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(54) Touch sensor and method of manufacturing the same

(57) The invention provides a touch sensor having
layers with improved bonding strength therebetween.
The invention also provides a method of manufacturing
the touch sensor. A touch sensor T includes a base layer
100 (first layer), a buffer layer 200a (second layer), and

a first welding layer 500a. The base layer 100 and the
buffer layer 200a are laminated together. The first weld-
ing layer 500a is provided between the base layer 100
and the buffer layer 200a to weld the base layer 100 and
the buffer layer 200a together.
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Description

[0001] The invention relates to capacitive touch sen-
sors and methods of manufacturing the touch sensors.
[0002] A conventional touch sensor of this kind is dis-
closed in WO2010/095797. This touch sensor includes
a plurality of layers and an optically clear adhesive for
bonding the layers.
[0003] In recent years, touch sensors have been used
for an increasing range of uses, and there have been
demands for use under harsh environments, such as un-
der high-temperature environments (e.g. in a car having
an internal temperature of 50 degrees or higher) and un-
der a condition that the touch sensor is bent in a curved
shape. Touch sensors used under such harsh environ-
ments are subject to increased stress factors, such as
differences in shrinkage ratio between layered members,
differences in residual stress between the layers, and
outgassing from the layers.
[0004] In the above conventional touch sensor, the lay-
ers are bonded together only with an optically clear ad-
hesive. The above stress factors exerted on the layers
over time may cause delamination because the optically
clear adhesive may not be able to provide the layers with
a sufficient level of bonding strength therebetween.
[0005] In view of the above circumstances, the inven-
tion provides a touch sensor having layers with improved
bonding strength therebetween. The invention also pro-
vides a method of manufacturing the touch sensor.
[0006] A touch sensor according to the invention in-
cludes first and second layers and a first welding layer.
The first and second layers are laminated together. The
first welding layer is provided between the first and sec-
ond layers for welding the first and second layers together
at least partially.
[0007] In the touch sensor of this aspect of the inven-
tion, the first welding layer welds the first and second
layers together at least partially, increasing the bonding
strength between the first and second layers. Therefore,
the invention can reduce the possibility of delamination
of the first and second layers even if used under a harsh
environment.
[0008] At least one layer of the first and second layers
may be a plastic layer. The first welding layer may be
made from a portion of the one layer that has melted and
then solidified to weld the one layer at least partially to
the other layer of the first and second layers.
[0009] In the touch sensor of this aspect, one and the
other layers are welded together utilizing a portion of the
one layer, leading to a reduced number of components
and welding steps.
[0010] The touch sensor may further include an elec-
trode layer provided between the first and second layers.
[0011] The electrode layer may include a meshed or
fibrous electrode including interstices, i.e., the electrode
layer may comprise a mesh or may comprise woven or
unwoven fibres, any of which may include interstices.
The first welding layer may weld to the other layer through

the interstices of the electrode.
[0012] In the touch sensor of this aspect, the first weld-
ing layer welds to the other layer through the interstices
of the electrode. Therefore, the bonding strength be-
tween the first and second layers will not be adversely
affected by providing the electrode layer between the first
and second layer.
[0013] The touch sensor may further include a third
layer and a second welding layer. The third layer may be
laminated to the second layer. The second welding layer
may be provided between the second and third layers
and welding the second and third layers together at least
partially.
[0014] In the touch sensor of this aspect, the second
and third layers are welded together at least partially by
the second welding layer, leading to an improved bonding
strength between the second and third layers. Therefore,
this aspect of the invention can reduce the possibility of
delamination of the second and third layers even if used
under a harsh environment.
[0015] At least one layer of the second and third layers
may be a plastic layer. The second welding layer may be
made from a portion of the one layer of the second and
third layers that has melted and then solidified to weld
the one layer at least partially to the other layer of the
second and third layers.
[0016] In the touch sensor of this aspect, one and the
other layers are welded together utilizing a portion of the
one layer, leading to a reduced number of components
and welding steps.
[0017] The second layer may be a buffer layer made
of a plastic material more suitable to be welded to the
first and third layers, rather than welding the first and third
layers to each other directly. The first welding layer may
be made from a portion of the buffer layer that has melted
and then solidified to weld the buffer layer to the first
layer. The second welding layer may be made from an-
other portion of the buffer layer melted and then solidified
to weld the buffer layer to the third layer.
[0018] In the touch sensor of this aspect, the first layer
and the third layer, if having poor welding compatibility
with each other, can bond to each other through the sec-
ond layer.
[0019] The buffer layer may be made of a thermoplastic
plastic material having a melting point lower than those
of the first and third layers.
[0020] In the touch sensor of this aspect, a portion of
the buffer layer melts before the first layer and the third
layer do. This configuration can reduce thermal damage
to the first and third layers during the welding process.
[0021] The third layer may be a cover panel layer or a
reinforcing layer.
[0022] The second layer may be a protective layer to
protect the electrode layer.
[0023] In the touch sensor of this aspect, the protective
layer covering the electrode layer can prevent the elec-
trode layer from directly contacting a welding machine
during the welding process. Therefore, the electrode lay-
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er is less likely to be physically damaged during the weld-
ing process.
[0024] The first layer may be a cover panel layer.
[0025] At least one of the first, second, and third layers
may be in film shape, i.e. may be in the form of a film.
[0026] The first and second layers may have translu-
cency. The first, second, and third layers may have trans-
lucency.
[0027] A method of manufacturing a touch sensor ac-
cording to the invention includes laminating a first and a
second layer together, at least one layer of the first and
second layers being a plastic layer, and welding the one
layer at least partially to the other layer of the first and
second layers by melting and then solidifying a portion
of the one layer.
[0028] In the manufacturing method of this aspect, a
portion of the one layer of the first and second layers
melts and then solidifies to weld the one layer to the other
layer at least partially, so that the bonding strength be-
tween the first and second layers is improved. Therefore,
the method of this aspect can reduce the possibility of
delamination of first and second layers even if used under
a harsh environment. Further advantageously, one and
the other layers are welded together utilizing a portion of
the one layer, leading to a reduced number of compo-
nents and welding steps.
[0029] The method may further include placing the
laminated first and second layers in a die, and injection-
molding a plastic material on the second layer in the die
to laminate a third layer on the second layer. The welding
of the one layer at least partially to the other layer may
include melting the portion of the one layer of the first
and second layers by use of heat and pressure during
the injection molding process and solidifying the melted
portion of the one layer.
[0030] In the manufacturing method of this aspect,
while the third layer is molded on the second layer, the
first and second layers can be welded. Thus, the number
of the welding steps of the touch sensor can be reduced.
[0031] The method may further include forming an
electrode layer on one of the first and second layers prior
to the laminating of the first and second layers together.
[0032] The electrode layer may include a meshed or
fibrous electrode including interstices. The welding of the
one layer at least partially to the other layer may include
bonding the melted portion of the one layer to the other
layer through the interstices of the electrode and then
solidifying the melted portion of the one layer.
[0033] In the manufacturing method of this aspect, the
bonding strength between the first and second layers will
not be adversely affected by providing the electrode layer
between the first and second layers.
[0034] One layer of the second layer and a third layer
may be made of a plastic material. The method may fur-
ther include laminating the third layer on the second layer
and welding the one layer at least partially to the other
layer of the second and third layers by melting and then
solidifying a portion of the one layer.

