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LIQUID-CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2007-114380, filed Apr. 24, 2007, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to a liquid-crystal dis-
play apparatus.

[0004] 2. Description of the Related Art

[0005] Inrecent years, liquid crystal displays, which incor-
porate a liquid-crystal display panel, have been used as dis-
play apparatuses. Liquid crystal displays have found use in
various electronic apparatuses, particularly in electronic
pocket diaries, personal digital assistants (PDAs), cellular
telephones, tablet personal computers (PCs), and notebook
PCs and the like, which are light, thin and small and are hence
portable.

[0006] Insome cases, the information displayed on an elec-
tronic apparatus should not be accessible by any person other
than the user of the apparatus. This situation takes place
when, for example, a cellular telephone, a PDA or a tablet PC
displays private information while the apparatus is being used
in public. In view of this, the smaller the viewing angle, the
better. It may also be desired, however, for the apparatus to
have the function of controlling the viewing angle, because
not only the user but also other persons may need to observe
the image displayed on the apparatus. This question about the
viewing angle is common to both portable apparatuses and
public information terminals.

[0007] As disclosed in, for example, Jpn. Pat. Appln. No.
2003-58066, detachable louver sheets have recently come
into use as a means for controlling the view angle of the liquid
crystal display or the cathode-ray tube (CRT). Further, a
system has been put to practical use in which the liquid crystal
display used has no polarizing plates on the viewer side of a
liquid crystal display. The user can observe the information
only if he or she wears polarizing glasses.

[0008] The conventional louver sheet has a light-shielding
layer, which is several millimeters wide in the normal direc-
tion of the sheet, in order to reduce the viewing angle suffi-
ciently. Inevitably, the method using a louver sheet is disad-
vantageous since the louver sheet has low light transmittance.
In addition, the method of manufacturing the louver sheet is
complicated, which means the manufacturing cost of the lou-
ver sheet is high. Further, it takes much time to attach or
detach the louver sheet. On the other hand, the method of
using polarizing glasses is disadvantageous since the image
cannot be seen by people without polarizing glasses. To solve
the problem of lack of control over viewing-angle, a liquid
crystal display with a viewing-angle controlling liquid-crys-
tal panel was developed.

[0009] If aliquid crystal display has a viewing-angle con-
trolling liquid crystal panel, however, the thickness and
weight of the liquid crystal display will increase. Moreover,
the use of the viewing-angle controlling liquid crystal panel
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will raise the manufacturing cost of the liquid crystal display,
which will increase the price of the liquid crystal display.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention has been made in consider-
ation of the foregoing. An object of this invention is to provide
a liquid crystal display apparatus that can be controlled in
terms of display characteristics, can have a simple configu-
ration and can be provided at a low price.

[0011] To achieve the object, according to an aspect of the
present invention, there is provided a liquid crystal display
apparatus comprising;

[0012] a first substrate;

[0013] a second substrate arranged opposite to the first
substrate with a gap;

[0014] aliquid crystal layer held between the first substrate
and the second substrate; and

[0015] a plurality of pixels provided between the first sub-
strate and the second substrate,

[0016] wherein each pixel has a first pixel part including a
switching element and a pixel electrode electrically con-
nected to the switching element, and a second pixel part
including a switching element and a pixel electrode electri-
cally connected to the switching element; and first liquid
crystal molecules lying on the first pixel part of each pixel are
oriented independently of second liquid crystal molecules
lying on the second pixel part of the pixel.

[0017] According to another aspect of the present inven-
tion, there is provided a liquid crystal display apparatus com-
prising:

[0018] a first substrate;

[0019] a second substrate arranged opposite to the first
substrate with a gap;

[0020] aliquid crystal layer held between the first substrate
and the second substrate; and

[0021] a plurality of pixels provided between the first sub-
strate and the second substrate, each comprising a plurality of
sub-pixels of different colors and being the smallest display
element capable of appearing white,

[0022] wherein each sub-pixel has a first pixel part includ-
ing a switching element and a pixel electrode electrically
connected to the switching element, and a second pixel part
including a switching element and a pixel electrode electri-
cally connected to the switching element; and first liquid
crystal molecules lying on the first pixel part of each sub-pixel
are oriented independently of second liquid crystal molecules
lying on the second pixel part of the sub-pixel.

