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ABSTRACT OF THE DISCLOSURE

The present invention relates to a method for

attaching an electrode to a liquid crystal element.

A liquid crystal layer, as a member of the liquid

5 crystal element, is disposed between a pair of flat

substrates which are a first resin film substrate

and a second resin film substrate. A blade is

moved while the blade is inserted in the liquid

crystal layer, thus making an incision in the liquid

10 crystal layer. The incision location is widened,

forming an opening in the surface of the liquid

crystal layer. This also forms a space inside the

liguid crystal layer, allowing the opening to

communicate with the space. Part of an electrode

15 1is then inserted into the space of the liquid crystal

layer and the liquid crystal layer is bonded with
part of the electrode.
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METHOD FOR ATTACHING ELECTRODE TO
LIQUID CRYSTAL ELEMENT

BACKGROUND
[Field of the Invention]
[0001] The present invention relates to a
method for attaching an electrode to a liquid
crystal element. More specifically, it relates to a
method for attaching an electrode to a liquid
crystal element that 1s to be wused as a light

modulator, for example.

[Background Art]
[0002] Liquid crystal elements such as light
modulators, which allow switching between
transparent and non-transparent states by
controlling power current, are used in office
partitionings and in home window glass and home
theater video screens.
[0003] Such light modulators generally have a
structure 1in which a liquid <crystal layer 1is
disposed between two glass panels or two films
that are covered with transparent conductive
films.

Applying voltage to the electrodes provided
for conduction to the transparent conductive films

causes the orientation of the liquid crystal
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molecules in the liquid crystal layer to be altered,
thus allowing switching between a non-transparent
state that scatters incident light and a
transparent state that transmits incident light.
[0004] A variety of different technologies have
been proposed for such light modulators.

For example, Patent Document 1 describes
laminated glass using a light modulator, as shown
in Fig. 4.

[0005] Specifically, the laminated glass 100
described in Patent Document 1 comprises a pair of
glass panels (101A, 101B) facing each other,
transparent interlayer films (102A, 102B) disposed
on the facing surfaces of each of the glass panels
(101A, 101B), and a light modulator 103
sandwiched between the interlayer films (102A,
102B).

[0006] The light modulator 103 also has a liquid
crystal layer 108, a pair of PET film substrates
(109A, 109B) sandwiching the liquid crystal layer
108, and transparent conductive films (110A,
110B) disposed on the respective facing surfaces of
the pair of PET film substrates (109A, 109B).

An electrode is also provided on the
transparent conductive film 110B at a section that
has been exposed by cutting off the liquid crystal

layer 108, transparent conductive film 110A and
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PET film 109A at one end of the light modulator
103.
[0007] The electrode also has a connection base
comprising silver paste 111 coated on the exposed
transparent conductive film 110B and copper tape
112 attached to the upper side of the silver paste
111, and a plate-shaped connector 113 with one end
contact bonded with the copper tape 112 and the
other end protruding out from the perimeter edge
of the laminated glass 100.

The connector 113 has a lead wire 115
anchored by solder 114, which serves to provide

electric power from an external power source.

[Citation List]

[Patent Documents]

[0008] Patent Document 1: Japanese Patent
Publication No. 4060249 (JP4060249B2)

SUMMARY OF THE INVENTION

[Technical Problem]

[0009] However, in the method described in
Patent Document 1 in which an electrode 1is
provided on the transparent conductive film 110B
at a section that has been exposed by cutting off
the liquid crystal layer 108, transparent
conductive film 110A and PET film 109A, the
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surface of the transparent conductive film 110B
becomes damaged when the liquid crystal layer 108
is removed, leading to the problem of increased
surface resistivity.
[0010] Another problem 1is that the exposed
transparent conductive film 110B contacts with
fats and oils, moisture and other liquids, and
oxygen-containing gas, causing degradation of the
transparent conductive film.

It then becomes necessary to coat the surface
of the transparent conductive film with a
conductive paste such as silver paste in order to
lower the surface resistivity, and to carry out
steps of removing the liquid crystal layer,
conductive film and film substrate for electrode
attachment, and coating of the conductive paste,
but these steps require special technical skills and
also complicate the process.
[0011] It is an object of the present invention,
which has been devised in light of this situation,
to provide a method for attaching an electrode to a
liguid crystal element that can simplify the

process.

