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(54) OPERATION DEVICE FOR ELECTRONIC MUSICAL INSTRUMENT

(57) A switch is constituted by a movable conductive
portion and a pair of fixed conductive portions. The fixed
conductive portions are arranged on a substrate, and are
each constituted by at least one strip member. A first
main conductive pattern and a second main conductive
pattern are arranged on the substrate in correspondence
with the fixed conductive portions. The movable conduc-

tive portion electrically shorts the pair of fixed conductive
portions upon coming into contact with both of them. The
strip members that constitute the fixed conductive por-
tions each have a first end portion and a second end
portion in the extending direction, and the end portions
are electrically connected to the corresponding main con-
ductive patterns.
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Description

Technical Field

[0001] The present invention relates to an operator de-
vice for an electronic musical instrument that detects an
operation when an operator is operated so as to electri-
cally short a pair of fixed conductive portions with a mov-
able conductive portion.

Background Art

[0002] Conventionally, it is known that in an operator
device for an electronic musical instrument such as a
keyboard instrument, a pair of fixed conductive portions
are mounted on a printed circuit board, and a movable
conductive portion that can be moved by an operator is
provided so as to oppose these fixed contact patterns.
In this type of operator device, as illustrated in FIG. 14
and the like of Patent Literature 1 noted below, the fixed
conductive portions are widely known to be constituted
by a pair of comb teeth-shaped contact patterns, and the
movable conductive portion brings the pair of comb teeth-
shaped fixed contact patterns into conduction, via itself,
upon coming into contact with them. The fixed conductive
portions and the movable conductive portion are gener-
ally constituted by carbon or the like. FIGS. 13A and 13B
are schematic diagrams showing contact between typical
comb teeth-shaped fixed contact patterns and a circular
movable conductive portion.

Citation List

Patent Literature

[0003] Patent Literature 1: JP H08-235952A

Summary of Invention

Technical Problem

[0004] As shown in FIG. 13A, external wiring patterns
98 and 99 are connected to a pair of fixed contact patterns
202A and 202B at contact points pS and pE, which are
power feed portions. A movable conductive portion 201
shorts a portion of the combs in the fixed contact patterns
202A and 202B, thus performing switching. At this time,
a conductive path is formed from the contact point pS to
the contact point pE via the movable conductive portion
201. The length of this conductive path is L11. Also, in
the example shown in FIG. 13B, the length of the con-
ductive path from the contact point pS to the contact point
pE is L12.
[0005] Here, a highly conductive material such as cop-
per foil is used for the external wiring patterns 98 and 99,
but from the viewpoint of cost reduction, the fixed contact
patterns 202A and 202B and the movable conductive
portion 201 are made of carbon, which has a lower con-

ductivity than copper foil. Carbon has a higher electric
resistance than copper foil, and therefore the resistance
characteristic degrades if the conductive path through
carbon is too long. This has a negative influence on op-
eration detection precision as well. A shorter conductive
path during switching is more advantageous. In order to
shorten the conductive path, it is desirable to give con-
sideration not only to the distance from the power feed
portion to the position of contact between the movable
conductive portion 201 and the fixed contact patterns
202A and 202B, but also to the conductive path formed
in the movable conductive portion 201 as well.
[0006] One aspect of the present invention was
achieved in order to solve the above-described problem
in conventional technology, and an object of this aspect
of the present invention is to provide an operator device
for an electronic musical instrument that can improve the
resistance characteristic of the conductive path during
switching.

Solution to Problem

[0007] In order to achieve the aforementioned object,
an operator device for an electronic musical instrument
according to one aspect of the present invention includes:
a substrate; a first fixed conductive portion and a second
fixed conductive portion that are arranged on the sub-
strate and make up a pair of electrodes; a first main con-
ductive pattern and a second main conductive pattern
that are arranged on the substrate, have a higher con-
ductivity than the first and second fixed conductive por-
tions, and respectively correspond to the first fixed con-
ductive portion and the second fixed conductive portion;
and a movable conductive portion that is configured to
move by an operation performed on the operator, and
electrically shorts the first fixed conductive portion and
the second fixed conductive portion upon coming into
contact with both of them, wherein the first fixed conduc-
tive portion and the second fixed conductive portion are
each constituted by at least one strip member, and the
strip member constituting the first fixed conductive por-
tion and the strip member constituting the second fixed
conductive portion are aligned in parallel and in an alter-
nating manner, and at least two end portions of the strip
member constituting the first fixed conductive portion are
electrically connected to the first main conductive pattern,
and at least two end portions of the strip member consti-
tuting the second fixed conductive portion are electrically
connected to the second main conductive pattern.

Advantageous Effects of Invention

[0008] According to the present invention, it is possible
to improve the resistance characteristic of the conductive
path during switching.
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Brief Description of Drawings

[0009]