[0023] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0024] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.
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[0025] FIG. 1is a perspective view of a liquid crystal dis-
play according to a first embodiment ofthe present invention;
[0026] FIG. 2 is a sectional view of the liquid crystal dis-
play shown in FIG. 1;

[0027] FIG. 3 is a magnified sectional view showing the
liquid crystal display panel shown in FIGS. 1 and 2;

[0028] FIG.4isaschematic planview of the array substrate
shown in FIGS. 1 to 3, particularly showing the pixels pro-
vided on the substrate;

[0029] FIG. 5 is a magnified plan view of one of the pixels
shown in FIG. 4, illustrating how the liquid crystal molecules
are oriented while the first and second pixel parts are receiv-
ing no drive voltage;

[0030] FIG. 6 is a diagram illustrating the orientation that
the liquid crystal molecules have and the path in which light
travels, while the first and second pixel parts are receiving no
drive voltage;

[0031] FIG. 7 is a magnified plan view of one of the pixels
shown in FIG. 4, illustrating how the liquid crystal molecules
are oriented while the first pixel parts are receiving a drive
voltage and the second pixel parts are receiving no drive
voltage;

[0032] FIG. 8 is a diagram illustrating, like FIG. 7, the
orientation that the liquid crystal molecules have and the path
in which light travels, while the first pixel part is receiving a
drive voltage and the second pixel part is receiving no drive
voltage;

[0033] FIG. 9 is a magnified plan view of one of the pixels
shown in FIG. 4, illustrating how the liquid crystal molecules
are oriented while the first pixel parts are receiving no drive
voltage and the second pixel parts are receiving a drive volt-
age;

[0034] FIG. 10 is a diagram illustrating, like FIG. 9, the
orientation that the liquid crystal molecules have and the path
in which light travels, while the first pixel part is receiving no
drive voltage and the second pixel part is receiving a drive
voltage;

[0035] FIG. 11 is a magnified plan view of one of the pixels
shown in FIG. 4, illustrating how the liquid crystal molecules
are oriented while the first and second pixel parts are receiv-
ing a drive voltage;

[0036] FIG. 12 a diagram illustrating, like FIG. 11, the
orientation that the liquid crystal molecules have and the path
in which light travels, while the first and second pixel parts are
receiving a drive voltage;

[0037] FIG.13isadiagram showing the path in which light
travels from the liquid crystal display;

[0038] FIG. 14 isaplan view showing the first-pixel groups
and second-pixel groups provided in the liquid crystal dis-
play, which are arranged in a checkerboard pattern;

[0039] FIG. 15 is a plan view showing one of the first-pixel
groups;

[0040] FIG. 16 is a plan view showing one of the second-
pixel groups;

[0041] FIG. 17 is a magnified plan view of one of the pixels
provided in a liquid crystal display according to a second
embodiment of the invention, illustrating how the liquid crys-
tal molecules are oriented while the first pixel parts are receiv-
ing a drive voltage and the second pixel parts are receiving no
drive voltage;

[0042] FIG. 18 is, like FIG. 17, a magnified plan view of
one of the pixels provided in the liquid crystal display accord-
ing to the second embodiment of the invention, illustrating
how the liquid crystal molecules are oriented while the first

Oct. 30, 2008

pixel parts are receiving no drive voltage and the second pixel
parts are receiving a drive voltage;

[0043] FIG. 19 is a plan view showing the first pixels and
second pixels shown in FIGS. 17 and 18, which are arranged
in a checkerboard pattern;

[0044] FIG. 20 is a diagram showing the path in which light
travels from the liquid crystal display according to the second
embodiment;

[0045] FIG. 21 is, like FIGS. 17 and 18, a magnified plan
view of one of the pixels provided in the liquid crystal display
according to the second embodiment of the invention, illus-
trating how the liquid crystal molecules are oriented while the
first and second pixel parts are receiving a drive voltage;
[0046] FIG. 22 is amagnified plan view of one of the pixels
provided in a liquid crystal display according to a third
embodiment of the invention, illustrating how the liquid crys-
tal molecules are oriented while the first pixel parts are receiv-
ing a drive voltage and the second pixel parts are receiving no
drive voltage;

[0047] FIG. 23 is, like FIG. 22, a magnified plan view of
one of the pixels provided in the liquid crystal display accord-
ing to the third embodiment of the invention, illustrating how
the liquid crystal molecules are oriented while the first pixel
parts are receiving no drive voltage and second pixel parts are
receiving a drive voltage;