[Solution to Problem]
[0012] In order to achieve this object, the

method for attaching an electrode to a liquid
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crystal element of the present invention comprises
an incision step in which an incision is made in a
liguid crystal layer that 1is capable of being
disposed between a pair of substrates to which
electrically conductive films have been attached,
to form an opening in the surface of the liquid
crystal layer while also forming a space connecting
with the opening inside the liquid crystal layer, an
electrode insertion step in which at least a portion
of an electrode is inserted into the space formed in
the incision step, and a bonding step in which the
electrode and the liquid crystal layer are bonded
with at least a portion of the electrode that has
been inserted into the space being sandwiched by
the liquid crystal layer.

[0013] The incision step, in which an incision is
made in the liquid crystal layer to form an opening
in the surface of the liquid crystal layer while
forming a space connecting with the opening inside
the liquid crystal layer, allows the electrode to be
bonded while sandwiched by the liquid crystal
layer, to form a space inside the liquid crystal
layer for attachment to the liquid crystal layer.
Since it is not necessary to remove part of the
liguid crystal layer, the thickness of the liquid

crystal element is not reduced and reduction in
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strength of the liquid crystal element can be
avoided.

[0014] Moreover, the electrode insertion step in
which at least a portion of the electrode is inserted
into the space formed in the incision step allows
both sides of the electrode to contact with the
liquid crystal layer.

[0015] As a result of the bonding step in which
the electrode and liquid crystal layer are bonded
with at least a portion of the electrode inserted
into the space being sandwiched by the liquid
crystal layer, cracking is unlikely to occur from
the sections where the incision has been made in
the liquid crystal layer.

[0016] In the incision step of the method for
attaching an electrode to a liquid crystal element
according to the present invention, a blade having
a cutting edge that extends from the blade tip 1is
inserted into the liquid crystal layer disposed
between the pair of substrates, or in the liquid
crystal layer before it is disposed between the pair
of substrates, with the cutting edge oriented from
the blade tip toward the same direction in which
the substrate extends, and the blade i1s moved in
the direction in which the cutting edge is facing
while the blade is inserted to make an incision in

the liquid crystal layer.
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[0017] This allows a space corresponding to the
size of the inserted electrode to be formed inside
the liquid crystal layer.
[0018] In the incision step of the method for
attaching an electrode to a liquid crystal element
according to the present invention, the opening
may also be formed in the surface of the liquid
crystal layer in a manner approximately
perpendicular to the surface of the liquid crystal
layer, toward the substrate.
[0019] This allows a space for attachment of the
electrode to be formed in the liquid crystal layer
without damaging the conductive film or substrate.
[0020] In the method for attaching an electrode
to a liquid crystal element of the present invention,
the electrode may have a construction with a flat
main body and a bonding agent that is disposed on
the outer side of the main body and comprises a
conductive substance.
[0021] This facilitates conduction between the
electrode and conductive film even when the liquid
crystal composition is present around the
periphery of the electrode.

Thermocompression bonding between the
electrode and liquid crystal layer is also

facilitated.
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[0022] In the method for attaching an electrode
to a liquid crystal element of the present invention,
the main body of the electrode may be a resin film
and the conductive substance may be a conductive
binder, the binder including a core material
formed of graphene.
[0023] This allows the electrode to be flexible
and facilitates attachment of the liquid crystal
element to objects with three-dimensional shapes
when the substrate of the liquid crystal element is
also flexible.

Since graphene is electroconductive overall,
similar to a metal, it eliminates the need to coat

the core material with a metal substance.

[Effects of the Invention]
[0024] The method for attaching an electrode to
a liquid crystal element of the present invention

allows the process steps to be simplified.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] Fig. 1 18 a schematic diagram
illustrating the incision step of the method for
attaching an electrode to a liquid crystal element
according to the present invention.

Fig. 2 is a schematic diagram illustrating the

electrode insertion step and bonding step of the
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method for attaching an electrode to a liquid
crystal element according to the present invention.
Fig. 3 is a simplified cross-sectional view of
an electrode cut along line A-A shown in Fig. 2B.
Fig. 4 is a simplified cross-sectional view of
laminated glass wusing a conventional light

modulator.

DESCRIPTION OF THE EMBODIMENTS
[0026] Embodiments of the present invention
will now be described with reference to the
accompanying drawings for more detailed
illustration of the present invention.

[0027] The method for attaching an electrode to
a liquid crystal element of the present invention
comprises an incision step.

The incision step is a step in which an
incision is made in the liquid crystal layer to form
an opening in the surface of the liquid crystal
layer while also forming a space connecting with
the opening, inside the liquid crystal layer.
[0028] Fig. 1A is a schematic diagram showing
insertion of a blade into a liquid crystal layer in
the incision step of the method for attaching an
electrode to a liquid crystal element according to

the present invention.
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Fig. 1B 1s a schematic diagram showing
movement of a blade that has been inserted into
the liquid crystal layer and is cutting the liquid
crystal layer, in the incision step of the method for
attaching an electrode to a liquid crystal element
according to the present invention.