[0035] In the manufacturing method of this aspect, the
second and third layers are welded together utilizing a
portion of one of these layers, leading to a reduced
number of components and welding steps.
[0036] The second layer may be a buffer layer made
of a plastic material more suitable to be welded to the
first and third layers rather than welding the first and third
layers to each other directly.
[0037] The manufacturing method of this aspect can
weld the first and third layers together if they have poor
welding compatibility with each other.
[0038] The buffer layer may be made of a thermoplastic
plastic material having a melting point lower than those
of the first and third layers.
[0039] In the manufacturing method of this aspect, a
portion of the buffer layer melts before the first and third
layers do. The method can therefore reduce thermal
damage to the first and third layers during the welding
process.
[0040] The second layer may be a protective layer to
protect the electrode layer. In the manufacturing method
of this aspect, the protective layer covering the electrode
layer can prevent the electrode layer from directly con-
tacting a welding machine during the welding process.
Therefore, the electrode layer is less likely to be physi-
cally damaged during the welding process.
[0041] The first layer may be a cover panel layer. The
third layer may be a cover panel layer or a reinforcing
layer.
[0042] The invention will now be described by way of
example only and without limitation by reference to the
drawings, in which:

Fig. 1 is a schematic cross-sectional view of a touch
sensor according to a first embodiment of the inven-
tion.
Fig. 2 illustrates the positional relationship of first and
second electrode layers of the touch sensor of the
first embodiment.
Fig. 3A is an enlarged view of an area α in Fig. 2, in
a case where the electrode layer of the touch sensor
includes meshed electrodes.
Fig. 3B is an enlarged view of an area α in Fig. 2, in
a case where the electrode layer of the touch sensor
includes fibrous electrodes.
Fig. 4 illustrates steps of manufacturing the touch
sensor of the first embodiment.
Fig. 5 is a schematic cross-sectional view of a touch
sensor according to a second embodiment of the
invention.
Fig. 6 illustrates steps of manufacturing the touch
sensor of the second embodiment.
Fig. 7 is a schematic cross-sectional view showing
a variant of the touch sensor of the first embodiment.

[0043] The following discusses first and second em-
bodiments of the invention.
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First embodiment