[0048] FIG. 24 is a plan view showing the first pixels and
second pixels shown in FIGS. 22 and 23, which are arranged
in a strip pattern;

[0049] FIG. 25 is a diagram showing the path in which light
travels from the liquid crystal display according to the third
embodiment;

[0050] FIG. 26 is, like FIGS. 22 and 23, a magnified plan
view of one of the pixels provided in the liquid crystal display
according to the third embodiment of the invention, illustrat-
ing how the liquid crystal molecules are oriented while the
first and second pixel parts are receiving a drive voltage;
[0051] FIG. 27 is a table showing values An, d and And that
the liquid crystal displays according to the first to third
embodiments have;

[0052] FIG. 28 is a graph showing how the relative trans-
mittance changes with the applied voltage in Systems 1 to 4
that are shown in FIG. 27,

[0053] FIG. 29 s a sectional view of a liquid crystal display
according to a fourth embodiment of the present invention;
[0054] FIG. 30 is a diagram explaining the optical charac-
teristics that the liquid crystal display according to the fourth
embodiment has and the path in which light travels in this
liquid crystal display;

[0055] FIG. 31 is a graph representing how the luminance
changes with the white-area ratio in a liquid crystal display
having a first polarizing reflector and in a liquid crystal dis-
play having no first polarizing reflector; and

[0056] FIG. 32 is a table showing the characteristics of the
liquid crystal displays according to the first to fourth embodi-
ments and the characteristics of the liquid crystal displays
according to Comparative Examples 1 and 2.

DETAILED DESCRIPTION OF THE INVENTION

[0057] Aliquid crystal display according to a first embodi-
ment of this invention will be described in detail, with refer-
ence to the accompanying drawings.

[0058] As FIG. 1, FIG. 2, FIG. 3, FIG. 4 and FIG. 5 show,
the liquid crystal display comprises a liquid crystal display
panel 1, a color filter 2, a backlight unit 3, and a control unit
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4. The liquid crystal display panel 1 has an array substrate 10,
a counter substrate 20, a liquid crystal layer 30, an orientation
control unit 40, a plurality of pixel groups 50, a first polarizing
plate 60, and a second polarizing plate 70. The array substrate
10 and counter substrate 20 have a display region R.

[0059] The pixel groups 50 are provided between the dis-
play regions R of the array substrate 10 and counter substrate
20. Each pixel group 50 consists of a plurality of pixels 51.
The pixels 51 are the smallest display element that can present
a white dot. The pixels 51 are arranged in the first and second
directions d1 and d2 extending parallel to the array substrate
10 and counter substrate 20 and intersecting with each other
at right angles. Thus arranged, the pixels 51 form a matrix
pattern.

[0060] Each ofthe pixels 51 has three sub-pixels, 52R, 52G
and 52B of different colors. In the present embodiment, the
sub-pixels 52R, 52G and 52B are arranged in the second
direction d2. The sub-pixels 52R, 52G and 52B have first and
second pixel parts 53 and 54 each. The first pixel part 53 and
second pixel part 54 of each sub-pixel are of the same color.
Inthe present embodiment, the first and second pixel parts 53
and 54 of each sub-pixel are arranged in the second direction
d2. The array substrate 10 according to this embodiment,
which is a QVGA array substrate as seen from FIGS. 3 and 4,
will be described below.

[0061] The array substrate 10 is a transparent insulating
substrate and has a glass substrate 11, which is the first sub-
strate. On the display region R of the glass substrate 11, a
plurality of signal lines 12 and a plurality of scanning lines 13
are provided, forming a matrix pattern. More precisely, the
signal lines 12 extend in the first direction, d1, and the scan-
ning lines 13 extend in the second direction, d2. As FIG. 4
shows, the present embodiment has 480 signal lines 12 and
320 scanning lines. Any two adjacent signal lines 12 and any
two adjacent scanning lines 13 demarcate each pixel part (i.e.,
first pixel part 53 or second pixel part 54).

[0062] Near each of the intersections of the signal lines 12
and the scanning lines 13, a TFT 14, for example, is provided
as a switching element. Hence, two TFTs 14 are provided at
the first and second pixel parts 53 and 54 of each sub-pixel,
respectively.

