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METHOD FOR MANUFACTURING LENS

FOR ELECTRONIC SPECTACLES, LENS

FOR ELECTRONIC SPECTACLES, AND
ELECTRONIC SPECTACLES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present invention relates to electric wiring for an
clectric element of a lens part 1n electronic spectacles and
proposes a structure capable of particularly improving the
reliability of electric connection.

BACKGROUND ART

Electronic spectacles have been proposed 1in which elec-
tric elements such as an electrochromic (EC) element and a
liquid crystal element are formed on or in a lens and the
tfunction of the lens 1s changed by supplying electric energy
to the electric elements.

For example, electronic spectacles using EC elements are
available.

In this example, an electrode wiring method for driving an
EC element 1s shown 1n FIG. 43 that 1s a sectional view of
a lens. As shown 1n FIG. 43, an EC element 607 formed on

a substrate lens 601 1s made up of a lower ITO transparent
electrode 602, an Ir,0,/Sn0O, layer 603, a Ta,O. layer 604,

a WO, layer 605, and an upper ITO transparent electrode
layer 606. Further, plated layers 608a and 608b of two-layer
structures are formed on the outer periphery of the lens (the
inclined surfaces of V-blocks) as electrodes for extraction
from the electrode layers. The plated layers 608a and 608b
are 1n electrical contact with the upper I'TO transparent
clectrode layer 606 and the lower I'TO transparent electrode
layer 602, respectively. As shown 1n FIG. 44, the frame of
the spectacles 1s made up of metallic upper and lower rims
609a and 609b sharing a current path. The upper and lower
rims 609a and 609b are joined via an msulator such as a thin
plastic sheet.

A method for joining the lens and the rims and connecting
a control unit and the EC element 607 1s disclosed in which
the electrodes 608a and 608b formed on the outer periphery
of the lens and the upper and lower rims 609a and 609b are
brought into contact with each other and terminals from the
control umt are fastened between rim locks 609al on the
ends of the upper and lower rims 609a and 609b (e.g., see
patent document 1). Patent document 1: Japanese Utility

Model Laid-Open No. 2-138720

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

In the configuration of the prior art, however, the lower
I'TO transparent electrode 602 and the upper I'TO transparent
clectrode layer 606, which are electrodes provided on the
outer periphery of the lens, are electrically connected only
through contact with the upper rim 609a and the lower rim
609b that act as rims. Thus the electrical connection may

10

15

20

25

30

35

40

45

50

55

60

65

2

become faulty when, for example, a screw (not shown) for
fastening the rim locks 609al becomes loose.

In order to prevent the faulty electrical connection, 1t 1s
necessary to increase the thickness of the I'TO transparent
electrode layer but a dry process such as [vacuum] vapor
deposition cannot increase the thickness of the I'TO trans-
parent electrode layer. For this reason, the ITO transparent
clectrode layer 1s formed by using a wet process. In the wet
process, however, ITO particles dispersed into an ink solvent
increase the electrical resistance of the ITO {transparent
clectrode layer, thereby degrading the operating character-
istics of the element 1n the lens.

The present mvention has been devised to solve the
problem of the prior art. An object of the present invention
1s to provide electronic spectacles that can increase the
reliability of electrical connection to an electronic circuit
outside a lens without degrading the operating characteris-
tics of an element in the lens of the electronic spectacles.
Another object of the present mmvention i1s to provide a
method for efliciently manufacturing the lens for electronic
spectacles.

Means for Solving the Problem

A method for manufacturing a lens for electronic spec-
tacles according to the present invention, in the fabrication
of the lens containing an electric element between a lower
substrate and an upper substrate, the method including:
tabricating the lower substrate such that a first recess for lens
clectrode pads 1s formed on a surface of the lower substrate,
the surface being opposed to the upper substrate, the first
recess 1s coated with conductive ink to form a transparent
first auxiliary electrode layer, and a transparent lower elec-
trode pattern 1s formed on the electric element forming part
of the lower substrate and the first auxiliary electrode layer
by a [vacuum] vapor deposition method so as to connect the
clectric element forming part and the first auxiliary electrode
layer; fabricating the upper substrate such that a second
recess for the lens electrode pads 1s formed on a surface of
the upper substrate, the surface being opposed to the lower
substrate, the second recess 1s coated with conductive 1nk to
form a transparent second auxiliary electrode layer, and a
transparent upper eclectrode pattern 1s formed by the
[vacuum] vapor deposition method on a part corresponding
to the electric element forming part on the upper substrate
and the second auxiliary electrode layer so as to connect the
part corresponding to the electric element forming part and
the second auxiliary electrode layer; and joining the upper
and lower substrates with the electric element interposed
between the electric element forming part of the lower
substrate and the upper substrate.

A method for manufacturing a lens for electronic spec-
tacles according to the present invention, in the fabrication
of the lens containing an electric element between a lower
substrate and an upper substrate, the method including:
tabricating the lower substrate such that a first recess for lens
clectrode pads 1s formed on a surface of the lower substrate,
the surface being opposed to the upper substrate, a lower
clectrode pattern 1s formed on the electric element forming
part of the lower substrate and the first recess so as to
connect the electric element forming part and the first recess,
and the lower electrode pattern of the first recess 1s coated
with conductive ik to form a transparent first auxiliary
clectrode layer; fabricating the upper substrate such that a
transparent upper electrode pattern is formed by a [vacuum]
vapor deposition method on a part corresponding to the
clectric element forming part on the upper substrate and a
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second recess for the lens electrode pads so as to connect the
part corresponding to the electric element forming part and
the second recess, and the upper electrode pattern of the
second recess 1s coated with conductive ik to form a
transparent second auxiliary electrode layer; and joining the
upper and lower substrates with the electric element inter-
posed between the electric element forming part of the lower
substrate and the upper substrate.

The method for manufacturing the lens for electronic
spectacles further includes, after joining the upper and lower
substrates, cutting the upper and lower substrates at posi-
tions on the first and second recesses to expose the cut
surfaces of the first and second recesses on a lens end.

The method for manufacturing the lens for electronic
spectacles further includes: after joining the upper and lower
substrates, cutting the upper and lower substrates at posi-
tions on the first and second recesses to expose the cut
surfaces of the first and second recesses on a lens end; and
forming conductive paste on the exposed first and second
recesses to form the lens electrode pad serving as an
extraction electrode for the first auxiliary electrode layer and
the lower electrode pattern and the lens electrode pad
serving as an extraction electrode for the second auxihiary
clectrode layer and the upper electrode pattern.

A lens for electronic spectacles according to the present
invention 1s a lens containing an electric element between
two substrates, wherein a lens electrode pad on one end of
an electrode for applying a voltage to the electric element 1s
exposed on a lens end, and the lens electrode pad has the
clectrode formed 1n a recess on a bonded surface of one of
the two substrates, the electrode being formed by stacking an
auxiliary electrode layer formed of conductive ink and a
lower electrode pattern formed by a [vacuum] vapor depo-
sition method.

The recess 1s exposed on the lens end as a curved surface.

A method for manufacturing a lens for electronic spec-
tacles according to the present invention, in the fabrication
of the lens containing an electric element between a lower
substrate and an upper substrate, the method including:
tabricating the lower substrate such that a surface of the
lower substrate 1s coated with conductive ik to form a
transparent first auxiliary electrode layer for lens electrode
pads, the surface being opposed to the upper substrate, and
a transparent lower electrode pattern 1s formed by a
[vacuum] vapor deposition method on the electric element
forming part of the lower substrate and the first auxiliary
clectrode layer so as to connect the electric element forming
part and the first auxiliary electrode layer; fabricating the
upper substrate such that a surface of the upper substrate 1s
coated with the conductive 1nk to form a transparent second
auxiliary electrode layer for the lens electrode pads, the
surface being opposed to the lower substrate, and a trans-
parent upper electrode pattern is formed by the [vacuum]
vapor deposition method on a part corresponding to the
clectric element forming part on the upper substrate and the
second auxiliary electrode layer so as to connect the part
corresponding to the electric element forming part and the
second auxiliary electrode layer; and joining the upper and
lower substrates with the electric element interposed
between the electric element forming part of the lower
substrate and the upper substrate.

A method for manufacturing a lens for electronic spec-
tacles according to the present invention, in the fabrication
of the lens containing an electric element between a lower
substrate and an upper substrate, the method including:
tabricating the lower substrate such that a transparent lower
clectrode pattern for applying a signal to the electric element

10

15

20

25

30

35

40

45

50

55

60

65

4

forming part of the lower substrate is formed by a [vacuum]
vapor deposition method, and one end of the lower electrode
pattern 1s coated with conductive 1nk to form a transparent
first auxiliary electrode layer; fabricating the upper substrate
such that a transparent upper electrode pattern 1s formed by
the [vacuum] vapor deposition method, the upper electrode
pattern applying a signal to a part corresponding to the
clectric element forming part on the upper substrate, and one
end of the upper electrode pattern 1s coated with conductive
ink to form a transparent second auxiliary electrode layer;
and joining the upper and lower substrates with the electric
clement interposed between the electric element forming
part of the lower substrate and the upper substrate.

The method for manufacturing the lens for electronic
spectacles further includes, after joining the upper and lower
substrates, cutting the upper and lower substrates at posi-
tions on the overlap portion of the first auxiliary electrode
layer and the lower electrode pattern and the overlap portion
of the second auxiliary electrode layer and the upper elec-
trode pattern to expose the cut surfaces of the substrates.

The method for manufacturing the lens for electronic
spectacles further includes: after joining the upper and lower
substrates, cutting the upper and lower substrates at posi-
tions on the overlap portion of the first auxiliary electrode
layer and the lower electrode pattern and the overlap portion
of the second auxiliary electrode layer and the upper elec-
trode pattern to expose the cut surfaces of the substrates; and
forming conductive paste on the overlap portion of the first
auxiliary electrode layer and the lower electrode pattern and
the overlap portion of the second auxihiary electrode layer
and the upper electrode pattern to form the lens electrode
pad serving as an extraction electrode for the first auxiliary
clectrode layer and the lower electrode pattern and the lens
clectrode pad serving as an extraction electrode for the
second auxiliary electrode layer and the upper electrode
pattern.

A lens for electronic spectacles according to the present
invention 1s a lens containing an electric element between
two substrates, wherein an electrode for applying a voltage
to the electric element has one end exposed on a lens end,
and the one end of the electrode 1s formed by stacking an
auxiliary electrode layer formed of conductive ik and a
lower electrode pattern formed by a [vacuum] vapor depo-
sition method.