[0044] First, a touch sensor T according to the first em-
bodiment of the invention will be described with reference
to Figs. 1 to 4. The touch sensor T is a capacitive touch
panel as shown in Fig. 1. The touch sensor T includes a
base layer 100 (first layer), a buffer layer 200a (second
layer), a protective layer 200b (second layer), a cover
panel layer 300a (third layer), a reinforcing layer 300b
(third layer), electrode layers 400a and 400b, first welding
layers 500a and 500b, and second welding layers 600a
and 600b. Hereinafter, each of these elements of the
touch sensor T will be described in detail.
[0045] The base layer 100 as shown in Fig. 1 is a flex-
ible transparent plastic film, for example made of PET
(polyethylene terephthalate), polycarbonate, PMMA
(polymethyl methacrylate) or the like. The base layer 100
has a first face 110 and a second face 120 in a thickness
direction of the base layer 100.
[0046] As shown in Fig. 1, the buffer layer 200a is lam-
inated to the first face 110 of the base layer 100 and
welded to the base layer 100 by the first welding layer
500a. The buffer layer 200a is made of a plastic material
that is more suitable to be welded to the base layer 100
and the cover panel layer 300a, rather than welding the
base layer 100 and the cover panel layer 300a to each
other directly. More specifically, the buffer layer 200a is
a flexible transparent film of thermoplastic plastic material
(e.g. acrylic resin or polyurethane) having a melting point
lower than those of the base layer 100 and the cover
panel layer 300a.
[0047] The first welding layer 500a is made from a por-
tion of the base layer 100 and a portion of the buffer layer
200a (i.e. respective portions of these layers contacting
each other) that melt, get into interstices 411a or 412a
of electrodes 410a of the electrode layer 400a (to be de-
scribed), bond to the base layer 100 and the buffer layer
200a, and then solidify. The first welding layer 500a welds
the entire surface areas of the base layer 100 and the
buffer layer 200a.
[0048] As shown in Fig. 1, the electrode layer 400a is
provided between the base layer 100 and the buffer layer
200a and embedded in the first welding layer 500a. As
shown in Fig. 2, the electrode layer 400a includes a plu-
rality of strip-shaped electrodes 410a. The electrodes
410a are electrically conductive flexible films. The elec-
trodes 410a are in mesh form as shown in Fig. 3A or
fibrous form as shown in Fig. 3B. The meshed electrodes
410a are made of wires of metal, such as silver and cop-
per, formed in lattice shape including interstices 411a.
The fibrous electrodes 410a are made of electrically con-
ductive fibers, such as electrically conductive nanowires
(e.g. silver nanowires) and carbon nanotubes (CNTs),
put together to include interstices 412a. The electrodes
410a of the electrode layer 400a are arrayed in spaced
relation to each other along a first direction Y. The elec-
trode layer 400a is connectable to a connecting means
(not shown) such as a sheet-form connecting element or

a flexible circuit board.
[0049] As shown in Fig. 1, the cover panel layer 300a
is laminated to the buffer layer 200a and welded to the
buffer layer 200a by the second welding layer 600a. The
cover panel layer 300a is a flexible transparent plastic
film, for example made of PET (polyethylene terephtha-
late), polycarbonate, PMMA (polymethyl methacrylate),
or the like.
[0050] The second welding layer 600a is made from a
portion of the buffer layer 200a and a portion of the cover
panel layer 300a (i.e. respective portions of these layers
contacting each other) that melt, bond to the buffer layer
200a and the cover panel layer 300a, and then solidify.
The second welding layer 600a welds the entire surface
areas of the buffer layer 200a and the cover panel layer
300a.
[0051] The protective layer 200b is laminated to the
second face 120 of the base layer 100 and welded to the
base layer 100 by the first welding layer 500b. The pro-
tective layer 200b is a flexible transparent film of a plastic
material such as polymer. The protective layer 200b cov-
ers and protects the electrode layer 400b.
[0052] The first welding layer 500b is made from a por-
tion of the base layer 100 and a portion of the protective
layer 200b (i.e. respective portions of these layers con-
tacting each other) that melt, get into interstices of elec-
trodes 410b of the electrode layer 400b (to be described),
bond to the base layer 100 and the protective layer 200b,
and then solidify. The first welding layer 500b welds the
entire surface areas of the base layer 100 and the pro-
tective layer 200b.
[0053] As shown in Fig. 1, the electrode layer 400b is
provided between the base layer 100 and the protective
layer 200b and embedded in the first welding layer 500b.
As shown in Fig. 2, the electrode layer 400b has a plurality
of strip-shaped electrodes 410b. The electrodes 410b
have the same configuration as that of the electrodes
410a. The electrodes 410b of the electrode layers 400b
are arrayed in spaced relation to each other along a sec-
ond direction X. Accordingly, the electrodes 410b inter-
sect with the electrodes 410a in plan position. The elec-
trode layer 400b is also connectable to the connecting
means mentioned above.
[0054] As shown in Fig. 1, the reinforcing layer 300b
is laminated to the protective layer 200b and welded to
the protective layer 200b by the second welding layer
600b. The reinforcing layer 300b is a flexible transparent
plastic film, for example made of PET (polyethylene
terephthalate), polycarbonate, PMMA (polymethyl meth-
acrylate), or the like.
[0055] The second welding layer 600b is made from a
portion of the protective layer 200b and a portion of the
reinforcing layer 300b (i.e. respective portions of these
layers contacting each other) that melt, bond to the pro-
tective layer 200b and the reinforcing layer 300b, and
then solidify. The second welding layer 600b welds the
entire surface areas of the protective layer 200b and the
reinforcing layer 300b.
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[0056] The touch sensor configured as described
above may be manufactured in the following steps and
as illustrated in Fig. 4. The first step is to prepare the
base layer 100. On the first face 110 of the base layer
100 are formed the electrodes 410a of the electrode layer
400a spaced from each other along the first direction Y,
while on the second face 120 of the base layer 100 are
formed the electrodes 410b of the electrode layer 400b
spaced from each other along the second direction X.
The electrodes 410a thus intersect with the electrodes
410b in plan position. Alternatively, the electrodes 410a
and 410b may be formed by forming a conductive film
on each of the first face 110 and the second face 120 of
the base layer 100, and patterning this film so as to form
the electrodes 410a of the electrode layer 400a spaced
from each other along the first direction Y on the first face
110 and the electrodes 410b of the electrode layer 400b
spaced from each other along the second direction X on
the second face 120.
[0057] The next step is to prepare the buffer layer 200a.
The buffer layer 200a is laminated on the first face 110
of the base layer 100, so that the electrode layer 400a is
located between the base layer 100 and the buffer layer
200a. The next step is to weld the base layer 100 and
the buffer layer 200a together using a welding machine.
It should be recalled here that the buffer layer 200a is
made of a plastic material having a melting point lower
than that of the base layer 100. Accordingly, the portion
of the buffer layer 200a in contact with the base layer 100
melts, and then the portion of the base layer 100 in con-
tact with the buffer layer 200a melts. Then, both the melt-
ed portions come into contact with each other through
the interstices 411a or 412a of the electrodes 410a of
the electrode layer 400a, and then they solidify. The so-
lidified portion becomes the first welding layer 500a. The
first welding layer 500a is thus bonded to the base layer
100 and the buffer layer 200a, with the electrode layer
400a embedded in the first welding layer 500a.
[0058] The next step is to prepare the cover panel layer
300a. The cover panel layer 300a is laminated on the
buffer layer 200a. Then, the buffer layer 200a and the
cover panel layer 300a are welded together using a weld-
ing machine. It should be recalled here that the buffer
layer 200a is made of a thermoplastic plastic having a
melting point lower than that of the cover panel layer
300a. Accordingly, the portion of the buffer layer 200a in
contact with the cover panel layer 300a melts, and then
the portion of the cover panel layer 300a in contact with
the buffer layer 200a melts. Then, both the melted por-
tions come into contact with each other and then solidify.
The solidified portion becomes the second welding layer
600a. The second welding layer 600a is thus bonded to
the buffer layer 200a and the cover panel layer 300a.
[0059] The next step is to prepare the protective layer
200b. The protective layer 200b is laminated on the sec-
ond face 120 of the base layer 100, so that the electrode
layer 400b is located between the base layer 100 and
the protective layer 200b. The next step is to weld the