FIG. 1A is a schematic diagram of a portion of an
electronic musical instrument to which an operator
device according to a first embodiment is to be ap-
plied;
FIG. 1B is a schematic diagram of the portion of the
electronic musical instrument to which the operator
device according to the first embodiment is to be
applied;
FIG. 1C is a partial configuration diagram of a control
circuit in a single-throw switch;
FIG. 2 is a schematic diagram of a specific example
of a pair of fixed conductive portions;
FIG. 3 is a schematic diagram of conductive paths
in a switch configured as shown in FIG. 2;
FIG. 4 is a schematic diagram of a conductive path
in a switch configured as described in a comparative
example;
FIG. 5 is a schematic diagram of a specific example
of a pair of fixed conductive portions according to a
first modified example;
FIG. 6 is a schematic diagram of conductive paths
in a switch configured as described in the first mod-
ified example;
FIG. 7 is a schematic diagram of a specific example
of a pair of fixed conductive portions according to a
second modified example;
FIG. 8A is a schematic diagram of a switch body
region of an electronic musical instrument to which
an operator device according to a second embodi-
ment is to be applied;
FIG. 8B is a partial configuration diagram of a control
circuit according to the second embodiment;
FIG. 9A is a diagram showing a configuration of the
fixed members that are arranged on a substrate in
three sets of switches;
FIG. 9B is a diagram showing first and second main
conductive patterns;
FIG. 10A is a diagram showing a resist;
FIG. 10B is a diagram showing three sets of first and
second fixed conductive portions;
FIG. 10C is a cross-sectional diagram taken along
line A-A in FIG. 9A;
FIG. 11A is a diagram showing a variation of three
sets of first fixed conductive portions;
FIG. 11B is a diagram showing a variation of three
sets of second fixed conductive portions;
FIG. 12 is a schematic diagram of fixed conductive
portions configured as described in a comparative
example;
FIG. 13A is a schematic diagram showing contact
between comb teeth-shaped fixed contact patterns
and a circular movable conductive portion; and
FIG. 13B is a schematic diagram showing contact
between comb teeth-shaped fixed contact patterns

and a circular movable conductive portion.

Description of Embodiments

[0010] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings.

First Embodiment

[0011] FIG. 1A is a schematic diagram showing a por-
tion of an electronic musical instrument to which an op-
erator device according to a first embodiment of the
present invention is to be applied. A keyboard device of
this electronic musical instrument has multiple keys 92
as playing operators. A substrate 93 is arranged under
the keys 92, and switch bodies 10 are arranged on the
substrate 93. When one of the keys 92 is operated by
being pressed, it pivots about a fulcrum 91 and drives
one of the switch bodies 10.
[0012] Note that the driving bodies (operators) that
drive the switch bodies 10 are not limited to being the
keys 92, and may be hammers instead. In one example,
as shown in FIG. 1B, a hammer 95 is pivotably coupled
to a key 92 by a pivot shaft portion 94. The hammer 95
is arranged so as to be capable of pivoting about a fulcrum
89. The substrate 93 is arranged above the hammer 95,
and the switch body 10 is arranged on the lower surface
of the substrate 93. When the key 92 is operated by being
pressed, the hammer 95 is driven via the pivot shaft por-
tion 94, and the hammer 95 pivots about the fulcrum 89
and drives the switch body 10.
[0013] Incidentally, the switch bodies 10 each have a
basic configuration in which one contact switch is con-
stituted by a movable contact and fixed contacts. The
switch body 10 has a movable conductive portion 101
that is configured to move by a driving body, and a pair
of fixed conductive portions 102 that are arranged on the
substrate 93, and these portions constitute one switch
SW. The movable conductive portion 101 electrically
shorts the pair of fixed conductive portions 102 upon com-
ing into contact with both of them, thus performing switch-
ing. The switch SW is provided in correspondence with
the driving body, and the same number of switches SW
as the number of keys 92 are provided in this embodi-
ment. Hereinafter, for the sake of convenience, the fol-
lowing description will take the example of a single-throw
switch body 10 in which one switch corresponds to one
key 92.
[0014] FIG. 1C is a partial configuration diagram of a
control circuit in a single-throw switch. Switches SW are
collectively organized into blocks for each key, the blocks
are individually connected to a microcontroller 96, and
various types of music control are performed by perform-
ing time-division key scanning in units of blocks. External
wiring patterns 98 and 99 are connected to the micro-
controller 96. The movable conductive portion 101 puts
the external wiring patterns 98 and 99 into conduction
with each other. The microcontroller 96 includes a CPU
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and a storage unit, and is connected to a usage circuit
97. The usage circuit 97 has a function for generating
physical sounds and forming various types of musical
sounds, and also has the musical sound production func-
tionality of an amplifier, a speaker, or the like.
[0015] FIG. 2 is a schematic diagram showing a spe-
cific example of the pair of fixed conductive portions 102
in the present embodiment. In this figure, the surface of
the substrate 93 on the side having the fixed conductive
portions 102 arranged thereon is viewed from the per-
pendicular direction.
[0016] The pair of fixed conductive portions 102 in-
cludes a first fixed conductive portion cA and a second
fixed conductive portion cB that make up a pair of elec-
trodes. The fixed conductive portions cA and cB both do
not have a comb teeth shape overall. Specifically, the
fixed conductive portions cA and cB respectively have
strip members tA and tB that are shaped as long and thin
strips, and the strip members tA and tB (referred to as
"strip members t" hereinafter when not distinguishing be-
tween them, and the same following for the reference
signs of other constituent elements as well) are aligned
in parallel with each other. A first main conductive pattern
dA and a second main conductive pattern dB are ar-
ranged on the substrate 93 in correspondence with the
first fixed conductive portion cA and the second fixed
conductive portion cB respectively. Note that either or
both of the external wiring patterns 98 and 99 as well as
either or both of the main conductive patterns dA and dB
may be arranged on the lower surface of the substrate
93. The main conductive patterns dA and dB are electri-
cally connected to the external wiring patterns 98 and 99
respectively.
[0017] Both a first end portion tAf and a second end
portion tAr of the strip member tA in the extending direc-
tion (lengthwise direction) thereof are electrically con-
nected to the first main conductive pattern dA. Both a
first end portion tBf and a second end portion tBr of the
strip member tB in the extending direction thereof are
electrically connected to the second main conductive pat-
tern dB.
[0018] The movable conductive portion 101 and the
strip members t are constituted by a conductive material
such as carbon. However, a conductive material other
than carbon may be used, such as gold plating, pressure-
sensitive ink, silver paste, or a conductive paste made
up of a conductive filler and a binder such as epoxy resin.
The main conductive patterns dA and dB are formed us-
ing a material that is sufficiently more conductive than
the strip members t, such as a copper foil pattern.
[0019] In the switch SW, conductive paths are formed
during switching due to the movable conductive portion
electrically shorting the corresponding pair of fixed con-
ductive portions upon coming into contact with both of
them, and these conductive paths will be compared with
a configuration according to a comparative example. FIG.
3 is a schematic diagram of conductive paths in the switch
SW of the present embodiment shown in FIG. 2. FIG. 4

