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(57) ABSTRACT

A liquid crystal display apparatus includes a viewing-angle
controlling liquid crystal layer that, when in a horizontal
alignment state, exhibits a slow axis that is parallel to a
polarized-light transmitting or absorbing axis of a polarizing
layer that is disposed opposite to the displaying liquid
crystal layer from the viewing-angle controlling liquid crys-
tal layer.
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LIQUID CRYSTAL DISPLAY APPARATUS AND

ELECTRONIC APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates a liquid crystal dis-

play apparatus and an electronic apparatus, and more par-
ticularly, to a construction of a liquid crystal display appa-
ratus suitable for a display apparatus capable of limiting a
viewing angle range of a display screen.

[0003] 2. Related Art

[0004] In general, there is a case where an owner of a
mobile phone or other portable information terminals with a
liquid crystal display apparatus built in intends to see a
display screen of the liquid crystal display apparatus while
preventing other persons from seeing the display screen. In
this case, conventionally, a narrow viewing angle display
device has been used, or an optical film for limiting the
viewing angle has been attached on the display screen.
However, in a case where many persons intend to be allowed
to see the display screen, since the viewing angel cannot be
widened, the conventional methods are inconvenient.

[0005] Therefore, an apparatus having a liquid crystal
display apparatus provided with a viewing angel controlling
device for controlling the viewing angle and capable of
changing the viewing angles between wide and narrow
states by switching the viewing angle controlling device is
disclosed (for example, see JP-A-2002-297044). For
example, a technique for using a chiral nematic liquid
crystal, a homogeneous liquid crystal, a randomly aligned
nematic liquid crystal, or the like as a liquid crystal mode of
a phase difference controlling liquid crystal device is dis-
closed in JP-A-11-174489.

[0006] However, in the liquid crystal display apparatus
using the aforementioned phase difference controlling liquid
crystal device, although a range where a contrast ratio
becomes 10:1 is slightly narrow due to the switching of the
phase difference controlling liquid crystal device, there are
problems in that a boundary value of a polar angle in the
associated range is about 50% to 70% of the before-switch-
ing one, a whole change in the contrast is small, and it is
difficult to sufficiently control viewing angle. In particular,
since sufficient viewing can be generally obtained with a
contrast ratio of about 2:1, the aforementioned technique is
not a practical display technique for preventing persons
existing at left and right side from viewing the display screen
by limiting the viewing angle.

SUMMARY

[0007] An advantage of the invention is that it provides a
liquid crystal display apparatus including a viewing angle
controlling member capable of ensuring a wide viewing
angle controlling range or changing states in comparison to
a conventional technique.

[0008] According to an aspect of the present invention,
there is provided a liquid crystal display apparatus having a
displaying liquid crystal layer, a displaying electric field
applying structure for applying a displaying electric field to
the displaying liquid crystal layer, and a pair of polarizing
layers sandwiching the displaying liquid crystal layer ther-
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ebetween, the liquid crystal display apparatus comprising: a
viewing-angle controlling liquid crystal layer disposed
between one of the polarizing layers and the displaying
liquid crystal layer; and a viewing-angle controlling electric
field applying structure for applying a viewing-angle con-
trolling electric field to the viewing-angle controlling liquid
crystal layer, wherein the viewing-angle controlling liquid
crystal layer is constructed to change between horizontal and
vertical alignment states, and wherein a slow axis in the
horizontal alignment state of the viewing-angle controlling
liquid crystal layer is disposed in parallel to a polarized-light
transmitting or absorbing axis of the polarizing layer dis-
posed opposite to the displaying liquid crystal layer with
respect to the viewing-angle controlling liquid crystal layer.

[0009] According to the present invention, since the view-
ing-angle controlling liquid crystal layer is constructed to
change between substantially uniform horizontal and verti-
cal alignment states, and since the slow axis in the horizontal
alignment state is disposed to substantially parallel to the
polarized-light transmitting or absorbing axis of a polarizing
layer (an adjacent polarizing layer) disposed at the opposite
to the display liquid crystal layer, an influence of the
viewing-angle controlling liquid crystal layer in the hori-
zontal alignment state on the distribution of the polar angle
of transmittance can be semantically removed, so that the
viewing angle cannot be limited by maintaining the viewing-
angle controlling liquid crystal layer in the horizontal align-
ment state. On the other hand, since the polarization state of
the light incident in a slanted direction changes in the
vertical alignment state, a use efficiency of light decreases or
light leakage increase in a portion where the polar angle is
high, so that the contrast ratio can be greatly reduced in
comparison to the conventional technique. As a result, the
viewing angle limitation effect can be improved.

[0010] In the aforementioned aspect of the present inven-
tion, the viewing-angle controlling liquid crystal layer may
in a horizontal alignment state when no electric field is
applied by the viewing-angle controlling electric field apply-
ing structure, and the viewing-angle controlling liquid crys-
tal layer may be in a vertical alignment state when an electric
field is applied. In this case, since the horizontal alignment
state is initially aligned, the slow axis in the horizontal
alignment state can be easily defined to be the polarized-
light transmitting or absorbing axis of the polarizing layer,
and the directions of the axes can be easily and accurately
defined.

[0011] In addition, the viewing-angle controlling liquid
crystal layer may be in a vertical alignment state when no
electric field is applied by the viewing-angle controlling
electric field applying structure, and the viewing-angle con-
trolling liquid crystal layer may be in a horizontal alignment
state when an electric field is applied. By doing so, since the
vertical alignment state of the viewing-angle controlling
liquid crystal layer can be easily defined, an optical state in
case of limiting the viewing angle can be easily and accu-
rately defined.

