width of each first pattern is same as a width of
each second pattern,

wherein a space between first patterns that are next to each
other is same as a space between second patterns that
are next to each other, and

wherein the plurality of second patterns of which the
longitudinal directions are toward a same direction as
the longitudinal direction of each first pattern are
disposed, each of the second patterns being interposed
between end portions of opposing first patterns, among
the first patterns, the opposing first patterns being from
among given first patterns that constitute one of the
electrodes and given first patterns that constitute
another electrode.
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14. The strain gauge according to claim 13, wherein the
longitudinal direction of each of the first patterns and the
second patterns is perpendicular to a grid direction of the
resistor.

15. The strain gauge according to claim 13, wherein the
plurality of second patterns are electrically floating dummy
patterns.

16. The strain gauge according to claim 13, wherein the
resistor is formed with alpha-chromium as a main compo-
nent.

17. The strain gauge according to claim 16, wherein the
resistor includes alpha-chromium at 80% by weight or more.

18. The strain gauge according to claim 13, wherein the
functional layer includes a function of promoting crystal
growth of the resistor.

#* #* #* #* #*
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