is a schematic diagram of a conductive path in a switch
configured as described in a comparative example.
[0020] Assume that strip members are employed in the
switch of the comparative example shown in FIG. 4 as
well, and that the external wiring patterns 98 and 99 are
respectively connected to one end portion of each of the
strip members t at the contact points pS and pE, which
are power feed portions, as in the conventional example
(FIGS. 13A and 13B). The length of the conductive path
formed from the contact point pS to the contact point pE
via the movable conductive portion 101 is L1.
[0021] However, in the switch SW of the present em-
bodiment (FIG. 2), the external wiring patterns 98 and 99
are respectively connected to both end portions of the
strip members tA and tB at the contact points pS and pE,
which are power feed portions, via the main conductive
patterns dA and dB. Accordingly, as shown in FIG. 3, a
conductive path from the contact point pS to the contact
point pE is formed via the movable conductive portion
101 on the first end portion tAf and tBf side, and a con-
ductive path from the contact point pS to the contact point
pE is formed via the movable conductive portion 101 on
the second end portion tAr and tBr side as well. The
lengths of these two conductive paths are both L2.
[0022] The resistance value of a conductive path is pro-
portional to the length thereof. Here, the material making
up the movable conductive portion 101 and the strip
members t is carbon in both the conventional example
and the present embodiment. A comparison of the
lengths shows that L2 is less than or equal to L1, and a
comparison of one conductive path in the comparative
example and the present embodiment shows that the
resistance value in the comparative example is greater
than or equal to that in the present embodiment. Further-
more, in the present embodiment, two conductive paths
with the length L2 are formed in parallel, and the value
of the combined resistance in the present embodiment
can be reliably set to a value smaller than, specifically
1/2 or less than, the resistance value in the comparative
example.
[0023] For this reason, according to the present em-
bodiment, it is possible to improve the resistance char-
acteristic of the conductive path formed by the movable
conductive portion 101 and the fixed conductive portions
102 during switching. Accordingly, it is possible to raise
the operation detection precision.
[0024] Next, modified examples of the first embodi-
ment will be described with reference to FIGS. 5 to 7.
[0025] FIG. 5 is a schematic diagram of a specific ex-
ample of the pair of fixed conductive portions 102 accord-
ing to a first modified example. In the configuration shown
in FIG. 2, the strip members tA and tB are rectangular,
and therefore an arrangement pitch P of the strip mem-
bers tA and tB is the same at all positions in the extending
direction, which is the direction orthogonal to the width
direction (alignment direction). The arrangement pitch P
is defined as the distance between intermediate positions
in the alignment direction. Note that letting D be the gap
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between the closest portions of the adjacent strip mem-
bers tA and tB, the gap D is the same at all positions in
the extending direction of the strip members tA and tB.
[0026] In contrast, in the first modified example (FIG.
5), the strip members tA and tB are not shaped as simple
rectangles, and instead the first end portions tAf and tBf
and the second end portions tAr and tBr deviate outward
in the width direction relative to the central portions in the
extending direction. An arrangement pitch P1 in the cen-
tral portion in the extending direction of the strip members
tA and tB is smaller than an arrangement pitch P2 in the
two end portions of the strip members tA and tB. Also,
the gap D in the central portion in the extending direction
is smaller than the gap D in the two end portions. Note
that the arrangement pitch P2 in the end portions is ap-
proximately the same value as the arrangement pitch P
in FIG. 2 (P1<P2≈P).
[0027] FIG. 6 is a schematic diagram of conductive
paths in the switch SW of the first modified example
shown in FIG. 5. In this example, the positions of the
contact points pS and pE are the same as in the example
in FIG. 3. However, the arrangement pitch P1 in the cen-
tral portion in the extending direction is smaller, and
therefore the conductive path in the movable conductive
portion 101 is shorter. As a result, a length L3 of the
conductive path formed from the contact point pS to the
contact point pE via the movable conductive portion 101
is less than or equal to the length L2 (L3≤L2). Accordingly,
the resistance value for the total length of the conductive
path can be readily set smaller than in the configuration
shown in FIG. 2, and this is advantageous in improving
the resistance characteristic.
[0028] FIG. 7 is a schematic diagram of a specific ex-
ample of the pair of fixed conductive portions 102 accord-
ing to a second modified example. Multiple strip members
tA (tA1, tA2) and tB (tB1, tB2) may constitute the fixed
conductive portions cA and cB respectively. In this case,
the strip members tA and the strip members tB are alter-
natingly arranged in parallel. In the exemplary configu-
ration according to the second modified example (FIG.
7), two strip members tA and two strip members tB are
provided. The strip members tA1, tB1, tA2, and tB2 are
arranged side-by-side in the stated order. It should be
noted that it is not easy to make a connection to the main
conductive patterns dA and dB in the two end portions,
and therefore the main conductive patterns dA and dB
are arranged so as to also extend under the strip mem-
bers tA and tB.
[0029] As shown in FIG. 7, the first main conductive
pattern dA also extends under the strip members tA1 and
tA2 on the substrate 93. Accordingly, practically, the first
end portion ta1f and the second end portion tA1r have
approximately the same potential, and the first end por-
tion tA2f and the second end portion tA2r also have ap-
proximately the same potential. Similarly, the second
main conductive pattern dB also extends under the strip
members tB1 and tB2. Accordingly, practically, the first
end portion tB1f and the second end portion tB1r have