[0012] In addition, an alignment azimuth angle in the
horizontal alignment state of the viewing-angle controlling
liquid crystal layer may be defined as four directions which
are substantially parallel to the polarized-light transmitting
and absorbing axes. By doing so, since the slow axis of the
viewing-angle controlling liquid crystal layer in the hori-
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zontal alignment state is defined to be four directions
parallel to any one of the polarized-light transmitting and
absorbing axes, the aforementioned basic conditions of the
present invention are satisfied, and the liquid crystal mol-
ecules are directed at a plurality of the alignment azimuth
angles, so that azimuth angel dependency of optical char-
acteristics can be surely reduced when the viewing-angle
controlling liquid crystal layer is in the horizontal alignment
state. In this case, the four directions of the viewing-angle
controlling liquid crystal layer in the horizontal alignment
state can be defined by using alignment limiting members
such as protrusions, slits (electrode openings), and ribs for
limiting an inverse alignment directions of the liquid crystal
molecules.

[0013] In addition, phase difference layers may be dis-
posed to be adjacent to both sides of the displaying liquid
crystal layer. By doing so, a circularly polarized light can be
incident to the displaying liquid crystal layer by disposing
the phase difference layers at both sides of the displaying
liquid crystal layer, the alignment directions of the display-
ing liquid crystal layer and the viewing-angle controlling
liquid crystal layer can be accurately aligned, so that the
apparatus can be easily manufactured.

[0014] In addition, the slow axis of the viewing-angle
controlling liquid crystal layer may be defined to be slanted
when a display screen is seen from a front surface thereof.
In the present invention, since the viewing angle in direc-
tions parallel to or perpendicular to the slow axis, that is,
directions of the polarized-light transmitting and absorbing
axes can be widened, the viewing angle limitation effect in
the left/right direction can be improved by defining the slow
axis in a slanted direction, so that it is possible to surely
prevent other persons from viewing the display screen in the
left/right direction.

[0015] According to another aspect of the present inven-
tion, there 1s provided an electronic apparatus which any one
of the aforementioned liquid crystal display apparatuses is
built in. In particular, the viewing angle limitation effect of
the present invention can be effectively used for portable
information terminals such.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0017] FIGS. 1A and 1B show schematic constructional
views of a basic construction of a first embodiment of the
present invention.

[0018] FIG. 2 is a view for explaining a relation between
a polarization axis of a polarizing layer and a slow axis of
a liquid crystal layer according to the first embodiment.

[0019] FIG. 3 is a partially enlarged longitudinal cross
sectional view showing an enlarged cross sectional structure
of the first embodiment.

[0020] FIG. 4 is a view for explaining a relation between
a polarization axis and a slow axis in another example of a
construction according to the first embodiment.

[0021] FIG. 5 is a distributional view showing distribu-
tions of azimuth and polar angles of a contrast characteristic
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of a structure where a viewing-angle controlling liquid
crystal cell is excluded from the first embodiment.

[0022] FIG. 6 is a distributional view showing distribu-
tions of azimuth and polar angles of a contrast characteristic
in a case where a viewing-angle controlling liquid crystal
layer is in a horizontal alignment state in the first embodi-
ment.

[0023] FIG. 7 is a distributional view showing distribu-
tions of azimuth and polar angles of a contrast characteristic
in a case where a viewing-angle controlling liquid crystal
layer is in a vertical alignment state in the first embodiment.

[0024] FIG. 8 is a partially enlarged longitudinal cross
sectional view showing an enlarged cross sectional structure
of a second embodiment.

[0025] FIG. 9 is a view for explaining a relation between
a polarization axis and a slow axis according to the second
embodiment.

[0026] FIG.10isa view for explaining a relation between
a polarization axis and a slow axis according to the second
embodiment.

[0027] FIG. 11 is a distributional view showing distribu-
tions of azimuth and polar angles of brightness in a case
where a viewing-angle controlling liquid crystal layer and a
displaying liquid crystal layer are in a horizontal alignment
state and a light-shielding state, respectively, in the second
embodiment.

[0028] FIG. 12 is a distributional view showing distribu-
tions of azimuth and polar angles of brightness in a case
where a viewing-angle controlling liquid crystal layer and a
displaying liquid crystal layer are in a horizontal alignment
state and a light-transmitting state, respectively, in the
second embodiment.

[0029] FIG. 13 is a distributional view showing distribu-
tions of azimuth and polar angles of brightness in a case
where a viewing-angle controlling liquid crystal layer and a
displaying liquid crystal layer are in a vertical alignment
state and a light-shielding state, respectively, in the second
embodiment.

[0030] FIG. 14 is a distributional view showing distribu-
tions of azimuth and polar angles of brightness in a case
where a viewing-angle controlling liquid crystal layer and a
displaying liquid crystal layer are in a vertical alignment
state and a light-transmitting state, respectively, in the
second embodiment.

[0031] FIG. 15 is a graph showing a distribution of a polar
angle of brightness in a scheme in case of limiting a viewing
angle.

[0032] FIG.16isa graph showing a distribution of a polar
angle of brightness in another scheme in case of limiting a
viewing angle.

[0033] FIG. 17 is a distributional view showing distribu-
tions of azimuth and polar angles of brightness in a case
where a viewing-angle controlling liquid crystal layer and a
displaying liquid crystal layer are in a vertical alignment
state and a light-shielding state, respectively, in a construc-
tion where retardation of the viewing-angle controlling
liquid crystal layer in the second embodiment is changed.
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[0034] FIG. 18A shows a perspective view of an outer
appearance of an electronic apparatus, and FIG. 18B shows
a view of a display screen.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0035] Now, a first embodiment of the present invention
will be described in detail with reference to the accompa-
nying drawings. FIG. 1 is a schematic constructional view
showing a basic construction of a liquid crystal display
apparatus according to the embodiment. In the basic con-
struction 10 shown in FIG. 1A, a pair of polarizing layer 12
an 13 sandwich a displaying liquid crystal layer 11 therebe-
tween, and a viewing-angle controlling liquid crystal layer
14 is disposed between the polarizing layer 12 of an incident
light side (that is, a lower one shown in the figure) and the
displaying liquid crystal layer 11. In the construction 10, a
light incident from a light source such as a backlight
becomes a linearly polarized light having a vibrating plane
parallel to the polarized-light transmitting axis of the polar-
izing layer 12, and after that, optically modulated by the
viewing-angle controlling liquid crystal layer 14. Subse-
quently, the light is subject to optical modulation for forming
a predetermined display in the displaying liquid crystal layer
11, so that only the polarized light component having a
vibrating plane parallel to the polarized-light transmitting
axis of the polarizing layer 13 emits toward an observer’s
side.