Fig. 1C is a schematic diagram showing the

state where the blade has been removed from the
liquid <crystal layer, thus opening the liquid
crystal layer, in the incision step of the method for
attaching an electrode to a liquid crystal element
according to the present invention.
[0029] As shown in Fig. 1A to Fig. 1C, a liquid
crystal layer 4, as a member of a liquid crystal
element 1, is disposed between a pair of flat
substrates, i.e. a first resin film substrate 2A and
a second resin film substrate 2B.

The first resin film substrate 2A and second

resin film substrate 2B are each formed of a
polyethylene terephthalate (PET) resin.
[0030] A first conductive film 3A is attached to
one side of the first resin film substrate 2A. A
second conductive film 3B is attached to one side of
the second resin film substrate 2B.

As shown in Fig. 1A to Fig. 1C, the first resin

film substrate 2A and second resin film substrate

10
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2B are disposed with the first conductive film 3A
and second conductive film 3B facing each other.
[0031] The material forming the conductive
films may be any material with conductivity,
examples of which include indium tin oxide (ITO),
polyethylenedioxythiophene (PEDOT), silver
nanowires and graphene.

[0032] The liquid crystal layer 4 is disposed
between the first resin film substrate 2A and the
second resin film substrate 2B and is anchored to
the first conductive film 3A and second conductive
film 3B.

[0033] As shown in Fig. 1A, a blade 5 is used to
make an incision in the liquid crystal layer 4
anchored to the first conductive film 3A and second
conductive film 3B.

Similar to a common blade, the blade 5 has a
blade tip A, a cutting edge 5B extending from the
blade tip 5A, a spine 5C extending from the blade
tip BA and situated at the opposite location from
the cutting edge 5B, and a flat part 5D which is the
region surrounded by the blade tip 5A, the cutting
edge 5B and the spine 5C.

[0034] An arm 6 is attached to the side of the
blade 5 opposite the blade tip 5A.

While not shown, the arm 6 is also connected

to an 1ncision device. The 1ncision device

11
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comprises driving means to drive the arm 6, with
the arm 6 being connected to the driving means.

The driving means may move the arm 6 in mm
units.

[0085] By moving the arm 6 by the driving
means of the incision device, it is possible to move
the blade 5 that is attached to the arm 6.

The arm 6 is moved by the driving means of

the incision device, causing the blade 5 to be
inserted into the liquid crystal layer 4 from the
blade tip 5A.
[0036] During this time, the blade 5 becomes
inserted into the liquid crystal layer 4 with the
cutting edge 5B oriented in the same direction as
the direction in which the first resin film
substrate 2A and second resin film substrate 2B
extend.

The length of insertion of the blade 5 may be
determined as appropriate, and as an example, the
blade 5 may be inserted to a length corresponding
to about 2/3 of the length between the edge of the
electrode to be inserted into the liquid crystal
layer 4, and the edge of the liquid crystal layer 4
that is opposite from that edge and is externally
exposed when the electrode is attached.

[0037] As shown in Fig. 1B, the blade 5 is then

moved in the direction in which the cutting edge 5B

12
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is facing with the blade 5 inserted into the liquid
crystal layer 4, thus making an incision in the
liquid crystal layer 4.

During this time, the distance that the blade

5 is moved may be determined as appropriate.
[0038] The distance that the blade 5 is moved
may be a distance corresponding to the length
remaining after subtracting the length between
the spine 5C and cutting edge 5B of the blade 5
from the length of the electrode in the direction
approximately perpendicular to the direction
connecting the edge of the electrode to be inserted
into the liquid crystal layer 4 and the edge on the
opposite side from that edge, which is the edge of
the liquid crystal layer 4 that 1is externally
exposed when the electrode is attached.
[0039] After making the incision in the liquid
crystal layer 4, the incision location is widened in
the first resin film substrate 2A and in the second
resin film substrate 2B, forming an opening 4A in
the surface of the liquid crystal layer 4 as shown in
Fig. 1C.

A space is also formed inside the liquid
crystal layer 4 during this time, allowing the
opening 4A to communicate with the space.

[0040] The opening 4A is also formed in the

surface of the liquid crystal layer 4 that 1is

13
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approximately perpendicular to the surface of the
liguid crystal layer 4 facing both the first resin
film substrate 2A and second resin film substrate
2B.