base layer 100 and the protective layer 200b using a
welding machine. More particularly, the portion of the
base layer 100 in contact with the protective layer 200b
and a portion of the protective layer 200b in contact with
the base layer 100 melt, come in contact with each other
through the interstices of the electrodes 410b of the elec-
trode layer 400b, and then solidify. The solidified portion
becomes the first welding layer 500b. The first welding
layer 500b is thus bonded to the base layer 100 and the
protective layer 200b, with the electrode layer 400b em-
bedded in the first welding layer 500b.
[0060] The next step is to prepare the reinforcing layer
300b. The reinforcing layer 300b is laminated on the pro-
tective layer 200b. Then, the protective layer 200b and
the reinforcing layer 300b are welded together in the
welding machine. More particularly, the portion of the pro-
tective layer 200b in contact with the reinforcing layer
300b and the portion of the reinforcing layer 300b in con-
tact with the protective layer 200b melt, come in contact
with each other, and then solidify. The solidified portion
becomes the second welding layer 600b. The second
welding layer 600b is thus bonded to the protective layer
200b and the reinforcing layer 300b. This is how to man-
ufacture the touch panel T. It should be noted that the
welding processes discussed above may be performed
by thermal welding, ultrasonic welding, high-frequency
welding, semiconductor laser welding, or other means.
[0061] The touch sensor T described above has many
technical features as discussed below. First, the first
welding layer 500a welds the entire surface areas of the
base layer 100 and the buffer layer 200a together, and
the first welding layer 500b welds the entire surface areas
of the base layer 100 and the protective layer 200b to-
gether. Also, the second welding layer 600a welds the
entire surface areas of the buffer layer 200a and the cover
panel layer 300a together, and the second welding layer
600b welds the entire surface areas of the protective layer
200b and the reinforcing layer 300b together. These
structures can improve bonding strengths between the
base layer 100 and the buffer layer 200a, between the
base layer 100 and the protective layer 200b, between
the buffer layer 200a and the cover panel layer 300a, and
between the protective layer 200b and the reinforcing
layer 300b. Hence, if used under a harsh environment
(such as under a high-temperature environment or if bent
in a curved shape), the touch sensor T is less likely to
suffer from delamination between the base layer 100 and
the buffer layer 200a, between the base layer 100 and
the protective layer 200b, between the buffer layer 200a
and the cover panel layer 300a, and/or between the pro-
tective layer 200b and the reinforcing layer 300b.
[0062] Further advantageously, the first welding layer
500a is made from portions of the base layer 100 and
the buffer layer 200a that have melted and then solidified.
The first welding layer 500b is made from portions of the
base layer 100 and the protective layer 200b that have
melted and then solidified. The second welding layer
600a is made from portions of the buffer layer 200a and
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the cover panel layer 300a that have melted and then
solidified. The second welding layer 600b is made from
portions of the protective layer 200b and the reinforcing
layer 300b that have melted and then solidified. These
structures do not require additional members for bonding
the base layer 100 and the buffer layer 200a, the base
layer 100 and the protective layer 200b, the buffer layer
200a and the cover panel layer 300a, and the protective
layer 200b and the reinforcing layer 300b. Therefore, the
touch sensor T has a reduced number of components
and can be manufactured with a reduced number of weld-
ing processes, so that the touch sensor T can be manu-
factured with a reduced cost.
[0063] Still advantageously, the buffer layer 200a is
interposed between the base layer 100 and the cover
panel layer 300a. If the base layer 100 and the cover
panel layer 300a have poor welding compatibility with
each other, the buffer layer 200a can act as an interme-
diary in bonding the base layer 100 and the cover panel
layer 300a together. Also, the buffer layer 200a is made
of a thermoplastic plastic material having a melting point
lower than those of the base layer 100 and the cover
panel layer 300a, a portion of the base layer 200a melts
before portions of the base layer 100 and the cover panel
layer 300a do. This can reduce thermal damage to the
base layer 100 and the cover panel layer 300a during
the welding process.
[0064] Further advantageously, the protective layer
200b, serving as a protective layer to cover the electrode
layer 400b, can prevent the electrode layer 400b from
coming in direct contact with the welding machine during
the welding process. Therefore, the electrode layer 400b
is less likely to be physically damaged during the welding
process.