[0036] On the other hand, although the basic construction
10" shown in FIG. 1B is equal to the aforementioned
construction in that a pair of polarizing layer 12 and 13
sandwich the displaying liquid crystal layer 11 therebe-
tween, the construction 10' is different from the aforemen-
tioned construction in that the viewing-angle controlling
liquid crystal layer 14 is disposed between the polarizing
layer 13 of the light-emitting side (that is, the observer’s
side, an upper one shown in the figure) and the displaying
liquid crystal layer 11. In the construction 10', the light
incident from a light source becomes a linearly polarized
light having a vibrating plane parallel to the polarized-light
transmitting axis of the polarizing layer 12, and after that,
subject to optical modulation for forming a predetermined
display in the displaying liquid crystal layer 11. Subse-
quently, the light is also optically modulated by the viewing-
angle controlling liquid crystal layer 14, so that only the
polarized light component having a vibrating plane parallel
to the polarized-light transmitting axis of the polarizing
layer 13 emits toward an observer’s side.

[0037] In both of the constructions 10 and 10' shown in
FIGS. 1A and 1B, since a distribution of a viewing angle of
the transmitting light is modulated in the viewing-angle
controlling liquid crystal layer 14, a distribution of a viewing
angle of a display image generated from the optical modu-
lation in the displaying liquid crystal layer 11 is also
modulated. Although the liquid crystal display apparatus
according to the embodiment may employ a structure cor-
responding to any one of the aforementioned constructions
(that s, although the incident light side or the observer’s side
may be defined as any one of lower and upper ones), the
following description is made in an assumption that the
liquid crystal display apparatus employ the construction 10
shown in FIG. 1A.

Jul. 20, 2006

[0038] FIG. 2 is a schematic view showing a relative
positional relation of the polarizing layer 12, the viewing-
angle controlling liquid crystal layer 14, the displaying
liquid crystal layer 11, and the polarizing layer 13 in the
basic construction 10 according to the embodiment. In the
embodiment, a modulated light axis 12p (that is, the polar-
ized-light transmitting axis or the polarized-light absorbing
axis) of the polarizing layer 12 is constructed to be substan-
tially parallel to a slow axis 14p of the viewing-angle
controlling liquid crystal layer 14 adjacent thereto.

[0039] Here, the slow axis 14p denotes a slow axis (an axis
coincident with a direction of a lowest-refraction-index axis
of a liquid crystal layer having an anisotropic refraction
index) in a case where the viewing-angle controlling liquid
crystal layer 14 is in the horizontal alignment state. Due to
a later-described electrode structure (a viewing-angle con-
trolling electric field applying structure), the viewing-angle
controlling liquid crystal layer 14 according to the embodi-
ment is constructed to change between a substantially uni-
form horizontal alignment state and a substantially uniform
vertical alignment state, so that liquid crystal molecules in
the horizontal alignment state are basically aligned to be
parallel to the polarization axis 12p of the polarizing layer
12. In the example shown in the figure, an azimuth angle
parallel to the slow axis 14p is defined as the alignment
directions 14« and 14b of a later-described alignment layer.
However, since the polarized-light transmitting and absorb-
ing axes of the polarizing layer 12 are perpendicular to each
other, the slow axis 14p and the polarization axis 12p may
be constructed to be perpendicular to each other. Here, the
alignment direction 14a denotes alignment directions of the
liquid crystal molecules at the side of the polarizing layer 12,
and the alignment direction 145 denotes alignment direc-
tions of the liquid crystal molecules at the side of the
displaying liquid crystal layer 11.

[0040] In addition, the construction that the polarization
axis 12p of the polarizing layer 12 is substantially parallel to
the slow axis 14p of the viewing-angle controlling liquid
crystal layer 14 adjacent thereto denotes a construction that
the axes may not entirely parallel to each other or a con-
struction that the axes are in a range of —10° to +10° with
respect to an azimuth angle corresponding an entirely par-
allel case. If the axes are in the range, optical characteristics
are substantially equal to those of the entirely parallel case.
However, a range of -5° to +5° is preferable in terms of the
optical characteristics.

[0041] In the embodiment, as described above, a TN
(twisted nematic) mode displaying liquid crystal layer 11 is
provided, and the polarizing layers 12 and 13 are disposed
in a perpendicular nicole arrangement. As a result, if the
viewing-angle controlling liquid crystal layer 14 is not
provided, the embodiment is constructed as a general nor-
mally white mode TN-type liquid crystal display apparatus.
Therefore, in the displaying liquid crystal layer 11, an
incident-light-side alignment direction 11a is defined to be
parallel to the polarized-light transmitting axis 12p of the
polarizing layer 12, and a light-emitting-side alignment
direction 115 is defined to be parallel to the polarized-light
transmitting axis 13p of the polarizing layer 13.