[0041] While an incision in the liquid crystal
layer through the corner of the liquid crystal layer
is also possible, this will form the opening in two
surfaces of the liquid crystal layer that are
approximately perpendicular to the surface of the
liquid crystal layer facing the substrate, which is
undesirable because it results 1in excessive
formation of the opening in the surface of the
liquid crystal layer.

[0042] The method for attaching an electrode to
a liquid crystal element of the present invention
also comprises an electrode insertion step and a
bonding step.

The electrode insertion step is a step in which
at least a portion of the electrode is inserted into
the space formed in the incision step.

The bonding step is a step in which the
electrode and liquid crystal layer are bonded while
at least a portion of the electrode inserted into the
space of the liquid crystal layer is sandwiched by
the liquid crystal layer.

[0043] Fig. 2A is a schematic diagram of a liquid

crystal layer having an opening formed by incision

14
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for insertion of an electrode, in the electrode
insertion step of the method for attaching an
electrode to a liquid crystal element according to
the present invention.

Fig. 2B 1s a schematic diagram showing
insertion of a portion of an electrode into the space
of a liquid crystal layer having an incision, in the
electrode insertion step of the method for
attaching an electrode to a liquid crystal element
according to the present invention.

Fig. 2C 1i1s a schematic diagram showing
sandwiching and contact bonding of a portion of an
inserted electrode by a liquid crystal layer, in the
bonding step of the method for attaching an
electrode to a liquid crystal element according to
the present invention.

[0044] Fig. 1 and Fig. 2 are not cross-sectional
views but have diagonal lines to help more clearly
indicate the respective layers.

[0045] As shown in Fig. 2A, the opening 4A is
formed in the surface of the liquid crystal layer 4
by incision of the liquid crystal layer 4 for
insertion of at least a portion of an electrode,
forming a space connecting with the opening 4A,
inside the liquid crystal layer 4.

[0046] As shown in Fig. 2B, a portion of an

electrode 7 is then inserted into the space inside

15
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the liquid crystal layer 4 that was formed in the
incision step.

[0047] Fig. 383 is a simplified cross-sectional
view of an electrode cut along line A-A shown in
Fig. 2B.

The electrode 7 to be attached by the method
of the present invention has a planar shape, as
shown in Fig. 2B.

[0048] The electrode 7 has a resin film main
body 7D with a flat shape.

The resin film main body 7D is formed of a
resin film such as a polyethylene terephthalate
(PET) resin film.

[0049] The electrode 7 has a first copper layer
7E with a flat shape.

The first copper layer 7E is formed of a copper
foil and is attached over the entirety of one side of
the resin film main body 7D.

[0050] The electrode 7 also has a second copper
layer 7F with a flat shape.

The second copper layer 7F is formed of a
copper foil and is attached over the entirety of the
side of the resin film main body 7D opposite from
the side on which the first copper layer 7E has
been attached.

[0051] The electrode 7 also has a first adhesive

layer 7G with a flat shape.

le
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The first adhesive layer 7G is attached over
the entirety of the side of the first copper layer 7TE
opposite from the side attached to the resin film
main body 7D.

[0052] The electrode 7 also has a second
adhesive layer 7TH with a flat shape.

The second adhesive layer 7H is attached over

the entirety of the side of the second copper layer
7F opposite from the side attached to the resin film
main body 7D.
[0053] The first adhesive layer 7G and second
adhesive layer 7TH are formed of substances that
soften and harden depending on temperature, and
that also bond in reaction to light.

More specifically, the first adhesive layer 7G
and second adhesive layer 7TH are each formed of an
acrylic resin or epoxy resin or a mixture thereof,
for example, and have an insulating property.
[0054] The first adhesive layer 7G and second
adhesive layer 7H also comprise a conductive
substance.

The conductive substance i1s a binder with
conductivity, the binder having a spherical shape
with diameters of 5 to 50 pm, for example, and
deforming in response to heat or pressure, or to

both heat and pressure.

17
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[0055] Specifically, the first adhesive layer 7G
and second adhesive layer 7TH have fine conductive
particles dispersed in a film of an insulating resin
material such as an acrylic resin, and application
of pressure or temperature causes bonding between
the first conductive film 3A and second conductive
film 3B of the liquid crystal element while
simultaneously allowing conduction between the
first conductive film 3A and second conductive film
3B through the conductive particles.

The first adhesive layer 7G and second
adhesive layer 7H are each an anisotropic
conductive film (ACF) exhibiting a function of
insulation in the direction approximately
perpendicular to the direction in which the first
conductive film 3A and the second conductive film
3B are connected.

