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(37 ABSTRACT

A viewing angle control panel (2) that includes two substrates
(4 and 6) facing each other and liquid crystal layer (5) pro-
vided between the substrates and that is usable in combina-
tion with a display panel (10) so as to allow a liquid crystal
display device (1) to switch a viewing angle characteristic,
wherein: one of the substrates (6) includes a counter electrode
pattern (62) in which a counter electrode is provided over the
one of the two substrates; and the other one of the substrates
(4) includes a transparent electrode pattern (49) in which
transparent electrodes (49a through 494) are provided in a
striped manner and first and second wire electrodes (e.g., wire
electrodes 48a and 48b) that are provided for each space (e.g.,
a space 51x) between the transparent electrodes in the trans-
parent electrode pattern (49) in such a manner that the first the
second wire electrodes, positioned in parallel with the trans-
parent electrodes, respectively, overlap the space 51x. In the
arrangement, electric potential settings of wiring electrodes
(48a through 48f) are changed. This makes it possible to
switch a visibility limitation direction.
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VIEWING ANGLE CONTROL PANEL AND
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a viewing angle
control panel capable of switching a viewing angle charac-
teristic of a liquid crystal display device.

BACKGROUND ART

[0002] A display device is generally required to have a
viewing angle characteristic (a wide viewing angle character-
istic) that allows a clear image to be viewed from many
viewing points. However, it is sometimes preferable that only
an intended user of a display device can view display contents
under a certain surrounding environment. For example, a
laptop type personal computer, a mobile information terminal
(PDA: Personal Data Assistant), or a mobile phone, is more
likely to be used in a place (e.g., in a train, airplane, etc.)
where general public can be present. Under such a surround-
ing environment, it is desirable in view of at least preservation
of confidentiality and privacy protection that a display device
adopts a viewing angle characteristic (a narrow viewing angle
characteristic) that allows only its intended user to view a
display image while preventing others from viewing it (i.e., a
viewing angle characteristic that allows a display image to be
viewed only at a particular viewing point but not at other
viewing points).

[0003] Thus, a demand has been recently increased for a
display device in which a viewing angle characteristic can be
switched between a wide viewing angle characteristic and a
narrow viewing angle characteristic.

[0004] Inorder to meetsuch a demand, Patent Document 1,
for example, discloses a liquid crystal display device in which
(i) a viewing angle control liquid crystal panel is provided on
adisplay liquid crystal panel and (ii) the liquid crystal panels
are sandwiched between two polarization plates. With such a
liquid crystal display device, itis possible to control a viewing
angle characteristic by adjusting a voltage applied to the
viewing angle control liquid crystal panel.

CITATION LIST
[0005] Patent Literature 1
[0006] Japanese Patent Application Publication, Tokukai-

hei, No. H10-268251 (Publication Date: Oct. 9, 1998)

SUMMARY OF INVENTION

[0007] In the conventional liquid crystal display device,
however, the viewing angle control liquid crystal panel and an
upper polarization plate require to be provided in accordance
with arubbing direction of a substrate constituting the display
liquid crystal panel (or in accordance with a direction of a
polarization axis of a lower polarization plate). As such, (i) a
visible direction and (ii) an invisible direction (visibility limi-
tation direction), occurred when a viewing angle characteris-
tic is a narrow viewing angle characteristic, are determined
based on a structure of the display liquid crystal panel. This
causes a problem that it is impossible to change the visibility
limitation direction.

[0008] The present invention is made in view of the prob-
lem, and an object of the present invention is to provide a
viewing angle control panel for allowing a visibility limita-
tion direction to be switched.
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[0009] A viewing angle control panel of the present inven-
tion is a viewing angle control panel including two substrates
facing each other and a liquid crystal layer provided between
the substrates, a combination of the viewing angle control
panel and a display panel constituting a liquid crystal display
device in which a viewing angle characteristic can be
switched, wherein: (i) one of the two substrates includes a
counter electrode pattern in which a counter electrode is
provided over the one of the two substrates and (ii) the other
one of the two substrates includes a transparent electrode
pattern in which transparent electrodes are provided in a
striped manner; and two wire electrodes are provided in par-
allel with transparent electrodes so as to correspond to respec-
tive of spaces in the transparent electrode pattern and such
that the two wire electrodes and the respective of the spaces
overlap each other, respectively.

[0010] Inthe arrangement, the wire electrodes are provided
such that (i) the two wire electrodes and (ii) vicinity of each
transparent electrode edge in a direction, in which the trans-
parent electrode extends, overlap each other. This allows, ina
case where an electric potential of the transparent electrode is
controlled, an equipotential line in the liquid crystal line to be
changed in the vicinity of each transparent electrode edge, the
equipotential line in the liquid crystal layer being occurred
when a voltage is applied. That is, it is possible, by changing
an electric potential setting of the transparent electrode, to
change a direction in which liquid crystal molecules are tilted
in the liquid crystal layer. Also, it is possible. by setting a
voltage between the transparent electrode and the counter
electrode, to control an angle at which the liquid crystal
molecules are tilted. This, in turn, makes it possible to change
(switch) the visibility limitation direction occurred when the
viewing angle characteristic is a narrow viewing angle char-
acteristic.

[0011] Itis preferable in the viewing angle control panel of
the present invention that the two wire electrodes are a first
wire electrode and a second wire electrode, and the first wire
electrode and one side end part of the respective of the spaces
overlap each other, and the second wire electrode and the
other side end part ofthe respective of the spaces overlap each
other. This makes it possible to change the equipotential line
with accuracy in the vicinity of each transparent electrode
edge.

[0012] The viewing angle control panel of the present
invention can be arranged such that: two transparent elec-
trodes between which the respective of the spaces is sand-
wiched are a first transparent electrode and a second trans-
parent electrode, and the two wire electrodes are a first wire
electrode and a second wire electrode; and the first and second
wire electrodes are provided in a single layer. In the arrange-
ment, (i) the first and second wire electrodes and (i1) the
transparent electrode pattern can be alternatively provided in
different layers, respectively. In this case, the first wire elec-
trode and one side end part of the first transparent electrode
can overlap each other, and the second wire electrode and one
side end part of the second transparent electrode can overlap
each other. The substrate, including the transparent electrode
pattern, can include the first and second wire electrodes.
Alternatively, the substrate, including the counter electrode
pattern, can include the first and second wire electrodes.
Besides, (i) the first and second wire electrodes and (ii) the
transparent electrode pattern can be provided in a single layer.
In this case, the first wire electrode should be provided close
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to the first transparent electrode, and the second wire elec-
trode should be provided close to the second transparent
electrode.

[0013] The viewing angle control panel of the present
invention can be arranged such that two transparent elec-
trodes between which the respective of the spaces is sand-
wiched are a first transparent electrode and a second trans-
parent electrode; and the two wire electrodes are a first wire
electrode and a second wire electrode; and the first and second
wire electrodes are provided in different layers, respectively.
It is preferable in the arrangement that the first wire electrode
and one side end part of the first transparent electrode overlap
each other, and the second wire electrode and one side end
part of the second transparent electrode overlap each other.
Furthermore, it is desirable that the first and second wire
electrodes overlap each other. This allows the wire electrodes
and the spaces in the transparent electrode pattern to overlap
each other, thereby making it possible to prevent the liquid
crystal layer from having a region in which no voltage is
applied. In this case, the substrate including the counter elec-
trode pattern can include the first and second wire electrodes.
Alternatively, the substrate including the counter electrode
pattern can include the first wire electrode, and the substrate
including the transparent electrode pattern can include the
second wire electrode. Alternatively, the substrate including
the transparent electrode pattern can include the first and
second wire electrodes. Specifically, (i) the first and second
wire electrodes are provided in a layer below a layer in which
the transparent electrode pattern is provided, (ii) the first and
second wire electrodes are provided in a layer above a layer in
which the transparent electrode pattern is provided, or (iii) the
transparent electrode pattern is provided between a layer in
which the first wire electrode is provided and a layer in which
the second wire electrode is provided.

[0014] A viewing angle control panel of the present inven-
tion is a viewing angle control panel including two substrates
facing each other and a liquid crystal layer provided between
the substrates, a combination of said viewing angle control
panel and a display panel constituting a liquid crystal display
device in which a viewing angle characteristic can be
switched, wherein: (i) one of the two substrates includes a
counter electrode pattern in which a counter electrode is
provided over the one of the two substrates, and (ii) the other
one of the two substrates includes a transparent electrode
pattern in which a transparent electrodes is provided over the
other one of the two substrates; and plural pairs of two wire
electrodes are provided, between the counter electrode pat-
tern and the transparent electrode pattern, at intervals in a
width direction orthogonal to a direction in which the wire
electrodes extend and orthogonal to a normal direction of a
substrate surface, the two wire electrodes of each of the plural
pairs being provided in parallel with each other and being
close to or overlapping each other in the width direction.

[0015] Inthearrangement, an electric potential of each wire
electrode is controlled. This can cause a change in the equi-
potential line in the liquid crystal layer, the equipotential line
in the liquid crystal layer being occurred when a voltage is
applied. That s, it is possible, by changing the electric poten-
tial setting of each wire electrode, to change a direction in
which liquid crystal molecules are tilted in the liquid crystal
layer. Also, it is possible, by setting a voltage between the
transparent electrode and the counter electrode, to control an
angle at which the liquid crystal is tilted. This makes it pos-
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sible to change (switch) a visibility limitation direction
occurred when a viewing angle characteristic is a narrow
viewing angle characteristic.

[0016] The viewing angle control panel of the present
invention can be arranged such that the two wire electrodes of
each of the plural pairs are provided in a single layer. Alter-
natively, the viewing angle control panel of the present inven-
tion can be arranged such that the two wire electrodes of each
of the plural pairs are provided in different layers, respec-
tively. In this case, the viewing angle control panel of the
present invention can also be arranged such that the two wire
electrodes include a part where they overlap each other and a
part where they do not overlap each other. Also, the viewing
angle control panel of the present invention can be arranged
such that the substrate including the counter electrode pattern
includes the plural pairs of two wire electrodes. Alternatively,
the viewing angle control panel of the present invention can
be arranged such that the substrate including the counter
electrode pattern includes ones of the plural pairs of two wire
electrodes, and the substrate including the transparent elec-
trode pattern includes the other ones of the plural pairs of two
wire electrodes. Alternatively, the viewing angle control
panel of the present invention can be arranged such that the
substrate including the transparent electrode pattern includes
the plural pairs of two wire electrodes.

[0017] With the arrangement, setting of electric potentials,
being applied to the two wire electrodes in each of the plural
pairs, is changed so that a direction in which visibility of the
liquid crystal display device is limited can be changed.
[0018] A viewing angle control panel of the present inven-
tion is a viewing angle control panel including two substrates
facing each other and a liquid crystal layer provided between
the substrates, a combination of the viewing angle control
panel and a display panel constituting a liquid crystal display
device in which a viewing angle characteristic can be
switched, wherein: one of the two substrates includes (i) a
transparent electrode pattern in which transparent electrodes
are provided in a striped manner and (ii) two wire electrodes,
being provided in parallel with the transparent electrodes so
as to correspond to respective of spaces in the transparent
electrode pattern and such that the two wire electrodes and the
respective of the spaces overlap each other, respectively; the
other one of the two substrates includes (i) a transparent
electrode pattern in which transparent electrodes are provided
in a striped manner and (ii) two wire electrodes, being pro-
vided in parallel with transparent electrodes so as to corre-
spond to respective of spaces in the transparent electrode
pattern and such that the two wire electrodes and the respec-
tive of the spaces overlap each other, respectively; and the two
substrates are provided so that their transparent electrodes are
orthogonal to each other.

[0019] With the arrangements, the setting of the electric
potentials of the wire electrodes in each substrate is changed.
This makes it possible to more arbitrarily change a direction
in which the liquid crystal molecules are tilted in the liquid
crystal layer.