A method for manufacturing a lens for electronic spec-
tacles according to the present invention, in the fabrication
of the lens containing an electric element between a lower
substrate and an upper substrate, the method including:
tabricating the lower substrate such that a transparent lower
clectrode pattern for applying a signal to the electric element
forming part of the lower substrate is formed by a [vacuum]
vapor deposition method, a lower msulating layer pattern 1s
formed on the electric element forming part and the lower
clectrode pattern of the lower substrate except for a part to
be coated with a first auxiliary electrode layer, and the hole
of the lower 1nsulating layer pattern 1s coated with conduc-
tive 1ink to form the transparent first auxiliary electrode
layer; fabricating the upper substrate such that a transparent
upper electrode pattern is formed by the[, vacuum] vapor
deposition method, the upper electrode pattern applying a
signal to a part corresponding to the electric element form-
ing part on the upper substrate, an upper insulating layer
pattern 1s formed on the part corresponding to the electric
clement forming part on the upper substrate and on the upper
clectrode pattern except for a part to be coated with a second
auxiliary electrode layer, and the hole of the upper imnsulating
layer pattern 1s coated with conductive ik to form the
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transparent second auxiliary electrode layer; and joining the
upper and lower substrates with the electric element inter-

posed between the electric element forming part of the lower
substrate and the upper substrate.

A method for manufacturing a lens for electronic spec-
tacles according to the present invention, in the fabrication
of the lens containing an electric element between a lower
substrate and an upper substrate, the method including:
tabricating the lower substrate such that a first recess for lens
clectrode pads 1s formed on a surface of the lower substrate,
the surface being opposed to the upper substrate, a lower
clectrode pattern 1s formed on the electric element forming
part of the lower substrate and the first recess so as to
connect the electric element forming part and the first recess,
a lower insulating layer pattern 1s formed on the electric
clement forming part and the lower electrode pattern of the
lower substrate except for a part to be coated with a first
auxiliary electrode layer, and the hole of the lower insulating
layer pattern 1s coated with conductive ink to form the
transparent first auxiliary electrode layer; fabricating the
upper substrate such that a transparent upper electrode
pattern is formed by a [vacuum] vapor deposition method on
a part corresponding to the electric element forming part on
the upper substrate and a second recess for the lens electrode
pads so as to connect the part corresponding to the electric
clement forming part and the second recess, an upper
insulating layer pattern 1s formed on the upper electrode
pattern and the part corresponding to the electric element
forming part on the upper substrate, except for a part to be
coated with a second auxiliary electrode layer, and the hole
of the upper msulating layer pattern 1s coated with conduc-
tive 1k to form the transparent second auxiliary electrode
layer; and joining the upper and lower substrates with the
clectric element interposed between the electric element
forming part of the lower substrate and the upper substrate.

Further, electronic spectacles of the present invention are
clectronic spectacles 1n which a lens containing an electric
clement 1s set 1n a spectacle frame, the lens having lens
clectrode pads exposed on the lens end, the lens electrode
pads being disposed on one end of an electrode for applying
a voltage to the electric element, the spectacle frame includ-
ing an electric connector having one end connected to a
control unit for controlling the electric element, the electric
connector having wiring electrode pads disposed on the
other end of the electric connector so as to correspond to the
positions of the lens electrode pads of the lens, the electronic
spectacles having anisotropic conductive rubber interposed
between the wiring electrode pad of the electric connector
and the lens electrode pad of the lens.

The electronic spectacles further include a rim-side spot
facing 1n the rnm of the spectacle frame, the electric con-
nector being placed in the rim-side spot facing; and a
lens-side spot facing on the lens end of the lens, the
anisotropic conductive rubber being placed 1n the lens-side
spot facing.

Further, the electric connector passes through the rim
locks of the spectacle frame and i1s provided in the rim, and
the wiring electrode pads are set inside the rnm of the
spectacle frame.

Advantage of the Invention

With this configuration, a lens for electronic spectacles
has lens electrode pads exposed on a lens end and an
clectrode formed by stacking an auxiliary electrode layer
tformed of I'TO 1nk and a lower electrode pattern obtained by
I'TO sputtering. Thus the electrode of an electrode pattern
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6

can have a relatively small volume resistivity and a high
light transmittance can be achieved without making the
clectrode pattern undesirably noticeable.

Further, a spectacle frame has an electric connector on
which wiring electric pads are disposed at positions corre-
sponding to the lens electrode pads of the lens, and aniso-
tropic conductive rubber 1s interposed between the wiring
clectrode pads and the lens electrode pads. Thus it 1s possible
to prevent disconnection caused by the loosening of a lens
fasteming part or a displacement of electric wiring and
prevent electrical problems such as a short circuit caused by
an electric leak.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an enlarged view of the principle part of
clectronic spectacles according to a first embodiment of the
present 1nvention;

FIG. 2 1s an enlarged view of the principle part of the
clectronic spectacles according to the first embodiment;

FIG. 3 1s an enlarged view showing the principle part of
clectronic spectacles 1n which spot facings are formed
according to a second embodiment of the present invention;

FIG. 4 1s an enlarged view showing the principle part of
the electronic spectacles in which spot facings are formed
according to the second embodiment;

FIG. 5 shows a top view of the electronic spectacles and
an enlarged view from a user;

FIG. 6 1s an exploded image of a completed lens 1
according to a third embodiment of the present invention;

FIG. 7 1s a perspective view showing a process of
fabricating a lower substrate according to the third embodi-
ment,

FIG. 8 1s a sectional view showing the process of fabri-
cating the lower substrate according to the third embodi-
ment;

FIG. 9 1s a perspective view showing a process of
fabricating an upper substrate according to the third embodi-
ment,

FIG. 10 1s a sectional view showing the process of
fabricating the upper substrate according to the third
embodiment;

FIG. 11 1s an enlarged perspective view 1n which a lens of
the third embodiment 1s cut at a position on a first auxiliary
clectrode layer 104;

FIG. 12 1s a sectional view 1n which the lens of the third
embodiment 1s cut at the position on the first auxiliary
clectrode layer 104;

FIG. 13 15 an enlarged perspective view 1n which the lens
of the third embodiment 1s cut at a position on a second
auxiliary electrode layer 204;

FIG. 14 1s a sectional view 1n which the lens of the third
embodiment 1s cut at the position on the second auxihary
clectrode layer 204;

FIG. 15 1s a plan view showing the cutting position of the
lens according to the third embodiment;

FIG. 16 1s an enlarged perspective view showing a lens
end face of the cut lens according to the third embodiment;

FIG. 17 1s an enlarged view showing the principle part of
the third embodiment;

FIG. 18 shows a schematic view of a spectacle frame and
an enlarged perspective view and a structural diagram of a
lug of the spectacle frame according to the third embodi-
ment;

FIG. 19 15 a structural diagram showing that the lens 1s set
in the spectacle frame according to the third embodiment;
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FIG. 20 1s an enlarged perspective view of another
example 1n which silver paste 1s applied to a lens end face
of the lens according to the third embodiment;

FIG. 21 1s a structural diagram showing another example
in which the lens 1s set 1n the spectacle frame according to
the third embodiment;

FIG. 22 1s an exploded image of a completed lens 1
according to a fourth embodiment of the present invention;

FIG. 23 1s a sectional view showing a process of fabri-
cating a lower substrate according to the fourth embodiment;

FI1G. 24 1s an enlarged perspective view 1n which a lens of
the fourth embodiment is cut at a position on a first auxiliary
clectrode layer 104;

FI1G. 235 1s a sectional view 1n which the lens of the fourth
embodiment 1s cut at a position on a second auxihary
clectrode layer 204;

FIG. 26 1s an exploded image of a completed lens 1
according to a fifth embodiment of the present invention;

FIG. 27 1s a perspective view showing a process of
tabricating a lower substrate according to the fifth embodi-
ment,

FIG. 28 1s a sectional view showing the process of
tabricating the lower substrate according to the fifth embodi-
ment;

FIG. 29 1s a perspective view showing a process of
tabricating an upper substrate according to the fifth embodi-
ment;

FIG. 30 1s a sectional view showing the process of
tabricating the upper substrate according to the fifth embodi-
ment;

FI1G. 31 1s an enlarged perspective view 1n which a lens of
the fifth embodiment 1s cut at a position on a first recess 102;

FIG. 32 1s a sectional view 1n which the lens of the fifth
embodiment 1s cut at the position on the first recess 102;

FIG. 33 1s an enlarged perspective view 1n which the lens
of the fifth embodiment 1s cut at a position on a second
recess 202;

FIG. 34 1s a sectional view 1n which the lens of the fifth
embodiment 1s cut at the position on the second recess 202;

FIG. 35 15 a plan view showing the cutting position of the
lens according to the fifth embodiment;

FIG. 36 1s an enlarged perspective view showing a lens
end face of the cut lens according to the fifth embodiment;

FIG. 37 1s an exploded image of a completed lens 1
according to a sixth embodiment of the present invention;

FIG. 38 1s a sectional view showing a process of fabri-
cating a lower substrate according to the sixth embodiment;

FIG. 39 1s an enlarged perspective view 1 which a lens of
the sixth embodiment 1s cut at a position on a {irst recess
102;

FIG. 40 1s a sectional view 1n which the lens of the sixth
embodiment 1s cut at a position on a second recess 202;

FIG. 41 1s an exploded image of a completed lens 1
according to a seventh embodiment of the present invention;

FIG. 42 1s an exploded image of a completed lens 1
according to an eighth embodiment of the present invention;

FI1G. 43 shows electronic spectacles of the prior art; and

FI1G. 44 shows the electronic spectacles of the prior art.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

The following will specifically describe embodiments of
clectronic spectacles of the present mnvention in accordance
with the accompanying drawings.

First Embodiment

FIGS. 5(a) and 5(b) show electronic spectacles.
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FIG. 1 1s a sectional view taken along line A-A of FIG.
5(a) and a sectional view of the joints of lens electrode pads
and wiring electrode pads according to a first embodiment of

the present mnvention.

FIG. 2 1s a sectional view taken along line B-B of FIG.
5(b) and an 1mage of the joint of the lens electrode pad and
the wiring electrode pad.

The electronic spectacles of the present invention include
a spectacle frame 11; a lens 1 that has an electric element
(not shown) such as a liquid crystal and an electrochromic
clement and 1s set in a rim 8 of the spectacle frame 11; a
control unit 5 that 1s provided beside the spectacle frame 11
and generates an electric signal for driving the electric
clement of the lens 1; an electric connector 4 that 1s provided
beside the spectacle frame 11 and transmits a signal from the
control unit §; amisotropic conductive rubber 7 sandwiched
between the lens 1 and the rim 8; and a screw 10 for
fastenming upper and lower rim locks 9 of the rim 8.

The lens 1 1s fit into a groove 8a formed 1nside the rim 8.
The lens 1 has electrode patterns 2a and 2b for transmitting
the electric signal to the electric element and lens electrode
pads 3a and 3b that are formed on a V-block 1a to increase
the contact areas of the electrode patterns 2a and 2b on the
ends of the electrode patterns 2a and 2b.