[0042] FIG. 3 is a partially enlarged longitudinal cross
sectional view showing an enlarged actual structure of the
embodiment. The liquid crystal display apparatus according
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to the embodiment includes a displaying liquid crystal cell
110 constructed by interposing a displaying liquid crystal
layer 11 between transparent substrates 111 and 112 made of
a glass, a plastic, or the like, a polarizing layer 12 disposed
at an incident-light side of the displaying liquid crystal cell
110, a polarizing layer 13 disposed at an light-emitting side
of the displaying liquid crystal cell 110, and a viewing-angle
controlling liquid crystal cell 140 disposed between the
displaying liquid crystal cell 110 and the polarizing layer 12
and constructed by interposing a viewing-angle controlling
liquid crystal layer 14 between transparent substrates 141
and 142.

[0043] Switching devices 113 such as TFD devices, an
interlayer insulating film 114, pixel electrodes 115 (display-
ing electric field applying structure) disposed on the inter-
layer insulating film 114, and an alignment film 116 disposed
on the pixel electrodes 115 are formed on an inner surface
of the substrate 111 of the displaying liquid crystal cell 110.
Here, the switching devices 113 are electrically connected to
wire lines (not shown), and the pixel electrodes 115 are
connected to the switching devices 113 via through-holes
formed in the interlayer insulating film 114. The pixel
electrodes 115 are made of a transparent conductive material
such as ITO (indium tin oxide). The alignment film 116 is
made of an organic resin such as polyimide or an inorganic
insulating material such as SiO,.

[0044] On the other hand, a color filter 119 constructed by
arraying colored layers (three colored layers of R (red), G
(green), and B (blue) in the example shown in the figure)
representing predetermined colors in predetermined pattern
corresponding to a pixel array is formed on an inner surface
of the substrate 112 of the displaying liquid crystal cell 110.
Preferably, a transparent protective layer (not shown), that is
a planarization layer made of an acryl resin to protect the
colored layers and ensure a polarization property of a
surface thereof is also formed on the colored layers of the
color filter 119. Counter electrodes 118 (displaying electric
field applying structures) made of a transparent conductive
material such as [TO is formed on the color filter 119. In a
case where two-port nonlinear devices such as TED device
described above are used as the switching devices 113, each
of the counter electrodes 118 (displaying electric field apply-
ing structures) is formed in a shape of a band having a width
corresponding to that of a pixel, and a plurality of the
counter electrodes 118 are arrayed in stripe. However, in a
case where three-ports nonlinear devices which as TFTs
(thin film transistors) are used as the switching devices 113,
the counter electrodes are formed to be integrated into the
entire surface of the array region of the pixels. In addition,
an alignment film 117 is formed on the counter electrodes
118. The alignment film 117 is constructed to be similar to
the alignment film 116.

[0045] In the example shown in the figure, the displaying
liquid crystal layer 11 is constructed with nematic liquid
crystal having a light circulating property and a twisted
angle of 90°. Namely, when the electric field is not applied,
the liquid crystal molecules 11 on the inner surface of the
substrate 111 are aligned in a manner where long axes
thereof are directed in the alignment direction of the align-
ment film 116, the liquid crystal molecules 11 on the inner
surface of the substrate 112 are aligned in a manner where
long axes thereof are directed in the alignment direction of
the alignment film 117, and the liquid crystal molecules 11m
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therebetween are aligned to be gradually twisted in a thick-
ness direction of the layer. In addition, in the displaying
liquid crystal cell 110, regions corresponding to plane ranges
of the pixel electrodes 115 (displaying electric field applying
structure) in the displaying liquid crystal layer 11 constitute
pixels.

[0046] An electrode layer 143 (a viewing-angle control-
ling electric field applying structure) made of a transparent
conductive material such as ITO and an alignment film 144
formed on the electrode layer 143 are disposed on an inner
surface of the substrate 141 of the viewing-angle controlling
liquid crystal layer 14. The electrode layer 143 is formed to
be integrated into the entire plane region overlapping the
pixel array region of the displaying liquid crystal layer 11.
In addition, although the alignment film 144 may be made
of an organic resin such as a polyimide resin or an inorganic
insulating material such as SiO, similarly to the aforemen-
tioned alignment film, in the example shown in the figure,
the liquid crystal molecules 14m in the viewing-angle con-
trolling liquid crystal layer 14 are constructed to have an
initial alignment function for aligning in the horizontal
direction when the electric field is not applied. For example,
the alignment film 144 may be formed by coating and
sintering a horizontal alignment polyimide film and per-
forming a rubbing process in the alignment direction 14a.

[0047] An electrode layer 146 made of a transparent
conductive material such as ITO and an alignment film 145
formed on the electrode layer 146 (a viewing-angle control-
ling electric field applying structure) are disposed on an
inner surface of the substrate 142 of the viewing-angle
controlling liquid crystal layer 14. The electrode layer 146 is
formed to be integrated into the entire plane region over-
lapping the pixel array region of the displaying liquid crystal
layer 11. In addition, although the alignment film 145 may
be made of an organic resin such as a polyimide resin or an
inorganic insulating material such as SiO, similarly to the
aforementioned alignment film, in the example shown in the
figure, the liquid crystal molecules 14m in the viewing-angle
controlling liquid crystal layer 14 are constructed to have an
initial alignment function for aligning in the horizontal
direction when the electric field is not applied. For example,
the alignment film 145 may be formed by coating and
sintering a horizontal alignment polyimide film and per-
forming a rubbing process in the alignment direction 144.

[0048] In the viewing-angle controlling liquid crystal cell
140, when the electric field is not applied, the viewing-angle
controlling liquid crystal layer 14 is in the initial alignment
state, that is, a substantially uniform horizontal alignment
state, and long axes of all the liquid crystal molecules 14m
are directed in the rubbing direction. The liquid crystal
molecules 14m are constructed with nematic liquid crystals
having a positive anisotropic dielectric constant. Here, if a
predetermined voltage exceeding a threshold value is
applied between the electrode layers 143 and 144, the long
axes of the liquid crystal molecules 14m are directed in a
direction of the electric field, and the viewing-angle con-
trolling liquid crystal layer 14 are in a substantially uniform
vertical alignment state.