[0020] The viewing angle control panel of the present
invention can be arranged such that: in each of the two sub-
strates, (i) the two wire electrodes are a first wire electrode
and a second wire electrode; and (ii) the first wire electrode
and one side end part of the respective of the spaces overlap
each other, and the second wire electrode and the other side
end part of the respective of the spaces overlap each other. In
this case, the viewing angle control panel of the present inven-
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tion can also be arranged such that, in each of the two sub-
strates, the two wire electrodes are provided in a single layer.
Alternatively, the viewing angle control panel of the present
invention can be arranged such that, in each of the two sub-
strates, the two wire electrodes are provided in different lay-
ers, respectively. In this case, it is preferable that the first and
second wire electrodes overlap each other. This allows the
wire electrodes and the spaces in the transparent electrode
pattern to overlap each other, in the respective substrate,
thereby making it possible to prevent the liquid crystal layer
from having the region in which no voltage is applied.
[0021] The viewing angle control panel of the present
invention is a viewing angle control panel including two
substrates facing each other and a liquid crystal layer pro-
vided between the substrates, a combination of the viewing
angle control panel and a display panel constituting a liquid
crystal display device in which a viewing angle characteristic
can be switched, wherein: one of the two substrates includes
(i) a transparent electrode pattern in which a transparent elec-
trode is provided over the one of the two substrates and (ii)
plural pairs of two wire electrodes that are provided, between
the transparent electrode pattern and the liquid crystal layer,
at intervals in a width direction orthogonal to a direction in
which the wire electrodes extend and orthogonal to a normal
direction of a substrate surface, two wire electrodes of each of
the plural pairs being provided in parallel with each other and
being close to or overlapping each other in the width direc-
tion; the other one of the two substrates includes (i) a trans-
parent electrode pattern in which a transparent electrode is
provided over the other one of the two substrates and (ii)
plural pairs of two wire electrodes that are provided, between
the transparent electrode pattern and the liquid crystal layer,
at intervals in a width direction orthogonal to a direction in
which the wire electrodes extend and orthogonal to a normal
direction of a substrate surface, the two wire electrodes of
each of the plural pairs being provided in parallel with each
other and being close to or overlapping each other in the width
direction; and the two substrates are provided so that their
wire electrodes are orthogonal to each other.

[0022] With the arrangement, it is possible, by changing the
setting of the electric potentials of the wire electrodes
included by the respective substrates, to more arbitrarily
change a direction in which the liquid crystal molecules are
tilted in the liquid crystal layer.

[0023] The viewing angle control panel of the present
invention can be arranged such that, in each of the two sub-
strates, the two wire electrodes of each of the plural pairs are
provided in a single layer. Alternatively, the viewing angle
control panel of the present invention can be arranged such
that, in each of the two substrates, the two wire electrodes of
each of the plural pairs are provided in different layers,
respectively. In this case, it is preferable that the two wire
electrodes include a part where they overlap each other and a
part where they do not overlap each other.

[0024] With the viewing angle control panel, setting of
electric potentials, applied to the two wire electrodes in each
of the plural pairs included by the two substrates, is changed
such that a direction in which visibility of the liquid crystal
display device is limited can be switched.

[0025] The viewing angle control panel of the present
invention can be arranged such that a vertically-aligned nega-
tive liquid crystal is adopted as the liquid crystal display layer.
Also, the viewing angle control panel of the present invention
can be arranged such that the wire electrodes have a light
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transmitting property. Also, the viewing angle control panel
of the present invention can be arranged so as to include two
polarization plates between which the two substrates are
sandwiched.

[0026] The viewing angle control panel of the present
invention can be also described as a viewing angle control
panel including two substrates facing each other and liquid
crystal layer provided between the substrates, a combination
of the viewing angle control panel and a display panel con-
stituting a liquid crystal display device in which a viewing
angle characteristic can be switched, wherein: one of the two
substrates includes a counter electrode pattern in which a
counter electrode is provided over the one of the two sub-
strates; and the other one of the two substrates includes (i) a
transparent electrode pattern in which transparent electrodes
are provided in a striped manner and (ii) a first wire electrode
and a second wire electrode, provided in parallel with the
transparent electrodes so as to correspond to respective of
spaces between the transparent electrodes in the transparent
electrode pattern and such that the first and second wire
electrodes and the respective of the spaces overlap each other,
respectively.

[0027] The viewing angle control panel of the present
invention can be also described as a viewing angle control
panel including two substrates facing each other and a liquid
crystal layer provided between the substrates, a combination
of the viewing angle control panel and a display panel con-
stituting a liquid crystal display device in which a viewing
angle characteristic can be switched, wherein: one of the two
substrates includes a counter electrode pattern in which a
counter electrode is provided over the one of the two sub-
strates; and the other one of the two substrates includes (i) a
transparent electrode pattern in which transparent electrodes
are provided in a striped manner and (ii) plural pairs of two
wire electrodes that are provided between the counter elec-
trode pattern and the transparent electrode pattern, two wire
electrodes of each of the plural pairs being provided in par-
allel with each other and being close to or overlapping each
other in a width direction orthogonal to a direction in which
the wire electrodes extend and orthogonal to a normal direc-
tion of a substrate surface.

[0028] The viewing angle control panel of the present
invention can be also described as a viewing angle control
panel including two substrates facing each other and a liquid
crystal layer provided between the substrates, a combination
of the viewing angle control panel and a display panel con-
stituting a liquid crystal display device in which a viewing
angle characteristic can be switched, wherein: one of the two
substrates includes (i) atransparent electrode pattern in which
transparent electrodes are provided in a striped manner and
(1) first and second wire electrodes, provided in parallel with
the transparent electrodes so as to correspond to respective of
spaces between the transparent electrodes in the transparent
electrode pattern and such that the first and second wire
electrodes and the respective of the spaces overlap each other,
respectively; and the other one of the two substrates includes
(1) a transparent electrode pattern in which transparent elec-
trodes are provided in a striped manner and (ii) first and
second wire electrodes, provided in parallel with the trans-
parent electrodes so as to correspond to respective of spaces
between the transparent electrodes in the transparent elec-
trode pattern and such that the first and second wire electrodes
and the respective of the spaces overlap each other, respec-
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tively; and the two substrates are provided so that their trans-
parent electrodes are orthogonal to each other.

[0029] The viewing angle control panel of the present
invention can be also described as a viewing angle control
panel including two substrates facing each other and a liquid
crystal layer provided between the substrates, a combination
of the viewing angle control panel and a display panel con-
stituting a liquid crystal display device in which a viewing
angle property can be switched, wherein: one of the two
substrates includes (1) atransparent electrode pattern in which
a transparent electrode is provided over the one of the two
substrates and (i1) plural pairs of two wire electrodes that are
provided between the transparent electrode pattern and the
liquid crystal layer, two wire electrodes of each of the plural
pairs being provided in parallel with each other and being
close to or overlapping each other in a given direction parallel
to a substrate surface; the other one of the two substrates
includes (i) a transparent electrode pattern in which a trans-
parent electrode is provided over the other one of the two
substrates and (i1) plural pairs of two wire electrodes that are
provided between the transparent electrode pattern and the
liquid crystal layer, two wire electrodes of each of the plural
pairs being provided in parallel with each other and being
close to or overlapping each other in a given direction parallel
to a substrate surface; and the two substrates are provided so
that their wire electrodes are orthogonal to each other.
[0030] The liquid crystal display device of the present
invention includes the viewing angle control panel and a
display panel.

[0031] Thus, with the viewing angle control panel of the
present invention, it is possible to cause an equipotential line
in the liquid crystal layer to be changed in the vicinities of the
edges of each transparent electrode. That is, it is possible, by
changing the setting of the electric potentials of the wire
electrodes, to change a direction in which the liquid crystal
molecules are tilted. Also, it is possible, by setting the voltage
between the transparent electrodes and the counter elec-
trodes, to control an angle at which the liquid crystal mol-
ecules are tilted. This makes it possible to change (switch) a
visibility limitation direction occurred when the viewing
angle characteristic is a narrow viewing angle characteristic.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG.1is across sectional view showing an arrange-
ment ofa liquid crystal display device in accordance with first
Embodiment of the present invention.

[0033] FIG. 2 is a perspective plane view showing a main
arrangement of a viewing angle control panel in accordance
with first Embodiment of the present invention.

[0034] FIG. 3 is a cross sectional view showing one con-
figuration example of the liquid crystal display device of the
present invention.

[0035] FIG. 4 is a cross sectional view showing a state of a
liquid crystal layer (a state of a liquid crystal layer occurred
when no voltage is applied) in accordance with first Embodi-
ment of the present invention.

[0036] FIG. 51is a cross sectional view showing a state of
the liquid crystal layer (a state of the liquid crystal layer
occurred when visibility is available at a six o’clock direc-
tion) in accordance with first Embodiment of the present
invention.

[0037] FIG. 6 is a cross sectional view showing a state of
the liquid crystal layer (a state of the liquid crystal layer
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occurred when the visibility is available at a twelve o’clock
direction) in accordance with first Embodiment of the present
invention.

[0038] FIG. 7 is a cross sectional view showing a state of
the liquid crystal layer (a state of the liquid crystal layer
occurred when the visibility is available at a wide viewing
angle) in accordance with first Embodiment of the present
invention.

[0039] FIG. 8is aperspective view explaining directions in
which the liquid crystal display device of the present inven-
tion is viewed.

[0040] FIG. 9 is a plane view explaining the directions in
which the liquid crystal display device of the present inven-
tion is viewed.

[0041] FIG. 10 is a cross sectional view showing a modifi-
cation example of a first substrate included by the viewing
angle control panel in accordance with first Embodiment of
the present invention.

[0042] FIG. 11 is a cross sectional view showing a modifi-
cation example of the first substrate included by the viewing
angle control panel in accordance with first Embodiment of
the present invention.

[0043] FIG. 12 is a cross sectional view showing a modifi-
cation example of the first substrate included by the viewing
angle control panel in accordance with first Embodiment of
the present invention.

[0044] FIG. 13 is a cross sectional view showing a modifi-
cation example of the viewing angle control panel in accor-
dance with first Embodiment of the present invention.
[0045] FIG. 14 is a cross sectional view showing a modifi-
cation example of the viewing angle control panel in accor-
dance with first Embodiment of the present invention.
[0046] FIG. 15 is a cross sectional view showing a modifi-
cation example of the viewing angle control panel in accor-
dance with first Embodiment of the present invention.
[0047] FIG. 16 is a cross sectional view showing a main
arrangement of a viewing angle control panel in accordance
with second Embodiment of the present invention.

[0048] FIG. 17 shows an arrangement of a viewing angle
control panel in accordance with third Embodiment of the
present invention. FIG. 17(a) is a plane view showing the
arrangement of the viewing angle control panel. FIG. 17(b) is
a cross sectional view of the viewing angle control panel
shown in FIG. 17(a).

[0049] FIG. 18 is a cross sectional view showing a modifi-
cation example of a first substrate included by the viewing
angle control panel in accordance with third Embodiment of
the present invention.

[0050] FIG. 19 is a cross sectional view showing a modifi-
cation example of the first substrate included by the viewing
angle control panel in accordance with third Embodiment of
the present invention.

[0051] FIG. 20 is a cross sectional view showing a modifi-
cation example of the first substrate included by the viewing
angle control panel in accordance with third Embodiment of
the present invention.

[0052] FIG. 21 is a cross sectional view showing a modifi-
cation example of the first substrate included by the viewing
angle control panel in accordance with third Embodiment of
the present invention.

[0053] FIG. 22 is a cross sectional view showing a modifi-
cation example of the viewing angle control panel in accor-
dance with third Embodiment of the present invention.
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[0054] FIG. 23 is a cross sectional view showing a modifi-
cation example of the viewing angle control panel in accor-
dance with third Embodiment of the present invention.
[0055] FIG. 24 shows an arrangement of a viewing angle
control panel in accordance with fourth Embodiment of the
present invention. FIG. 24(e) is a plane view of the viewing
angle control panel. FIG. 24(d) is a cross sectional view of the
viewing angle control panel shown in FIG. 24(a).

[0056] FIG. 25 is a cross sectional view showing a modifi-
cation example of the viewing angle control panel in accor-
dance with fourth Embodiment of the present invention.
[0057] FIG. 26 is a cross sectional view showing a modifi-
cation example of the viewing angle control panel in accor-
dance with fourth Embodiment of the present invention.
[0058] FIG. 27 is a cross sectional view showing a modifi-
cation example of the viewing angle control panel in accor-
dance with fourth Embodiment of the present invention.
[0059] FIG. 28 is a plane view showing an arrangement of
a viewing angle control panel in accordance with fifth
Embodiment of the present invention.

[0060] FIG.291s across sectional view taken on a line A of
FIG. 28.
[0061]
FIG. 28.
[0062] FIG. 31 is a plane view showing a modification
example of the viewing angle control panel in accordance
with fifth Embodiment of the present invention.

[0063] FIG. 32 is a cross sectional view of a first substrate
of the viewing angle control panel shown in FIG. 31.

[0064] FIG. 33 is a cross sectional view of a second sub-
strate of the viewing angle control panel shown in FIG. 31.
[0065] FIG. 34 is a plane view showing an arrangement of
a viewing angle control panel in accordance with sixth
Embodiment of the present invention.

FIG. 301is a cross sectional view taken on a line B of

[0066] FIG.351is across sectional view takenon a line AA'
of FIG. 34.
[0067] FIG. 36 is a plane view showing a modification

example of the viewing angle control panel in accordance
with sixth Embodiment of the present invention.

[0068] FIG. 37 is a cross sectional view of a first substrate
of the viewing angle control panel shown in FIG. 36.