On one end of the electric connector 4 beside the spectacle
frame 11, electrode pads 6a and 6b are formed so as to be
clectrically connected to the lens electrode pads 3a and 3b
via the anisotropic conductive rubber 7.

The electrode patterns 2a and 2b are formed of extremely
thin transparent electrodes such as ITO electrodes and are
exposed to the outside on the V-block 1a provided on the
outer sidewall of the lens 1. The electrode patterns 2a and 2b
are only about 10 nm to 40 nm 1n thickness and are exposed
to the outside as extremely thin lines of about 10 nm to 40
nm. Thus the electrode patterns 2a and 2b may be in poor
clectric contact with the anisotropic conductive rubber 7.
For this reason, 1n the first embodiment, silver paste and
nanoparticles are used for the electrode patterns 2a and 2b
exposed to the outside of the lens 1 and the lens electrode
pads 3a and 3b are formed on a plane of the V-block 1a to
expand an electrode part.

In this case, the electrode patterns 2a and 2b are spaced
only several um apart 1n the thickness direction of the lens,
the spacing being substantially equal to the thickness of the
clectric element. In order to form the lens electrode pads 3a
and 3b respectively on the electrode patterns 2a and 2b, it 1s
necessary to prevent the electrode patterns 2a and 2b on the
end of the lens from overlapping each other 1n the thickness
direction of the lens.

The electric signal generated from the control unit 5 made
up ol a power supply and an IC (integrated circuit) i1s
transmitted to the wiring electrode pads 6a and 6b, which are
shaped like the lens electrode pads 3a and 3b, through the
electric connector 4 such as a flexible substrate, and then the
clectric signal 1s transmitted to the lens electrode pads 3a and
3b through the anisotropic conductive rubber 7.

The anisotropic conductive rubber 7 provided between the
lens electrode pads 3a and 3b and the wiring electrode pads
6a and 6b 1s typical anisotropic conductive rubber that has
a side wall surface coated with a rubber material such as
silicone. The shape of the anisotropic conductive rubber 7 1s
set such that the anisotropic conductive rubber 7 serving as
an elastic body 1s sufliciently compressed (deformed) 1n
contact with the exposed surface of a conducting part when
the rim locks 9 are fastened by the screw 10 to attach the
lens.
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Thus even when the screw 10 fastening the rim locks 9
becomes somewhat loose, the electronic spectacles config-

ured thus can be used without electrical disconnection
because the anisotropic conductive rubber 7 1s elastically
deformed.

Further, the lens electrode pads 3a and 3b and the wiring
clectrode pads 6a and 6b can be sealed by the compressive
deformation of the anisotropic conductive rubber 7, so that
the electronic spectacles can be used even 1n the rain without
causing short circuits.

Second Embodiment

As shown 1 FIG. 2, an mverted-V protrusion called the
V-block 1a 1s formed on the outer periphery of the lens 1 and
the V-groove 8a 1s formed on the inner periphery of the rim
8 provided beside the spectacle frame 11.

In the most typical method, the lens 1 1s attached to the
spectacle frame by fixing the V-block 1a and the groove 8a
in engagement with each other. In this configuration, how-
ever, the screw 10 fastening the rim locks 9 applies a force
diagonally to the anisotropic conductive rubber 7 and the
clectric connector 4, so that the anisotropic conductive
rubber 7 and the electric connector 4 may be displaced from
the predetermined positions and result 1 poor assembly
(fitting of the lens) and electrical connection.

A second embodiment configured as shown in FIGS. 3
and 4 has improved in that a force 1s not diagonally applied
to an anisotropic conductive rubber 7 and an electric con-
nector 4 during assembly.

FIG. 3 1s an 1image of a sectional view showing the joints
of the lens electrode pads and wiring electrode pads of
clectronic spectacles and FIG. 3 1s equivalent to a sectional
view taken along line A-A of FIG. 5(a) in which the
clectronic spectacles are viewed from the top. FIG. 4 1s an
image showing the joints of the lens electrode pads and the
wiring electrode pads of the electronic spectacles and FIG.
4 1s equivalent to a sectional view taken along line B-B of
FIG. 5(b) 1n which the electronic spectacles are viewed from
the front.

As shown 1n FIGS. 3 and 4, a lens-side spot facing 1b for
the anisotropic conductive rubber 7 1s formed around lens
clectrode pads 3a and 3b on a lens 1. Further, on a spectacle
frame 11, a rim-side spot facing 8b 1s formed on a part where
an electric connector 4 1s set inside a rim 8.

The anisotropic conductive rubber 7 and the electric
connector 4 are set thus in the spot facings 1b and 8b,
respectively. Thus even a screw 10 fastening rim locks 9
hardly displaces the anisotropic conductive rubber 7 and the
clectric connector 4, so that 1t 1s possible to stably assemble
the electronic spectacles and prevent disconnection caused
by a displacement of electric wiring.

To be specific, the lens-side spot facing 1b and the
rim-side spot facing 8b are formed such that a load 1s applied
perpendicularly to the bottoms of the lens-side spot facing
1b and the rim-side spot facing 8b when the rim locks 9 are
fastened by the screw 10. This configuration makes it
possible to stably assembly the electronic spectacles and
prevent disconnection caused by a displacement of the
clectric wiring.

In the foregoing embodiments, one end of the electric
connector 4 may be connected to the control umt 5 and the
wiring electrode pads 6a and 6b on the other end of the
clectric connector 4 may be set 1 the groove 8a of the rim
8 so0 as to be opposed to the lens electrode pads 3a and 3b.
For example, the electric connector 4 can be set around the
rim locks 9 and the rim 8.
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In this example, as shown 1 FIGS. 1, 2, 3, and 4, the
clectric connector 4 1s passed between the rim locks 9 and

1s placed 1n the groove 8a or the spot facing 8b 1nside the rim
8 to further stabilize the electric connection. Since the
electric connector 4 1s set between the rim locks, 1t 1s
possible to prevent a displacement of the electric connector
4 during assembly and make the electric connector 4 unde-
tachable.

To be specific, the electric connector 4 may be fixed
between the rim locks 9 or grooves for the electric connector
4 may be formed on the rim locks 9. Moreover, a positioning
pin for the electric connector 4 may be provided in the rim
locks 9 or the screw 10 may be used as a positioning pin.
When grooves are formed, the groove patterns of the formed
grooves may be used as positioning patterns, thereby pre-
venting the electric connector 4 from being displaced or
detached.

The electric connector 4 set between the rim locks 9 can
achieve additional eflect on appearance because the electric
connector 4 1s not exposed to the outside and does not
interfere with the design of the spectacles.

In the present embodiment, the position of the control unit
5 1s not limited as long as the control unit 5 1s fixed 1nside
a temple constituting the spectacles or at a lug on the
spectacles. By setting the control unit 3 near the rim locks,
the electric connector 4 can be shortened 1n length.

Third Embodiment

FIGS. 6 to 19 show a method for manufacturing a lens 1
for electronic spectacles.

FIG. 6 shows an exploded image of the completed lens 1
for better understanding of the manufacturing process. The
lens 1 contains a liquid crystal 300 serving as an electric
clement between a lower substrate 100 and an upper sub-
strate 200. Reference numeral 400 denotes an adhesive layer
for joining the lower substrate 100 and the upper substrate
200.

FIGS. 7 and 8 show a process for fabricating the lower
substrate 100.

In FIG. 7(a), an electric element forming part 103 1s
formed on a surface 101 of the lower substrate 100 as shown
in FIG. 8(a). The surface 101 1s opposed to the upper
substrate 200 and the liquid crystal 300 1s placed later on the
clectric element forming part 103.

In FIG. 7(b), the lower substrate 100 having a smooth
surface 1s partially coated with conductive ink to form a first
auxiliary electrode layer 104 as shown in FIG. 8(b). To be
specific, I'TO 1nk that 1s conductive ik 1s used. Regarding
the physical property of the ITO 1nk, the ITO ink contaiming
dispersed conductive particles has a large volume resistivity
of about 2.4x10° Q-cm as compared with a conductive film
tformed by I'TO sputtering with a volume resistivity of about
6 to 2x10™* ©Q-cm, whereas an ITO ink film formed with a
thickness of 1 um has a spectral transmittance substantially
equal to the spectral transmittance of an I'TO conductive film
formed by sputtering with a thickness of 30 nm. Therelore,
the conductive film of the I'TO 1nk 1s more transparent than
the ITO conductive film formed by sputtering, on the
assumption that films are equal in thickness. The ITO 1nk
can obtain a transmittance of about 80% even when the film
1s 1 um 1n thickness. The ITO ik may be applied by an
ink-jet method or a dispenser. Further, the ITO 1nk can be
applied also by spin coating or dipping at a necessary point
on the lower substrate 100 masked with tape and the like.
The first auxiliary electrode layer 104 formed of the I'TO 1nk
1s preferably at least 1 um 1n thickness.
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In FIG. 7(c), a lower electrode pattern 105 1s formed on
the electric element forming part 103 and the first auxiliary
clectrode layer 104 so as to connect the electric element
forming part 103 and the first auxiliary electrode layer 104
as shown in FIG. 8(c). To be specific, ITO sputtering is
performed using a mask pattern connecting the electric
clement forming part 103 and the first auxiliary electrode
layer 104. The lower electrode pattern 105 1s about 10 nm to
40 nm 1n thickness.

In FIG. 7(d), a lower insulating layer pattern 106 1s
formed on the electric element forming part 103 and the
lower electrode pattern 105 as shown in FIG. 8(d). To be
specific, aiter I'TO sputtering 1n FIG. 7(c), S10, 1s continu-
ously sputtered without removing the lower substrate 100
from a chamber (without exposing the lower substrate 100
to the atmosphere). Such sputtering can be performed by a
sputtering apparatus having multiple targets i a single
chamber and thus a special apparatus 1s not necessary.

In FIG. 7(e), an alignment layer 107 1s applied to a part
to be coated with the liquid crystal 300, and rubbing 1s
performed thereon.

FIGS. 9 and 10 show a process for fabricating the upper
substrate 200.

The upper substrate 200 having a smooth surface as
shown 1 FIG. 9(a) 1s coated with conductive 1nk as shown
in FIG. 10(b), so that a second auxiliary electrode layer 204
1s formed as shown 1n FIG. 9(b). The conductive ink may be
applied by an ink-jet method or a dispenser. Further, the
conductive ik can be applied by spin coating or dipping at
a necessary point on the upper substrate 200 masked with
tape and the like. The second auxiliary electrode layer 204
1s preferably at least 1 um 1n thickness.