approximately the same potential, and the first end por-
tion tB2f and the second end portion tB2r also have ap-
proximately the same potential.
[0030] In this example as well, similarly to the first mod-
ified example (FIG. 5), the arrangement pitch of the cen-
tral portion in the extending direction is smaller than that
of the two end portions of the strip members t (on the first
end portion tA2f and tB1f side, and on the second end
portion tA2r and tB1r side) . Accordingly, even with a con-
figuration in which the fixed conductive portions cA and
cB each have two or more strip members t, the resistance
value for the total length of the conductive path can be
readily set smaller than in the configuration shown in FIG.
2, and this is advantageous in improving the resistance
characteristic. Note that the strip members t need only
be shaped as long and thin strips, are not required to
have straight line portions, and may have an overall
curved shape.

Second Embodiment

[0031] In the configuration of the first embodiment, the
switch body 10 has one switch SW. However, two or more
switches SW may be provided, and there are three
switches SW in an exemplary configuration according to
a second embodiment of the present invention.
[0032] FIG. 8A is a schematic diagram of the switch
body 10 region of an electronic musical instrument to
which an operator device according to the second em-
bodiment is to be applied. The key 92 is used as the
driving body, but the driving body may be the hammer
95. The switch body 10 is a triple-throw switch and has
three sets of switches SW (SW1 to SW3), each of which
includes a pair of fixed conductive portions 102 and one
movable conductive portion 101. The switches SW1 to
SW3 are arranged in a line in the lengthwise direction of
the key 92. A movable conductive portion 101-1 and a
pair of fixed conductive portions 102-1 constitute the
switch SW1, a movable conductive portion 101-2 and a
pair of fixed conductive portions 102-2 constitute the
switch SW2, and a movable conductive portion 101-3
and a pair of fixed conductive portions 102-3 constitute
the switch SW3.
[0033] FIG. 8B is a partial configuration diagram of a
control circuit. The switches SW1, SW2, and SW3 are
each connected to the external wiring pattern 98 via the
first main conductive pattern dA. Also, the switches SW1,
SW2, and SW3 are respectively connected to external
wiring patterns 99-1, 99-2, and 99-3 via second main
conductive patterns dB-1, dB-2, and dB-3. The second
main conductive patterns dB-1, dB-2, and dB-3 are con-
nected to the external wiring patterns 99-1, 99-2, and
99-3 through through-holes 81 (81-1, 81-2, 81-3) formed
in the substrate 93. Two through-holes 81 are provided
for each of the switches SW. Other configurations of the
control circuit are the same as in the first embodiment.
[0034] FIG. 9A is a diagram showing a configuration
of the fixed members that are arranged on the substrate
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93 in the three sets of switches SW. FIG. 9B is a diagram
showing the first main conductive pattern dA and the sec-
ond main conductive patterns dB. FIG. 10A is a diagram
showing a resist. FIG. 10B is a diagram showing three
sets of first fixed conductive portions cA and three sets
of second fixed conductive portions cB. FIG. 10C is a
cross-sectional diagram taken along line A-A in FIG. 9A.
[0035] First, as partially shown in FIG. 10C as well, the
fixed members of the switches SW have a three-layer
structure in which the main conductive patterns dA and
dB are provided on the upper side of the substrate 93, a
resist 70, which is an insulating material, is provided on
the upper sides of the main conductive patterns dA and
dB, and then the fixed conductive portions cA and cB are
provided on the upper side of the resist 70.
[0036] As shown in FIG. 10B, the first fixed conductive
portions cA (cA-1, cA-2, cA-3) and the second fixed con-
ductive portions cB (cB-1, cB-2, cB-3) constitute the fixed
conductive portions 102-1, 102-2, and 102-3. The first
fixed conductive portion cA-1 has strip members tA1, tA2,
and tA3, and the second fixed conductive portion cB-1
has strip members tB1 and tB2. In this way, an odd
number of strip members t constitute the first fixed con-
ductive portion cA, and an even number of strip members
t constitute the second fixed conductive portion cB. It
should be noted that the numbers of strip members t that
constitute the fixed conductive portions cA and cB are
not limited to this example, and in the case where the
fixed conductive portions cA and cB are constituted by
multiple strip members t, the fixed conductive portions
cA and cB may be constituted by either an even number
or an odd number of strip members t.
[0037] As shown in FIG. 9B, the first main conductive
pattern dA is a common conductive portion that is com-
mon to the three first fixed conductive portions cA-1, cA-
2, and cA-3, and is formed as a single body. On the other
hand, in the case of the second main conductive pattern
dB, the second main conductive patterns dB-1, dB-2, and
dB-3 are formed so as to be physically separated from
each other in correspondence with the three second fixed
conductive portions cB-1, cB-2, and cB-3. The main con-
ductive patterns dB-1, dB-2, and dB-3 are formed two
each. Holes 82 (82-1, 82-2, 82-3) are formed in the main
conductive patterns dB-1, dB-2, and dB-3 in correspond-
ence with the through-holes 81 (81-1, 81-2, 81-3).
[0038] The following describes the fixed conductive
portions cA-1 and cB-1 as representatives among the
three fixed conductive portions cA and cB, with reference
to FIG. 10B. The strip members tA1, tB1, tA2, tB2, and
tA3 are arranged side-by-side in the stated order. The
arrangement direction of the strip members t (the left-
right direction in FIG. 10B) is approximately orthogonal
to the extending direction of the strip members t (the up-
down direction in FIG. 10B). Also, the switches SW1 to
SW3 are arranged along the extending direction of the
strip members t. Accordingly, the alignment direction of
the strip members t is approximately orthogonal to the
arrangement direction of the switches SW1 to SW3