[0049] Inthe embodiment, in a case where light is incident
from a lower portion of FIG. 3 (a case where such a
backlight is disposed under the polarizing layer 12 of FIG.
3), if the light passes through the polarizing layer 12, the
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light becomes a linearly polarized light having a vibrating
plane parallel to the polarized-light transmitting axis and
after that, incident to the viewing-angle controlling liquid
crystal layer 14. When the viewing-angle controlling liquid
crystal layer 14 is in the horizontal alignment state, since the
azimuth angle of the polarization axis 12p of the incident
linearly polarized light is substantially equal to the azimuth
angle of the slow axis of the viewing-angle controlling
liquid crystal layer 14, the refraction index for the incident
light influence with only one of the refraction indexes in the
long and short axis directions of the molecules, so that
optical modulation (change in a polarization state) of the
linearly polarized light cannot occur, and the incident angle
of the linearly polarized light on the optical modulated state
can be substantially removed. In particular, since the polar-
ization axis 12p of the polarizing layer 12 and the slow axis
of the viewing-angle controlling liquid crystal layer 14 are
constructed to be parallel to each other, influence of the
displaying liquid crystal cell 110 on the viewing angle
characteristics of the display image cannot occur.

[0050] On the other hand, if the viewing-angle controlling
liquid crystal layer 14 is in the vertical alignment sate, since
the liquid crystal molecules 14 has a vertical behavior, the
light incident from a normal direction of the substrate dose
not have a birefringence property, but influence on the
incident angle occurs. Namely, although no optical influence
on the linearly polarized light parallel to the long axis of the
liquid crystal molecules 14 occurs, the influence (that is, a
degree of influence caused by the refraction indexes in the
different long and short axis directions) of the anisotropic
refraction index of the liquid crystal molecules 14m on the
linearly polarized light incident in a slanted direction about
the long axes of the molecules changes according to the
incident angle. In general, as the incident angle increases,
the degree of change in the polarization state of the linearly
polarized light. As a result, a use efficiency or a shield
efficiency of light decreases, so that the intensity of light
emitting from the polarizing layer 13 is reduced, or light
leakage occurs. Therefore, a contrast of an image in a high
viewing angle direction generated by displaying liquid crys-
tal cell 110 decreases.

[0051] FIG. 4 shows a state where the azimuth angles of
the polarizing layers 12 and 13 and the viewing-angle
controlling liquid crystal layer 14 according to the embodi-
ment change. In the example, a display screen of the
embodiment is constructed to have a behavior shown in
FIG. 4, and the polarization axis 12p and 13p (polarized-
light transmitting or polarized-light absorbing axis; the
polarized-light transmitting axis in the example shown in the
figure) of the polarizing layer 12 and 13 are constructed to
be slanted about an up/down direction (a up/down direction
shown in the figure) when the display screen is seen from the
front side thereof. In the example shown in the figure, it is
preferable that the polarization axes 12p and 13p are defined
1o be slanted with a slope of 45° about the up/down
direction. By doing so, a viewing angle limitation effect
caused by the viewing-angle controlling liquid crystal layer
14 using can increase in the up/down and left/right direc-
tions, so that the viewing angle limitation effect can further
increase in a situation that the display screen is likely to be
seen from the left/right direction. In this case, preferably, the
slanted angle of the slow axis is optically defined to be in a
range of 10° to 45° with respect to a polarization axis.
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[0052] FIG. 5 shows distributions of azimuth and polar
angles of a contrast characteristic of a structure where the
viewing-angle controlling liquid crystal layer 14 shown in
FIG. 3 is removed from the construction shown in FIG. 4,
FIG. 6 shows distribution of azimuth and polar angles of a
contrast characteristic according to the embodiment when an
electric field is not applied to the viewing-angle controlling
liquid crystal layer 14, and FIG. 7 shows distribution of
azimuth and polar angles of a contrast characteristic accord-
ing to the embodiment when a voltage (30V) exceeding a
threshold voltage is applied to the viewing-angle controlling
liquid crystal layer 14. Here, retardation An-d (An is an
anisotropic refraction index of a liquid crystal and d is a cell
gap [um]) of the viewing-angle controlling liquid crystal
layer 14 is defined to be 4.0 um. In the figures, curves
denoted by reference numeral 30 is an equal contrast ratio
contour having a contrast of 30, and curves denoted by
reference numeral 10 is an equal contrast ratio contour
having a contrast of 10.

[0053] Referring to the figures, when the electric field is
not applied to the viewing-angle controlling liquid crystal
layer 14, the embodiment ahs a wide viewing angle sub-
stantially equal to that of the structure where the viewing-
angle controlling liquid crystal layer 14 is removed. On the
contrary, when the electric field is applied to the viewing-
angle controlling liquid crystal layer 14, a region having a
contrast ratio of 10 or less is greatly enlarged, and although
the viewing angle limitation effect to the azimuth angle
region in the polarized-light transmitting and absorbing axes
of the polarizing layers 12 and 13 is relatively weak, a very
narrow viewing angle is obtained in a direction deviated
from the associated azimuth angle, so that the contrast ratio
becomes 10 or less if the polar angle exceeding a range of
10° to 15°, Therefore, it can be understood that the embodi-
ment can improve the viewing angle limitation effect in
comparison to the conventional technique, and any practical
problem cannot occur.

[0054] In addition, in the embodiment, since the construc-
tions 10 and 10" are sufficient, for example, the substrate 111
of the displaying liquid crystal cell 110 and the substrate 142
of the viewing-angle controlling liquid crystal cell 140
shown in FIG. 3 may be constructed as a common substrate.