In FI1G. 9(c), an upper electrode pattern 203 1s formed on
a part 203 and the second auxiliary electrode layer 204 so as
to connect the part 203 and the second auxiliary electrode
layer 204 as shown 1n FIG. 10(c). The part 203 corresponds
to the electric element forming part 103 on the lower
substrate 100. To be specific, ITO sputtering 1s performed
using a mask pattern connecting the part 203 and the second
auxiliary electrode layer 204. The upper electrode pattern
205 1s about 10 nm to 40 nm 1n thickness.

In FIG. 9(d), an upper isulating layer pattern 206 1s
formed on the upper electrode pattern 205 as shown in FIG.
10(d). To be specific, atter ITO sputtering in FIG. 9(c), S10,
1s continuously sputtered without removing the upper sub-
strate 200 from a chamber device (without exposing the
upper substrate 200 to the atmosphere). Such sputtering can
be performed by a sputtering apparatus having multiple
targets 1n a single chamber and thus a special apparatus 1s not
necessary.

In FIG. 9(e), an alignment layer 207 1s applied onto the
upper electrode pattern 205 so as to correspond to the part
203 and rubbing 1s performed thereon. The lower substrate
100 and the upper substrate 200 are bonded with an adhesive
layer 400 1n a state 1n which the liqguid crystal 300 serving
as the electric element 1s interposed between the electric
clement forming part 103 of the lower substrate 100 fabri-
cated thus and the upper substrate 200. To be specific, the
liquid crystal 300 1s applied by a dispenser or the ink jet
method. After the liquid crystal 300 1s applied, an adhesive
(sealing agent) 1s applied around the liquid crystal 300 and
then the lower substrate 100 and the upper substrate 200 are
bonded with the adhesive layer 400.

FIG. 11 1s an enlarged perspective view in which the
bonded lower substrate 100 and upper substrate 200 are cut
at a position on the first auxilhiary electrode layer 104. FIG.
12 1s an enlarged view of the principle part of FIG. 11. FIG.
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13 1s an enlarged perspective view in which the bonded
lower substrate 100 and upper substrate 200 are cut at a
position on the second auxiliary electrode layer 204. FIG. 14
1s an enlarged view of the principle part of FIG. 13.

As shown 1n FIG. 15, the lower substrate 100 and the
upper substrate 200 that have been bonded thus are cut along
a cutting line 301 according to the shape of the rim of the
spectacle frame 11. The cutting line 301 passes through the
end of the first auxiliary electrode layer 104 and the end of
the second auxiliary electrode layer 204. Since the substrates
are cut thus, as shown 1n FIG. 16, the end face of the overlap
portion of the first auxiliary electrode layer 104 and the
lower electrode pattern 105 and the end face of the overlap
portion of the second auxiliary electrode layer 204 and the
upper electrode pattern 205 are exposed on a lens end 302.
As shown 1n FIG. 17, the end faces of the first auxiliary
clectrode layer 104 and the lower electrode pattern 105 are
exposed on the lower substrate 100 and the end faces of the
second auxiliary electrode layer 204 and the upper electrode
pattern 205 are exposed on the upper substrate 200.

As shown 1n FIGS. 18 and 19, the electronic spectacles
can be constructed using the lens of FIG. 16. The lenses 1
are set 1n the spectacle frame 11.

As shown i FIG. 18(a), flexible wires 3035a and 305b
serving as an electric connector 4 are provided at a lug 304
of the spectacle frame 11. The flexible wires 305a and 305b
have one ends connected to the control unit 5 and wiring
clectrode pads 306a and 306b are formed on the other ends
of the tlexible wires 303a and 303b. As shown 1n FIG. 18(b),
the wiring electrode pads 306a and 306b are set 1n a rim 307
of the spectacle frame 11.

When the lens 1 1s set in the rim 307, anisotropic
conductive rubber 308 1s disposed as shown i FIG. 19
between the wiring electrode pads 306a and 306b and the
first auxiliary electrode layer 104, the lower electrode pat-
tern 103, the second auxiliary electrode layer 204, and the
upper eclectrode pattern 2035 of the lens 1. In this state, the
lens 1 1s supported by the rim 307 with a screw 10, so that
the wiring electrode pad 306a 1s electrically connected to the
lower electrode pattern 105 of the lens 1n a reliable manner
via the anisotropic conductive rubber 308. Further, the
wiring electrode pad 306b 1s electrically connected to the
upper electrode pattern 205 of the lens in a reliable manner
via the anisotropic conductive rubber 308. This 1s because
the first auxiliary electrode layer 104 formed on the lower
clectrode pattern 105 increases a contact area with the
anisotropic conductive rubber 308 and improves electrical
continuity. The second auxiliary electrode layer 204 has the
same eflect. With this configuration, a voltage for driving the
liquid crystal 300 can be applied between the lower elec-
trode pattern 105 and the upper electrode pattern 205 of the
lens 1 from the control unit 3.

In the case where the lower electrode pattern 105 1s
increased in thickness and the first auxiliary electrode layer
104 1s not provided or in the case where the upper electrode
pattern 205 1s increased 1n thickness and the second auxil-
1ary electrode layer 204 1s not provided, as compared with
the present embodiment, the resistance of the electrode can
be reduced but light transmittance decreases without the first
and second auxiliary electrode layers 104 and 204. The light
transmittance 1s an important factor of the electronic spec-
tacles. Consequently, the lower electrode pattern 105 and the
upper electrode pattern 205 can be easily visible 1n an
undesirably noticeable manner. In contrast to this configu-
ration, 1 the third embodiment, the lower electrode pattern
105 1s reduced 1n thickness and the first auxiliary electrode
layer 104 1s stacked thereon to increase the overall thickness.
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Further, the upper electrode pattern 2035 i1s reduced in thick-
ness and the second auxiliary electrode layer 204 1s stacked
thereon to increase the overall thickness. Thus the electrode
can have a relatively low resistance and the lower electrode
pattern 105 and the upper electrode pattern 205 are not
noticeable. For this reason, the laminated structure of the
first and second auxiliary electrode layers 104 and 204 is
quite eflective.

In the case where the lower substrate 100 and the upper
substrate 200 are coated with the first and second auxihiary
clectrode layers 104 and 204 and then the lower electrode
pattern 105 and the upper electrode pattern 205 are formed
thereon, the lower insulating layer pattern 106 and the upper
insulating layer pattern 206 can be formed, as previously
mentioned, on the lower electrode pattern 105 and the upper
clectrode pattern 205 by continuous sputtering without
removing the lower substrate 100 and the upper substrate
200 by opeming the chamber to the atmosphere.

To be specific, in the case where the lower electrode
pattern 105 and the upper electrode pattern 205 are formed
on the lower substrate 100 and the upper substrate 200 and
then the first and second auxiliary electrode layers 104 and
204 are applied thereon, it 1s necessary to form the lower
insulating layer pattern 106 and the upper 1nsulating layer
pattern 206 after forming the lower electrode pattern 105
and the upper electrode pattern 205 by sputtering, opening
the sputtering apparatus to the atmosphere to remove the
lower substrate 100 and the upper substrate 200, and then
changing the mask pattern. Thus vacuum drawing per-
formed twice 1n the sputtering apparatus results 1n a com-
plicated fabrication process.

In the third embodiment, the first and second auxiliary
clectrode layers 104 and 204 are first formed on the lower
substrate 100 and the upper substrate 200. In this case, the
lower electrode pattern 105 and the lower 1nsulating layer
pattern 106 can be formed on the lower substrate 100
without opening the sputtering apparatus to the atmosphere,
and the upper electrode pattern 205 and the upper insulating
layer pattern 206 can be formed on the upper substrate 200
without opening the sputtering apparatus to the atmosphere,
thereby achieving a simple fabrication process.

As shown 1n FIGS. 20 and 21, it 1s more preferable to
apply conductive paste on the first auxiliary electrode layer
104 and the second auxihary electrode layer 204 because the
conductive paste increases the contact area. To be specific,
as shown in FIG. 20, silver pastes 303a and 303b are
respectively applied as conductive pastes to the exposed end
face of the overlap portion of the first auxiliary electrode
layer 104 and the lower electrode pattern 105 and the end
tace of the overlap portion of the second auxiliary electrode
layer 204 and the upper electrode pattern 205. Ideally, the
silver paste 303a formed on the lens end 302 1s electrically
connected to the first auxiliary electrode layer 104 as well as
the lower electrode pattern 105. In the present embodiment,
the thin lower electrode pattern 105 1s exposed on the lens
end 302 and the first auxiliary electrode layer 104 havmg a
larger thickness than the lower electrode pattern 103 1s also
exposed on the lens end 302. Thus even when the lower
clectrode pattern 105 1s mnsufliciently exposed on the lens
end 302, the silver paste 303a can be electrically connected
to the lower electrode pattern 105 1n a reliable manner via
the thick first auxiliary electrode layer 104.

Similarly, it 1s 1deal that the silver paste 303b formed on
the lens end 302 1s electrically connected to the second
auxiliary electrode layer 204 as well as the upper electrode
pattern 205. In the present embodiment, the thin upper
clectrode pattern 205 1s exposed on the lens end 302 and the
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second auxihary electrode layer 204 having a larger thick-
ness than the upper electrode pattern 205 1s also exposed on

the lens end 302. Thus even when the upper electrode pattern
205 15 msuihiciently exposed on the lens end 302, the silver
paste 303b can be electrically connected to the upper elec-
trode pattern 205 1n a reliable manner via the thick second
auxiliary electrode layer 204.

Fourth Embodiment

FIGS. 22 to 25 show a fourth embodiment of the present
ivention.

In the third embodiment, the lower substrate 100 1s coated
with the first auxiliary electrode layer 104 and then the lower
clectrode pattern 105 1s formed thereon, and the upper
substrate 200 1s coated with the second auxiliary electrode
layer 204 and then the upper electrode pattern 205 1s formed
thereon. The fourth embodiment 1s different only in that first
and second auxiliary electrode layers 104 and 204 are
applied later and other points are similar to those of the third
embodiment.

FIG. 22 shows an exploded image of a completed lens 1
for better understanding of the manufacturing process.

In FIG. 23(a), a lower electrode pattern 105 1s formed
from an electric element forming part 103 of a lower
substrate 100 to a part near the outer periphery of the lower
substrate 100.

In FIG. 23(b), only one end of the lower electrode pattern
105 1s coated with conductive ink to form the first auxiliary
clectrode layer 104. After that, a lower insulating layer
pattern 106 1s formed on the electric element forming part
103 and the first auxiliary electrode layer 104 from the lower
clectrode pattern 105. Further, as shown in FIG. 22, an
alignment layer 107 1s formed on the lower 1nsulating layer
pattern 106 so as to correspond to the position of the electric
clement forming part 103.