(lengthwise direction of the key 92). The strip member
tA2 that constitutes the first fixed conductive portion cA-
1 is located in the center in the alignment direction among
the five strip members t, and the length of the strip mem-
ber tA2 is the longest among the five strip members t.
Also, the lengths of the five strip members t are shorter
the farther the strip members t are from the center in the
alignment direction. Accordingly, the overall shape
formed by the five strip members t is an ellipse that is
elongated in the alignment direction. Considering the op-
eration of the key 92 and the hammer 95, the region of
the fixed conductive portions 102 that is envisioned to
come into contact with the movable conductive portion
101 in the direction orthogonal to the alignment direction
of the strip members t is thought to be shorter the farther
the position is from the center in the alignment direction.
For this reason, even if the strip members t far from the
center in the alignment direction are formed with a long
length, portions that do not come into contact with the
movable conductive portion 101 would merely increase
in size, and this would not have much meaning. In view
of this, the lengths satisfy the relationship
tA1=tA3<tB1=tB2<tA2. Accordingly, it is possible to re-
duce the amount of needless space for arrangement of
the strip members t.
[0039] Also, the configurations shown in FIGS. 5 and
7 are employed for the arrangement pitch of the strip
members t. In other words, the arrangement pitch in the
central portion in the extending direction is smaller than
the arrangement pitch in the two end portions of the strip
members t. Regarding the gap as well, the gap is smaller
in the central portion in the extending direction than in
the two end portions of the strip members t.
[0040] As shown in FIG. 10A, holes 83 (83-1, 83-2,
83-3) are formed in the resist 70 in correspondence with
the through-holes 81 (81-1, 81-2, 81-3). The resist 70 is
also provided with multiple conduction holes h for putting
the main conductive patterns dA and dB and the fixed
conductive portions cA and cB, which are laminated on
each other, into conduction with each other. In the case
of the configuration corresponding to the fixed conductive
portions cA-1 and cB-1, conduction holes h1 to h8 are
formed. Specifically, conduction holes h2 and h6 are
formed at positions corresponding to the first end portion
tB1f and the second end portion tB1r of the strip member
tB1. Conduction holes h3 and h7 are formed at positions
corresponding to the first end portion tA2f and the second
end portion tA2r of the strip member tA2. Conduction
holes h4 and h8 are formed at positions corresponding
to the first end portion tB2f and the second end portion
tB2r of the strip member tB2. A conduction hole h1 is
formed in correspondence with the strip member tA1. A
conduction hole h5 is formed in correspondence with the
strip member tA3.
[0041] As can be understood from FIGS. 9B, 10A, and
10B, the strip members tA1, tA2, and tA3 come into con-
tact with and into electrical conduction with the first main
conductive pattern dA through the conduction holes h1,
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h3, h7, and h5. The strip members tB1 and tB2 come
into contact with and into electrical conduction with the
second main conductive patterns dB through the con-
duction holes h2, h4, h6, and h8. In particular, in the case
of the strip member tA2, the two end portions thereof
(tA2f, tA2r) come into contact with the first main conduc-
tive pattern dA, and therefore the two end portions prac-
tically have approximately the same potential. In the case
of the strip members tB1 and tB2 as well, the two end
portions thereof (tB1f, tB1r, tB2f, tB2r) come into contact
with the second main conductive patterns dB, and there-
fore the two end portions practically have approximately
the same potential.
[0042] Note that the strip members tA1 and tA3 have
a short length, and therefore one corresponding conduc-
tion hole h is provided for each of them, and the conduc-
tion efficiency is raised by causing the region spanning
the two end portions in the extending direction of the strip
members tA1 and tA3 to come into contact with the first
main conductive pattern dA, but conduction holes h may
be provided at positions corresponding to the two end
portions. Also, in the case of the strip members tA2, tB1,
and tB2, a configuration is possible in which a conduction
hole h is added at a position corresponding to an inter-
mediate position in the extending direction, thus causing
these strip members to come into contact with the main
conductive patterns dA and dB at an intermediate posi-
tion in the extending direction in addition to the two end
portions. The configurations of the fixed conductive por-
tions cA-2, cA-3, cB-2, and cB-3 and the corresponding
conduction holes h are the same as the configurations
of the fixed conductive portions cA-1 and cB-1 and the
corresponding conduction holes h.
[0043] Note that the relationship between the arrange-
ment ranges of the fixed conductive portions cA and cB
and the main conductive patterns dA and dB is as follows.
As partially illustrated in FIG. 10C, the fixed conductive
portions cA and cB are arranged on the upper sides of
the main conductive patterns dA and dB, in ranges con-
tained within the main conductive patterns dA and dB.
Specifically, the fixed conductive portions cA and cB are
arranged in ranges that are smaller than or the same size
as the ranges of the main conductive patterns dA and
dB. In other words, the main conductive patterns dA and
dB are formed so as to be somewhat larger than or the
same size as the fixed conductive portions cA and cB,
and therefore the fixed conductive portions cA and cB
are formed in ranges that do not extend beyond the main
conductive patterns dA and dB. Accordingly, in the
present embodiment, the first fixed conductive portion
cA is laminated on the first main conductive pattern dA,
and, regarding the arrangement range of the strip mem-
bers t in the extending direction, the arrangement range
of the first main conductive pattern dA contains the ar-
rangement range of the strip members t that constitute
the first fixed conductive portion cA. Similarly, the second
fixed conductive portion cB is laminated on the second
main conductive pattern dB, and, regarding the arrange-