[0069] FIG. 38 is a cross sectional view of a second sub-
strate of the viewing angle control panel shown in FIG. 36.
REFERENCE SIGNS LIST

[0070] 1. Liquid crystal display device

[0071] 2. Viewing angle control panel

[0072] 4. First substrate

[0073] 5. Liquid crystal layer

[0074] 6. Second substrate

[0075] 10. Display panel

[0076] 41. Glass substrate

[0077] 43. Insulating film

[0078] 45. Vertical alignment film

[0079] 48. Wire electrode pattern

[0080] 48a through 48f. Wire electrodes

[0081] 49, 49x and 49y. Transparent electrode pattern

[0082] 494 through 49d. Transparent electrodes

[0083] 51 through 51z. Spaces in a transparent elec-

trode pattern

[0084] 53. Insulating film
[0085] 54. Insulating film
[0086] 58. First wire electrode pattern
[0087] 61. Glass substrate
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[0088] 62. Counter electrode Pattern

[0089] 63. Vertical alignment film

[0090] 66. Insulating film

[0091] 68. Second wire electrode pattern
[0092] 143x and 143y. Insulating layers
[0093] 153x and 153y. Insulating layers
[0094] 154x and 154y. Insulating layers
[0095] 1664 through 166d. Insulating layers

DESCRIPTION OF EMBODIMENTS

[0096] One embodiment of the present invention is
described below with reference to FIGS. 1 through 26. FIG. 3
is a cross sectional view showing an arrangement of a liquid
crystal display device of the present embodiment. As shown
in FIG. 3, a liquid crystal display device 1 of the present
embodiment includes a viewing angle control panel 2, a dis-
play panel 10, and a backlight. The viewing angle control
panel 2 includes a polarization plate 3, a second substrate 4, a
liquid crystal layer 5, a first substrate 6, a wave plate 7 (e.g.,
a C plate), and a polarization plate 8, which are sequentially
provided from a backlight side in this order. The polarization
plates 3 and 8 are positioned such that their light transmit-
tance axes are orthogonal to each other.

[0097] The display panel 10 can be provided closer to the
backlight. Alternatively, the viewing angle control panel 2
can be provided closer to the backlight. The liquid crystal
display device of the present embodiment is not limited to a
transmissive liquid crystal display device. Alternatively, the
liquid crystal display device of the present embodiment can
be a reflective or semi-transmissive liquid crystal display
device.

First Embodiment

[0098] FIG. 1 is a cross sectional view of a liquid crystal
display device 1 ofthe present embodiment, showing a partial
arrangerent where a second substrate 4, a liquid crystal layer
5, and a first substrate 6 are included. FIG. 2 is a perspective
plane view of the liquid crystal display device 1 of the present
embodiment, showing the partial arrangement shown in FIG.
1. As shown in FIGS. 1 and 2, the second substrate 4 includes
a glass substrate 41, a wire electrode pattern 48, an insulating
film 43, a transparent electrode pattern 49, and a vertical
alignment film 45. Provided on the glass substrate 41 is the
wire electrode pattern 48 in which wire electrodes (e.g., wire
electrodes 48a through 48f) are provided in a striped manner.
The insulting film 43 is provided so as to cover the wire
electrode pattern 48. Provided on the insulating film 43 is the
transparent electrode pattern in which transparent electrodes
(e.g., transparent electrodes 49a through 494), provided in
parallel with the wire electrodes, respectively, are provided in
a striped manner. The vertical alignment film 45 is provided
so as to cover the transparent electrode pattern 49. A trans-
parent electrode (the transparent pattern 49) is made of a
material, having a light transmitting property, such as ITO. A
wire electrode (the wire electrode pattern 48) can be made of
a material having a light transmitting property or a material
having no light transmitting property.

[0099] Two wire electrodes (a first wire electrode and a
second wire electrode) are provided for a space between
neighboring two transparent electrodes. Specifically, ina case
where transparent electrodes 49a through 494 are succes-
sively provided in a striped manner, the wire electrodes 48a
and 484 are provided as follows. That is, the wire electrode
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48a (first wire electrode) extends in parallel with the trans-
parent electrode 492 so that the wire electrode 48a and
respective of (i) a left end part of a space 51x between the
adjacent transparent electrodes 49a and 495 and (ii) a part (a
right end part) of the transparent electrode 49a overlap each
other. The wire electrode 485 (second wire electrode) extends
in parallel with the transparent electrode 495 so that the wire
electrode 485 and respective of (i) aright end part of the space
51xand (ii) a part (a left end part) of the transparent electrode
495 overlap each other (see FIGS. 1 and 2). Also, the wire
electrode 48¢ extends in parallel with the transparent elec-
trode 495 so that the wire electrode 48¢ and respective of (i)
aleft end part of a space 51y between the adjacent transparent
electrodes 496 and 49¢ and (ii) a part (a right end part) of the
transparent electrode 495 overlap each other. The wire elec-
trode 484 extends in parallel with the transparent electrode
49¢ so that the wire electrode 484 and respective of (i) a right
end part of the space 51y and (ii) a part (a left end part) of the
transparent electrode 49¢ overlap each other. Also, the wire
electrode 48¢ extends in parallel with the transparent elec-
trode 49¢ so that the wire electrode 48¢ and respective of (i) a
left end part of a space 51z between two neighboring trans-
parent electrodes 49¢ and 494 and (i) a part (a right end part)
of the transparent electrode 49¢ overlap each other. The wire
electrode 48/ extends in parallel with the transparent elec-
trode 494 so that the wire electrode 48/ and respective of (i) a
right end part of the space 51z and (ii) a part (a left end part)
of the transparent electrode 494 overlap each other.

[0100] The first substrate 6 includes a glass substrate 61, a
counter electrode pattern 62, and a vertical alignment film 63.
Provided on the glass substrate 61 is the counter electrode
pattern 62 in which a counter electrode 64 is provided over the
first substrate 6. The vertical alignment film 63 is provided so
as to cover the counter electrode pattern 62. The counter
electrode pattern 62 is made of a material, having a light
transmitting property, such as ITO.

[0101] A negative liquid crystal is adopted as the liquid
crystal layer 5. The liquid crystal layer 5 is provided between
the vertical alignment film 45 of the second substrate 4 and
the vertical alignment film 63 of the first substrate 6. This
causes the liquid crystal layer 5 to be vertically aligned.

[0102] As such, in the arrangement shown in FIG. 1, (i) the
counter electrode pattern 62 is provided in the first substrate
6, and (ii) the wire electrode pattern 48 and the transparent
electrode pattern 49 are provided in the second substrate 4. In
the wire electrode pattern 48, two wire electrodes (e.g., the
wire electrodes 485 and 48¢) are provided so as to correspond
to one transparent electrode (e.g., the transparent electrode
495). For example, the wire electrode 485 is provided so as to
bridge a left edge of the transparent electrode 495, and the
wire electrode 48¢ is provided so as to bridge a right edge of
the transparent electrode 495. Also, the wire electrode 484 is
provided so as to bridge a left edge of the transparent elec-
trode 49¢, and the wire electrode 48e is provided so as to
bridge a right edge of the transparent electrode 49¢.

[0103] The second substrate 4 includes the transparent
electrode pattern 49 and the wire electrode pattern 48 which
are arranged in the manner described above, while the counter
electrode 62 includes the first substrate 6. This allows an
equipotential line in the liquid crystal layer 5 to be changed in
the vicinity of two edges of each transparent electrode (edges
extending in a direction in which each transparent electrode

Apr. 8,2010

extends). This, in turn, makes it possible to arbitrarily control
a direction in which liquid crystal molecules are tilted in the
liquid crystal layer 5.

[0104] With reference to FIGS. 4 through 7, the following
description deals with how a viewing angle characteristic of
the liquid crystal display device shown in FIGS. 1 through 3
is switched. Note that the following description deals with the
following five directions as visible directions or visibility
limitation directions (invisible directions). Specifically, a
front surface direction, a three o’ clock direction, a six o’clock
direction, anine o’clock direction, and a twelve o’clock direc-
tion, in the viewing angle control panel 2 (or the display panel
10) (see FIGS. 8 and 9).

[0105] In the viewing angle control panel 2 of the present
embodiment, electric potentials of the wire electrodes 48a
through 484 are controlled while the counter electrode pattern
62 and the transparent electrode pattern 49 are given pre-
scribed electric potentials, respectively (see FIG. 1). This
causes the viewing angle characteristic of the liquid crystal
display device 1 to be switched.

[0106] Inthe following description, itis supposed that elec-
tric potentials of the counter electrode, the transparent elec-
trode, and the wire electrodes 485 through 48¢ are Vcom,
Vseg, and Vb through Ve, respectively. Itis also supposed that
control is carried out so that Vseg, Vb, Ve, Vd, and Ve are all
greater than Vcom or are all smaller than Veom. FIG. 4 shows
a state of the liquid crystal layer 5 occurred when no voltage
is applied to the liquid crystal layer 5.

[0107] First, the following description deals with a case in
which control is carried out so that

[Veom—Vsegl>|Vcom-Vb|
[Veom—Vsegl<|Veom-Vel
[Veom—Vsegl>|Vcom-Vd|

[Veom—Vsegl<|Vcom-Vel

are satisfied. In this case, an equipotential line around the
transparent electrode 495, for example, (1) falls in the vicinity
of the left edge of the transparent electrode 495, due to the
wire electrode 48b, and (ii) rises in the vicinity of the right
edge of the transparent electrode 495, due to the wire elec-
trode 48¢. Likewise, an equipotential line around the trans-
parent electrode 49¢ (i) falls in the vicinity of the left edge of
the transparent electrode 49¢, due to the wire electrode 484,
and (ii) rises in the vicinity of the right edge of the transparent
electrode 49¢, due to the wire electrode 48e. This causes the
liquid crystal layer 5 to have an equipotential line shown by a
dash line in FIG. 5. thus causing liquid crystal molecules
shown in FIG. 4 to be tilted in a direction indicated by an
arrow in FIG. 5. The alignment of the molecules of the liquid
crystal layer 5 shown in FIG. 5 causes the liquid crystal device
1 to have a narrow viewing angle characteristic. This allows
the liquid crystal device 1 to be visible solely in the six
o’clock direction and in the front surface direction.

[0108] Also, the following description deals with a case in
which control is carried out so that

[Veom-Vsegl<|Vcom- Vbl
[Veom—Vsegl>Veom-Vel
[Veom-Vsegl <|Veom-Vd|

[Veom—Vsegl>Veom-Vel
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are satisfied. In this case, an equipotential line around the
transparent electrode 495, for example, (i) rises in the vicinity
of the left edge of the transparent electrode 495, due to the
wire electrode 485, and (i1) falls in the vicinity of the right
edge of the transparent electrode 492, due to the wire elec-
trode 48¢. Likewise, an equipotential line around the trans-
parent electrode 49¢ (i) rises in the vicinity of the left edge of
the transparent electrode 49¢, due to the wire electrode 484,
and (ii) falls in the vicinity of the right edge of the transparent
electrode 49¢, due to the wire electrode 48e. This causes the
liquid crystal layer 5 to have an equipotential line shown by a
dash line in FIG. 6, thus causing liquid crystal molecules
shown in FIG. 4 to be tilted in a direction indicated by an
arrow in FIG. 6. The alignment of the molecules of the liquid
crystal layer 5 shown in FIG. 6 causes the liquid crystal
display device 1 to have a narrow viewing angle characteris-
tic. This allows the liquid crystal display device 1 to be visible
solely in the twelve o’clock direction and in the front surface
direction.

[0109] Also, the following description deals with a case in
which control is carried out so that

Veom-Vsegl<<|Vecom-Vbl
Veom-Vsegl>>Veom-Vcl
Veom-Vsegl>>Veom-Vd|

Veom-Vsegl<<|Vcom- Vel

are satisfied. In this case, liquid crystal molecules are tilted in
a direction indicated by an arrow in FIG. 7. The liquid crystal
molecules are tilted in the same direction as shown in FIG. 5,
but they are tilted at a larger angle. This causes the liquid
crystal molecules of the liquid crystal layer 5 to be in a state
shown in FIG. 7, thereby making it possible to cause the
liquid crystal display device 1 to have a wide viewing angle
characteristic (i.e., the liquid crystal display device 1 is vis-
ible in all directions).

[0110] With the present embodiment, it is preferable that
each transparent electrode have a given width or less. For
example, each of the transparent electrodes has a width w of
150 um or less (see FIG. 1). Also, it is preferable that each
wire electrode and the space between neighboring transparent
electrodes overlap each other by a given area or more. This
allows the equipotential line in the liquid crystal layer 5 to be
changed with accuracy in the vicinity of the edges of each
transparent electrode. In view of the circumstances, an over-
lapping width d of the wire electrode 48e and the space 51z is
set to 5 um or more, in the liquid crystal display device 1
shown in FIG. 1.