[0063] Each TFT 14 has a gate electrode, a channel layer, a
gate-insulating layer, a source electrode and a drain electrode,
which are not shown. The gate electrode extends from the
scanning line 13. The channel layer is opposed to the gate
electrode, across the gate-insulating layer. The source elec-
trode is connected to one region of the channel layer. The
drain electrode is connected to the other region of the channel
layer. In the present embodiment, the channel layer is made of
polysilicon (p-Si). The source electrode is electrically con-
nected to the signal line 12. The drain electrode is electrically
connected to a pixel electrode 15, which will be described
later.

[0064] On the glass substrate 11, a plurality of pixel elec-
trodes 15 are formed and arranged in a matrix pattern. The
pixel electrodes 15 are made of a transparent conductive film,
suchas an1TO (indium tin oxide) film. One pixel electrode 15
is provided on each first pixel part 53. Similarly, one pixel
electrode 15 is provided on each second pixel part 54.
[0065] On the glass substrate 11, too, a plurality of projec-
tions 41 are formed. The projections 41 protrude toward the
counter substrate 20 and extend in the first direction, d1. Each
projection 41 lies between the first and second pixel parts 53
and 54 of one sub-pixel. An alignment film 16 is formed on
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almost the entire upper surface of the glass substrate 11,
covering the pixel electrodes 15 and the projections 41. In this
embodiment, the orientation film 16 is a vertical alignment
film.

[0066] The counter substrate 20 is arranged opposite to the
array substrate 10 and spaced apart therefrom with a prede-
termined gap. The counter substrate 20 is a transparent insu-
lating substrate and has a glass substrate 21, which is the
second substrate. On the glass substrate 21, a counter elec-
trode 22 is formed. The counter electrode 22 is a transparent
conductive film made of, for example, ITO.

[0067] On the counter electrode 22, a plurality of projec-
tions 42 are formed. The projections 42 protrude toward the
array substrate 10 and extend in a first direction d1. Each
projection 42 lies between a sub-pixel 52R and a sub-pixel
52G or between a sub-pixel 52G and a sub-pixel 52B. The
projections 41 and the projections 42 constitute an orientation
control unit 40. An alignment film 23 is formed, covering the
glass substrate 21, counter electrode 22 and projections 42.
The orientation film 23 is a vertical alignment film. The
counter substrate 20 has a display surface S, which faces away
from the array substrate 10.

[0068] The array substrate 10 and the counter substrate 20
are arranged opposite to each other with a predetermined gap
therebetween by, for example, a plurality of spherical spacers
24. The spacers 24 are not limited to spherical ones, never-
theless. They may be, for example, pillar-shaped spacers. The
array substrate 10 and the counter substrate 20 are joined to
each other with a sealing member 31 that is arranged on the
edge parts of the substrates 10 and 20.

[0069] Theliquid crystal layer 30 is held between the array
substrate 10 and the counter substrate 20. The liquid crystal
layer 30 is made of a nematic liquid crystal. As shown in FIG.
27, the liquid crystal layer 30 has a An value 0f 0.064, gap d
0f3.50 um, and And value 0f 223 nm. The sealing member 31
has a liquid crystal intake 32, which is closed with a sealant
33.

[0070] So configured as described above, the liquid crystal
display panel 1 can operate in an orientation-divided, verti-
cally aligned mode.

[0071] The first polarizing plate 60 is arranged opposite to
the array substrate 10. The first polarizing plate 60 has an
absorption axis that is parallel to a line that extends along the
plane of the array substrate 10 and that of the counter sub-
strate 20. In the present embodiment, the absorption axis of
the first polarizing plate 60 is parallel to the third direction d3
inclined at 45° to the first direction d1 and second direction
d2.

[0072] The second polarizing plate 70 is arranged opposite
to the counter substrate 20. Therefore, the second polarizing
plate 70 has a display surface S1 in the present embodiment.
The second polarizing plate 70 has an absorption axis that
intersects at right angles with the absorption axis of the first
polarizing plate 60. The absorption axis is parallel to a line
that extends along the plane of the array substrate 10 and that
of the counter substrate 20. In the present embodiment, the
absorption axis of the second polarizing plate 70 is parallel to
the fourth direction d4 that intersect at right angles with the
third direction d3.