Also 1 this case, an upper substrate 200 1s formed as 1n
FIGS. 23(a) and 23(b). In other words, as shown 1n FI1G. 22,
an upper eclectrode pattern 205 1s formed from a part
corresponding to the electric element forming part 103 on
the lower substrate 100 to a part near the outer periphery of
the upper substrate 200, and the upper electrode pattern 205
1s coated with conductive ink only near the outer periphery
of the upper substrate 200 to form the second auxihary
clectrode layer 204. Moreover, an upper insulating layer
pattern 206 1s formed on the upper electrode pattern 205 and
an alignment layer 207 1s formed thereon.

As shown 1n FIG. 23(c), the lower substrate 100 on which
the first auxiliary electrode layer 104 1s applied later to the
lower electrode pattern 105 and the upper substrate 200 on
which the second auxihiary electrode layer 204 1s applied
later to the upper electrode pattern 205 are bonded to each
other with an adhesive layer 400 1n a state 1n which a liquid
crystal 300 1s interposed between the lower substrate 100
and the upper substrate 200. FIG. 24 1s an enlarged perspec-
tive view 1n which the bonded lower substrate 100 and upper
substrate 200 are cut at a position on the first auxiliary
clectrode layer 104. FIG. 25 15 an enlarged sectional view 1n
which the bonded lower substrate 100 and upper substrate
200 are cut at a position on the upper electrode pattern 205.

Even 1n the case where the first and second auxiliary
clectrode layers 104 and 204 are applied later, as in the third
embodiment, the end faces of the first auxiliary electrode
layer 104 and the lower electrode pattern 105 of the lower
substrate 100 are exposed on a lens end 302 of the lens 1 and
the end faces of the second auxiliary electrode layer 204 and
the upper electrode pattern 205 of the upper substrate 200
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are exposed on the lens end 302 because the lower and upper
substrates 100 and 200 are cut along a cutting line 301 as

shown 1n FIG. 15, Other points are similar to those of the
third embodiment.

The lower insulating pattern 106 and the upper insulating
pattern 206 may be formed over the substrates. Therefore,
the lower insulating pattern 106 and the upper insulating
pattern 206 can be formed by sputtering without using a
mask.

Fifth Embodiment

In the third embodiment, the first auxiliary electrode layer
104 1s formed on the smooth surface of the lower substrate
100 and the second auxiliary electrode layer 204 1s formed
on the smooth surface of the upper substrate 200, whereas 1n
a fifth embodiment, as shown 1n FIG. 26, a first recess 102
1s formed on a surface 101 of a lower substrate 100 and a
second recess 202 1s formed on a surface 201 of an upper
substrate 200 such that first and second auxiliary electrode
layers 104 and 204 can be correctly patterned at predeter-
mined positions even when ITO 1nk having high wettability
1s used.

FIGS. 26 to 36 show a method for manufacturing a lens
1 for electronic spectacles.

FIG. 26 shows an exploded image of the completed lens
1 for better understanding of the manufacturing process. The
lens 1 contains a liquid crystal 300 serving as an electric
clement between the lower substrate 100 and the upper
substrate 200. Reference numeral 400 denotes an adhesive
layer for joiming the lower substrate 100 and the upper
substrate 200.

FIGS. 27 and 28 show a process for fabricating the lower
substrate 100.

In FI1G. 27(a), the first recess 102 and an electric element
tforming part 103 are formed on the surface 101 of the lower
substrate 100 as shown i FIG. 28(a). The surface 101 1s
opposed to the upper substrate 200 and the liquid crystal 400
1s placed on the electric element forming part 103 later. The
first recess 102 1s formed by transierring a convex formed on
a resin molding die of the lower substrate 100. The first
recess 102 can be formed after molding. The first recess 102
1s preferably about 0.5 mm to 2 mm 1n width and about 10
mm to 20 mm in length. Further, the first recess 102 has a
depth of about several tens um to several hundreds um.

In FIG. 27(b), the first recess 102 1s coated with conduc-
tive mk to form the first auxiliary electrode layer 104 as
shown 1n FIG. 28(b). The first auxiliary electrode layer 104
1s preferably at least 1 um 1n thickness. To be specific, the
first recess 102 1s filled with I'TO ink that 1s conductive 1nk.
The ITO 1nk may be applied by an ink-jet method or a
dispenser. The surface of the first recess 102 formed on the
surface 101 of the lower substrate 100 1s coated with the ITO
ink to form the first auxiliary electrode layer 104. Thus even
when I'TO 1nk having high wettability 1s used, it 1s possible
to correctly pattern the first auxiliary electrode layer 104 at
a predetermined position on the lower substrate 100.

The first auxiliary electrode layer 104 can be formed also
by spin coating or dipping in a state in which a part other
than the first recess 102 1s masked with tape and the like.

In FI1G. 27(c), a lower electrode pattern 103 1s formed on
the electric element forming part 103 and the first auxiliary
clectrode layer 104. The lower electrode pattern 1035 con-
nects the electric element forming part 103 and the first
auxiliary electrode layer 104 so as to cover the first auxiliary
clectrode layer 104 as shown 1n FIG. 28(c). To be specific,
I'TO sputtering 1s performed using a mask pattern connecting
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the electric element forming part 103 and the first recess
102. The lower electrode pattern 105 1s about 10 nm to 40
nm 1n thickness.

In FIG. 27(d), a lower insulating layer pattern 106 1s
formed on the electric element forming part 103 and the
lower electrode pattern 105 as shown 1n FIG. 28(d). To be
specific, aiter I'TO sputtering 1n FI1G. 27(c), S10, 1s continu-
ously sputtered without removing the lower substrate 100
from a chamber (without exposing the lower substrate 100
to the atmosphere). Such sputtering can be performed by a
sputtering apparatus having multiple targets in a single
chamber and thus a special apparatus 1s not necessary.

In FIG. 27(e), an alignment layer 107 1s applied to a part
to be coated with the liquid crystal 300, and rubbing 1s
performed thereon.

FIGS. 29 and 30 show a process for fabricating the upper
substrate 200.

In FIG. 29(a), the second recess 202 1s formed on the

surface 201 of the upper substrate 200 as shown 1n FIG.
30(a). The surtace 201 1s opposed to the lower substrate 100.
The second recess 202 1s formed by transferring a convex
formed on a resin molding die of the upper substrate 200.
The second recess 202 can be formed after molding. The
second recess 202 1s preferably about 0.5 mm to 2 mm 1n
width and about 10 mm to 20 mm 1n length. Further, the
second recess 202 has a depth of about several tens pm to
several hundreds um.

In FIG. 29(b), the second recess 202 1s coated with
conductive 1nk to form the second auxiliary electrode layer
204 as shown 1n FIG. 30(b). The second auxiliary electrode
layer 204 1s preferably at least 1 um 1n thickness. To be
specific, the second recess 202 1s filled with I'TO ink that 1s
conductive k. The ITO ink may be applied by the 1nk-jet
method or a dispenser. The surface of the second recess 202
formed on the surface 201 of the upper substrate 200 1is
coated with the ITO ink to form the second auxiliary
clectrode layer 204. Thus even when I'TO 1nk having high
wettability 1s used, 1t 1s possible to correctly pattern the
second auxiliary electrode layer 204 at a predetermined
position on the upper substrate 200.

The second auxiliary electrode layer 204 can be formed
also by spin coating or dipping in a state in which a part
other than the second recess 202 1s masked with tape and the
like.

In FIG. 29(c), an upper electrode pattern 205 1s formed on
a part 203 corresponding to the electric element forming part
103 on the lower substrate 100 and the second auxiliary
clectrode layer 204 as shown in FIG. 30(c). The upper
clectrode pattern 205 connects the part 203 and the second
auxiliary electrode layer 204 so as to cover the second
auxiliary electrode layer 204. To be specific, ITO sputtering
1s performed using a mask pattern connecting the part 203
and the second recess 202. The upper electrode pattern 205
1s about 10 nm to 40 nm 1n thickness.

In FIG. 29(d), an upper insulating layer pattern 206 1s
formed on the upper electrode pattern 205 as shown in FIG.
30(d). To be specific, after ITO sputtering 1n FIG. 29(c),
S10,, 1s continuously sputtered without removing the upper
substrate 200 from a chamber device (without exposing the
upper substrate 200 to the atmosphere). Such sputtering can
be performed by a sputtering apparatus having multiple
targets 1n a single chamber and thus a special apparatus 1s not
necessary.

In FIG. 29(e), an alignment layer 207 1s applied to a part
of the upper electrode pattern 205 so as to correspond to the
part 203, and rubbing i1s performed thereon.




US RE48,228 E

17

The lower substrate 100 and the upper substrate 200 are
bonded with the adhesive layer 400 1n a state in which the
liquid crystal 300 serving as the electric element 1s 1nter-
posed between the electric element forming part 103 of the
lower substrate 100 fabricated thus and the upper substrate
200. To be specific, the liquid crystal 300 1s applied by a
dispenser or the ink-jet method. After the liqud crystal 300
1s applied, an adhesive (sealing agent) 1s applied around the
liquid crystal 300 and then the lower substrate 100 and the
upper substrate 200 are bonded with the adhesive layer 400.

FIG. 31 1s an enlarged perspective view 1n which the
bonded lower substrate 100 and upper substrate 200 are cut
at a position on the first recess 102. FIG. 32 1s an enlarged
view ol the principle part of FIG. 31. FIG. 33 1s an enlarged
perspective view 1n which the bonded lower substrate 100
and upper substrate 200 are cut at a position on the second
recess 202. FIG. 34 1s an enlarged view of the principle part
of FIG. 33.

As 1 FIG. 15, the lower substrate 100 and the upper
substrate 200 that have been bonded thus are cut along a
cutting line 301 according to the shape of a nm 8 of a
spectacle frame 11. In this case, the substrates 100 and 200
are cut at the first and second recesses 102 and 202 and the
cut surfaces of the first and second recesses 102 and 202 are
exposed on a lens end 302 as shown 1n FIG. 35. As shown
in FIG. 36, on the exposed cut surfaces of the first and
second recesses 102 and 202, the end faces of the first
auxiliary electrode layer 104 and the lower electrode pattern
105 of the lower substrate 100 are exposed and the end faces
of the second auxiliary electrode layer 204 and the upper
clectrode pattern 205 of the upper substrate 200 are exposed.

As shown 1n FIGS. 18 and 19, the electronic spectacles
can be constructed using the lens of FIG. 35. The lenses 1
are set 1n the spectacle frame 11.

With this configuration, a voltage for driving the liquid
crystal 300 can be applied between the lower electrode
pattern 1035 and the upper electrode pattern 205 of the lens
1 from the control unit 5.