[0111] In the arrangement shown in FIG. 1, the wire elec-
trode pattern 48 is provided in a layer below a layer in which
the transparent electrode pattern 49 is provided (i.e., the wire
electrode pattern 48 is provided closer to the backlight). How-
ever, the present embodiment is not limited to this. Alterna-
tively, another viewing angle control panel 2 of the present
embodiment can be arranged such that the wire electrode
pattern 48 is provided in a layer above a layer in which the
transparent electrode pattern 49 is provided (i.e., the wire
electrode pattern 48 is provided closer to the first substrate 6)
(see FIG. 10). In this case, provided on the glass substrate 41
is the transparent electrode pattern 49 in which the transpar-
ent electrodes (e.g., the transparent electrodes 49a through
49¢) are provided in a striped manner. The insulating film 43
is provided so as to cover the transparent electrode pattern 49.
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Provided on the insulating film 43 is the wire electrode pattern
48 in which the wire electrodes (e.g., the wire electrodes 48a
through 484), provided in parallel with the transparent elec-
trodes, respectively, are provided in a striped manner. The
vertical alignment film 45 is provided so as to cover the wire
electrode pattern 48. A positional relation between respective
of the wire electrodes and respective of the transparent elec-
trodes is the same as shown in FIG. 1. Note, however, that a
plurality of insulating layers can be independently provided,
instead of the single insulating film 43 (see FIG. 11). For
example, insulating layers 143x and 143y are independently
provided on the transparent electrode pattern 49. The wire
electrodes 48a and 485 are provided on the insulating layer
143x, and the wire electrodes 48¢ and 484 are provided on the
insulating layer 143y.

[0112] Also, the arrangement shown in FIG. 1 deals with
the case where a wire electrode and a corresponding trans-
parent electrode overlap each other. However, the present
embodiment is not limited to this. Alternatively, two wire
electrodes can be arranged so that respective of the two wire
electrodes and a space between neighboring transparent elec-
trodes overlap each other, but respective of the two wire
electrodes and respective of the neighboring transparent elec-
trodes do not overlap each other. For example, the wire elec-
trodes 48a, 485, 48¢, and 484 are provided as follows, in the
arrangement in which (i) the transparent electrode pattern 49,
where the transparent electrodes 49a through 49¢ are pro-
vided in a striped manner, is provided on the glass substrate
41, (i) the insulating film 43 is provided so as to cover the
transparent electrodes pattern 49, and (iii) the wire electrode
pattern 48, where the wire electrodes 48a through 484 pro-
vided in parallel with the transparent electrodes, respectively,
are provided in a striped manner, is provided on the insulating
film 43 (see F1G. 12). Specifically, (i) respective of the wire
electrodes 48a and 485 and (ii) the space 51x between the
neighboring transparent electrodes 49a and 495 overlap each
other. However, (i) the respective of the wire electrodes 48a
and 485 and (ii) respective of the neighboring transparent
electrodes 49a and 494 do not overlap each other. Also, (i)
respective of the wire electrodes 48¢ and 484 and (ii) the
space 51y between the neighboring transparent electrodes
495 and 49¢ overlap each other. However, (i) the respective of
the wire electrodes 48¢ and 484 and (i) respective of the
transparent electrodes 495 and 49¢ do not overlap each other.

[0113] Further, the arrangement shown in FIG. 1 deals with
the case where the wire electrode pattern 48 is provided in the
second substrate 4. However, the present embodiment is not
limited to this. Alternatively, a further viewing angle control
panel 2 of the present embodiment can be arranged such that
a wire electrode pattern 48 is provided in the first substrate 6
(see FI1G. 13). In the second substrate 4, in this case, the
transparent electrode pattern 49 is provided on the glass sub-
strate 41. In the transparent electrode pattern 49, the transpar-
ent electrodes (e.g., the transparent electrodes 49a through
49¢) are provided in a striped manner. The vertical alignment
film 45 is provided so as to cover the transparent electrode
pattern 49. In the first substrate 6, the counter electrode pat-
tern 62 is provided on the glass substrate 61. The insulting
film 66 is provided so as to cover the counter electrode pattern
62. Provided on the insulting film 66 is the wire electrode
pattern 48 in which the wire electrodes (e.g., the wire elec-
trodes 48a through 48d), provided in parallel with the trans-
parent electrodes, respectively, are provided in a striped man-
ner. The vertical alignment film 63 is provided so as to cover
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the wire electrode pattern 48. A positional relation between
respective of the wire electrodes and respective of the trans-
parent electrodes is the same as shown in FIG. 1. Note, how-
ever, that insulating layers can be independently provided,
instead of the insulating film 66 (see FIG. 14). For example,
insulating layers 1664 through 1664 are independently pro-
vided on the counter electrode pattern 62. The wire electrode
48a through 484 are provided on the insulating layers 1664
through 1664, respectively.

[0114] Furthermore, the arrangement shown in FIG. 1 deals
with the case where each of the wire electrode pattern 48, the
transparent electrode pattern 49, and the counter electrode
pattern 62 is made of a single layer. However, the present
embodiment is not limited to this. For example, still a further
viewing angle control panel 2 of the present embodiment can
be arranged such that (i) the transparent electrode pattern 49
(the transparent electrodes) is provided in multiple layers
each made of a different material, and (ii) the counter elec-
trode pattern 62 is provided in multiple layers each made of a
different material (see FIG. 15).

Second Embodiment

[0115] The arrangement shown in FIG. 1 deals with the
case where a wire electrode pattern 48 and a transparent
electrode pattern 49 are provided in different layers. How-
ever, the present embodiment is not limited to this. Alterna-
tively, another viewing angle control panel 2 of the present
embodiment can be arranged such that a wire electrode is
provided in respective of spaces in a transparent electrode
pattern 49 (see FIG. 16). In this case, a first substrate 6 has the
same arrangement as shown in FIG. 1, whereas a second
substrate 4 has an arrangement in which the transparent elec-
trode pattern 49 is provided on a glass substrate 41. Transpar-
ent electrodes (e.g., transparent electrodes 49a through 49¢)
are provided in a striped manner in the transparent electrode
pattern 49. Two wire electrodes are provided in respective of
the spaces between neighboring wire electrodes. For
example, wire electrodes 78a and 785 are provided in a space
51x between the neighboring transparent electrodes 49a and
495, and wire electrodes 78¢ and 78d are provided in a space
51y between the neighboring transparent electrodes 495 and
49¢. It is preferable that the wire electrode 784 be provided
close to a right edge of the transparent electrode 494, the wire
electrode 785 be provided close to a left edge of the transpar-
ent electrode 495, the wire electrode 78¢ be provided close to
a right edge of the transparent electrode 495, and the wire
electrode 784 be provided close to a left edge of the transpar-
ent electrode 49¢. A vertical alignment film 45 is provided so
as to cover the transparent electrode pattern 49 and the wire
electrodes (e.g., the wire electrodes 78a through 784). Thus,
the second substrate 4 includes the transparent pattern 49 and
the wire electrodes arranged in the manner described above,
while the first substrate 6 includes the counter electrode pat-
tern 62. This allows an equipotential line in a liquid crystal
layer 5 to be changed in the vicinity of two edges of each of
the transparent electrodes (the edges extending in a direction
in which each of the transparent electrodes extends). This, in
turn, makes it possible to change (1) a direction in which liquid
crystal molecules are tilted in the liquid crystal layer 5 and (ii)
an angle (a degree of inclination) at which the liquid crystal
molecules are tilted.

[0116] Itis supposed, in the arrangement shown in FIG. 16,
that (i) electric potentials of the counter electrode, a transpar-
ent electrode, and the wire electrodes 785 through 78e are
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indicated by Vcom, Vseg, and VB through VE, respectively,
and (ii) control is carried out so that Vseg, VB, VC, VD, and
VE are all greater than Vcom or are all smaller than Vcom.
[0117] First, the following description deals with a case in
which control is carried out so that

[Veom—Vsegl>Veom-VB|
[Veom-Vsegl<|Vcom-VCl
[Veom—Vsegl>Veom-VDI

[Veom-Vsegl<|Vcom-VE|

are satisfied. In this case, the liquid crystal layer 5 becomes in
astate as shown in F1G. 5. This causes a liquid crystal display
device 1 to have a narrow viewing angle characteristic, in
which the liquid crystal device 1 is visible solely in a six
o’clock direction and in a front surface direction.

[0118] Also, the following description deals with a case in
which control is carried out so that

Veom—Vsegl<|Vcom-VB|
[Vcom—Vsegl>1Vcom-VCl
[Veom-Vsegl<|Vcom-VDI

[Vcom—Vsegl>1Vcom-VE|

are satisfied. In this case, the liquid crystal layer 5 becomes in
a state as shown in FIG. 6. This causes the liquid crystal
display device 1 to have a narrow viewing angle characteris-
tic, in which the liquid crystal display device 1 is visible
solely in a twelve o’clock direction and in the front surface
direction.

[0119] Also, the following description deals with a case in
which control is carried out so that

[Veom—Vsegl<<|Vcom-VB|
[Vcom=Vsegl>>Vcom=VC|
[Veom—Vsegl>>|Veom-VD

[Veom-Vsegl<<|Vcom—-VE|

are satisfied. In this case, the liquid crystal layer 5 becomes in
a state as shown in FIG. 7. This allows the liquid crystal
display device 1 to have a wide viewing angle characteristic
(i.e., the liquid crystal display device 1 is visible in all direc-
tions).

[0120] Itis also preferable in the present embodiment that
each transparent electrode have a given width or less. For
example, the transparent electrode is set to have a width w of
150 um or less in the arrangement shown in FI1G. 16. Also, it
is preferable that a distance (a gap) between respective neigh-
boring ones of the transparent electrodes and the wire elec-
trodes be a given distance or less. This allows the equipoten-
tial line in the liquid crystal layer 5 to be changed with
accuracy in the vicinity of the edges of each of the transparent
electrodes. For example, a distance D between the transparent
electrode 49¢ and the wire electrode 78¢ is set to 5 pm or less
in the arrangement shown in FIG. 16.

Third Embodiment

[0121] The arrangement shown in FIG. 1 deals with the
case where wire electrodes are arranged in a single layer (i.e.,
wire electrodes are provided in a wire electrode pattern 48).
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However, the present embodiment is not limited to this. Alter-
natively, a further viewing angle control panel 2 of the present
embodiment can be arranged such that a first wire electrode
pattern 58 and a second wire electrode pattern 68 are provided
so that wire electrodes are separately provided in two wire
electrode patterns 58 and 68, respectively (see a plain view
shown in 17(a), which is shown in the same way as FIG. 9,
and a cross sectional view thereof shown in FIG. 17(4)). In
this case, a first substrate 6 has the same arrangement as
shown in FIG. 1, whereas a second substrate 4 has an arrange-
ment in which the second wire electrode pattern 68 is pro-
vided on a glass substrate 41. Wire electrodes (e.g., wire
electrodes 68a through 68¢) are provided in a striped manner
in the second wire electrode pattern 68. An insulating film 53
is provided so as to cover the second wire electrode pattern
68. Provided on the insulating film 53 is the first wire elec-
trode pattern 58 in which wire electrodes (e.g., wire elec-
trodes 58a through 58¢) are provided in a striped manner. An
insulating film 54 is provided so as to cover the first wire
electrode pattern 58. Provided on the insulating film 54 is a
transparent electrode pattern 49 in which transparent elec-
trodes (e.g., transparent electrodes 49a through 494), pro-
vided in parallel with the wire electrodes, respectively, are
provided in a striped manner. A vertical alignment film 45 is
provided so as to cover the transparent electrode pattern 49.

[0122] In the present embodiment, the wire electrode 68a
extends in parallel with the transparent electrode 494 so that
the wire electrode 68a and respective of (i) a left end part of
a space 51.x between the adjacent transparent electrodes 494
and 495 and (i1) a part (a right end part) of the transparent
electrode 49a overlap each other. The wire electrode 58a
extends in parallel with the transparent electrode 495 so that
the wire electrode 584 and respective of (i) a right end part of
the space 51x and (i1) a part (a left end part) of the transparent
electrode 495 overlap each other (see FIGS. 17(a) and 17(b)).
Also, the wire electrode 684 extends in parallel with the
transparent electrode 495 so that the wire electrode 685 and
respective of () a left end part of a space 51y between the two
adjacent transparent electrodes 495 and 49¢ and (ii) a part (a
right end part) of the transparent electrode 494 overlap each
other. The wire electrode 585 extends in parallel with the
transparent electrode 49¢ so that the wire electrode 585 and
respective of (i) a right end part of the space 51y and (iv) a part
(aleft end part) of the transparent electrode 49¢ overlap each
other. Also, the wire electrode 68¢ extends in parallel with the
transparent electrode 49¢ so that the wire electrode 68¢ and
respective of (i) a left end part of a space 51z between the two
adjacent transparent electrodes 49¢ and 494 and (ii) a part (a
right end part) of the transparent electrode 49¢ overlap each
other. The wire electrode 58¢ extends in parallel with the
transparent electrode 494 so that the wire electrode 58¢ and
respective of (1) a right end part of the space 51zand (i1) a part
(aleft end part) of the transparent electrode 494 overlap each
other. In other words, two wire electrodes (e.g., the wire
electrodes 58a and 685) are provided so as to correspond to
one transparent electrode (e.g., the transparent electrode
495). For example, the wire electrode 58a is provided so as to
bridge a left edge of the transparent electrode 495, and the
wire electrode 68 is provided so as to bridge a right edge of
the transparent electrode 495. Also, the two wire electrodes
585 and 68¢ are provided so as to correspond to the transpar-
ent electrode 49¢. The wire electrode 585 is provided so as to
bridge a left edge of the transparent electrode 49¢, and the
wire electrode 68¢ is provided so as to bridge a right edge of
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the transparent electrode 49¢. As such, while the first sub-
strate 6 includes the counter electrode pattern 62, the second
substrate 4 includes (i) the transparent electrode pattern 49
and (ii) the first wire electrode pattern 58 and the second wire
electrode pattern 68, each arranged in the manner described
above. This allows an equipotential line in a liquid crystal
layer 5 to be changed in the vicinity of the two edges of each
of the transparent electrodes (i.e., edges extending in a direc-
tion in which each of the transparent electrodes extend). This,
in turn, makes it possible to change (i) a direction in which
liquid crystal molecules are tilted in the liquid crystal layer 5
and (ii) an angle (a degree of inclination) at which the liquid
crystal molecules are tilted.