[0073] Thecolor filter 2 is provided on the counter substrate
20 of the liquid crystal display panel 1. The color filter 2 has
a plurality of color layers of different colors, which are laid
one on another in the display region R of the counter substrate
20. In the present embodiment, the color filter 2 has red layers
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2R, green layers 2G, and blue layers 2B. The color layers 2R,
2G and 2B are shaped in strips, each extending in the first
direction d1, in the present embodiment.

[0074] The sub-pixels 52R, 52G and 52B of each pixel 51
have color layers each, which differ in color from those of any
other sub-pixel. More precisely, the sub-pixel 52R has red
layers 2R, the sub-pixel 52G has green layers 2G, and sub-
pixel 52B has blue layers 2B. Thus, the color layers provided
at the first and second pixel parts 53 and 54 of each sub-pixel
(52R, 52G or 52B) are of the same color.

[0075] The color filter 2 has a light-shielding unit (not
shown) shaped like a rectangular frame and provided outside
the display region R, in addition to the color layers 2R, 2G and
2B. The light-shielding unit surrounds the color layers 2R,
color layers 2G and color layers 2B. The light-shielding unit
serves to shield light leaking from the display region R.
[0076] The backlight unit 3 is arranged to face the array
substrate 20 across the first polarizing plate 60. The backlight
unit 3 comprises a light-guiding body 3a, a light source 34,
and a reflecting plate 3c. The light-guiding body 3a is
opposed to the first polarizing plate 60. The light source 35
and the reflecting plate 3¢ are arranged opposite to one end of
the light-guiding body 3a. The backlight unit 3 emits light to
the first polarizing plate 60. In the present embodiment, the
light emitted from the backlight unit 3 is diffused.

[0077] The control unit 4 is electrically connected to the
liquid crystal display panel 1 and backlight unit 3. The control
unit 4 applies a drive voltage to the liquid crystal display panel
1 and backlight unit 3. In order to drive the liquid crystal
display panel 1, the control unit 4 applies the drive voltage to
the signal lines 12 and scanning lines 13, ultimately to the
TFTs 14.

[0078] The control unit 4 adjusts the drive voltage, thereby
independently driving the first and second pixel parts 53 and
54 of each sub-pixel. Therefore, of the liquid crystal mol-
ecules of each pixel 51, the first liquid crystal molecules 30a
lying on the first pixel part 53 are oriented in one way, and the
second liquid crystal molecules 305 lying on the second pixel
part 54 are oriented in another way. The control unit 4 thus
controls the orientation of the first liquid crystal molecules
30a and that of the second liquid crystal molecules 305.
[0079] It will be explained what characteristics the liquid
crystal molecules exhibit and how light behaves in the mol-
ecules when the first and second pixel parts 53 and 54 of each
sub-pixel are driven independently of each other.

[0080] First, assume that the drive voltage is applied to
neither the first pixel parts 53 nor the second pixel parts 54. As
shown in FIG. 5 and 6, the first liquid crystal molecules 30«
and the second liquid crystal molecules 305 are oriented in
substantially the same direction. More precisely, the first and
second liquid crystal molecules 30a and 305 are oriented in a
direction parallel to the normal to the array substrate 10 and
counter substrate 20.

[0081] In each first pixel part 53, light may travel in a path
opl in direction dR, in a path op2 in direction dL, or in a path
op3 along the normal to the display screen. In each second
pixel part 54, light may travel in a path op4 in direction dR, in
a path op5 in direction dL, or in a path op6 along the normal
to the display screen.

[0082] Consider that the light beams passing in the paths
opl, op2, op3, op4, op5 and op6 have phase differences R1,
R2, R3, R4, R5 and R6, respectively. Then,
R1=R2=R4=R5=~0, and R3=R6=0. Hence, the first pixel parts
53 and the second pixel parts 54 appear almost black in the
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direction dR and the direction dL. As a result, the display
screen appears black if viewed from the front.

[0083] Thus, the control unit 4 applies no drive voltage to
the first and second pixel parts 53 and 54 of each sub-pixel,
orienting the first liquid crystal molecules 30a and second
liquid crystal molecules 304 in one direction, whereby the
display screen appears black. The liquid crystal display there-
fore performs black display. That is, the display screen
appears black when viewed from viewpoints v1, v2 and v3 as
shown in FIG. 13.