In the case where the first and second recesses 102 and
202 are coated with the first and second auxiliary electrode
layers 104 and 204 and then the lower electrode pattern 105
and the upper electrode pattern 205 are formed thereon, the
lower nsulating layer pattern 106 and the upper insulating
layer pattern 206 can be formed, as previously mentioned,
on the lower electrode pattern 105 and the upper electrode
pattern 205 by continuous sputtering without removing the
lower substrate 100 and the upper substrate 200 from the
chamber opened to the atmosphere.

To be specific, in the case where the lower electrode
pattern 1035 and the upper electrode pattern 205 are formed
on the first and second recesses 102 and 202 and then the
lower electrode pattern 105 and the upper electrode pattern
205 are coated with the first and second auxiliary electrode
layers 104 and 204, the lower electrode pattern 105 and the
upper electrode pattern 205 are formed on the first and
second recesses 102 and 202 by sputtering, the sputtering
apparatus 1s opened to the atmosphere to remove the lower
substrate 100 and the upper substrate 200, the mask pattern
1s changed, and then the lower insulating layer pattern 106
and the upper insulating layer pattern 206 are formed. In
another method, the lower electrode pattern 105 and the
upper clectrode pattern 205 are formed on the first and
second recesses 102 and 202 by sputtering, the sputtering
apparatus 1s opened to the atmosphere to remove the lower
substrate 100 and the upper substrate 200, the first and
second auxiliary electrodes 104 and 204 are formed, and
then sputtering 1s performed again. In both of the methods,
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however, vacuum drawing performed twice 1n the sputtering
apparatus results 1n a complicated fabrication process.

In the present embodiment, the first and second auxiliary
clectrode layers 104 and 204 are first applied. In this case,
the lower electrode pattern 105 and the lower insulating
layer pattern 106 can be formed on the lower substrate 100
without opening the sputtering apparatus to the atmosphere,
and the upper electrode pattern 205 and the upper insulating
layer pattern 206 can be formed on the upper substrate 200
without opening the sputtering apparatus to the atmosphere,
thereby achieving a simple fabrication process.

As 1 FIGS. 20 and 21, 1t 1s more preferable to apply silver
pastes 303a and 303b that are conductive pastes onto the first
auxiliary electrode layer 104 and the second auxiliary elec-
trode layer 204 because the silver pastes 303a and 303b
increase the contact arcas. The same advantage can be
achieved as 1n the foregoing embodiments.

Sixth Embodiment

In the fourth embodiment, the first auxiliary electrode
layer 104 1s formed on the smooth surface of the lower
substrate 100 and the second auxiliary electrode layer 204 1s
formed on the smooth surface of the upper substrate 200,
whereas 1n a sixth embodiment, as shown 1n FIG. 37, a first
recess 102 1s formed on a surface 101 of a lower substrate
100 and a second recess 202 1s formed on a surface 201 of
an upper substrate 200 such that first and second auxihary
clectrode layers 104 and 204 can be correctly patterned at
predetermined positions even when ITO ink having high
wettability 1s used.

FIGS. 37 to 40 show the sixth embodiment of the present
invention.

In the fifth embodiment, the first recess 102 1s coated with
the first auxiliary electrode layer 104 and then the lower
clectrode pattern 105 i1s formed thereon, and the second
recess 202 1s coated with the second auxihiary electrode
layer 204 and then the upper electrode pattern 205 1s formed
thereon. The sixth embodiment 1s diflerent only 1n that the
first and second auxiliary electrode layers 104 and 204 are
applied later. Other points are similar to those of the fifth
embodiment.

FIG. 37 shows an exploded 1mage of a completed lens 1
for better understanding of the manufacturing process.

In FIG. 38(a), a lower clectrode pattern 105 1s formed
from an electric element forming part 103 to the first recess
102 of the lower substrate 100.

In FIG. 38(b), the lower electrode pattern 105 1s coated
with conductive 1ink only 1n the first recess 102 to form the
first auxiliary electrode layer 104, and a lower insulating
layer pattern 106 1s formed so as to cover the first auxiliary
clectrode layer 104, the lower electrode pattern 105, and the
clectric element forming part 103. As shown 1n FIG. 37, an
alignment layer 107 1s formed on the lower insulating layer
pattern 106 so as to correspond to the position of the electric
clement forming part 103.

In this case, the upper substrate 200 1s formed as in FIGS.
38(a) and 38(b). In other words, as shown i FIG. 37, an
upper clectrode pattern 205 1s formed on a part correspond-
ing to the electric element forming part 103 on the lower
substrate 100, the second recess 202, and a part connecting
the electric element forming part 103 and the second recess
202. After that, the upper electrode pattern 205 1s coated
with conductive 1ink only in the second recess 202 to form
the second auxiliary electrode layer 204. Further, an upper
insulating layer pattern 206 i1s formed so as to cover the
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second auxiliary electrode layer 204 and the upper electrode
pattern 205. Moreover, an alignment layer 207 1s formed

thereon.

As shown 1n FIG. 38(c), the lower substrate 100 on which
the first auxiliary electrode layer 104 1s applied later onto the
lower electrode pattern 105 1n the first recess 102 and the
upper substrate 200 on which the second auxiliary electrode
layer 204 1s applied later onto the upper electrode pattern
205 1n the second recess 202 are bonded to each other with
an adhesive layer 400 1n a state in which a liquid crystal 300
1s interposed between the lower substrate 100 and the upper
substrate 200. FIG. 39 1s an enlarged perspective view 1n
which the bonded lower substrate 100 and upper substrate
200 are cut at a position on the first recess 102. FIG. 40 1s
an enlarged sectional view in which the bonded lower
substrate 100 and upper substrate 200 are cut at a position on
the second recess 202.

Even when the first and second auxiliary electrode layers
104 and 204 are applied later onto the first and second
recesses 102 and 202, as in the fifth embodiment, the end
taces of the first auxiliary electrode layer 104 and the lower
clectrode pattern 105 of the lower substrate 100 are exposed
on a lens end 302 of the lens 1 and the end faces of the
second auxiliary electrode layer 204 and the upper electrode
pattern 2035 of the upper substrate 200 are exposed on the
lens end 302 because the lower and upper substrates 100 and
200 are cut along the cutting line 301 as 1n FIG. 35. Other
points are similar to those of the fifth embodiment.

In the sixth embodiment, the first auxiliary electrode layer
104 1s formed on the recess of the lower electrode pattern
105 1n the first recess 102 and the second auxiliary electrode
layer 204 1s formed on the recess of the upper electrode
pattern 2035 1n the second recess 202. Thus even when ITO
ink having high wettability 1s used, 1t 1s possible to correctly
pattern the first and second auxiliary electrode layers 104
and 204 at predetermined positions on the lower substrate
100 and the upper substrate 200.

Further, the lower insulating pattern 106 and the upper
insulating pattern 206 may be formed over the substrates,
thereby forming insulating layers by sputtering without
using a mask.

Seventh Embodiment

In the fourth embodiment, the first auxiliary electrode
layer 104 1s formed on the lower substrate 100 and then the
lower msulating layer pattern 106 1s formed thereon, and the
second auxiliary electrode layer 204 1s formed on the upper
substrate 200 and then the upper insulating layer pattern 206
1s formed thereon. A seventh embodiment 1s different only 1n
that a hole 106b (see FIG. 41) 1s formed on a lower
insulating layer pattern 106, a hole 206b (see FIG. 41) 1s
formed on an upper insulating layer pattern 206, the lower
insulating layer pattern 106 1s formed before a first auxihiary
clectrode layer 104, and the upper nsulating layer pattern
206 1s formed before a second auxiliary electrode layer 204.

In the seventh embodiment, the hole 106b of the lower
insulating layer pattern 106 formed on a lower electrode
pattern 105 1s filled with conductive ink and the lower
clectrode pattern 105 1s partially coated with the conductive
ink. Thus even when ITO ink having high wettability is
used, it 1s possible to correctly pattern the first auxiliary
clectrode layer 104 at a predetermined position. Similarly,
the hole 206b of the upper insulating layer pattern 206
formed on an upper electrode pattern 205 i1s filled with
conductive ik and the upper electrode pattern 2035 1is
partially coated with the conductive ink. Thus even when

10

15

20

25

30

35

40

45

50

55

60

65

20

ITO mk having high wettability 1s used, it 1s possible to
correctly pattern the second auxiliary electrode layer 204 at

a predetermined position. Other points are similar to those of
the fourth embodiment.

Eighth Embodiment

In the sixth embodiment, the first auxiliary electrode layer
104 1s formed on the lower substrate 100 and then the lower
insulating layer pattern 106 1s formed thereon, and the
second auxiliary electrode layer 204 1s formed on the upper
substrate 200 and then the upper insulating layer pattern 206
1s formed thereon. An eighth embodiment 1s diflerent only 1n
that a hole 106b (see FIG. 42) 1s formed on a lower
insulating layer pattern 106, a hole 206b (see FIG. 42) 1s
formed on an upper nsulating layer pattern 206, the lower
isulating layer pattern 106 1s formed before a first auxiliary
clectrode layer 104, and the upper insulating layer pattern
206 1s formed before a second auxiliary electrode layer 204.

In the eighth embodiment, the hole 106b of the lower
insulating layer pattern 106 formed on a lower electrode
pattern 105 1s filled with conductive ink and the lower
clectrode pattern 103 1s partially coated with the conductive
ink. Thus even when ITO ink having high wettability 1s
used, 1t 1s possible to correctly pattern the first auxiliary
clectrode layer 104 at a predetermined position. Similarly,
the hole 206b of the upper insulating layer pattern 206
formed on an upper electrode pattern 205 1s filled with
conductive 1k and the upper electrode pattern 205 1is
partially coated with the conductive 1ink. Thus even when
ITO ik having high wettability 1s used, 1t 1s possible to
correctly pattern the second auxiliary electrode layer 204 at
a predetermined position. Other points are similar to those of
the sixth embodiment.

In the fifth, sixth, and eighth embodiments, the first and
second recesses 102 and 202 make it possible to correctly
pattern highly wettable ink at the predetermined positions
and prevent the I'TO 1ink, which 1s conductive ink, from
spreading to the bonded surfaces of the upper and lower
substrates.

In the case where patterning 1s performed directly on the
surfaces of the lower substrate 100 and the upper substrate
200 without providing the first and second recesses 102 and
202 as 1n the third, fourth, and seventh embodiments, a gap
1s formed between the bonded upper and lower substrates
because of the thickness of the ITO ink that 1s conductive
ink, thereby deforming the lens 1. The fifth, sixth, and eighth
embodiments make 1t possible to satisfactorily fabricate the
lens 1 with less deformation.