[0123] Itis supposed that electric potentials of the counter
electrode, the transparent electrodes, the wire electrode 58a,
the wire electrode 685, the wire electrode 585, and the wire
electrode 68¢ are Vcom, Vseg, Va, V3, Vy, and V9, respec-
tively. It is also supposed, in the arrangement shown in FIG.
17, that control is carried out so that Vseg, Vo, VB, Vy, and Vo
are all greater than Vcom or are all smaller than Vcom.
[0124] Thefollowing description deals with a case in which
control is carried out so that

[Veom—Vsegl>Vcom-Val
[Veom-Vsegl<|Vcom-Vpl
[Veom—Vsegl™>|Vcom-Vyl

[Vcom=Vseg|<|Vcom=Vdl

are satisfied. In this case, the liquid crystal layer 5 becomes in
astate as shown in FIG. 5. This causes a liquid crystal display
device 1 to have a narrow viewing angle characteristic, in
which the liquid crystal display device 1 is visible solely in a
six 0’clock direction and in a front surface direction.

[0125] Also, the following description deals with a case in
which control is carried out so that

[Veom—Vsegl<|Veom-Val
|Veom-Vsegl>Veom- VPl
[Veom—Vsegl<|Vcom- T4l

|Veom—Vseg!>Vcom- V3l

are satisfied. In this case, the liquid crystal layer 5 becomes in
a state as shown in FIG. 6. This causes the liquid crystal
display device 1 to have a narrow viewing angle characteris-
tic, in which the liquid crystal display device 1 is visible
solely in a twelve o’clock direction and in the front surface
direction.

[0126] Also, the following description deals with a case in
which control is carried out so that

[Veom—Vsegl<<|Veom-Val
[Veom—Vsegl>>Veom—VPI
[Veom—Vsegl>>Veom—Vy|

[Veom—Vsegl<<|Vcom— V|

are satisfied. In this case, the liquid crystal layer 5 becomes in
a state as shown in FIG. 7. This can cause the liquid crystal
display device 1 to have a wide viewing angle characteristic
(i.e., the liquid crystal display device 1 is visible in all direc-
tions).
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[0127] Inthearrangementshownin FIG. 17, itis preferable
that the wire electrodes in the first wire electrode pattern 58
and the wire electrodes in the second wire electrode pattern 68
overlap each other, respectively. For example, a left end part
of the wire electrode 58a in the first wire electrode pattern 58
and a right end part of the wire electrode 68a in the second
wire electrode pattern 68 are arranged so as to overlap each
other. Also, aleft end part of the wire electrode 585 in the first
wire electrode pattern 58 and a right end part of the wire
electrode 685 in the second wire electrode pattern 68 are
arranged so as to overlap each other. Also, a left part of the
wire electrode 58¢ in the first wire electrode pattern 58 and a
right part of the wire electrode 68¢ in the second wire elec-
trode pattern 68 are arranged so as to overlap each other. This
allows the wire electrodes and spaces in the transparent elec-
trode pattern 49 to overlap each other, thereby making it
possible to prevent the liquid crystal layer 5 from having a
region to which no voltage is applied.

[0128] It is also preferable in the present embodiment that
each transparent electrode have a given width or less. For
example, each of the transparent electrodes has a width w of
150 pum or less (see FIG. 17). Also, it is preferable that each
wire electrode and the space between adjacent electrodes
overlap each other by a given area or more. This allows the
equipotential line in the liquid crystal layer 5 to be changed
with accuracy in the vicinity of the edges of each transparent
electrode. As such, an overlapping width d1 (an actual over-
lapping width that excludes an overlapping width in which
the wire electrode 68a and the wire electrode 58a overlap
each other) of the wire electrode 68a and the space 51x
between the adjacent transparent electrodes is set to 5 um or
more, and an overlapping width d2 of the wire electrode 58a
and the space 51xis set to 5 wm or more (see FIG. 17).

[0129] The arrangement shown in FIG. 17 deals with the
case where the first wire electrode pattern 58 and the second
wire electrode pattern 68 are provided in layers (i.e., layers
provided closer to a backlight), respectively, that are provided
below a layer in which the transparent electrode pattern 49 is
provided. However, the present embodiment is not limited to
this. Alternatively, still a further viewing angle control panel
2 of the present embodiment can be arranged such that a first
wire electrode pattern 58 and a second wire electrode pattern
68 are provided in layers (i.e., layers provided closer to a first
substrate 6), respectively, that are provided above a layer in
which a transparent electrode pattern 49 is provided (see FIG.
18). In a second substrate 4, in this case, the transparent
electrode pattern 49 is provided on a glass substrate 41. Wire
electrodes (e.g., wire electrodes 49a through 494) are pro-
vided in a striped manner in the transparent electrode pattern
49. On the transparent electrode pattern 49, an insulating film
53 is provided. Provided on the insulating film 53 is the
second wire electrode pattern 68 in which wire electrodes
(e.g., wire electrodes 68a and 68b), provided in parallel with
the transparent electrodes, respectively, are provided in a
striped manner. A vertical alignment film 45 is provided so as
to cover the first wire electrode pattern 58. A positional rela-
tion between respective of the wire electrodes and respective
of the transparent electrodes is the same as shown in FIG. 17.
Note, however, that insulating layers can be independently
provided, instead of the insulating films 53 and 54 (see FIG.
19). For example, insulating layers 153x and 153y can be
independently provided on the transparent electrode pattern
49, and insulating layers 154x and 154y can be independently
provided. The wire electrode 68a can be provided on the
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insulating layer 153.x, whereas the wire electrode 685 can be
provided on the insulting layer 153y. The wire electrode 58a
can be provided on the insulating layer 154x, whereas the
wire electrode 585 can be provided on the insulating layer
154y.

[0130] Another viewing angle control panel of the present
embodiment can be arranged such that (i) a first wire elec-
trode pattern 58 is provided in a layer (i.e., a layer provided
closerto a first substrate 6) provided above a layer in which a
transparent electrode pattern 49 is provided and that (ii) a
second wire electrode pattern 68 is provided in a layer pro-
vided (i.e., a layer provided closer to a backlight) below the
layer in which the transparent electrode pattern 49 is provided
(see FIG. 20). In the second substrate 4, in this case, the
second wire electrode pattern 68 is provided on the glass
substrate 41. Wire electrodes (e.g., wire electrodes 68a and
680) are provided in a striped manner in the second wire
electrode pattern 68. On the second wire electrode pattern 68,
the insulating film 53 is provided. Provided on the insulating
film 53 is the transparent electrode pattern 49 in which trans-
parent electrodes (e.g., transparent electrodes 49a through
49¢), positioned in parallel with the wire electrodes, respec-
tively, are provided in a striped manner. On the transparent
electrode pattern 49, the insulating film 54 is provided. Pro-
vided on the insulating film 54 is a first wire electrode pattern
58 in which wire electrodes (e.g., wire electrodes 58a and
58b) are provided in a striped manner. The vertical alignment
film 45 is provided so as to cover the first wire electrode
pattern 58. In the arrangement, insulating layers can be also
independently provided, instead of the insulating film 54 (see
FIG. 21). For example, insulating layers 154xand 154y can be
independently provided on the transparent electrode pattern
49. A wire electrode 58a can be provided on the insulating
layer 154x, whereas a wire electrode 585 can be provided on
the insulating film 154y,

[0131] Also, the arrangement shown in FIG. 17 deals the
case where the first wire electrode pattern 58 and the second
wire electrode pattern 68 are provided in the second substrate
4. However, the present embodiment is not limited to this.
Alternatively, yet another viewing angle control panel 2 of the
present embodiment can be arranged such that a second wire
electrode pattern 68 is provided in a second substrate 4 and
that a first wire electrode pattern 58 is provided in a first
substrate 6 (see FIG. 22). In the first substrate 6, in this case,
a counter electrode pattern 62 is provided on a glass substrate
61. Counter electrode 64 is provided over the glass substrate
61 in the counter electrode pattern 62. On the counter elec-
trode pattern 62, an insulating film 66 is provided. Provided
on the insulating film 66 is a first wire electrode pattern 58 in
which wire electrodes (e.g., wire electrodes 58a through 58¢)
are provided in a striped manner. A vertical alignment film 63
is provided so as to cover the first wire electrode pattern 58. In
the second substrate 4, on the other hand, a second wire
electrode pattern 68 is provided on a glass substrate 41. Wire
electrodes (e.g., wire electrodes 68a through 68¢) are pro-
vided in a striped manner in the second wire electrode pattern
68. On the second wire electrode pattern 68, an insulating film
43 is provided. Provided on the insulating film 43 is a trans-
parent electrode pattern 49 in which transparent electrodes
(e.g., transparent electrodes 49a through 49¢) are provided in
a striped manner. A vertical alignment film 45 is provided so
as to cover the transparent electrode pattern 49. A positional
relation between respective of the wire electrodes and respec-
tive of the transparent electrodes is the same as shown in FIG.
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17. Note that insulating layers 166a through 166¢ can be
independently provided on the counter electrode pattern 62,
instead of the insulating film 66 in the first substrate 6 (see
FIG. 23). The wire electrode 58a can be provided on the
insulating layer 1664, whereas the wire electrode 585 and 58¢
can be provided on the insulating layers 1665 and 166¢,
respectively.

Fourth Embodiment

[0132] Each of the arrangements (e.g., each of the arrange-
ments shown in FIGS. 1 and 17, respectively) deals with the
case where a transparent electrode pattern is arranged in a
striped manner. However, the present embodiment can be
alternatively arranged such that a transparent electrode pat-
tern, in which a transparent electrode is provided over a glass
substrate, is provided. In the arrangement, wire electrodes are
provided in a layer between a layer in which a counter elec-
trode pattern is provided and a layer in which a transparent
electrode pattern is provided.

[0133] For example, a second substrate 4 includes a glass
substrate 41, a wire electrode pattern 48, aninsulating film 43,
a transparent electrode pattern 89, and a vertical alignment
film 45 (see F1IGS. 24(a) and 24(b)). On the glass substrate 41,
the transparent electrode pattern 89 is provided. A transparent
electrode is provided over the glass substrate 41 in the trans-
parent electrode pattern 89. The insulating film 43 is provided
so as to cover the transparent electrode pattern 89. Provided
on the insulating film 43 is the wire electrode pattern 48 in
which wire electrodes (e.g., wire electrodes 48a through 484)
are provided in a striped manner. The vertical alignment film
45is provided so as to cover the wire electrode pattern 48. The
transparent electrode (the transparent electrode pattern 89) is
made of a material, having a light transmitting property, such
as ITO. The wire electrodes (the wire electrode pattern 48)
can be made of a material having a light transmitting property
or a material having no light transmitting property.

[0134] In the wire electrode pattern 48, plural pairs of two
wire electrodes are provided at intervals in a width direction
(a direction x shown in FIG. 24(b)) orthogonal to a direction
in which the wire electrodes extend and orthogonal to a nor-
mal direction of a substrate surface (see FIGS. 24(¢) and
24(b)). The two wire electrodes of each of the plural pairs are
parallel and close to each otherin the direction x. Specifically,
the wire electrodes 48a and 485, which extend so as to be
parallel and close to each other in the direction x, constitute a
pair. Also, wire electrodes 48¢ and 484, which extend so as to
be parallel and close to each other in the direction x, constitute
a pair. A first substrate 6, on the other hand, includes a glass
substrate 61, a counter electrode pattern 62, and a vertical
alignment film 63 (see FIG. 24(5)). On the glass substrate 61,
the counter electrode pattern 62 is provided. A counter elec-
trode 64 is provided over the glass substrate 61 in the counter
electrode pattern 62. The vertical alignment film 63 is pro-
vided so as to cover the counter electrode pattern 62. The
counter electrode pattern 62 is made of a material, having a
light transmitting property, such as ITO.