[0084] Now, assume that the drive voltage is applied to the
first pixel parts 53 and no drive voltage is applied to the
second pixel parts 54. FIGS. 7 and 8 show a first pixel a, in
which the first liquid crystal molecules 30a in the first pixel
parts 53 of the sub-pixels are oriented in one direction, while
the second liquid crystal molecules 305 in the second pixel
parts 54 are orientated in another direction. That is, the first
liquid crystal molecules 30a are oriented in a direction
inclined from the normal to the display screen, while the
second liquid crystal molecules 305 are oriented along the
normal to the display screen. More specifically, the first liquid
crystal molecules 30a tilt to the right, or in the direction dR.
[0085] In this case, R1=R6=0, R2=A/2, R3=0, and
R4=R5~0. Note that And has been so adjusted that R2=A/2.
As aresult, the first pixel part 53 appears black as viewed in
a direction (hereinafter referred to as rightward direction dR)
inclined in direction dR from the normal to the display screen,
and the second pixel part 54 appears black as viewed from the
front (or along normal to the display screen). Further, the first
pixel part 53 appears white as viewed in a direction (herein-
after referred to as leftward direction dL) inclined in direction
dL from the normal to the display screen. The first pixel part
53 appears either white or gray as viewed from the front of the
display screen, and the second pixel part 54 appears almost
black as viewed in the rightward direction dR and also in the
leftward direction dL.. This means that each sub-pixel can
appear white as viewed in the leftward direction dL and can
appear white or gray as viewed from the front of the display
screen. Needless to say, the color that each sub-pixel presents
changes in accordance with the image displayed on the
screen.

[0086] That is, the control unit 4 applies a drive voltage to
the first pixel part 53 and applies no drive voltage to the
second pixel part 54. As a result, the first liquid crystal mol-
ecules 30a are oriented in a direction inclined from the normal
to the plane of the array substrate 10, and the second liquid
crystal molecules 305 remain oriented in one direction (along
the normal to the plane of the array substrate 10). Thus, the
operating mode is switched to a narrow viewing-angle dis-
play mode to display an image in the leftward direction dLL on
the display screen.

[0087] Now that the liquid crystal display has been
switched to the narrow viewing-angle display mode, it dis-
plays a colorimage in the leftward direction dLL on the display
screen. The color image can be seen as viewed from the front
of the display screen, though its luminance level decreases.
That is, as shown in FIG. 13, a color image is seen from at
least the viewpoint v2, and a black image is seen at the
viewpoint v1.

[0088] Assume that no drive voltage is applied to the first
pixel parts 53 and the drive voltage is applied to the second
pixel parts 54. FIGS. 9 and 10 show a second pixel b, in which
the drive voltage is applied to the second pixel part 54 only.
The first liquid crystal molecules 30a are oriented in one
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direction, and the second liquid crystal molecules 30a are
orientated in another direction. That is, the first liquid crystal
molecules 30a are oriented in a direction along the normal to
the above-mentioned plane, while the second liquid crystal
molecules 305 are oriented in a direction inclined from the
normal to the display screen. More specifically, the second
liquid crystal molecules 305 tilt in the leftward direction dL.
[0089] In this case, R1=R2=~0, R3=R5=0, R4=)/2, and
R6=0. Note that And has been so adjusted that R4=A/2. As a
result, the first pixel part 53 appears black as viewed from the
front of the display screen, and the second pixel part 54
appears black as viewed in the leftward direction dL.. Further,
the first pixel part 53 appears almost black as viewed in the
rightward direction dR and leftward direction dL on the dis-
play screen. The second pixel part 54 appears white as viewed
from in the rightward direction dR on the display screen.
Further, the second pixel part 54 appears either white or gray
as viewed from the front of the display screen. Thus, each
sub-pixel can appear white as viewed in the rightward direc-
tion dR and can appear white or gray as viewed from the front
of the display screen. Needless to say, the color that each
sub-pixel presents changes in accordance with the image
displayed on the screen.

[0090] That is, the control unit 4 applies no drive voltage to
the first pixel part 53 and a drive voltage to the second pixel
part 54. As a result, the first liquid crystal molecules 30a are
oriented in one direction (along the normal to the above-
mentioned plane), and the second liquid crystal molecules
304 are oriented in a direction inclined from the normal to the
above-mentioned plane. Thus, the operating mode is
switched to a narrow viewing-angle display mode to display
an image in the rightward direction dR on the display screen.