ment range of the strip members t in the extending direc-
tion, the arrangement range of the second main conduc-
tive pattern dB contains the arrangement range of the
strip members t that constitute the second fixed conduc-
tive portion cB.
[0044] The formation precision and positional preci-
sion of the fixed conductive portions cA and cB made of
carbon or the like are lower than those of the main con-
ductive patterns dA and dB made of copper foil or the
like. For this reason, in order to avoid the risk of shorting,
the fixed conductive portions cA and cB generally need
to be separated farther from each other than the main
conductive patterns dA and dB. In contrast, in the present
embodiment, the fixed conductive portions cA and cB are
formed in ranges that do not extend beyond the main
conductive patterns dA and dB, as described above. Ac-
cordingly, the fixed conductive portions cA and cB are
reliably formed on the main conductive patterns dA and
dB, and the surfaces of the fixed conductive portions cA
and cB and that come into contact with the movable con-
ductive portion 101 are more readily made smooth. Also,
the movable conductive portion 101 can be caused to
come into contact with flat portions of the fixed conductive
portions cA and cB, thus making it possible to raise the
circuit reliability.
[0045] Note that from the viewpoints of cost reduction
and compactness, regarding the arrangement range of
the strip members t in the extending direction, it is pref-
erable that the fixed conductive portions cA and cB ge-
ometrically match (are congruent with) the main conduc-
tive patterns dA and dB, and are exactly overlaid on each
other without misalignment. However, in terms of the ar-
rangement ranges, there may be slight differences be-
tween the two in at least one out of the shapes, positions,
and sizes thereof, to the extent that there is no risk of
shorting between patterns that do not have the same
potential. In other words, the main conductive patterns
dA and dB need only have shapes that conform to the
strip members constituting the fixed conductive portions
cA and cB. In other words, it is sufficient that the main
conductive patterns dA and dB have shapes that are ap-
proximately the same as the strip members constituting
the fixed conductive portions cA and cB, and that the
arrangement ranges thereof approximately match each
other. Due to the resist 70 being arranged between the
fixed conductive portions cA and cB and the main con-
ductive patterns dA and dB, as long as the conduction
holes h1 to h8 do not extend beyond the patterns of the
fixed conductive portions cA and cB, even if the main
conductive patterns dA and dB extend beyond the pat-
terns of the fixed conductive portions cA and cB, shorting
will not occur in this circuit.
[0046] Also, in the present embodiment, as illustrated
in FIG. 10B, the main conductive patterns dA and dB are
configured such that the portions thereof having the strip
members t that constitute the fixed conductive portions
cA and cB laminated thereon are continuous without in-
terruptions in the extending direction of the strip members
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t. If the main conductive patterns dA and dB were partially
non-continuous, portions of the surfaces of the fixed con-
ductive portions cA and cB that come into contact with
the movable conductive portion 101 would be low re-
gions, and the band-shaped contact region would be non-
continuous. As the number of such regions increases,
the contact area decreases in size, and the total resist-
ance increases. The height of high positions on the con-
tact surfaces also become unstable, and therefore the
size of the contact area becomes unstable overall, and
consequently the total resistance value also becomes
unstable. Accordingly, in order to avoid this, it is prefer-
able that the main conductive patterns dA and dB are
configured such that at least the portions thereof having
the strip members t laminated thereon are continuous
without interruption in the extending direction of the strip
members t.
[0047] As shown in FIG. 10B, the strip members tA2
in the center in the alignment direction in the respective
first fixed conductive portions cA-1, cA-2, and cA-3 are
connected by the same first main conductive pattern dA.
In other words, regarding the relationship between two
sets that are adjacent to each other, the end portion of
the strip member tA2 of one of the sets is physically con-
nected to the end portion of the strip member tA2 of the
other adjacent set. All of the strip members tA1 and tA3
that constitute the first fixed conductive portions cA-1,
cA-2, and cA-3 are in electrical conduction with each oth-
er via the first main conductive pattern dA. Note that not
all of the strip members tA1, tA2 and tA3 that constitute
the first fixed conductive portions cA-1, cA-2, and cA-3
are required to be in electrical conduction with each other.
A configuration is possible in which at least one of strip
members tA1, tA2 and tA3 of the fixed conductive portion
is in electrical conduction with the one of other fixed con-
ductive portion, and is connected to the microcomputer.
[0048] Here, the adjacent end portions of the strip
members tA2 in the center in the alignment direction are
closer to each other than the adjacent end portions of
the other strip members t. Normally, when compactly ar-
ranging the switches SW in a line, it is necessary to make
the gap between the closest strip members t as short as
possible, while also reliably ensuring the gap. However,
in the configuration of the present embodiment, the three
strip members tA2 may have the same potential, and
therefore the gap between adjacent strip members tA2
can be easily set to a short gap. Alternatively, adjacent
strip members tA2 may be formed so as to be continuous
with each other. For example, as illustrated in FIG. 11A,
a configuration is possible in which the gap between ad-
jacent strip members tA2 is set to a gap of 0 by design,
and the strip members tA2 may be non-continuous or
continuous with each other. Alternatively, as illustrated
in FIG. 11B, a configuration is possible in which adjacent
strip members tA2 are continuous with each other, and
consequently the three strip members tA2 are continuous
with each other. In the case where there are three or
more sets of switches SW, this configuration becomes