In the fifth, sixth, and eighth embodiments, when the first
and second recesses 102 and 202 are composed of flat
surfaces 1n cross section, ik tends to gather at straight lines
where the surfaces of the recess intersect with each other, so
that the ink has a larger thickness in some portions than on
the flat surfaces. In the portions where a liquid tends to
gather, cracks are likely to occur owing to different dry states
on the surface of an ITO ink film that 1s a conductive 1nk
film, thereby increasing the resistance of a transparent
conductive film formed of ITO 1ink. In order to solve this
problem, the first and second recesses 102 and 202 of the
fifth, sixth, and eighth embodiments are curved in cross
section. When the first and second recesses 102 and 202 are
not curved 1n cross section but are formed by joining flat
surfaces 1n cross section, substantially the same effect can be
expected by rounding the intersections of the flat surfaces.

In the third to eighth embodiments, the transparent first
and second auxiliary electrode layers 104 and 204 are
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formed by applying I'TO 1ink that 1s conductive ink and the
transparent lower electrode pattern 105 and upper electrode
pattern 205 are formed by sputtering. The lower electrode
pattern 105 and the upper electrode pattern 205 can be
similarly formed by [vacuum] vapor deposition methods
other than sputtering. The other [vacuum] vapor deposition

methods include [CVD] PVD (Physical Vapor Deposition)
methods such as resistance heating [vacuum] vapor depo-
sition, electron beam [vacuum] vapor deposition, molecular
beam epitaxy, ion plating and ion beam deposition, [PVD
(Physical Vapor Deposition)] and chemical vapor deposition
methods such as [ion beam deposition], thermal CVD (ther-
mal Chemical Vapor Deposition), plasma CVD (plasma-
enhanced chemical vapor deposition), optical CVD, epi-
taxial CVD, and atomic layer CVD.

Further, the transparent first and second auxiliary elec-
trode layers 104 and 204, the lower electrode pattern 105,
and the upper electrode pattern 205 are made of I'TO (indium
tin oxide) in the example of the foregoing explanation. The
layers and patterns may be made of ITO substitute trans-
parent electrode matenals that include niobium-doped tita-
nium dioxide (T1,_Nb_O,: TNO) not containing indium but
containing titanium as a major component, and ZnO.

In the third to eighth embodiments, the lower nsulating
layer pattern 106 and the upper insulating layer pattern 206
are provided. When the lower electrode pattern 105 and the
upper electrode pattern 205 can be electrically insulated in
a continuous manner by the adhesive layer 400 alone, at
least one of the lower 1nsulating layer pattern 106 and the
upper msulating layer pattern 206 may be omatted.

INDUSTRIAL APPLICABILITY

Electronic spectacles according to the present mmvention
ensure connection to an electric circuit and achieve higher
reliability. Thus the present invention 1s usetul for spectacles
and sunglasses that use electric elements such as a liqud
crystal element and an electrochromic element.

The 1nvention claimed 1s:
[1. A method for manufacturing a lens for electronic
spectacles,

in fabrication of the lens containing an electric element
between a lower substrate and an upper substrate, the
method comprising:

fabricating the lower substrate such that a {irst recess for
lens electrode pads 1s formed on a surface of the lower
substrate, the surface being opposed to the upper sub-
strate,

the first recess 1s coated with conductive ink to form a
transparent first auxiliary electrode layer, and

a transparent lower electrode pattern i1s formed on an
clectric element forming part of the lower substrate and
the first auxiliary electrode layer by a vacuum deposi-
tion method so as to connect the electric element
forming part and the first auxiliary electrode layer;

fabricating the upper substrate such that a second recess
for the lens electrode pads 1s formed on a surface of the
upper substrate, the surface being opposed to the lower
substrate,

the second recess 1s coated with conductive ik to form a
transparent second auxiliary electrode layer, and

a transparent upper electrode pattern 1s formed by the
vacuum deposition method on a part corresponding to
the electric element forming part on the upper substrate
and the second auxiliary electrode layer so as to con-
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nect the part corresponding to the electric element
forming part and the second auxihiary electrode layer;
and

joining the upper and lower substrates with the electric
clement iterposed between the electric element form-
ing part of the lower substrate and the upper substrate.}

2. [The method for manufacturing a lens for electronic

spectacles according to claim 1, further comprising,] 4
method for manufacturing a lens for electronic spectacles, in
fabrication of the lens containing an electric element
between a lower substrate and an upper substrate, the
method comprising:

Jabricating the lower substrate such that a first recess for
lens electrode pads is formed on a surface of the lower
substrate, the surface being opposed to the upper
substrate;

coating the first recess with conductive ink to form a
transparent first auxiliary electrode layer;

forming a tramnsparvent lower electrode pattern on an
electric element forming part of the lower substrate and
the first auxiliary electrode laver by a vapor deposition
method so as to connect the electric element forming
part and the first auxiliary electrode layer,

Jabricating the upper substrate such that a second recess
Jor the lens electrode pads is formed on a surface of the
upper substrate, the surface being opposed to the lower
substrate;

coating the second recess is coated with conductive ink to
form a transpavent second auxiliary electrode layer;

forming a tramnsparent upper electrode pattern by the
vapor deposition method on a part corresponding to the
electric element forming part on the upper substrate
and the second auxiliary electrode layver so as to
connect the part corresponding to the electric element
forming part and the second auxiliary electrode layer,

Joining the upper and lower substrates with the electric
element interposed between the electric element form-
ing part of the lower substrate and the upper substrate;
and

alter joming the upper and lower substrates, cutting the
upper and lower substrates at positions on the first and

second recesses to expose cut surfaces of the first and
second recesses on a lens end.

3. The method for manufacturing a lens for electronic
spectacles according to claim [1] 2, further comprising: after
joining the upper and lower substrates, cutting the upper and
lower substrates at positions on the first and second recesses
to expose cut surfaces of the first and second recesses on a
lens end; and

forming conductive paste on the exposed first and second

recesses to form the lens electrode pad serving as an
extraction electrode for the first auxilhiary electrode
layer and the lower electrode pattern and the lens
clectrode pad serving as an extraction electrode for the
second auxiliary electrode layer and the upper electrode
pattern.

[4. A method for manufacturing a lens for electronic
spectacles,

in fabrication of the lens containing an electric element

between a lower substrate and an upper substrate,

the method comprising:

tabricating the lower substrate such that a first recess for

lens electrode pads 1s formed on a surface of the lower
substrate, the surface being opposed to the upper sub-
strate,
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a lower electrode pattern 1s formed on an electric element
forming part of the lower substrate and the first recess
so as to connect the electric element forming part and
the first recess, and

the lower electrode pattern of the first recess 1s coated
with conductive ik to form a transparent first auxiliary
clectrode layer;

fabricating the upper substrate such that a transparent
upper electrode pattern 1s formed by a vacuum depo-
sition method on a part corresponding to the electric
clement forming part on the upper substrate and a
second recess for the lens electrode pads so as to
connect the part corresponding to the electric element
forming part and the second recess, and

the upper electrode pattern of the second recess 1s coated
with conductive ink to form a transparent second
auxiliary electrode layer; and

joiming the upper and lower substrates with the electric
clement interposed between the electric element form-
ing part of the lower substrate and the upper substrate.]

5. [The method for manufacturing a lens for electronic

spectacles according to claim 4, further comprising,] 4
method for manufacturing a lens for electronic spectacles, in
fabrication of the lens comntaining an electric element
between a lower substrate and an upper substrate, the
method comprising:

Jabricating the lower substrate such that a first vecess for
lens electrode pads is formed on a surface of the lower
substrate, the surface being opposed to the upper
substrate;

Jorming a lower electrode pattern on an electric element
Jorming part of the lower substrate and the first recess
so as to connect the electric element forming part and
the first recess,

coating the lower electrode pattern of the first vecess with
conductive ink to form a transparvent first auxiliary
electrode layer,

Jabricating the upper substrate such that a transpavent
upper electrode pattern is formed by a vapor deposition
method on a part corresponding to the electric element
forming part on the upper substrate and a second
recess for the lens electrode pads so as to connect the
part corresponding to the electric element forming part
and the second recess;

coating the upper electrode pattern of the second recess
with conductive ink to form a transparvent second
auxiliary electrode layer,

Joining the upper and lower substrvates with the electric
element interposed between the electric element form-
ing part of the lower substrate and the upper substrate;
and

after joming the upper and lower substrates, cutting the
upper and lower substrates at positions on the first and
second recesses to expose cut surfaces of the first and
second recesses on a lens end.

6. The method for manufacturing a lens for electronic
spectacles according to claim [4] 5, further comprising: after
joimng the upper and lower substrates, cutting the upper and
lower substrates at positions on the first and second recesses
to expose cut surfaces of the first and second recesses on a
lens end; and

forming conductive paste on the exposed first and second
recesses to form the lens electrode pad serving as an
extraction electrode for the first auxiliary electrode
layer and the lower electrode pattern and the lens
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clectrode pad serving as an extraction electrode for the
second auxiliary electrode layer and the upper electrode
pattern.
[7. A method for manufacturing a lens for electronic
spectacles, 1n fabrication of the lens containing an electric
clement between a lower substrate and an upper substrate,
the method comprising:
tabricating the lower substrate such that a surface of the
lower substrate 1s coated with conductive 1nk to form a
transparent first auxiliary electrode layer for lens elec-
trode pads, the surface being opposed to the upper
substrate, and
a transparent lower electrode pattern 1s formed by a
vacuum deposition method on an electric element
forming part of the lower substrate and the first auxil-
1ary electrode layer so as to connect the electric element
forming part and the first auxiliary electrode layer;

fabricating the upper substrate such that a surface of the
upper substrate 1s coated with the conductive mnk to
form a transparent second auxiliary electrode layer for
the lens electrode pads, the surface being opposed to
the lower substrate, and

a transparent upper electrode pattern 1s formed by the

vacuum deposition method on a part corresponding to
the electric element forming part on the upper substrate
and the second auxiliary electrode layer so as to con-
nect the part corresponding to the electric element
forming part and the second auxiliary electrode layer;
and

joining the upper and lower substrates with the electric

clement interposed between the electric element form-
ing part of the lower substrate and the upper substrate.}

8. [The method for manufacturing a lens for electronic
spectacles according to claim 7, further comprising,] 4
method for manufacturing a lens for electronic spectacles, in

fabrication of the lens containing an electric element

between a lower substrate and an upper substrate, the
method comprising:

Jabricating the lower substrate such that a surface of the
lower substrate is coated with conductive ink to form a
transparent first auxiliary electrode layer for lens elec-
trode pads, the surface being opposed to the upper
substrate;

forming a transparent lower electrode pattern by a vapor
deposition method on an electric element forming part
of the lower substrate and the first auxiliary electrode
layver so as to connect the electric element forming part
and the first auxiliary electrode layer;

Jabricating the upper substrate such that a surface of the
upper substrate is coated with the conductive ink to
Jorm a transparent second auxiliary electrode laver for
the lens electrode pads, the surface being opposed to
the lower substrate;

forming a transparent upper electrode pattern by the
vapor deposition method on a part corresponding to the
electric element forming part on the upper substrate
and the second auxiliary electrode laver so as to
connect the part corresponding to the electric element
forming part and the second auxiliary electrode layer,

Joining the upper and lower substrates with the electric
element interposed between the electric element form-
ing part of the lower substrate and the upper substrate;
and

alter joming the upper and lower substrates, cutting the
upper and lower substrates at positions on an overlap
portion of the first auxiliary electrode layer and the
lower electrode pattern and an overlap portion of the
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second auxiliary electrode layer and the upper electrode
pattern to expose cut surfaces of the substrates.