Second embodiment

[0065] Next, a touch sensor T’ according to the second
embodiment of the invention will be described with ref-
erence to Figs. 5 and 6. The touch sensor T’ shown in
Fig. 5 has the same configuration as the touch sensor T
except for a reinforcing layer 300b’ and a second welding
layer 600b’, which has a different configuration from that
of the touch sensor T of the first embodiment. This dif-
ference will be described in detail, while overlapping de-
scriptions are omitted. A symbol _’_ is added to the re-
inforcing layer 300b and the second welding layer 600b
of this embodiment for the purpose of distinction from
those in the first embodiment.
[0066] The reinforcing layer 300b’ is a rigid plate made
of polycarbonate, acrylic, or other plastic material. This
reinforcing layer 300b’ is also laminated to the protective
layer 200b and welded in the entire surface area to the
protective layer 200b by the second welding layer 600b’.
[0067] The touch sensor T’ described above may be
manufactured in the following steps and as illustrated in
Fig. 6. First, similarly to the first embodiment, the elec-
trodes 410a of the electrode layer 400a are formed on

the first face 110 of the base layer 100, and the electrodes
410b of the electrode layer 400b are formed on the sec-
ond face 120 of the base layer 100.
[0068] The next step is to prepare the buffer layer 200a.
The buffer layer 200a is laminated on the first face 110
of the base layer 100, so that the electrode layer 400a is
located between the base layer 100 and the buffer layer
200a. The next step is to prepare the cover panel layer
300a. The cover panel layer 300a is laminated on the
buffer layer 200a. Also prepared is the protective layer
200b. The protective layer 200b is laminated on the sec-
ond face 120 of the base layer 100, so that the electrode
layer 400b is located between the base layer 100 and
the protective layer 200b.
[0069] The next step is to place the cover panel layer
300a, the buffer layer 200a, the electrode layer 400a, the
base layer 100, the electrode layer 400b, and the pro-
tective layer 200b into a die of an injection molding ma-
chine. Then, polycarbonate, acrylic, or other plastic ma-
terial is injected for molding onto the protective layer 200b
in the die. The plastic material hardens on the protective
layer 200b to become the reinforcing layer 300b’. The
reinforcing layer 300b’ is thus laminated on the protective
layer 200b. In this molding process, a portion of the plastic
material is welded to the protective layer 200b to form
the second welding layer 600b’.
[0070] Simultaneously in the die, the heat and pressure
during the injection molding process causes welding of
the base layer 100 and the buffer layer 200a, the buffer
layer 200a and the cover panel layer 300a, and the base
layer 100 and the protective layer 200b. More specific
welding processes are as follows.
[0071] By use of the heat and pressure during the in-
jection molding process, the portion of the buffer layer
200a in contact with the base layer 100 melts, and then
the portion of the base layer 100 in contact with the buffer
layer 200a melts. Both the melted portions come in con-
tact with each other through the interstices 411a or 412a
of the electrodes 410a of the electrode layer 400a, and
then they solidify. The solidified portion becomes the first
welding layer 500a. The first welding layer 500a is thus
bonded to the base layer 100 and the buffer layer 200a,
with the electrode layer 400a embedded in the first weld-
ing layer 500a.
[0072] By use of the heat and pressure during the in-
jection molding process, the portion of the buffer layer
200a in contact with the cover panel layer 300a melts,
and then the portion of the cover panel layer 300a in
contact with the buffer layer 200a melts. Both the melted
portions contact each other and then solidify. The solid-
ified portion becomes the second welding layer 600a.
The second welding layer 600a is thus bonded to the
buffer layer 200a and the cover panel layer 300a.
[0073] By use of the heat and pressure during the in-
jection molding process, the portion of the base layer 100
in contact with the protective layer 200b and the portion
of the protective layer 200b in contact with the base layer
100 melt, come in contact with each other through the
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interstices of the electrodes 410b of the electrode layer
400b, and then they solidify. The solidified portion be-
comes the first welding layer 500b. The first welding layer
500b is thus bonded to the base layer 100 and the pro-
tective layer 200b, with the electrode layer 400b embed-
ded in the first welding layer 500b.
[0074] The touch sensor T’ described above provides
the same effects as those provided by the touch sensor
T. In addition, the heat and pressure during the injection
molding process can be effectively used for forming the
first welding layers 500a and 500b and the second weld-
ing layers 600a and 600b’. Therefore, the touch sensor
T’ can be manufactured with a reduced number of weld-
ing processes, so that the touch sensor T’ can be man-
ufactured with a reduced cost.
[0075] It is appreciated that the above touch sensors
T and T’ and the methods for manufacturing them are
not limited to those of the above first and second embod-
iments, and they may be modified in any manner within
the scope of the claims. Some specific modifications will
be described below.
[0076] According to the above first and second embod-
iments, the touch sensor includes the base layer, the
buffer layer, the protective layer, the cover panel layer,
the reinforcing layer, the electrode layer, the first welding
layer, and the second welding layer. However, the touch
sensor of the invention may be modified in any manner
as long as it includes laminated first and second layers,
and a first welding layer being provided between the first
and second layers and welding the first layer and the
second layer together at least partially.
[0077] The above first and second embodiments pre-
scribe that the base layer 100 is the first layer and the
buffer layer 200a and the protective layer 200b are each
the second layer. However, the first and second layers
of the invention may be any adjacent layers of a plurality
of laminated layers in a touch sensor. For example, Fig.
7 illustrates a variant touch sensor T", in which the cover
panel layer 300a is a first layer, and the buffer layer 200a
is a second layer.
[0078] In the touch sensor T", the entire surface areas
of the cover panel layer 300a and the buffer layer 200a
are welded together by a first welding layer 500. The first
welding layer 500 is made from a portion of the cover
panel layer 300a and a portion of the buffer layer 200a
(i.e. respective portions of these layers contacting each
other) that melt, bond to the cover panel layer 300a and
the buffer layer 200a, and then solidify. The base layer
100 and the buffer layer 200a are bonded together by an
optically clear adhesive 700a. The base layer 100 and
the protective layer 200b are bonded together by an op-
tically clear adhesive 700b. The protective layer 200b
and the reinforcing layer 300b are bonded by an optically
clear adhesive 700c.
[0079] The touch sensor T" may be manufactured in
the following steps. First, the electrodes 410a of the elec-
trode layer 400a are formed on the first face 110 of the
base layer 100, and the electrodes 410b of the electrode