difficult to realize with comb teeth-shaped fixed conduc-
tive portions. In the present embodiment, it is easy to
arrange multiple switches SW close to each other.
[0049] The following is a comparison given with refer-
ence to FIG. 12. FIG. 12 is a schematic diagram of fixed
conductive portions configured as described in a com-
parative example. In the first switch, the strip members
tA that constitute the first fixed conductive portion cA-1
and the strip members tB that constitute the second fixed
conductive portion cB-1 are arranged in an alternating
manner. In the second switch, the strip members tA that
constitute the first fixed conductive portion cA-2 and the
strip members tB that constitute the second fixed con-
ductive portion cB-2 are arranged in an alternating man-
ner, but the arrangement sequence is different from that
of the first switch, such that they alternate. The strip mem-
bers tA must not be in electrical conduction with the strip
members tB, and therefore in order to reliably ensure
gaps between adjacent end portions of the strip members
tA and strip members tB, leeway needs to be provided
in design, with consideration given to manufacturing tol-
erance as well. In comparison to the present embodi-
ment, this is therefore a disadvantage in terms of the
close arrangement of switches.
[0050] Note that from the viewpoint of achieving an ad-
vantage in terms of the close arrangement of switches,
such a configuration may be applied to the relationship
between specific strip members t other than the strip
members tA2. A configuration is possible in which adja-
cent end portions of specific strip members t are electri-
cally connected to each other such that the specific strip
members t in all of the switches SW are in electrical con-
duction with each other.
[0051] According to the present embodiment, at least
the two end portions of the strip members tA and tB are
connected to the main conductive patterns dA and dB,
thus making it possible to achieve the same effects as
the first embodiment in terms of improving the resistance
characteristic of the conductive path during switching.
[0052] Also, the arrangement pitch of the strip mem-
bers t is smaller in the central portion in the extending
direction than in the two end portions, and therefore it is
possible to achieve the same effects as the configura-
tions shown in FIGS. 5 and 7 in terms of making it easier
to shorten the conductive path.
[0053] Also, according to the present embodiment, the
fixed conductive portions cA and cB are formed in ranges
that do not extend beyond the main conductive patterns
dA and dB, and therefore the surfaces that come into
contact with the movable conductive portion 101 are
more readily made smooth, thus making it possible to
raise the circuit reliability.
[0054] Also, in the present embodiment, in the relation-
ship between switches SW that are adjacent to each oth-
er, the adjacent end portions of strip members tA2 are
physically connected to each other. Specifically, multiple
sets (three sets in the present embodiment) of conductive
portions, each set including the first fixed conductive por-
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tion cA, the second fixed conductive portion cB, and the
movable conductive portion 101, are provided in corre-
spondence with one operator (switch body 10), the sets
of conductive portions are arranged along the extending
direction of the strip members t, and the respective ad-
jacent end portions of the central strip member tA2 that
constitutes the first fixed conductive portion cA of one set
and the central strip member tA that constitutes the first
fixed conductive portion cA of an adjacent set are phys-
ically connected to each other. Accordingly, it is easy to
arrange multiple switches SW close to each other, thus
making it possible to increase the degree of freedom in
design, and also reduce cost. Note that the phrase "mul-
tiple sets of conductive portions are arranged along the
extending direction of the strip member" refers to a state
in which the arrangement direction of the sets and the
extending direction of the strip member match each other
to the extent that the end portions of strip members ar-
ranged in the center of adjacent sets can be physically
connected, and the arrangement direction and the ex-
tending direction of the strip members are orthogonal to
each other.
[0055] Also, in the present embodiment, the first fixed
conductive portions cA (cA-1, cA-2, cA-3) each have
three strip members tA (tA1, tA2, tA3), and the second
fixed conductive portions cB (cB-1, cB-2, cB-3) each
have two strip members tB (tB1, tB2). In this way, an odd
number of strip members constitute the first fixed con-
ductive portions, and an even number of strip members
constitute the second fixed conductive portions, thus
making it possible for the total number of strip members
constituting the first and second fixed conductive portions
to be an odd number, and making it possible for one of
the strip members of the first fixed conductive portion to
be arranged in the center overall. Accordingly, by setting
a long length for the central strip member, and setting a
shorter length for the strip members the closer they are
to the two sides, it is possible to set the overall shape of
the first and second fixed conductive portions to an ellip-
tical shape. The key 92 and the substrate 93 of the elec-
tronic musical instrument according to the present em-
bodiment have an elongated shape that is elongated in
one direction, and their dimensional and positional pre-
cision are higher in the widthwise direction than in the
lengthwise direction. For this reason, the probability dis-
tribution of positions of contact with the movable conduc-
tive portion has an elliptical shape. Accordingly, by set-
ting the overall shape of the first and second fixed con-
ductive portions to an elliptical shape, it is possible to
cause the first and second fixed conductive portions and
the movable conductive portion to efficiently come into
contact with each other in the present embodiment. Also,
in the case of providing multiple switches SW, as illus-
trated in FIGS. 11A and 11B, if the strip members tA2
arranged in the center of the first fixed conductive por-
tions are physically connected to each other so as to
have the same potential, shorting can occur between the
switches SW, thus making it easy to arrange the switches