[0135] The arrangement shown in FIGS. 24(a) and 24(b)
deals with the case where the wire electrode pattern 48 is
provided in the second substrate 4. Alternatively, the present
embodiment can be arranged such that a wire electrode pat-
tern 48 is provided in a first substrate 6 (see FIG. 27).
[0136] Thearrangement shown in FIG. 24(b) deals with the
case where the wire electrodes 484 and 485, which constitute
apair, are provided in a single layer. Alternatively, the present
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embodiment can be arranged such that wire electrodes 48a
and 486 are provided in different layers (i.e., the wire elec-
trodes 48a and 48 are provided so as to belong to different
electrode patterns), respectively. For example, the present
embodiment can be arranged in the manner shown in F1G. 25.
Specifically, on a glass substrate 41, a transparent electrode
pattern 89 is provided. A transparent electrode is provided
over the glass substrate 41 in the transparent electrode pattern
89. An insulting film 53 is provided so as to cover the trans-
parent electrode pattern 89. Provided on the insulting film 53
is a second wire electrode pattern 68 in which second wire
electrodes (e.g., second wire electrodes 68a and 68b) are
provided in a striped manner. An insulating film 54 is pro-
vided so as to cover the second wire electrode pattern 68.
Provided on the insulating film 54 is a first wire electrode
pattern 58 in which first wire electrodes (e.g., first wire elec-
trodes 58a and 58b) are provided in a striped manner. A
vertical alignment film 45 can be provided so as to cover the
first wire electrode pattern 58. In a second substrate 4, the
wire electrode 58a in the first wire electrode pattern 58 and
the wire electrode 68a in the second wire electrode pattern 68,
for example, constitute a pair. The wire electrode 58a and the
wire electrode 68a (i) extend in parallel with each other and
(i) partially overlap each other in a width direction (a direc-
tion x) which is orthogonal to a direction in which the wire
electrodes 58a and 68a extend and orthogonal to a normal
direction of a substrate surface. Also, the wire electrode 585
in the first wire electrode pattern 58 and the wire electrode
685 in the second wire electrode pattern 68 constitute a pair.
The wire electrode 585 and the wire electrode 685 (i) extend
in parallel with each other and (ii) partially overlap each other
in the width direction (the direction x) which is orthogonal to
a direction in which the wire electrodes 585 and 685 extend
and orthogonal to the normal direction of the substrate surface
and. A plurality of such pairs of respective two wire elec-
trodes are provided at intervals in the direction x.

[0137] The arrangement shown in FIG. 25 deals with the
case where the first wire electrode pattern 58 and the second
wire electrode pattern 68 are provided in the second substrate
4. Alternatively, the present embodiment can be arranged
such that a first wire electrode pattern 58 is provided in a first
substrate 6 and that a second wire electrode pattern 68 is
provided in a second substrate 4 (see FIG. 26). In the arrange-
ment, likewise, a wire electrode 58a in the first wire electrode
pattern 58 and a wire electrode 68¢ in the second wire elec-
trode 68 constitute a pair. The wire electrode 58¢ and the wire
electrode 68a (i) extend in parallel with each other and (i1)
partially overlap each other in a width direction (in a direction
x) orthogonal to a direction in which the wire electrodes 58a
and 68a extend and orthogonal to a normal direction of a
surface substrate. Also, a wire electrode 585 in the first wire
electrode pattern 58 and a wire electrode 68b in the second
wire electrode pattern 68 constitute a pair. The wire electrode
58b and the wire electrode 68 (i) extend in parallel with each
other and (i1) partially overlap each other in the width direc-
tion (in the direction x) orthogonal to a direction in which the
wire electrodes 585 and 685 extend and orthogonal to the
normal direction of the substrate surface. A plurality of such
pairs of respective two wire electrodes are provided at inter-
vals in the direction x.

[0138] The arrangements shown in FIGS. 25 and 26 deals
with the case where two wire electrodes (e.g., the wire elec-
trodes 58a and 68a), constituting a pair, partially overlap each
other. However, the present embodiment is not limited to this.
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Alternatively, the present embodiment can be arranged such
that two wire electrodes are provided close to each other in a
direction x instead of overlapping each other.

Fifth Embodiment

[0139] A viewing angle control panel of the present
embodiment can be alternatively arranged such that (i) a
transparent electrode pattern and a wire electrode pattern are
provided in a first substrate 6 and in a second substrate 4,
respectively and (i1) the first substrate 6 and the second sub-
strate 4 are provided so that their transparent electrode pat-
terns 49 are orthogonal to each other (see FIG. 28). FIG. 29 is
across sectional view taken on a dash line A of FIG. 28. FIG.
30 is a cross sectional view taken on a dash line B of FIG. 28.
[0140] For example, the viewing angle control panel 2 of
the present embodiment can have arrangements as shown in
FIGS. 28 through 30. That is, in a second substrate 4, a wire
electrode pattern 48y is provided on a glass substrate 41. Wire
electrodes (e.g., wire electrodes 4856 through 48e) are pro-
vided ina striped manner in the wire electrode pattern 48y. An
insulting film 43 is provided so as to cover the wire electrode
pattern 48y. Provided on the insulating film 43 is a transparent
electrode pattern 49y in which transparent electrodes pro-
vided in parallel with the wire electrodes, respectively, are
provided in a striped manner. A vertical alignment film 45 is
provided so as to cover the transparent electrode pattern 49y.
Two wire electrodes (e.g., wire electrodes 48¢ and 484) in the
wire electrode pattern 48y are provided so as to correspond to
respective of spaces between the transparent electrodes in the
transparent electrode pattern 49y. The two wire electrodes
48c and 484 extend in parallel with the transparent electrodes
so that the two wire electrodes 48¢ and 484 and the respective
of the spaces overlap each other. In a first substrate 6, on the
other hand. a wire electrode pattern 48x is provided on a glass
substrate 61. Wire electrodes (e.g., wire electrodes 48B
through 48E) are provided in a striped manner in the wire
electrode pattern 48x. An insulating film 66 is provided so as
to cover the wire electrode pattern 48x. Provided on the insu-
lating film 66 is a transparent electrode pattern 49x in which
transparent electrodes provided in parallel with the wire elec-
trodes, respectively, are provided in a striped manner. A ver-
tical alignment film 63 is provided so as to cover the trans-
parent electrode pattern 49x. Two wire electrodes in the wire
electrode pattern 48x (e.g., wire electrodes 48C and 48D) are
provided so as to correspond to respective of spaces between
the transparent electrodes in the transparent electrode pattern
49x. The two wire electrodes 48C and 48D extend in parallel
with the transparent electrodes so that the two wire electrodes
48C and 48D and the respective of the spaces overlap each
other. In the present embodiment, (i) the first substrate 6 and
the second substrate 4 are provided so that the transparent
electrode pattern 49x (or the wire electrode pattern 48x) in the
first substrate 6 and the transparent electrode pattern 49y (or
the wire electrode pattern 48y) in the second substrate 4 are
orthogonal to each other, and (ii) the liquid crystal layer 5 is
sandwiched between the first substrate 6 and the second sub-
strate 4 (see FIG. 28).

[0141] In the arrangements of the present embodiment, (i)
prescribed electric potentials are applied to the transparent
electrode patterns 49x (which is provided in the first substrate
6) and 49y (which is provided in the second substrate 4),
respectively, and (ii) electric potentials of the wire electrodes
48b through 48e (which are provided in the second substrate
4) and electric potentials of the wire electrodes 48B through
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48F (which are provided in the first substrate 6) are controlled
(see FIGS. 28 through 30). This causes a viewing angle char-
acteristic of a liquid crystal display device 1 (see FIGS. 3 and
28) to be switched. S, T, U, and V shown in FIGS. 29 and 30
correspond to those shown in FIG. 9, respectively.

[0142] Itis supposed that electric potentials of the transpar-
ent electrode pattern 49x, the transparent electrode pattern
49y, the wire electrodes 484 through 48e, and the wire elec-
trodes 48B through 48E are V49x, V49y, V485 through V48e,
and V48B through V48E, respectively. The following
description deals with a case in which (i) control is carried out
so thatV49y,V48b, Vd8c, V48d, and V48e are all greater than
V49x or are all smaller than V49x and (ii) control is carried
out so that V49x, V48B, V48C, V48D, and V48E are all
greater than V49y or are all smaller than V49,

[0143] First, the following description deals with a case in
which control is carried out so that

1VAQx—VA9y|>VA9x-VARD|
|V49x-V49y| < |V49x-V48c|
1VAQx—VA9y|>VA9x-VARd|
|V49x-V49y| < |V49x-V48el
1V49y-V49x|=V49x-VA8B|
1V49y-V49x1=V49x-V48C|
|VA9y-V49x|=V49x- V48D

VA9~ V49x|=1V49x-VARE]

are satisfied. In this case, the liquid crystal display device 1
has a narrow viewing angle characteristic, in which the liquid
crystal display device 1 is visible solely in a three o’clock
direction and in a front surface direction shown in FIGS. 8, 9,
29, and 30.

[0144] Also, the following description deals with a case in
which control is carried out so that

|V49x-V49y| <|V49x-VA48b|
|VAQx—VA9y|>VA9x-VARcl
|V49x- V49y| <|VA9x-V48d|
|VAQx—VA9y| > VA9x-VARe|
1VA49y-V49x1=V49x—V48B|
|V49y-V49x1=V49x-V48C|
1V49y-V49x|=V49x- V48D

1VA9y- V49x|=|V49x-VARE]

are satisfied. In this case, the liquid crystal display device 1
has a narrow viewing angle characteristic, in which the liquid
crystal display device 1 is visible solely in a nine o’clock
direction and in the front surface direction shown in FIGS. 8,
9, 29, and 30.

[0145] Also, the following description deals with a case in
which control is carried out so that

1VA9y-V49x|<|VA9y-VARRB|

[V49y—-V49x1>1V49y-VASC|



US 2010/0085513 Al

A9y~ V40 <|P49y-V4A8D
VAQy- VAOx >|VA9y-VASE]
VAOx- V49y =|V49y-V48b|
VAOx- VA9 =|V49y-V4Sc]
VAOx- VA9 =|V49y—VASd)

V49x-V49y =1V49y-V4Rel

are satisfied. In this case, the liquid crystal display device 1
has a narrow viewing angle characteristic, in which the liquid
crystal display device 1 is visible solely in the six o’clock
direction and in the front surface direction shown in FIGS. 8,
9,29, and 30.

[0146] Also, the following description deals with a case in
which control is carried out so that

V49y-V49x >|V49y-V4RB|
VA49y-V49x <|VA9y-VARC)|
V49y-V49x >|VA9y-VA'D
VA49y-V49x <|VA9y—-VARE]
VA9x-V49y =1VA9y-VA8bI
V49x-V49y =1VA9y-VARcl
VA9x-V49y =1VA9y-V48d|

V49x-V49y =1VA9y-VARel

are satisfied. In this case, the liquid crystal display device 1
has a narrow viewing angle characteristic, in which the liquid
crystal display device 1 is visible solely in a twelve o’clock
direction and in the front surface direction shown in FIGS. 8,
9, 29, and 30.

[0147] Also, the following description deals with a case in
which control is carried out so that:

VAG—V49y >>| F49x— V4%)|
VA9x- P49y <<| VA9x—VAgc|
VAG— V49 <<| FA9x— VARd
VA9x- P49y >>| PAOx—VAgel
VAQy-V49x =|V49x~-VARB|
VA9y-P49x =|P49x-V48C]
VAQy-V49x =|VA9x-VA3D
VA9y-VA9x =|V49x-VABE; )
VAGy-V49x >>| P49y V4RE|
VADy- VAOx <<| PA0y—F48C]
VAQy- VA0 <<| V49y— V48D
VAOy-VAOx >>| V40— VASE|
VA9x-V49y =49y~ VARD|

VASx-V4%y =1V49y-F4Rcl

Apr. 8,2010

|P49x-V49y| =749y~ V48d)

| V49X~ V49y| = |V49y-V4Rel; or (i)
|P49x-V49y|>>| V495 V48b

VA% P49y < <| V49x- V48]

| P49x-VA9y| < <| V495 V48d]

|VAGx— V29y|> >  V49x- VaSe|

P49y~ V49x| >>| V405 V48B|

| P49y V49| < <| V40x— V48C|

| P49y~ V49x| < <| V49~ V48D

|VA9y-V49x1>>|VA9x—VABE|

are satisfied. In this case, it is possible to cause the liquid
crystal display device 1 to have a wide viewing angle char-
acteristic (i.e., the liquid crystal display device 1 is visible in
all directions).