layer 400b are formed on the second face 120 of the
base layer 100. Then, the buffer layer 200a is bonded to
the first face 110 of the base layer 100 by the optically
clear adhesive 700a. Then, the cover panel layer 300a
is laminated on the buffer layer 200a. Then, the buffer
layer 200a and the cover panel layer 300a are welded
together using a welding machine. It should be recalled
here that the buffer layer 200a is made of a thermoplastic
plastic having a melting point lower than that of the cover
panel layer 300a, the portion of the buffer layer 200a in
contact with the cover panel layer 300a melts, and then
the portion of the cover panel layer 300a in contact with
the buffer layer 200a melts. Then, both the melted por-
tions come into contact with each other, and then they
solidify. The solidified portion becomes the first welding
layer 500. It should be noted that the above welding proc-
ess may be performed by thermal welding, ultrasonic
welding, high-frequency welding, semiconductor laser
welding, or other means. Then, the protective layer 200b
is bonded to the first face 110 of the base layer 100 by
the optically clear adhesive 700b. Onto the protective
layer 200b the reinforcing layer 300b is bonded by the
optically clear adhesive 700c. This is how to manufacture
the variant touch sensor T". Alternatively, the first welding
layer 500 may be formed by use of the heat and pressure
during the injection molding process as in the second
embodiment.
[0080] The touch sensor of the invention may also be
modified such that the reinforcing layer 300b serves as
the first layer and the protective layer 200b serves as the
second layer. In this case, the first welding layer may
weld the entire surface areas of the reinforcing layer 300b
and the protective layer 200b. The other interlayer bond-
ings may be provided by an optically clear adhesive or
an unclear adhesive.
[0081] In the first and second embodiments and some
of the above modifications, the cover panel layer and the
reinforcing layer each serve as the third layer. However,
the third layer of the invention may be any layer laminated
on the second layer. In the above first and second em-
bodiments and the above modifications, the first, second,
and third layers are all made of plastic materials, but all
or any of the first, second, and third layers may be made
of a material other than plastic material. In addition, one
or a plurality of layers may be laminated on the third layer.
[0082] In the above first and second embodiments and
the above modifications, the first welding layer and/or the
second welding layer weld the entire surface areas of the
layers to be laminated. However, the first welding layer
and/or the second welding layer may be modified in any
manner as long as they can weld layers to be laminated
at least partially. The portions other than the welded por-
tions of the layers may be bonded by an optically clear
adhesive or an unclear adhesive. The first welding layer
may be made from a portion of one layer of the first and
second layers that has melted and then solidified to weld
the one layer at least partially to the other layer of the
first and second layers. The second welding layer may
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be made from a portion of one layer of the second and
third layers that has melted and then solidified to weld
the one layer at least partially to the other layer of the
second and third layers. In addition, if the first, second,
and third layers are made of a material other than plastic
material, the first layer and the second layer and/or the
second layer and the third layer may be welded together
at least partially by a plastic material sandwiched be-
tween the first layer and the second layer and/or the sec-
ond layer and the third layer. Also in a case where the
first and second layers are made of a material other than
a plastic material and the electrode layer is formed on
the first layer, the first layer and the second layer may be
welded together by a plastic material sandwiched be-
tween the first layer and the second layer. In the case
where the electrodes of the electrode layer are in mesh
or fibrous form, the sandwiched plastic material may melt,
come in contact with the second layer through the inter-
stices of the electrodes, and then solidify. The solidified
plastic may serve as the first welding layer to weld the
first layer and the second layer.
[0083] In the above first and second embodiments and
the above modifications, the buffer layer is provided be-
tween the cover panel layer and the base layer. The buff-
er layer may be replaced with a protective layer to be
disposed between the cover panel layer and the base
layer. In the above first and second embodiments and
the above modifications, the protective layer is provided
between the reinforcing layer and the base layer. The
protective layer may be replaced with a buffer layer to be
disposed between the reinforcing layer and the base lay-
er.
[0084] In the above first and second embodiments and
the above modifications, the buffer layer is provided be-
tween the cover panel layer (the third layer) and the base
layer (the first layer) and is made of a thermoplastic plas-
tic material having a relatively low melting point. Howev-
er, the buffer layer of the invention may be modified in
any manner as long as it is provided between the first
and third layers and made of a plastic material more suit-
able to be welded to the first and third layers than welding
the first and third layers to one another directly.
[0085] In the above first and second embodiments and
the above modifications, the electrode layer 400a is
formed on the first face 110 of the base layer 100, and
the electrode layer 400b is formed on the second face
120 of the base layer 100. However, the electrode layers
400a and 400b may be provided on one and the same
face of the base in the thickness direction. In this case,
an insulating layer may be provided between the elec-
trode layers 400a and 400b.
[0086] In the above first and second embodiments and
the above modifications, the electrodes 410a and 410b
of the electrode layers 400a and 400b are in mesh or
fibrous form. However, the electrodes of the electrode
layer of the invention may be a solid filling such as trans-
parent conductive films of ITO (indium tin oxide), PEDOT
(polyethylenedioxythiophene), or other material. The