[0091] Now that the liquid crystal display has been
switched to the narrow viewing-angle display mode, it dis-
plays a color image in the rightward direction dR on the
display screen. The color image can be seen as viewed from
the front of the display screen, though its luminance level
decreases. That is, as shown in FIG. 13, a color image is seen
from at least the viewpoint v1, and a black image is seen from
the viewpoint v2.

[0092] Further assume that the drive voltage is applied to
both the first pixel parts 53 and the second pixel parts 54.
FIGS. 11 and 12 show first liquid crystal molecules 30a
oriented in one direction and the second liquid crystal mol-
ecules 305 oriented in another direction. That is, the first
liquid crystal molecules 30a tilt in one direction to the normal
to the above-mentioned plane, while the second liquid crystal
molecules 305 tilt in the opposite direction to the normal to
the above-mentioned plane. More specifically, the first liquid
crystal molecules 30aq tilt to the rightward direction dR, and
the second liquid crystal molecules 3054 tilt to the leftward
direction dL.

[0093] Inthis case, R1=R5=0, R2=R4=A/2, and R3=R6~0.
As aresult, the first pixel part 53 appears black as viewed in
the rightward direction dR, and the second pixel part 54
appears black as viewed in the leftward direction dL. Further,
the first pixel part 53 appears white as viewed in the leftward
direction dL, and the second pixel part 54 appears white as
viewed in the rightward direction dR. The first and second
pixel parts 54 appear white or gray as viewed from the front of
the display screen. Thus, each sub-pixel can appear white as
viewed from the front of the display screen and can appear
gray as viewed in the rightward direction dR and leftward
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direction dL. Needless to say, the color that each sub-pixel
presents changes in accordance with the image the displayed
on the screen.

[0094] Thatis, the control unit 4 applies the drive voltage to
the first pixel parts 53 and the second pixel parts 54, respec-
tively. As a result, the first liquid crystal molecules 30« tiltin
one direction from the normal to the above-mentioned plane,
and the second liquid crystal molecules 305 tilt in the opposite
direction from the normal to the above-mentioned plane.
Thus, the liquid crystal display is switched to a broad view-
ing-angle display mode to display an image on the display
screen.

[0095] Now that the liquid crystal display has been
switched to the broad viewing-angle display mode, it displays
a color image in front of the display screen. The color image
can be seen, too, as viewed in the rightward direction dR and
the leftward direction dl, though its luminance level
decreases. That is, as shown in FIG. 13, a color image is seen
at the viewpoints v1, v2 and v3.

[0096] The control unit 4 adjusts the drive voltage as
described above, whereby the liquid crystal display can dis-
play an image in a specific direction only.

[0097] It will be explained next how the liquid crystal dis-
play displays an image of a checkerboard pattern so that the
image information may be recognized only if it is viewed
from the front of the display screen.

[0098] As showninFIG. 14, eachpixel group 50 consists of
first-pixel groups A and second-pixel groups B. The first-
group pixels A and the second-group pixels B are arranged in
a checkerboard pattern.

[0099] As FIG. 15 shows, each first-pixel group A has a
plurality of first pixels a of the type shown in FIGS. 7 and 8.
The first pixels a are arranged such that each is adjacent to
another.

[0100] As FIG. 16 shows, each second-pixel group B has a
plurality of second pixels b of the type shown in FIGS. 9 and
10. The second pixels b are arranged such that each is adjacent
to another.

[0101] The control unit 4 switches the operating mode to
the broad viewing-angle display mode or the narrow viewing-
angle display mode. In the broad viewing-angle display
mode, the drive voltage is so adjusted that the first liquid
crystal molecules 30a and second liquid crystal molecules
304 tilt from the normal to the above-mentioned plane. There-
fore, the molecules 30a are oriented in one direction and the
molecules 305 are oriented in another direction, more pre-
cisely in the opposite direction, whereby an image is dis-
played. In the narrow viewing-angle display mode, the drive
voltage is so adjusted that the liquid crystal molecules of
first-pixel groups A and liquid crystal molecules of second-
pixel groups B tilt from the normal to the above-mentioned
plane. Therefore, the liquid crystal molecules of first-pixel
groups A are oriented in one direction and the liquid crystal
molecules of second-pixel groups B are oriented in another
direction, whereby an image is displayed, which can be
viewed from the front of the display screen.