[0148] As tohow the substrates (the first substrate 6 and the
second substrate 4) are arranged, the present embodiment is
not limited to those shown in FIGS. 28 through 30, respec-
tively. For example, substrates can have an arrangement in
which two wire electrode patterns (first and second wire
electrode patterns) are provided in each substrate (in each of
the first substrate 6 and the second substrate 4). Such an
arrangement is shown in FIGS. 31 through 33. FIG. 32 is a
cross sectional view obtained when the first substrate 6 shown
in FIG. 31 is cut along a line extending in a direction y. FIG.
33 is a cross sectional view obtained when the second sub-
strate 4 shown in FIG. 31 is cut along a line extending in a
direction x. As shown in FIGS. 31 through 33, the first sub-
strate 6 includes a transparent electrode pattern 49x, a first
wire electrode pattern 58x, and a second wire electrode pat-
tern 68x. One wire electrode (e.g., the wire electrode 58a) in
the first wire electrode pattern 58x and one wire electrode
(e.g., the wire electrode 68a) in the second wire electrode
pattern 68x are provided so as to correspond to respective of
spaces (e.g., a space 51x) between adjacent transparent elec-
trodes in the transparent electrode pattern 49x. The two wire
electrodes (e.g., the wire electrodes 58a and 68a) extend in
parallel with two transparent electrodes (e.g., transparent
electrodes 494 and 495), respectively, such that the two wire
electrodes (e.g., the wire electrodes 58a and 68a) and the
respective of the spaces (e.g., the space 51x) overlap each
other. The second substrate 4, on the other hand, includes a
transparent electrode pattern 49y, a first wire electrode pattern
58y, and a second wire electrode pattern 68y. One wire elec-
trode (e.g., a wire electrode 58b) in the first wire electrode
pattern 58y and one wire electrode (e.g., a wire electrode 685)
in the second wire electrode pattern 68y are provided so as to
correspond to respective of spaces (e.g., a space 51y) between
transparent electrodes in the transparent electrode pattern
49y. Two wire electrodes (e.g., the wire electrodes 585 and
680) extend in parallel with the transparent electrodes (e.g.,
transparent electrodes 4956 and 49¢), respectively, such that
the two wire electrodes (e.g., the wire electrodes 585 and 685)
and the respective of the spaces (e.g., the space 51y) overlap
each other. In the present embodiment, (i) the substrates (the
first substrate 6 and the second substrate 4) are provided such
that the transparent electrode pattern 49x in the first substrate
6 and the transparent electrode pattern 49y in the second



US 2010/0085513 Al

substrate 4 are orthogonal to each other, and (ii) a liquid
crystal layer is sandwiched between the first substrates 6 and
the second substrate 4.

Sixth Embodiment

[0149] In the present embodiment, each substrate (a first
substrate 6 and a second substrate 4) can be alternatively
arranged as shown in FIGS. 34 and 35 (FIG. 35 is a cross
sectional view taken on a line A of FIG. 34). Specifically, the
first substrate 6 includes (i) a transparent electrode pattern
89 in which transparent electrode is provided over a sub-
strate 61 and (i1) a wire electrode pattern 48x provided in a
layer that is provided between layers in which the transparent
electrode pattern 89x and a liquid crystal layer 5 are provided,
respectively. The second substrate 4 includes (i) a transparent
electrode pattern 89y in which transparent electrode is pro-
vided over a substrate 41 and (ii) a wire electrode pattern 48y
provided in a layer that is provided between layers in which
the transparent electrode pattern 89y and the liquid crystal
layer 5 are provided, respectively. In the wire electrode pat-
tern 48x in the first substrate 6, plural pairs of two wire
electrodes are provided at intervals in a width direction
orthogonal to a direction in which the two electrodes extend
and orthogonal to a normal direction of a substrate surface,
two wire electrodes of each of the plural pairs provided in
parallel with and close to each other in the width direction.
For example, a wire electrode 484 and a wire electrode 485,
which extend so as to be parallel and close to each other in the
width direction, constitute pair. In the wire electrode pattern
48y in the second substrate 4, plural pairs of two wire elec-
trodes are provided at intervals in a width direction orthogo-
nal to a direction in which the two wire electrodes extend and
orthogonal to a normal direction of a substrate surface, two
wire electrodes of each of the plural pairs provided in parallel
with and close to each other in the width direction. For
example, wire electrodes 48a and 485, which extend so as to
be parallel and close to each other in the width direction,
constitute a pair. In the present embodiment, (i) the first
substrates 6 and the second substrates 4 are provided so that
the wire electrode pattern 48x in the first substrate 6 and the
wire electrode pattern 48y in the second substrate 4 are
orthogonal to each other, and (ii) the liquid crystal layer 5 is
sandwiched between the first substrate 6 and the second sub-
strate 4 (see FIG. 34).

[0150] In this case, substrates can have an arrangement in
which two wire electrode patterns (first and second wire
electrode patterns) are provided in each substrate (in each of
the first substrate 6 and the second substrates 4). Such an
arrangement is shown in FIGS. 36 through 38. FIG. 37 is a
cross sectional view obtained when the first substrate 6 shown
in FIG. 36 is cut along a line extending in a direction y. FIG.
38 is a cross sectional view obtained when the second sub-
strate 4 shown in FIG. 36 is cut along a line extending in a
direction x. As shown in FIGS. 37 and 38, the first substrate 6
includes (i) a transparent electrode pattern 68x in which a
transparent electrode is provided over a glass substrate 61, (i1)
a first wire electrode pattern 58x, and (iii) a second wire
electrode pattern 68x, whereas the second substrate 4 includes
(i) a transparent electrode pattern 89y in which a transparent
electrode is provided over a glass substrate 61, (ii) a first wire
electrode pattern 58y, and (iii) a second wire electrode pat-
tern. In the first substrate 6, a wire electrode 58a in the first
wire electrode pattern 58x and a wire electrode 68a in the
second wire electrode pattern 68x, for example, constitute a
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pair. The wire electrode 58a and the wire electrode 68a (i)
extend in parallel with and (ii) partially overlap each other in
a width direction orthogonal to a direction in which they
extend and orthogonal to a normal direction of a substrate
surface (see FIGS. 36 and 37). In the second substrate 4, on
the other hand, a wire electrode 58 in the first wire electrode
pattern 58y and a wire electrode 68a in the second wire
electrode 68y, for example, constitute a pair. The wire elec-
trodes 58a and 68a (i) extend in parallel with each other and
(ii) partially overlap each other in a direction orthogonal to a
direction in which they extend and orthogonal to a normal
direction of a substrate surface. In the arrangement, (i) the
first substrate 6 and the second substrate 4 are provided so that
the first wire electrode pattern 58x (or the second wire elec-
trode pattern 68x) in the first substrate 6 and the first wire
electrode pattern 58y (or the second wire electrode pattern
68y) in the second substrate 4 are orthogonal to each other,
and (ii) the liquid crystal layer 5 is sandwiched between the
first substrate 6 and the second substrate 4 (see FIG. 36).
[0151] The arrangement shown in FIGS. 36 through 38
deals with the case where the two wire electrodes (e.g., the
wire electrodes 58a and 68a), constituting a pair, partially
overlap each other. However, the present embodiment is not
limited to this. Alternatively, the present embodiment can be
arranged such that two wire electrodes are provided close to
each other in a width direction instead of ovetlapping each
other.

[0152] The invention being thus described. it will be obvi-
ous that the same way may be varied in many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

INDUSTRIAL APPLICABILITY

[0153] Aliquid crystal display device of the present inven-
tion 1s suitable for a liquid crystal display device in which
privacy should be protected and a security should be
improved.

1. A viewing angle control panel comprising two substrates
facing each other and a liquid crystal layer provided between
the substrates, a combination of said viewing angle control
panel and a display panel constituting a liquid crystal display
device in which a viewing angle characteristic can be
switched, wherein:

(1) one of the two substrates includes a counter electrode
pattern in which a counter electrode is provided over
said one of the two substrates and (ii) the other one ofthe
two substrates includes a transparent electrode pattern in
which transparent electrodes are provided in a striped
manner; and

two wire electrodes are provided in parallel with transpar-
entelectrodes so as to correspond to respective of spaces
in the transparent electrode pattern and such that the two
wire electrodes and the respective of the spaces overlap
each other. respectively.

2. The viewing angle control panel as set forth in claim 1,

wherein:

said two wire electrodes are a first wire electrode and a
second wire electrode; and

the first wire electrode and one side end part of the respec-
tive of the spaces overlap each other, and the second wire
electrode and the other side end part of the respective of
the spaces overlap each other.
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3. The viewing angle control panel as set forth in claim 1,
wherein:

two transparent electrodes between which the respective of

the spaces is sandwiched are a first transparent electrode
and a second transparent electrode, and said two wire
electrodes are a first wire electrode and a second wire
electrode; and

the first and second wire electrodes are provided in a single

layer.

4. The viewing angle control panel as set forth in claim 3,
wherein (i) the first and second wire electrodes and (ii) the
transparent electrode pattern are provided in different layers,
respectively.

5. The viewing angle control panel as set forth in claim 4,
wherein the first wire electrode and one side end part of the
first transparent electrode overlap each other, and the second
wire electrode and one side end part of the second transparent
electrode overlap each other.

6. The viewing angle control panel as set forth in claim 4,
wherein the substrate, including the transparent electrode
pattern, includes the first and second wire electrodes.

7. The viewing angle control panel as set forth in claim 4,
wherein the substrate, including the counter electrode pattern,
includes the first and second wire electrodes.

8. The viewing angle control panel as set forth in claim 3,
wherein (i) the first and second wire electrodes and (ii) the
transparent electrode pattern are provided in a single layer.

9. The viewing angle control panel as set forth in claim 8,
wherein the first wire electrode is provided close to the first
transparent electrode, and the second wire electrode is pro-
vided close to the second transparent electrode.

10. The viewing angle control panel as set forth in claim 1,
wherein:

two transparent electrodes between which the respective of

the spaces is sandwiched are a first transparent electrode
and a second transparent electrode; and
said two wire electrodes are a first wire electrode and a second
wire electrode; and

the first and second wire electrodes are provided in differ-

ent layers, respectively.

11. The viewing angle control panel as set forth in claim 10,
wherein the first wire electrode and one side end part of the
first transparent electrode overlap each other, and the second
wire electrode and one side end part of the second transparent
electrode overlap each other.

12. The viewing angle control panel as set forth in claim 11,
wherein the first and second wire electrodes overlap each
other.

13. The viewing angle control panel as set forth in claim 10,
wherein the substrate, including the counter electrode pattern,
includes the first and second wire electrodes.

14. The viewing angle control panel as set forth in claim 10,
wherein the substrate, including the counter electrode pattern,
includes the first wire electrode, and the substrate, including
the transparent electrode pattern, includes the second wire
electrode.

15. The viewing angle control panel as set forth in claim 10,
wherein the substrate, including the transparent electrode
pattern, includes the first and second wire electrodes.

16. The viewing angle control panel as set forth in claim 15,
wherein the first and second wire electrodes are provided in a
layer provided below a layer in which the transparent elec-
trode pattern is provided.
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17. The viewing angle control panel as set forth in claim 15,
wherein the first and second wire electrodes are provided ina
layer provided above a layer in which the transparent elec-
trode pattern is provided.

18. The viewing angle control pattern as set forth in claim
15, wherein the transparent electrode pattern is provided
between a layer in which the first wire electrode is provided
and a layer in which the second wire electrode is provided.

19. A viewing angle control panel comprising two sub-
strates facing each other and a liquid crystal layer provided
between the substrates, a combination of said viewing angle
control panel and a display panel constituting a liquid crystal
display device in which a viewing angle characteristic can be
switched, wherein:

(i) one of the two substrates includes a counter electrode
pattern in which a counter electrode is provided over
said one of the two substrates, and (ii) the other one of
the two substrates includes a transparent electrode pat-
tern in which a transparent electrodes is provided over
the other one of the two substrates; and

plural pairs of two wire electrodes are provided, between
the counter electrode pattern and the transparent elec-
trode pattern, at intervals in a width direction orthogonal
to a direction in which the wire electrodes extend and
orthogonal to a normal direction of a substrate surface,
said two wire electrodes of each of the plural pairs being
provided in parallel with each other, and being close to
or overlapping each other in the width direction.

20. The viewing angle control panel as set forth in claim 19,
wherein the two wire electrodes of each of the plural pairs are
provided in a single layer.

21. The viewing angle control panel as set forth in claim 19,
wherein the two wire electrodes of each of the plural pairs are
provided in different layers, respectively.

22. The viewing angle control panel as set forth in claim 21,
wherein the two wire electrodes include a part where they
overlap each other and a part where they do not overlap each
other.

23. The viewing angle control panel as set forth in claim 19,
wherein the substrate, including the counter electrode pattern,
includes the plural pairs of two wire electrodes.

24. The viewing angle control panel as set forth in claim 19,
wherein (1) the substrate, including the counter electrode pat-
tern, includes ones of the plural pairs of two wire electrodes,
and (i1) the substrate, including the transparent electrode pat-
tern, includes the other ones of the plural pairs of two wire
electrodes.