electrodes of the electrode layer may be optically
opaque. Further, the electrode layer may require at least
one electrode. This modification applies to cases such
as when the touch sensor is a touch switch as discussed
below.
[0087] In the above first and second embodiments and
the above modifications, the base layer is a flexible trans-
parent plastic film. However, the base layer of the inven-
tion may be a translucent plastic film, an opaque plastic
film, a translucent rigid substrate (e.g. a glass or ceramic
substrate), or an opaque rigid substrate. Any of the buffer
layer, the cover panel layer, the protective layer, and the
reinforcing layer of the above first and second embodi-
ments and the above modifications may also be a trans-
lucent plastic film, an opaque plastic film, a translucent
rigid substrate (e.g. a glass or ceramic substrate), or an
opaque rigid substrate.
[0088] The touch sensors of the above first and second
embodiments and the above modifications may be man-
ufactured by any method including laminating the first
and second layers together, at least one layer of the first
and second layers being a plastic layer, and welding the
one layer at least partially to the other layer of the first
and second layers by melting and then solidifying a por-
tion of the one layer. The manufacturing method may
further include placing the laminated first and second lay-
ers in a die, and injection-molding a plastic material on
the second layer in the die to laminate a third layer on
the second layer. In this case, the welding of the one
layer at least partially to the other layer may includes
melting the portion of the one layer of the first and second
layers by use of heat and pressure during the injection
molding process and solidifying the melted portion of the
one layer.
[0089] It should be appreciated that the embodiments
and modifications are described above by way of exam-
ple only. The materials, shapes, dimensions, numbers,
arrangements, and other configurations of the touch sen-
sors may be modified in any manner if they can perform
similar functions. The touch sensor of the invention may
be a capacitive touch panel as described above but is
not limited thereto. For example, the touch sensor may
be a touch panel of a type other than capacitive (e.g.
resistive type and in-cell type), or a touch switch (touch
switch of capacitive, resistive, in-cell, or other type). Fur-
thermore, the invention is not limited to touch sensors
but applicable to any devices having a plurality of layers
bonded to each other.
[0090] The disclosure of this application also includes
the following clauses (A) to (I):

(A) The touch sensor according to any one of claims
5 to 8, wherein the third layer (300a, 300b, 300b’) is
a cover panel layer or a reinforcing layer.

(B) The touch sensor according to any one of claims
3 to 6, wherein the second layer (200a, 200b) is a
protective layer to protect the electrode layer (400a,
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400b).

(C) The touch sensor according to claim 1 or 2,
wherein the first layer (100) is a cover panel layer.

(D) The touch sensor according to any one of claims
5 to 8 or according to clause A, wherein
at least one of the first (100), second (200a, 200b),
and third (300a, 300b) layers is in film form.

(E) The touch sensor according to any one of claims
1 to 8 or according to any one of clauses (A) to (D),
wherein
the first (100) and second (200a, 200b) layers have
translucency.

(F) The touch sensor according to any one of claims
3 to 8 or according to clause (A), wherein
the first (100), second (200a, 200b), and third (300a,
300b, 300b’) layers have translucency.

(G) The method of manufacturing the touch sensor
according to any one of claims 10 and 13 to 15,
wherein
the third layer (300a, 300b, 300b’) is a cover panel
layer or a reinforcing layer.

(H) The method of manufacturing the touch sensor
according to claim 11, wherein
the second layer (200a, 200b) is a protective layer
to protect the electrode layer (400a, 400b).