SW close to each other.
[0056] Also, the lengths of the strip members t that con-
stitute the fixed conductive portions cA and cB are shorter
the farther the strip members t are from the center in the
alignment direction, and therefore it is possible to reduce
the amount of needless space for arrangement of the
strip members t, while also giving consideration to the
envisioned region of contact with the movable conductive
portion 101.
[0057] Note that at the least, a configuration is possible
in which merely the strip members t at the two ends (tA1,
tA3) that are farthest from the center in the alignment
direction come into full-area contact with the first main
conductive pattern dA. In this case, for example, the con-
duction holes h1 and h5 may be made larger than the
strip members tA1 and tA3 respectively. Similarly, even
in the case where either or both of the strip members t
at the two ends are strip members tB, a configuration is
possible in which that strip member tB or those strip mem-
bers tB are in full-area contact with the second main con-
ductive pattern dB. In other words, a configuration is pos-
sible in which in the strip members that constitute the first
fixed conductive portion or the second fixed conductive
portion and are located at the two ends in the alignment
direction, the region spanning the two end portions in the
extending direction comes into contact with the corre-
sponding main conductive pattern. Accordingly, although
the movable conductive portion 101 tends to unstably
land on the strip members t at the two ends, the resistance
value is lowered by causing the full area of the strip mem-
bers t at the two ends to come into contact with the main
conductive pattern, thus improving the resistance char-
acteristic and making it possible to raise the operation
detection precision.
[0058] Note that the present invention is also applica-
ble to an operator other than a playing operator, and fur-
thermore is also applicable to an electronic musical in-
strument other than a keyboard instrument.
[0059] Although the present invention has been de-
scribed in detail above based on preferred embodiments,
the present invention is not limited to these specific em-
bodiments, and the present invention encompasses var-
ious modes that do not depart from the spirit of the in-
vention. Portions of the embodiments described above
may be combined as appropriate.

Claims

1. An operator device for an electronic musical instru-
ment, the operator device comprising:

a substrate;
a first fixed conductive portion and a second
fixed conductive portion that are arranged on
the substrate and make up a pair of electrodes;
a first main conductive pattern and a second
main conductive pattern that are arranged on
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the substrate, have a higher conductivity than
the first and second fixed conductive portions,
and respectively correspond to the first fixed
conductive portion and the second fixed conduc-
tive portion; and
a movable conductive portion that is configured
to move by an operation performed on the op-
erator, and electrically shorts the first fixed con-
ductive portion and the second fixed conductive
portion upon coming into contact with both of
them,
wherein the first fixed conductive portion and the
second fixed conductive portion are each con-
stituted by at least one strip member, and the
strip member constituting the first fixed conduc-
tive portion and the strip member constituting
the second fixed conductive portion are aligned
in parallel and in an alternating manner, and
at least two end portions of the strip member
constituting the first fixed conductive portion are
electrically connected to the first main conduc-
tive pattern, and at least two end portions of the
strip member constituting the second fixed con-
ductive portion are electrically connected to the
second main conductive pattern.

2. The operator device for an electronic musical instru-
ment according to claim 1, wherein in the strip mem-
bers that constitute the first fixed conductive portion
and the second fixed conductive portion, an arrange-
ment pitch in an alignment direction of the strip mem-
bers is smaller in a central portion in an extending
direction of the strip members than in the two end
portions of the strip members.

3. The operator device for an electronic musical instru-
ment according to claim 1 or 2,
wherein the first fixed conductive portion is arranged
on an upper side of the first main conductive pattern
in a range the same as a range of the first main con-
ductive pattern, or is arranged on the upper side of
the first main conductive pattern in a range that is
contained within the range of the first main conduc-
tive pattern and is smaller than the range of the first
main conductive pattern, and
the second fixed conductive portion is arranged on
an upper side of the second main conductive pattern
in a range the same as a range of the second main
conductive pattern, or is arranged on the upper side
of the second main conductive pattern in a range
that is contained within the range of the second main
conductive pattern and is smaller than the range of
the second main conductive pattern.

4. The operator device for an electronic musical instru-
ment according to claim 1 or 2,
wherein the first fixed conductive portion is laminated
on the first main conductive pattern,

an arrangement range of the first main conductive
pattern in the extending direction of the strip mem-
bers contains an arrangement range in the extending
direction of the strip member constituting the first
fixed conductive portion,
a portion of the first main conductive pattern having
the strip member constituting the first fixed conduc-
tive portion laminated thereon is continuous without
interruption in the extending direction of the strip
member,
the second fixed conductive portion is laminated on
the second main conductive pattern,
an arrangement range of the second main conduc-
tive pattern in the extending direction of the strip
members contains an arrangement range in the ex-
tending direction of the strip member constituting the
second fixed conductive portion, and
a portion of the second main conductive pattern hav-
ing the strip member constituting the second fixed
conductive portion laminated thereon is continuous
without interruption in the extending direction of the
strip member.

5. The operator device for an electronic musical instru-
ment according to any one of claims 1 to 4,
wherein a plurality of sets of conductive portions,
each set including the first fixed conductive portion,
the second fixed conductive portion, and the mova-
ble conductive portion, are provided in correspond-
ence with an operator,
the plurality of sets are arranged along the extending
direction of the strip members constituting the first
fixed conductive portions and the second fixed con-
ductive portions of the sets, and
respective adjacent end portions of the strip member
constituting the first fixed conductive portion of one
set and the strip member constituting the first fixed
conductive portion of an adjacent set are physically
connected to each other.

6. The operator device for an electronic musical instru-
ment according to claim 5, wherein the number of
sets is three or more.

7. The operator device for an electronic musical instru-
ment according to any one of claims 1 to 6, wherein
an odd number of strip members constitutes the first
fixed conductive portion, and an even number of strip
members constitute the second fixed conductive
portion.

8. The operator device for an electronic musical instru-
ment according to any one of claims 1 to 7, wherein
the length of each strip member constituting the first
fixed conductive portion and each strip member con-
stituting the second fixed conductive portion is short-
er the farther the strip member is from a center in an
alignment direction of the strip members.
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9. The operator device for an electronic musical instru-
ment according to any one of claims 1 to 8, wherein
in strip members that constitute the first fixed con-
ductive portion or the second fixed conductive por-
tion and are located at two ends in the alignment
direction, a region spanning two end portions in the
extending direction comes into contact with the cor-
responding main conductive pattern.
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