25. The viewing angle control panel as set forth in claim 19,
wherein the substrate, including the transparent electrode
pattern, includes the plural pairs of two wire electrodes.

26. The viewing angle control panel as set forth in claim 1,
wherein setting of electric potentials, being applied to the two
wire electrodes in each of the plural pairs, is changed so that
a direction in which visibility of the liquid crystal display
device is limited is changed.

27. A viewing angle control panel comprising two sub-
strates facing each other and a liquid crystal layer provided
between the substrates, a combination of said viewing angle
control panel and a display panel constituting a liquid crystal
display device in which a viewing angle characteristic can be
switched, wherein:

one of the two substrates includes (i) a transparent elec-
trode pattern in which transparent electrodes are pro-
vided in a striped manner and (ii) two wire electrodes
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that are provided in parallel with transparent electrodes
so as to correspond to respective of spaces in the trans-
parent electrode pattern and such that the two wire elec-
trodes and the respective of the spaces overlap each
other, respectively;

the other one of the two substrates includes (i) a transparent
electrode pattern in which transparent electrodes are
provided in a striped manner and (ii) two wire electrodes
that are provided in parallel with transparent electrodes
so as to correspond to respective of spaces in the trans-
parent electrode pattern and such that the two wire elec-
trodes and the respective of the spaces overlap each
other, respectively; and

the two substrates are provided so that their transparent
electrodes are orthogonal to each other.

28. The viewing angle control panel as set forth in claim 27,
wherein: in each of the two substrates,

(1) said two wire electrodes are a first wire electrode and a
second wire electrode; and

(11) the first wire electrode and one side end part of the
respective of the spaces overlap each other, and the
second wire electrode and the other side end part of the
respective of the spaces overlap each other.

29. The viewing angle control panel as set forth in claim 27,
wherein, in each of the two substrates, said two wire elec-
trodes are provided in a single layer.

30. The viewing angle control panel as set forth in claim 27,
wherein, in each of the two substrates, said two wire elec-
trodes are provided in different layers, respectively.

31. The viewing angle control panel as set forth in claim 30,
wherein the first and second wire electrodes overlap each
other.

32. A viewing angle control panel comprising two sub-
strates facing each other and a liquid crystal layer provided
between the substrates, a combination of said viewing angle
control panel and a display panel constituting a liquid crystal
display device in which a viewing angle characteristic can be
switched, wherein:

one of the two substrates includes (i) a transparent elec-
trode pattern in which a transparent electrode is pro-
vided over said one of the two substrates and (ii) plural
pairs of two wire electrodes that are provided, between
the transparent electrode pattern and the liquid crystal
layer, at intervals in a width direction orthogonal to a
direction in which the wire electrodes extend and
orthogonal to a normal direction of a substrate surface,
two wire electrodes of each of the plural pairs being
provided in parallel with each other and being close to or
overlapping each other in the width direction;

the other one of the two substrates includes (i) a transparent
electrode pattern in which a transparent electrode is
provided over the other one of the two substrates and (ii)
plural pairs of two wire electrodes that are provided,
between the transparent electrode pattern and the liquid
crystal layer, at intervals in a width direction orthogonal
to a direction in which the wire electrodes extend and
orthogonal to a normal direction of a substrate surface,
said two wire electrodes of each of the plural pairs being
provided in parallel with each other, and being close to
or overlapping each other in the width direction; and

the two substrates are provided so that their wire electrodes
are orthogonal to each other.
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33. The viewing angle control panel as set forth in claim 32,
wherein, in each ofthe two substrates, the two wire electrodes
of each of the plural pairs are provided in a single layer.

34. The viewing angle control panel as set forth in claim 32,
wherein, in each of the two substrates, the two wire electrodes
of each of the plural pairs are provided in different layers,
respectively.

35. The viewing angle control panel as set forth in claim 34,
wherein the two wire electrodes include a part where they
overlap each other and a part where they do not overlap each
other.

36. The viewing angle control panel as set forth in claim 27,
wherein setting of electric potentials, applied to the two wire
electrodes in each of the plural pairs included by the two
substrates, is changed such that a direction in which visibility
of the liquid crystal display device is limited is switched.

37. The viewing angle control panel as set forth in claim 1,
wherein a vertically-aligned negative liquid crystal is adopted
as the liquid crystal display layer.

38. The viewing angle control panel as set forth in claim 1,
wherein the wire electrodes have a light transmitting prop-
erty.

39. A viewing angle control panel as set forth in claim 1,
further comprising two polarization plates between which the
two substrates are sandwiched.

40. A viewing angle control panel comprising two sub-
strates facing each other and liquid crystal layer provided
between the substrates, a combination of said viewing angle
control panel and a display panel constituting a liquid crystal
display device in which a viewing angle characteristic can be
switched, wherein:

one of the two substrates includes a counter electrode pat-

tern in which a counter electrode is provided over said
one of the two substrates; and

the other one of the two substrates includes (i) a transparent

electrode pattern in which transparent electrodes are
provided in a striped manner and (ii) a first wire elec-
trode and a second wire electrode, being provided in
parallel with transparent electrodes so as to correspond
to respective of spaces between the transparent elec-
trodes in the transparent electrode pattern and such that
the first and second wire electrodes and the respective of
the spaces overlap each other, respectively.

41. A viewing angle control panel comprising two sub-
strates facing each other and a liquid crystal layer provided
between the substrates, a combination of said viewing angle
control panel and a display panel constituting a liquid crystal
display device in which a viewing angle characteristic can be
switched, wherein:

one of the two substrates includes a counter electrode pat-

tern in which a counter electrode is provided over said
one of the two substrates; and

the other one of the two substrates includes (i) a transparent

electrode pattern in which transparent electrodes are
provided in a striped manner and (ii) plural pairs of two
wire electrodes that are provided between the counter
electrode pattern and the transparent electrode pattern,
two wire electrodes of each of the plural pairs being
provided in parallel with each other and being close to or
overlapping each otherin a width direction orthogonal to
a direction in which the wire electrodes extend and
orthogonal to a normal direction of a substrate surface.

42. A viewing angle control panel comprising two sub-

strates facing each other and a liquid crystal layer provided
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between the substrates, a combination of said viewing angle
control panel and a display panel constituting a liquid crystal
display device in which a viewing angle characteristic can be
switched, wherein:

one of the two substrates includes (i) a transparent elec-

trode pattern in which transparent electrodes are pro-
vided in a striped manner and (ii) first and second wire
electrodes, being provided in parallel with transparent
electrodes so as to correspond to respective of spaces
between the transparent electrodes in the transparent
electrode pattern and such that the first and second wire
electrodes and the respective of the spaces overlap each
other, respectively; and

the other one of the two substrates includes (i) a transparent

electrode pattern in which transparent electrodes are
provided in a striped manner and (ii) first and second
wire electrodes, being provided in parallel with trans-
parent electrodes so as to correspond to respective of
spaces between the transparent electrodes in the trans-
parent electrode pattern and such that the first and sec-
ond wire electrodes and the respective of the spaces
overlap each other, respectively; and

the two substrates are provided so that their transparent

electrodes are orthogonal to each other.

43. A viewing angle control panel comprising two sub-
strates facing each other and a liquid crystal layer provided
between the substrates, a combination of said viewing angle
control panel and a display panel constituting a liquid crystal
display device in which a viewing angle characteristic can be
switched, wherein:

one of the two substrates includes (i) a transparent pattern

in which a transparent electrode is provided over said
one of the two substrates and (ii) plural pairs of two wire
electrodes that are provided between the transparent
electrode pattern and the liquid crystal layer, two wire
electrodes of each of the plural pairs being provided in
parallel with each other, and being close to or overlap-
ping each other in a given direction parallel to a substrate
surface;

the other one of the two substrates includes (i) a transparent

electrode pattern in which a transparent electrode is
provided over the other one of'the two substrates and (ii)
plural pairs of two wire electrodes that are provided
between the transparent pattern and the liquid crystal
layer, two wire electrodes of each of the plural pairs
being provided in parallel with each other, and being
close to or overlapping each other in a given direction
parallel to a substrate surface; and

the two substrates are provided so that their wire electrodes

are orthogonal to each other.

44. A liquid crystal display device, including:

a viewing angle control panel as set forth in claim 1; and

a display panel.

45. The viewing angle control panel as set forth in claim 19,
wherein setting of electric potentials, being applied to the two
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wire electrodes in each of the plural pairs, is changed so that
a direction in which visibility of the liquid crystal display
device is limited is changed.

46. The viewing angle control panel as set forth in claim 32,
wherein setting of electric potentials, applied to the two wire
electrodes in each of the plural pairs included by the two
substrates, is changed such that a direction in which visibility
of the liquid crystal display device is limited is switched.

47. The viewing angle control panel as set forth in claim 19,
wherein a vertically-aligned negative liquid crystal is adopted
as the liquid crystal display layer.

48. The viewing angle control panel as set forth in claim 27,
wherein a vertically-aligned negative liquid crystal is adopted
as the liquid crystal display layer.

49. The viewing angle control panel as set forth in claim 32,
wherein a vertically-aligned negative liquid crystal is adopted
as the liquid crystal display layer.

50. The viewing angle control panel as set forth in claim 19,
wherein the wire electrodes have a light transmitting prop-
erty.
51. The viewing angle control panel as set forth in claim 27,
wherein the wire electrodes have a light transmitting prop-
erty.
rtzZ. The viewing angle control panel as set forth in claim 32,
wherein the wire electrodes have a light transmitting prop-
erty.

53. A viewing angle control panel as set forth in claim 19,
further comprising two polarization plates between which the
two substrates are sandwiched.

54. A viewing angle control panel as set forth in claim 27,
further comprising two polarization plates between which the
two substrates are sandwiched.

55. A viewing angle control panel as set forth in claim 32,
further comprising two polarization plates between which the
two substrates are sandwiched.

56. A liquid crystal display device, including:

a viewing angle control panel as set forth in claim 19; and

a display panel.

57. A liquid crystal display device, including:

a viewing angle control panel as set forth in claim 27; and

a display panel.

58. A liquid crystal display device, including:

a viewing angle control panel as set forth in claim 32; and

a display panel.

59. A liquid crystal display device, including:

a viewing angle control panel as set forth in claim 40; and

a display panel.

60. A liquid crystal display device, including:

a viewing angle control panel as set forth in claim 41; and

a display panel.

61. A liquid crystal display device, including:

a viewing angle control panel as set forth in claim 42; and

a display panel.

62. A liquid crystal display device, including:

a viewing angle control panel as set forth in claim 43; and

a display panel.



THMBW(EF)

THAERHERNRSEREE

US20100085513A1

US12/441993

2010-04-08

2007-09-12

patsnap

#RIFRE (TR A(E)  FTHDAI

K ETSUYOSHI

RTRE

AR XEE

TSUKAMURA CHIKANORI
EHEE

B (T M) A(E) F DA

KB TSUYOSHI

RTRE

AR XEE

TSUKAMURA CHIKANORI
EHEE

HERB(ERRAGE) EERIax

FRIRBAA CHIBA DAl

OKAZAKI TSUYOSHI
MORISHITA KATSUHIKO
KATAOKA YOSHIHARU
TSUKAMURA CHIKANORI
SAKAI TAKEHIKO

REBAA CHIBA, DAI

OKAZAKI, TSUYOSHI
MORISHITA, KATSUHIKO
KATAOKA, YOSHIHARU
TSUKAMURA, CHIKANORI
SAKAI, TAKEHIKO

IPCH %S GO02F1/1347 GO2F1/1333 G02F1/1343

CPCHES GO02F1/134336 G02F1/1323

£ £ 2006313581 2006-11-20 JP

PASE R Espacenet USPTO

BEGF)

—HUAZESER (2)  SHERUEXNOFHNER (476 ) MIRETERZENRSEE (5) , HUSERER (10) £56EA
DAWREREETRE (1)  ATURAARKMY  Hh . —NER (6 ) SEXNBRER (62) , AFNERREERMNERZ
—EER (4) PHE-—NEEEHENER (49) , HPBEHABR (49aF49d ) UEAHFHRE , F-MEBEZLBR (W, &
BiRk48aM48b ) RN EFBIRER (49 ) FHBEA LR AWEFNZE (M, ZE51x ) BEXHFNFX , EEEEARRFT
ENNE-F-KENIFNEZESIXER, EERHETR , AEALBR (48aF48f ) WBMNIRE. XS AT LAEIHR AT REIS
@,


https://share-analytics.zhihuiya.com/view/a3312566-c07b-4857-bf1c-4b8f094dfaa8
https://worldwide.espacenet.com/patent/search/family/039429538/publication/US2010085513A1?q=US2010085513A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100085513%22.PGNR.&OS=DN/20100085513&RS=DN/20100085513

24

L

49a 51x 49 51yw¢ :

]

483;;ﬁ '_448b 48(‘.;_1 '_i‘48d 48&[3;_

BACKLIGHT