(I) The method of manufacturing the touch sensor
according to claim 9, wherein
the first layer (100) is a cover panel layer.

Reference Signs List

[0091]

T: Touch sensor
100: Base layer (first layer)
200a: Buffer layer (second layer)
200b: Protective layer (second layer)
300a: Cover panel layer (third layer)
300b: Reinforcing layer (third layer)
400a: Electrode layer
410a: Electrode
400b: Electrode layer
410b: Electrode
500a: First welding layer
500b: First welding layer
600a: Second welding layer
600b: Second welding layer

Claims

1. A touch sensor comprising:

first (100) and second (200a, 200b) layers lam-
inated together; and
a first welding layer (500a, 500b) being provided
between the first and second layers and welding
the first and second layers together at least par-
tially.

2. The touch sensor according to claim 1, wherein
at least one layer of the first (100) and second (200a,
200b) layers is a plastic layer, and
the first welding layer (500a, 500b) is made from a
portion of the one layer that has melted and then
solidified to weld the one layer at least partially to
the other layer of the first and second layers.

3. The touch sensor according to claim 2, further com-
prising:

an electrode layer (400a, 400b) provided be-
tween the first (100) and second (200a, 200b)
layers.

4. The touch sensor according to claim 3, wherein
the electrode layer (400a, 400b) comprises a
meshed or fibrous electrode (410a, 410b) including
interstices (411a, 412a), and
the first welding layer (500a, 500b) welds to the other
layer (100, 200a, 200b) through the interstices of the
electrode.

5. The touch sensor according to claim 3 or 4, further
comprising:

a third layer (300a, 300b, 300b’) laminated to
the second layer (200a, 200b); and
a second welding layer (600a, 600b, 600b’) be-
ing provided between the second and third lay-
ers and welding the second and third layers to-
gether at least partially.

6. The touch sensor according to claim 5, wherein
at least one layer of the second (200a, 200b) and
third (300a, 300b, 300b’) layers is a plastic layer,
the second welding layer (600a, 600b, 600b’) is
made from a portion of the one layer of the second
and third layers that has melted and then solidified
to weld the one layer at least partially to the other
layer of the second and third layers.

7. The touch sensor according to claim 5 or 6, wherein
the second layer (600a, 600b) is a buffer layer made
of a plastic material more suitable to be welded to
the first (100) and third (300a, 300b) layers than to
weld the first and third layers together,
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the first welding layer (500a, 500b) is made from a
portion of the buffer layer that has melted and then
solidified to weld the buffer layer to the first layer, and
the second welding layer (600a, 600b) is made from
another portion of the buffer layer melted and then
solidified to weld the buffer layer to the third layer.

8. The touch sensor according to claim 7, wherein
the buffer layer (200a, 200b) is made of a thermo-
plastic plastic material having a melting point lower
than those of the first (100) and third (300a, 300b)
layers.

9. A method of manufacturing a touch sensor compris-
ing:

laminating a first (100) and second (200a, 200b)
layers together, at least one layer of the first and
second layers being a plastic layer; and
welding the one layer at least partially to the oth-
er layer of the first and second layers by melting
and then solidifying a portion of the one layer.

10. The method of manufacturing the touch sensor ac-
cording to claim 9, further comprising:

placing the laminated first (100) and second
(200a, 200b) layers in a die;
and
injection-molding a plastic material on the sec-
ond layer in the die to laminate a third layer
(300b’) on the second layer (200b);
wherein the welding of the one layer (100, 200a,
200b) at least partially to the other layer (100,
200a, 200b) includes:

melting the portion of the one layer of the
first and second layers by use of heat and
pressure during the injection molding proc-
ess; and
solidifying the melted portion of the one lay-
er.

11. The method of manufacturing the touch sensor ac-
cording to claim 9 or 10, further comprising:

forming an electrode layer (400a, 400b) on one
of the first (100) and second (200a, 200b) layer
preceded by the laminating of the first and sec-
ond layers together.

12. The method of manufacturing the touch sensor ac-
cording to claim 11, wherein
the electrode layer (400a, 400b) comprises a
meshed or fibrous electrode (410a, 410b) including
interstices (411a, 412a), and
the welding of the one layer (100, 200a, 200b) at
least partially to the other layer (100, 200a, 200b)

includes bonding the melted portion of the one layer
to the other layer through the interstices of the elec-
trode and then solidifying the melted portion of the
one layer.

13. The method of manufacturing the touch sensor ac-
cording to claim 9, wherein one layer of the second
layer (200a, 200b) and a third layer (300a, 300b) is
made of a plastic material, and
the method further comprises:

laminating the third layer on the second layer,
and
welding the one layer at least partially to the oth-
er layer of the second and third layers by melting
and then solidifying a portion of the one layer.

14. The method of manufacturing the touch sensor ac-
cording to claim 10 or 13, wherein
the second layer (200a, 200b) is a buffer layer made
of a plastic material more suitable to be welded to
the first (100) and third (300a, 300b) layers than to
weld the first and third layers together.

15. The method of manufacturing the touch sensor ac-
cording to claim 14,
the buffer layer (200a, 200b) is made of a thermo-
plastic plastic material having a melting point lower
than those of the first (100) and third (300a, 300b)
layers.
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