9. The method for manufacturing a lens for electronic
spectacles according to claim [7] 8, further comprising:

after joming the upper and lower substrates, cutting the
upper and lower substrates at positions on an overlap
portion of the first auxiliary electrode layer and the
lower electrode pattern and an overlap portion of the
second auxiliary electrode layer and the upper electrode
pattern to expose cut surfaces of the substrates; and

forming conductive paste on the overlap portion of the
first auxiliary electrode layer and the lower electrode
pattern and the overlap portion of the second auxiliary
clectrode layer and the upper electrode pattern to form
the lens electrode pad serving as an extraction electrode
for the first auxiliary electrode layer and the lower
clectrode pattern and the lens electrode pad serving as
an extraction electrode for the second auxiliary elec-
trode layer and the upper electrode pattern.

[10. A method for manufacturing a lens for electronic
spectacles, 1n fabrication of the lens containing an electric
clement between a lower substrate and an upper substrate,
the method comprising:

fabricating the lower substrate such that a transparent
lower electrode pattern for applying a signal to an
clectric element forming part of the lower substrate 1s
formed by a vacuum deposition method, and

one end of the lower electrode pattern 1s coated with
conductive ink to form a transparent first auxiliary
clectrode layer;

fabricating the upper substrate such that a transparent
upper electrode pattern 1s formed by the vacuum depo-
sition method, the upper electrode pattern applying a
signal to a part corresponding to the electric element
forming part on the upper substrate, and

one end of the upper electrode pattern 1s coated with
conductive ik to form a transparent second auxiliary
clectrode layer; and

joming the upper and lower substrates with the electric
clement interposed between the electric element form-
ing part of the lower substrate and the upper substrate.}

11. [The method for manufacturing a lens for electronic
spectacles according to claim 10, further comprising,] 4
method for manufacturing a lens for electronic spectacles, in
fabrication of the lens containing an electric element
between a lower substrate and an upper substrate, the
method comprising:

Jabricating the lower substrate such that a transpavent
lower electrode pattern for applving a signal to an
electric element forming part of the lower substrate is
Jormed by a vapor deposition method;

coating one end of the lower electrode pattern with
conductive ink to form a tramnsparent first auxiliary
electrode layer,

Jabricating the upper substrate such that a transpavent
upper electrode pattern is formed by the vapor depo-
sition method, the upper electrode pattern applying a
signal to a part corresponding to the electrvic element
forming part on the upper substrate, and

coating one end of the upper electrode pattern with
conductive ink to form a transparent second auxiliary
electrode layer,

Joining the upper and lower substrvates with the electric
element interposed between the electric element form-
ing part of the lower substrate and the upper substrate;
and

10

15

20

25

30

35

40

45

50

55

60

65

26

aiter joining the upper and lower substrates, cutting the
upper and lower substrates at positions on an overlap
portion of the first auxiliary electrode layer and the
lower electrode pattern and an overlap portion of the
second auxiliary electrode layer and the upper electrode
pattern to expose cut surfaces of the substrates.

12. The method for manufacturing a lens for electronic

spectacles according to claim [10] /7, further comprising:

after joming the upper and lower substrates, cutting the
upper and lower substrates at positions on an overlap
portion of the first auxiliary electrode layer and the
lower electrode pattern and an overlap portion of the
second auxiliary electrode layer and the upper electrode
pattern to expose cut surfaces of the substrates; and

forming conductive paste on the overlap portion of the
first auxiliary electrode layer and the lower electrode
pattern and the overlap portion of the second auxiliary
clectrode layer and the upper electrode pattern to form
the lens electrode pad serving as an extraction electrode
for the first auxiliary electrode layer and the lower
clectrode pattern and the lens electrode pad serving as
an extraction electrode for the second auxiliary elec-
trode layer and the upper electrode pattern.

[13. A method for manufacturing a lens for electronic
spectacles, 1n fabrication of the lens containing an electric
clement between a lower substrate and an upper substrate,
the method comprising:

tabricating the lower substrate such that a transparent
lower electrode pattern for applying a signal to an
clectric element forming part of the lower substrate 1s
formed by a vacuum deposition method,

a lower isulating layer pattern 1s formed on the electric
clement forming part and the lower electrode pattern of
the lower substrate except for a part to be coated with
a first auxiliary electrode layer, and

a hole of the lower msulating layer pattern 1s coated with
conductive 1k to form the transparent first auxiliary
clectrode layer;

fabricating the upper substrate such that a transparent
upper electrode pattern 1s formed by the vacuum depo-
sition method, the upper electrode pattern applying a
signal to a part corresponding to the electric element
forming part on the upper substrate,

an upper insulating layer pattern 1s formed on the part
corresponding to the electric element forming part on
the upper substrate and on the upper electrode pattern
except for a part to be coated with a second auxiliary
clectrode layer, and

a hole of the upper msulating layer pattern 1s coated with
conductive 1k to form the transparent second auxiliary
clectrode layer; and

joining the upper and lower substrates with the electric
clement iterposed between the electric element form-
ing part of the lower substrate and the upper substrate.]

[14. A method for manufacturing a lens for electronic
spectacles, 1n fabrication of the lens containing an electric
clement between a lower substrate and an upper substrate,
the method comprising:

tabricating the lower substrate such that a first recess for
lens electrode pads 1s formed on a surface of the lower
substrate, the surface being opposed to the upper sub-
strate,

a lower electrode pattern 1s formed on an electric element
forming part of the lower substrate and the first recess
so as to connect the electric element forming part and
the first recess,
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a lower isulating layer pattern 1s formed on the electric
clement forming part and the lower electrode pattern of
the lower substrate except for a part to be coated with
a first auxiliary electrode layer, and

a hole of the lower 1nsulating layer pattern 1s coated with
conductive ink to form the transparent first auxiliary
clectrode layer;

fabricating the upper substrate such that a transparent
upper electrode pattern 1s formed by a vacuum depo-
sition method on a part corresponding to the electric
clement forming part on the upper substrate and a
second recess for the lens electrode pads so as to
connect the part corresponding to the electric element
forming part and the second recess,

an upper msulating layer pattern 1s formed on the upper
clectrode pattern and the part corresponding to the
clectric element forming part on the upper substrate,
except for a part to be coated with a second auxiliary
clectrode layer, and

a hole of the upper nsulating layer pattern 1s coated with
conductive ink to form the transparent second auxiliary
clectrode layer; and

joiming the upper and lower substrates with the electric
clement interposed between the electric element form-
ing part of the lower substrate and the upper substrate.}

15. A lens for electronic spectacles, the lens contaiming an
electric element between two substrates, [wherein] compris-
Ing:

a first vecess formed on one of the substrates;

an electric element forming part formed on said one of the
substrates apart from the first recess, with a liquid
crystal element serving as the electric element placed
on the electric element forming part; and

a lens electrode pad on one end of an electrode for
applying a voltage to the electric element [is], tke lens
electrode pad being exposed on a lens end, [and the
lens electrode pad has the electrode formed 1n a recess
on a bonded surface of one of the two substrates, the
clectrode being formed by stacking an auxiliary elec-
trode layer formed of conductive mmk and a lower
clectrode pattern formed by a vacuum deposition
method]

whevrein the electrode is formed by stacking an auxiliary
electrode layer formed of conductive ink and an elec-
trode pattern formed by a vapor deposition method in
the first recess,

wherein a second rvecess is formed on the other of the
substrates at a position not facing the first recess, with
a second electrode provided in the second recess, and

wherein the electrode pattern extends to the electric
element forming part.

16. The lens for electronic spectacles according to claim
15, wherein the first recess 1s exposed on the lens end as a
curved surface.

[17. A lens for electronic spectacles, the lens containing
an electric element between two substrates, wherein an
clectrode for applying a voltage to the electric element has
one end exposed on a lens end, and the one end of the
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clectrode 1s formed by stacking an auxiliary electrode layer
formed of conductive ik and a lower electrode pattern
formed by a vacuum deposition method.}
[18. Electronic spectacles in which a lens containing an
clectric element 1s set 1n a spectacle frame,
the lens having lens electrode pads exposed on a lens end.,
the lens electrode pads being disposed on one end of an
clectrode for applying a voltage to the electric element,

the spectacle frame including an electric connector having
one end connected to a control unmit for controlling the
clectric element, the electric connector having wiring
clectrode pads disposed on an other end of the electric
connector so as to correspond to positions of the lens
clectrode pads of the lens,

the electronic spectacles having anisotropic conductive

rubber interposed between the wiring electrode pad of
the electric connector and the lens electrode pad of the
lens.}

[19. The electronic spectacles according to claim 18,
further comprising: a rim-side spot facing 1 a rim of the
spectacle frame, the electric connector being placed 1n the
rim-side spot facing; and

a lens-side spot facing on the lens end of the lens, the

anisotropic conductive rubber being placed in the lens-
side spot facing.]

[20. The electronic spectacles according to claim 18,
wherein the electric connector passes through rim locks of
the spectacle frame and is provided in the rim, and

the wiring electrode pads are set in the rim of the spectacle

frame.]

21. The lens for electronic spectacles accorvding to claim
15, wherein the electric element forming part is located at a
center of the one substrate and the first recess is opened to
an edge of the one substrate.

22. The lens for electronic spectacles according to claim
15, wherein the liquid crystal element is disposed at a center
of the one substrate.

23. The lens for electronic spectacles according to claim
15, wherein the electrode pattern is formed over the electric
element forming part and the first recess.

24. Electronic spectacles having a lens that contains an
electric element, comprising:

a substrate of the lens;

an electric element forming part formed on the substrate

and accepting the electric element;

a first vecess apart from the accommodation vecess on the

substrate,

an auxiliary electrode layer formed of conductive mate-

rial and disposed on the first recess; and

an electrode pattern formed by a vapor deposition method

over the electric element and the auxiliary electrode
layer,

wherein a second recess is formed on a second substrate

of the lens at a position not facing the first vecess, with
a second electrode provided in the second recess, and
wherein voltage is applied to the electronic element via
the auxiliary electrode layer and the electrode pattern.
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