[0055] In addition, in the embodiment, a viewing angle
compensation plate may be disposed at a position adjacent
to the display liquid crystal layer. In this case, the viewing-
angle controlling liquid crystal cell is needed to be directly
adjacent to a one-side polarization plate without interposing
the viewing angle compensation plate.

Second Embodiment

[0056] Now, a liquid crystal display apparatus 200 accord-
ing to a second embodiment of the present invention will be
described with reference to FIG. 8. The embodiment is
different from the first embodiment in that the displaying
liquid crystal cell 210 is in a vertical aligned mode, an initial
alignment state of a viewing-angle controlling liquid crystal
cell 240 is a vertical alignment state, the alignment state
thereof becomes a horizontal alignment state when an elec-
tric field is applied thereto, and phase difference layers 21A
and 21B are disposed at both sides of the displaying liquid
crystal cell 210. However, the viewing-angle controlling
liquid crystal cell 240 may has the same structure as the
viewing-angle controlling liquid crystal cell 140 of the first
embodiment.
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[0057] In the displaying liquid crystal cell 210 of the
embodiment, retardation An-d of a displaying liquid crystal
layer 21 is defined to be 0.42 um by using a liquid crystal (a
nematic liquid crystal) having a negative anisotropic dielec-
tric constant. In addition, substrates 211 and 212, switching
devices 213, an interlayer insulating film 214, pixel elec-
trodes 215 (a displaying electric field applying structure), a
color filter 219, counter electrodes 218, and the like are
basically the same as those of the first embodiment, and thus,
detailed description thereto is omitted. On the other hand,
alignment films 216 and 217 are constructed with a vertical
alignment film made of a vertical alignment polyimide film,
or the like. Here, in the displaying liquid crystal layer 21 of
the vertically aligned mode, in order to define an inverse
alignment direction from an initial alignment state when an
electric field is applied, the long axes of the liquid crystal
molecules 21m are slightly slanted from a vertical direction
in the inverse alignment direction. Here, the inverse align-
ment direction may be defined by performing a rubbing
process on the vertical alignment film or by providing
protrusions 217¢ or concave portions to a surface of the
alignment film or providing alignment defining members
such as openings (slits) to the counter electrodes 218 (dis-
playing electric field applying structure). In particular, in
order to surely reducing azimuth angle dependency of
display performance, it is preferable that the liquid crystal
molecules 21m are constructed to be inverted in a radial
direction about the alignment controlling members such as
the protrusions 217¢.

[0058] In addition, unlike the first embodiment, in the
viewing-angle controlling liquid crystal cell 240, in order to
obtain a vertically alignment initial alignment state, the
alignment films 244 and 245 employ a vertical alignment
film such as a vertical alignment polyimide film. In this case,
in electrode layers 246 and 243 (viewing-angle controlling
electric field applying structure), in order to define an
inverse azimuth angle of liquid crystal molecules 24 m when
the electric field is applied, a uniform horizontal alignment
state is obtained over the entire area of the viewing-angle
controlling liquid crystal layer 24 by performing a rubbing
process or the like on the vertical alignment film. Similarly
to the first embodiment, when the voltage is applied, the
inverse alignment direction of the liquid crystal molecules
24m in the horizontal alignment state is defined to be
substantially equal to the polarized-light transmitting or
absorbing axis of the polarizing layer 22.

[0059] In the embodiment, as shown in FIG. 9, the polar-
ization axis 22p (a polarized-light transmitting axis in the
example shown in the figure) of the polarizing layer 22 and
the polarization axis 24p of the viewing-angle controlling
liquid crystal layer 24 in the horizontal alignment state are
constructed to be parallel to each other, and the polarization
axis 23p (a polarized-light transmitting axis in the example
shown in the figure) of the polarizing layer 23 and the
polarization axis 22p (apolarized-light transmitting axis) are
constructed to be perpendicular to each other. In addition,
although the slow axis 24p of the viewing-angle controlling
liquid crystal layer 24 in the horizontal alignment state is
perpendicular to the polarization axis 22p (a polarized-light
transmitting axis) of the polarizing layer 22 as shown in
FIG. 10, the slow axis may be constructed to be parallel to
a polarized-light absorbing axis (not shown). In addition, as
shown in FIG. 10, it is more preferable that the polarization
axes 22p and 23p and the slow axis 24p are defined to be in
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a direction slanted from an up/down direction (a direction
having a slop of 45°) when the display screen is seen from
the front side thereof. In this case, it is preferable that the
slanted angle of the slow axis is optically defined in a range
of 10° to 45° with respect to a polarization axis.

[0060] In addition, in any case, the direction of the slow
axis of the viewing-angle controlling liquid crystal layer 24
may be defined to be four directions including three per-
pendicular direction denoted by dotted lines in FIGS. 9 and
10. Namely, in the horizontal alignment state of the viewing-
angle controlling liquid crystal layer 24, the liquid crystal
molecules 21m can be inverted in the four directions by
using alignment defining members similar to the displaying
liquid crystal cell 210, a condition that the slow axis 24p is
substantially parallel to one of the polarized-light transmit-
ting and absorbing axes of the polarizing layer 22 is strati-
fied, and a deflection of a distribution of an azimuth angle in
optical characteristics of the viewing-angle controlling lig-
uid crystal layer 24 can be reduced.