[0056] The conductive binder includes a core
material formed of a resin.

Since the core material i1s formed of an
insulating resin, the core material is covered by
one or more metal substances to provide
electroconductivity to the binder.

[0057] The electrode 7 also has a first cover lay
film layer 71 with a flat shape.

The first cover lay film layer 7I has an

insulating property and is attached to a part of the

18
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side of the first adhesive layer 7G opposite from
the side attached to the first copper layer 7TE.
[0058] Specifically, as shown in Fig. 3, the first
cover lay film layer 71 is attached to
approximately the center area of the first adhesive
layer 7G.

As shown in Fig. 3, the first cover lay film

layer 71 also extends from the approximate center
area of the first adhesive layer 7G across
approximately half of the region at the edge on the
side opposite from the edge of the electrode 7 to be
inserted into the liquid crystal layer 4.
[0059] As also shown in Fig. 3, the first cover
lay film layer 71 is mnot attached from the
approximate center area of the first adhesive layer
7G across the remaining approximate half of the
region at the edge on the side opposite from the
edge of the electrode 7 to be inserted into the
ligquid crystal layer 4, leaving the first adhesive
layer 7G exposed there.

The section where the first adhesive layer 7G
is exposed is an input section 7C of the electrode 7.
[0060] As also shown in Fig. 3, the first cover
lay film layer 71 is mnot attached from the
approximate center area of the first adhesive layer

7G across the edge of the electrode 7 to be inserted

19
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into the liquid crystal layer 4, leaving the first
adhesive layer 7G exposed there.

The section where the first adhesive layer 7G
is exposed is a conductive section 7A.

[0061] The section sandwiched by the
conductive section 7A and input section 7C is a
lead section 7B.

[0062] The electrode 7 also has a second cover
lay film layer 7J with a flat shape.

The second cover lay film layer 7J has an
insulating property and is attached to a part of the
side of the second adhesive layer 7TH opposite from
the side attached to the second copper layer 7F.
[0063] Specifically, the second cover lay film
layer 7J is attached at approximately the center
area of the second adhesive layer 7H.

The second cover lay film layer 7J also
extends from the approximate center area of the
second adhesive layer 7H across approximately
half of the region at the edge on the side opposite
from the edge of the electrode 7 to be inserted into
the liquid crystal layer 4.

[0064] The second cover lay film layer 7J is not
attached from the approximate center area of the
second adhesive layer 7H across the remaining
approximate half of the region at the edge on the

side opposite from the edge of the electrode 7 to be

20
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inserted into the liquid crystal layer 4, leaving the
second adhesive layer 7TH exposed there.

[0065] The section where the second adhesive
layer 7TH is exposed is the input section 7C of the
electrode 7.

As shown in Fig. 3, the section where the first
adhesive layer 7G is exposed and the section where
the second adhesive layer 7H 1is exposed are
locations with mutual point symmetry.
[0066] The electrode does not necessarily need
to have the structure illustrated in Fig. 3, and for
example, the structure may include a formed
through-hole, and it may lack the cover lay film
layer on one side of the electrode and instead have
the cover lay film layer disposed on the entirety of
the other side opposite the one side of the
electrode.
[0067] The parts of the electrode 7 that have
been inserted into the space formed inside the
liguid crystal layer 4, i.e. the conductive section
7A and lead section 7B of the electrode 7, are
sandwiched by the liquid crystal layer 4, and the
electrode 7 and liquid crystal layer 4 are bonded
with the input section 7C exposed on the outside of
the liquid crystal layer 4.

Specifically, as shown in Fig. 2C, a heated

first heat bar 8A is contacted with the first resin
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film substrate 2A and pressed in the direction of
the liquid crystal layer 4 while a heated second
heat bar 8B is contacted with the second resin film
substrate 2B and likewise pressed in the direction
of the liquid crystal layer 4, thereby contact
bonding together the electrode 7 and the liquid
crystal layer 4.

[0068] The first adhesive layer 7G and second
adhesive layer 7H of the electrode 7 become
softened by the heat of the first heat bar 8A and
second heat bar 8B during this time, resulting in
firm bonding between the first conductive film 3A
and second conductive film 3B of the liquid crystal
element.

The binder of the first adhesive layer 7G and
second adhesive layer 7H 1is also in conductive
connection with the first conductive film 3A and
second conductive film 3B through the liquid
crystal composition of the liquid crystal layer 4.
[0069] The two input sections 7C exposed on the
outside of the liquid crystal layer 4 and a power
source (not shown) are conductively connected via
conductor wires, allowing electric power to be
supplied to the electrode.

[0070] An example of attaching an electrode to a
liguid crystal layer sandwiched by conductive

film-attached substrates was explained above with
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reference to Fig. 1 and Fig. 2, but the present
invention is not limited to this construction, and
for example, the electrode may be attached to the
liquid crystal layer before the liquid crystal layer
is sandwiched by the conductive film-attached
substrates, and the liquid crystal layer to which
the electrode has been attached may be sandwiched
by the conductive film-attached substrates.
[0071] The substrate of the liquid crystal
element does not need to be formed by a
polyethylene terephthalate (PET) resin, and may
instead be formed by glass, a polycarbonate (PC)
resin or a polymethyl methacrylate (PMMA) resin,
for example.

[0072] The electrode main body does not need to
be formed of a resin film such as a polyethylene
terephthalate (PET) resin film, and may instead be
formed of glass or a polycarbonate (PC) resin, for
example.

[0073] In addition, the electrode main body does
not need to have a copper layer attached, and may
instead have attachment of a member formed of
another conductive substance.

[0074] The adhesive layer of the electrode does
not need to be layered, and for example, it may be
connected with a bonding agent member such as

ACF comprising a conductive binder at the edge of
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the conductive layer, such as the metal layer, of
the electrode when the electrode is attached to the
liquid crystal layer.

[0075] The core material of the binder also does
not need to be covered by a metal substance and
may instead be covered by graphene, for example,
as a carbon single crystal. Graphene has

conductivity throughout its entirety, similar to a

metal.
[0076] The core material of the binder may also
be formed of graphene. The core material 1is

preferably formed of graphene because graphene
has conductivity throughout its entirety similar to
a metal and thus eliminates the need to coat the
core material with a metal substance.

[0077] The core material of the binder does not
need to be formed of a resin, and may instead be
formed of glass or a metal, for example.

[0078] In the incision step, it is not necessary
for the incision to be made in the liquid crystal
layer by moving the blade in the direction in which
the cutting edge i1s oriented while the blade 1is
inserted from the blade tip with the cutting edge
oriented in the same direction in which the
substrate extends, and instead, for example, a flat
blade with the cutting edge having the same length

or a slightly longer length than the electrode to be
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attached may be inserted into the liquid crystal
layer to the insertion length of the electrode to
make an incision in the liquid crystal layer,
thereby forming the opening in the surface of the
liguid crystal layer while also forming a space
connecting with the opening inside the liquid
crystal layer.
[0079] Moreover, a blade does not need to be
used so long as an incision can be made in the
liguid crystal layer to form the opening in the
surface of the liquid crystal layer while also
forming a space connecting with the opening inside
the liquid crystal layer, and a laser, for example,
may be used instead.
[0080] <Performance evaluation test>

There were fabricated ten liquid crystal
elements with electrodes attached by the method of
the present invention, and ten liquid crystal
elements with electrodes attached by the method of
the prior art, by removal of a portion of the liquid
crystal layer or a portion of the conductive film.

The elements used as liquid crystal elements
had 1000 mm widths and 2500 mm lengths.

The same conditions were used for all, except

for the electrode attachment methods.
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[0081] The method of the present invention was
used to attach the electrodes to the liquid crystal
elements in the following manner.

Specifically, as shown in Fig. 1A to Fig. 1C,
an incision was made in the liquid crystal layer 4
of the liquid crystal element 1 with the blade 5 to
form a 54 mm-long opening 4A in the surface of the
liquid crystal layer 4.

During this time, a space with a depth of 5 mm
was thus formed in communication with the
opening 4A inside the liquid crystal layer 4.
[0082] Also, as shown in Fig. 2B, parts of the
electrode 7, namely the conductive section 7A and
lead section 7B of the electrode 7, were inserted
into the space inside the liquid crystal layer 4.

Next, the conductive section 7A and lead
section 7B of the electrode 7 that has been inserted
into the space formed inside the liquid crystal
layer 4 are sandwiched by the liquid crystal layer 4,
and as shown in Fig. 2C, the first heat bar 8A that
has been heated to 250°C is contacted with the
first resin film substrate 2A and pressed in the
direction of the liquid crystal layer 4 while the
second heat bar 8B that has also been heated to
250°C is contacted with the second resin film
substrate 2B and likewise pressed in the direction

of the liquid crystal layer 4, for
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thermocompression bonding of the electrode 7 and
liquid crystal layer 4.

[0083] The method of the prior art was used to
attach the electrodes to the liquid crystal elements
in the following manner.