[0061] Inthe embodiment, as shown in FIG. 8, the phase
difference layer 21A is disposed between the viewing-angle
controlling liquid crystal cell 240 and the displaying liquid
crystal cell 210, and the phase difference layer 21B is
disposed between the displaying liquid crystal cell 210 and
the polarizing layer 23. For example, the phase difference
layer 21A is constructed by stacking a ¥4 wave layer 25 and
a C plate 26, and the phase difference layer 21B is con-
structed by stacking a C plate 27 and a % wave layer 28.
Here, the phase difference layers 21A and 21B may be
constructed with only the % wave layers, respectively. The
% wave layers 25 and 28 have different values of refraction
indexes nx and ny (in a notation that refraction indexes of
perpendicular axes are denoted by nx, ny, and nz, and a
refraction index of an optical axis is denoted by nz) and a
predetermined retardation in the optical axis so as to change
the phase difference of perpendicular components of a
polarized light by % wavelength. In the embodiment, in
order that the % wave layer 25 can convert the linearly
polarized light to a circularly polarized light and the % wave
layer 28 can convert the circularly polarized light toe the
linearly polarized light, the Y4 waver layers 25 and 28 are
disposed in a predetermined relation with respect to the
polarization axis (that is, a relation that the optical axis has
an azimuth angle difference of 45°).

[0062] Inaddition, the C plates 26 and 27 are members for
stratifying a relation of nx=ny>nz in the above defined
refraction indexes and reducing defective display such as
light leakage caused by a viewing angle characteristic of the
vertical alignment state of the displaying liquid crystal layer
21 in the vertically aligned mode. In the embodiment, the
phase difference (nz-nx)-d (here, d is a thickness in the
optical direction) of the C plates 26 and 27 is 135 nm.

[0063] In the embodiment, by providing the phase differ-
ence layers 21A and 21B, since the relation between the
alignment direction of the displaying liquid crystal layer 21
and the polarized-light transmitting and absorbing axes of
the polarizing layers 22 and 23 are not need to be strictly
defined, an effect in that production can be easily performed
is obtained. In addition, in a case where a metal light-
shielding film such as a Cr film is provided to an observer’s
side rather than the displaying liquid crystal layer 21 in the
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displaying liquid crystal cell 210, an effect in that light
reflecting from a surface of the metal light-shielding film can
be shield is obtained.

[0064] FIGS. 11 and 12 are views showing distributions
of azimuth and polar angles of brightness characteristics in
the light-shielding and light-transmitting states of the dis-
playing liquid crystal cell 210 in a case where the viewing-
angle controlling liquid crystal layer 24 is in a horizontal
alignment state in the embodiment having the constructions
shown with solid lines in FIG. 9, and FIGS. 13 and 14 are
views showing distributions of azimuth and polar angles of
brightness characteristics in the light-shielding and light-
transmitting states of the displaying liquid crystal cell 210 in
a case where the viewing-angle controlling liquid crystal
layer 24 is in a vertical alignment state. Here, retardation
An-d of the viewing-angle controlling liquid crystal layer 24
is defined to be 1.0 um. In addition, in the figures, reference
numerals 1, 10, 50, and 80 denote light transmittance of 1%,
10%, 50%, and 80% shown by isoluminance contours of the
associated apparatuses.

[0065] Referring to the brightness distributions of the
light-shielding and light-transmitting states shown in FIGS.
11 and 12, it can be understood that a high contrast can be
obtained over a wide viewing angle range when the viewing-
angle controlling liquid crystal layer 24 is in the horizontal
alignment state. In particular, a high light-shielding state of
1% can be obtained over the entire range in the directions of
the polarization axes of the polarizing layers 22 and 23. On
the other hand, referring to the brightness distributions of the
light-shielding and light-transmitting states shown in FIGS.
13 and 14, it can be understood that a region indicating a
high light-shielding state of 1% is greatly limited when the
viewing-angle controlling liquid crystal layer 24 is in the
vertical alignment state, and a region indicating a high
brightness in the light-transmitting state, so that the viewing
angle is greatly limited. In particular, directions deviated
from the directions of the polarization axes of the polarizing
layers 22 and 23, the brightness of the light-shielding and
light-transmitting state are inverted, and a positive negative
display inversion occurs.

[0066] FIGS. 15 and 16 are graphs showing a principle
for viewing angle limitation. The graph of FIG. 15 shows a
scheme that the contrast decreases in a portion where the
polar angle increases by substantially planarizing the distri-
bution of the polar angle of the brightness of the light-
shielding state and decreasing the brightness of the light-
transmitting state in the portion where the polar angle
increases. The scheme for limiting the viewing angle cor-
responds to the first embodiment. On the other hand, the
graph of FIG. 16 shows another scheme that the contrast
decreases in the portion of the polar angle increase by
substantially planarizing the distribution of the polar angle
of the brightness of the light-transmitting state and increas-
ing the brightness of the light-shielding state (that is, gen-
erating light leakage) in the portion where the polar angle
increases. Any one of the schemes shown in FIGS. 15 and
16 can be used to limit the viewing angle, and the latter
scheme substantially corresponds to the second embodi-
ment. In addition, FIGS. 15 and 16 schematically show a
virtual distribution of brightness in order to explain for the
two schemes, but the figures do not show an actual distri-
bution of brightness.
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[0067] FIG. 17 shows a distribution of brightness of the
light-shielding state in a case where the viewing-angle
controlling liquid crystal layer 24 is in a vertical alignment
state in a construction where retardation An-d of the view-
ing-angle controlling liquid crystal layer 24 in the second
embodiment 0.5 um. In the distribution of brightness, it can
be understood that a region indicating a high light-shielding
state is slightly widened in comparison to the distribution
shown in FIG. 13, but the brightness in a region where the
polar angle is high sufficiently increases, so that a practical
viewing angle limitation effect can be obtained. In general,
if the retardation of the viewing-angle controlling liquid
crystal layer 24 is 0.5 pm or more, the viewing angle
limitation can be sufficiently performed.

[0068] In addition, in any one of the first and second
embodiment, the one-side polar layer and viewing-angle
controlling liquid crystal layer are optically adjacent thereto.
By doing so, the polarization axis of the polarizing layer and
the slow axis of the viewing-angle controlling liquid crystal
layer are substantially optically coincident to each other, so
that the aforementioned excellent effect can be obtained.

[0069] Inaddition, although a stacked structure of a pair of
polarizing layers sandwich the displaying liquid crystal layer
therebetween and another separate pair of polarizing layers
sandwich the viewing-angle controlling liquid crystal layer
therebetween may be considered to be a viewing angle
controlling scheme, in the structure, display is darkened, and
both of the schemes cannot be employed, so that only the
scheme shown in FIG. 15 must be employed. On the other
hand, since any one of the first and second embodiments can
be implemented by using a pair of polarizing layers, display
can be brightened, and the scheme shown in FIG. 16 in
addition to the scheme shown in FIG. 15 can be employed.

Third Embodiment

[0070] Finally, an electronic apparatus which the afore-
mentioned liquid crystal display apparatus is built in will be
described. FIG. 18A shows an outer appearance of a mobile
phone as an example of an electronic apparatus 1000 (a
portable electronic apparatus) according to the present
invention, and FIG. 8B shows a display screen 100DP of the
associated electronic apparatus 1000. As shown in FIG.
18A, an operation portion 1001 and a display portion 1002
are provided to the electronic apparatus 1000, and the
operation portion 1001 and the display portion 1002 are
allowed to be folded. A circuit board 1003 is received in the
display portion 1002, the liquid crystal display apparatus
100 is mounted on the display portion 1002, and the display
screen 100DP is exposed to a surface of the display portion
1002.

[0071] As shown in FIG. 18B, in the display screen
100DP of the liquid crystal display apparatus 100, the
polarized-light transmitting axis 14p of the polarizing layer
12 adjacent to the viewing-angle controlling liquid crystal
layer 14 and the polarized-light absorbing axis (not shown)
perpendicular thereto are defined in slanted directions with
respect to the up/down direction of the display screen
100DP. In addition, when the viewing-angle controlling
liquid crystal layer 14 is in the horizontal alignment state,
the distributions of the azimuth and polar angles of the
contrast become a curve A, and when the viewing-angle
controlling liquid crystal layer 14 changes into the vertical
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alignment state, the distribution of the contrast in a direction
deviated from the polarized-light transmitting axis 14p and
the polarized-light absorbing axis perpendicular thereto is
limited in a narrow range, and the viewing angle is greatly
reduced as indicated by a curve B. Therefore, although the
display screen 100DP intends to be displayed in a slanted
direction from the up/down and left/right directions of the
display screen 100DP by changing the viewing-angle con-
trolling liquid crystal layer 14 into the vertical alignment
state, the display contents cannot be perceived due to the
viewing angle limitation. In particular, in many cases where
a person excluding an owner of the electronic apparatus
1000 intends to see the apparatus in a slanted direction from
the left/right direction, the seeing from the left/right direc-
tion can be surely prevented by changing the viewing-angle
controlling liquid crystal layer 14 into the vertical alignment
state.

[0072] Inaddition, the liquid crystal display apparatus and
the electronic apparatus according to the present invention
are not limited the aforementioned examples, but various
modifications can be made without departing from the scope
of the present invention. For example, although the afore-
mentioned embodiments are described by exemplifying an
active matrix type liquid crystal display apparatus including
switching device, the present invention may employ a pas-
sive matrix type liquid crystal display apparatus or a seg-
mented type liquid crystal display apparatus.

[0073] The entire disclosure of Japanese Patent Applica-
tion No. 2005-011177, filed Jan. 19, 2003, is expressly
incorporated by reference herein.

What is claimed is:

1. A liquid crystal display apparatus comprising:

a displaying liquid crystal layer;

a displaying electric field applying structure that applies a
displaying electric field to the displaying liquid crystal
layer;

a pair of polarizing layers that sandwich the displaying
liquid crystal layer therebetween;,

a viewing-angle controlling liquid crystal layer disposed
between one of the polarizing layers and the displaying
liquid crystal layer, the viewing-angle controlling lig-
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uid crystal layer changing between substantial horizon-
tal and vertical alignment states, the viewing-angle
controlling liquid crystal layer when in the horizontal
alignment state exhibiting a slow axis that is parallel to
a polarized-light transmitting or absorbing axis of the
polarizing layer that is disposed opposite to the dis-
playing liquid crystal layer from the viewing-angle
controlling liquid crystal layer; and

a viewing-angle controlling electric field applying struc-
ture that applies a viewing-angle controlling electric
field to the viewing-angle controlling liquid crystal
layer.

2. The liquid crystal display apparatus according to claim

1, wherein the viewing-angle controlling liquid crystal layer
is in a horizontal alignment state when no electric field is
applied by the viewing-angle controlling electric field apply-
ing structure, and the viewing-angle controlling liquid crys-
tal layer is in a vertical alignment state when an electric field
is applied.

3. The liquid crystal display apparatus according to claim

1, wherein the viewing-angle controlling liquid crystal layer
is in a vertical alignment state when no electric field is
applied by the viewing-angle controlling electric field apply-
ing structure, and the viewing-angle controlling liquid crys-
tal layer is in a horizontal alignment state when an electric
field is applied.

4. The liquid crystal display apparatus according to claim

3, wherein an alignment azimuth angle in the horizontal
alignment state of the viewing-angle controlling liquid crys-
tal layer is defined as four directions which are substantially
parallel to the polarized-light transmitting and absorbing
axes.

5. The liquid crystal display apparatus according to claim

1, wherein phase difference layers are disposed to be adja-
cent to both sides of the displaying liquid crystal layer.

6. The liquid crystal display apparatus according to claim

1, wherein the slow axis of the viewing-angle controlling
liquid crystal layer is defined to be slanted when a display
screen is seen from a front surface thereof.

7. An electronic apparatus which the liquid crystal display

apparatus according to any one of claim 1 is built in.

[ I T
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