Specifically, an alcohol solvent was used to
remove part of one resin film substrate of the
ligquid crystal element, part of one conductive film
attached to the resin film substrate, and part of
the liquid <crystal layer contacting with the
conductive film.

Next, silver paste was coated onto the other
exposed conductive film and an electrode similar to
the electrode 7 was attached to the silver paste.
[0084] Each of the liquid crystal elements with
electrodes attached in this manner were measured
for surface resistivity of the conductive film.

The results are shown in Table 1. The
surface resistivity of each conductive film before

attachment of the electrode was 150 Q/sq.
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[0085] [Table 1]

.Prese.nt Prior art method
invention (Q/s )
method (Q/sq.) 4

Liquid crystal 159 993
element 1

Liquid crystal 159 218
element 2

Liquid crystal 151 934
element 3

Liquid crystal 154 931
element 4

Liquid crystal 151 180
element 5

Liquid crystal 153 196
element 6

Liquid crystal 151 209
element 7

Liquid crystal 153 935
element 8

Liquid crystal 153 290
element 9

Liquid crystal
element 10 162 2217

[0086] As seen from Table 1, the surface
resistivity of the conductive film of each liquid
crystal element having electrodes attached by the
5 method of the present invention was 151 to 153
Q/sq. while the surface resistivity of the
conductive film of each liquid crystal element
having electrodes attached by the method of the
prior art was 180 to 235 Q/sq., thus demonstrating
10 that damage was caused in the conductive film by
the prior art method.
[0087] Each of the electrode-attached liquid

crystal elements was also subjected to a R10
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mandrel test. The liquid crystal elements with
electrodes attached by the method of the present
invention were measured for surface resistivity of
the conductive film after bending 500 times, and
5 the liquid crystal elements with electrodes
attached by the method of the prior art were
measured for surface resistivity of the conductive
film after bending 150 times.
The results are shown in Table 2.

10 [0088] [Table 2]

.Prese.nt Prior art method
invention (Q/sq.)
method (Q/sq.) 4

Liquid crystal 154 985
element 1

Liquid crystal 159 291
element 2

Liquid crystal 153 306
element 3

Liquid crystal 155 N/A
element 4

Liquid crystal 153 933
element 5

Liquid crystal 153 247
element 6

Liquid crystal 159 953
element 7

Liquid crystal 154 N/A
element 8

Liquid crystal 154 349
element 9

Liquid crystal
element 10 152 299

[0089] Here, “N/A” means that the value was

unmeasurable. As seen from Table 2, the liquid

crystal elements with electrodes attached by the

29

Date Recgue/Date Received 2021-07-07



10

15

20

25

CA 03126042 2021-07-07

Application No. Our Ref: 34485-30
CA National Phase of PCT/JP2019/001666 (CA2104278P1)

method of the present invention exhibited
virtually no increase in surface resistivity even
when bent 500 times, but the liquid crystal
elements with electrodes attached by the method of
the prior art had increased surface resistivity even
after having been bent only 150 times.

[0090] Each of the electrode-attached liquid
crystal elements were also subjected to flashing at
10 second intervals by application of a voltage of
60V AC and a voltage of 120V AC. The results are
shown in Table 8. The results after application of
a voltage of 60V AC are omitted because they were
the same for the present invention method and the

prior art method.
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[0091] [Table 3]

Present )
invention Prior art
method (10,000 method (10,000
: times)
times)
Ll(éilelilecr]igsltal >52 (G) <6 (P)
s e e @ 6 (P)
e [ e ) 6 (®)
e e @ 6 (P)
e [ e @ 6 (®)
R s (P)
R s 6 (P)
R 6 (P)
e [ e ) 6 (®)
Liquid crystal >52 (@) <6 (P)
element 10

[0092] As seen from Table 3, the liquid crystal
elements with electrodes attached by the method of
the present invention flashed normally even after
5 520,000 times (2 months), whereas the liquid
crystal elements with electrodes attached by the
method of the prior art no longer flashed after
60,000 times (1 week).
[0093] As shown above, since the method for
10 attaching an electrode to a liquid crystal element
according to the present invention comprises an
incision step in which an incision is made in the
liguid crystal layer to form an opening in the
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surface of the liquid crystal layer while also
forming a space connecting with the opening inside
the liquid crystal layer, it is possible to form,
inside the liquid crystal layer, a space to allow
bonding of the electrode while it is sandwiched by
the liquid crystal layer for attachment to the
liguid crystal layer, and furthermore since it is
not necessary to remove part of the liquid crystal
layer, the thickness of the liquid crystal element
is not reduced and it is thus possible to avoid
reduction in strength of the liquid crystal element.
[0094] Moreover, since the method for attaching
an electrode to a liquid crystal element of the
present invention comprises an electrode insertion
step in which at least a portion of the electrode is
inserted into the space formed in the incision step,
it is possible to contact both sides of the electrode
with the liquid crystal layer.

[0095] In addition, since the method for
attaching an electrode to a liquid crystal element
of the present invention comprises a bonding step
in which the electrode and liquid crystal layer are
bonded with at least a portion of the electrode
inserted into the space in a manner sandwiched by
the liquid crystal layer, cracking is unlikely to
occur from the sections where the incision has been

made in the liquid crystal layer.
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[0096] Since the method for attaching an
electrode to a liquid crystal element of the present
invention allows the electrode to be attached by
these three steps which do not involve removal of a
part of the liquid crystal layer or coating of a
conductive paste, it allows the processing steps to
be simplified.

[0097] In addition, since the method for
attaching an electrode to a liquid crystal element
of the present invention allows attachment of the
electrode without removing part of the conductive
film-attached substrate or part of the liquid
crystal layer, or coating a conductive paste, it
allows the electrode to be attached regardless of
the technical skill of the operator.

[0098] Furthermore, since the method for
attaching an electrode to a liquid crystal element
of the present invention does not involve removal
of part of the conductive film-attached substrate
or part of the liquid crystal layer using an alcohol
solvent, and consequent exposure of the conductive
film, it 1is possible to avoid damaging the
conductive film and the conductive film 1is less
likely to come into contact with fats or oils,
moisture or oxygen-containing gas, thereby

reducing degradation of the conductive film.
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[0099] The method for attaching an electrode to
a liquid crystal element of the present invention
also allows the strength of the liquid crystal
element to be maintained since it does not involve
removal of part of the conductive film-attached
substrate or part of the liquid crystal layer.

[0100] A liquid crystal element obtained by the
method for attaching an electrode to a liquid
crystal element of the present invention can be
used in office partitionings, home window glass,
home theater video screens and window glass for

automobiles or transport craft such as aircraft.

DESCRIPTION OF REFERENCE NUMERALS
[0101] 1 Liquid crystal element
2A First resin film substrate
2B Second resin film substrate
3A First conductive film
3B Second conductive film
4 Liquid crystal layer
4A Opening
5 Blade
5A Blade tip
5B Cutting edge
5C Spine
5D Flat part
6 Arm
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7 Electrode
7A Conductive section
7B Lead section
7C Input section
5 7D Resin film main body
7TE First copper layer
7F Second copper layer
7G First adhesive layer
7TH Second adhesive layer
10 71 First cover lay film layer
7J Second cover lay film layer
8A First heat bar
8B Second heat bar
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WHAT IS CLAIMED IS:
1. A method for attaching an electrode to a
liguid crystal element comprising:

an incision step in which an incision is made
in a liquid crystal layer that is capable of being
disposed between a pair of substrates to which
electrically conductive films have been attached,
to form an opening in the surface of the liquid
crystal layer while also forming a space connecting
with the opening inside the liquid crystal layer,

an electrode insertion step in which at least a
portion of an electrode is inserted into the space
formed in the incision step, and

a bonding step in which the electrode and the
liguid crystal layer are bonded with at least a
portion of the electrode that has been inserted into
the space being sandwiched by the liquid crystal
layer.
2. The method for attaching an electrode to a
liguid crystal element according to claim 1,
wherein:

in the incision step, a blade having a cutting
edge that extends from the blade tip is inserted
into the liguid crystal layer disposed between the
pair of substrates, or in the liquid crystal layer
before it is disposed between the pair of substrates,

with the cutting edge oriented from the blade tip
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toward the same direction in which the substrate
extends, and the blade is moved in the direction in
which the cutting edge is facing while the blade is
inserted to make an incision in the liquid crystal
layer.
3. The method for attaching an electrode to a
liquid c¢rystal element according to claim 1,
wherein:

in the incision step, the opening is formed in
the surface of the liquid crystal layer in a manner
approximately parallel to the surface of the liquid
crystal layer, toward the pair of substrates.
4. The method for attaching an electrode to a
liquid c¢rystal element according to c¢laim 1,
wherein:

the electrode has a flat main body, and a
bonding agent that is disposed on the outer side of
the main body and comprises a conductive
substance.
5. The method for attaching an electrode to a
liquid c¢rystal element according to claim 4,
wherein:

the main body of the electrode is a resin film,

the conductive substance is a conductive
binder, and

the binder includes a core material formed of

graphene.
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