[0102] Ifthe control unit 4 switches the operating mode to
the narrow viewing-angle display mode, the first liquid crys-
tal molecules 30a of the first-pixel groups A and the second
liquid crystal molecules 305 of the second-pixel groups B tilt
from the normal to the above-mentioned plane. More specifi-
cally, the first liquid crystal molecules 30a are oriented in one
direction, and the second liquid crystal molecules 305 are
oriented in the opposite direction. The liquid crystal mol-
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ecules 305 of the first-pixel groups A and the liquid crystal
molecules 30a of the second-pixel groups B are oriented in
one direction (along the normal to the above-mentioned
plane).

[0103] The liquid crystal display is thus switched to the
narrow viewing-angle display mode. The first-pixel groups A
and the second-pixel groups B present a checkerboard pat-
tern, in a direction inclined from the formal to the above-
mentioned plane. In the direction inclining from the formal to
the above-mentioned plane, the first-pixel groups A or the
second-pixel groups B present an image, while the other pixel
groups appear black.

[0104] That is, as shown in FIG. 13, an image, or a check-
erboard pattern, is seen at viewpoints v1 and v2, and a color
image is seen at viewpoint v3. At viewpoint v1, the first-pixel
groups A appear black and a color image defined by the
second-pixel groups B is seen. At viewpoint v2, a color image
defined by the first-pixel groups A is seen and the second-
pixel groups B appear black.

[0105] In the present embodiment, the first-pixel groups A
and second-pixel groups B present an image at a spatial
frequency low enough to provide such a contrast that the
image may be recognized as a checker board pattern. Hence,
if the first-pixel groups A and second-pixel groups B are
adjusted in size by, for example, changing the number of first
pixels a of each first-pixel group A and the number of second
pixels b of each second-pixel group B, it is possible to prevent
the color image from being recognized at viewpoint v1 or v2.
Thatis, an image can be displayed that can only berecognized
if viewed from the front of the display screen.

[0106] The inventor hereof conducted a research to deter-
mine the voltage-transmittance characteristic that the liquid
crystal display exhibits with respect to viewpoint v2 (lefi-45°
view field), viewpoint v1 (right-45° view field) and viewpoint
v3 (front) when it operates in the narrow viewing-angle dis-
play to display a checker-board pattern that inclines from the
normal to the above-mentioned plane. The results of the
research showed that, as shown in FIGS. 27 and 28, the liquid
crystal display exhibited such two voltage-transmittance
characteristics with respect to viewpoints v2 (left-45° view
field) by the first pixel part 53 and v1 (right-45° view field) by
the second pixel part 54, respectively, as specified in the
column “System 17. With respect to viewpoint v3 (front) by
the second pixel part 54, the liquid crystal display exhibited a
voltage-transmittance characteristics as specified in the col-
umn “System 4”.

[0107] The inventor conducted another research to deter-
mine some other characteristics of the liquid crystal display
according to the first embodiment. The results were as shown
in FIG. 32. In Comparative Example 1, in which mosaic cells
are used to display a checkerboard pattern, the pitch of the
mosaic cells is fixed. In the liquid crystal display according to
this embodiment, the control unit 4 can perform control to
change the size of the checkerboard pattern (i.e., pitch of the
mosaic cells).

[0108] The liquid crystal display can achieve the advan-
tages specified above even if it is of the semi-transmissive
type. Comparative Example 2 is an ordinary liquid crystal
display that does not display checkerboard-pattern images.
The liquid crystal display according to this embodiment can
be manufactured without performing any steps additional to
the method of manufacturing Comparative Example 2. Fur-
ther, the liquid crystal display can be as thin as Comparative
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Example 2. Nor does it have any components additional to
those of Comparative Example 2.

[0109] In the liquid crystal display so configured as
described above, the liquid crystal display panel 1 has a
plurality of pixels 51. Each pixel 51 has sub-pixels 52R, 52G
and 52B. The sub-pixels 52R, 52G and 52B have first and
second pixel parts 53 and 54 each. The first pixel part 53 and
second pixel part 54 of each sub-pixel are independently
driven by the control unit 4. The control unit 4 can therefore
orient the first liquid crystal molecules 30a and the second
liquid crystal molecules 305 independently of each other.
[0110] Therefore, in the narrow viewing-angle display
mode, the liquid crystal display can display an image in the
rightward direction only or the leftward direction only, and
can display images in the frontal direction, and in the leftward
and rightward directions in the broad viewing-angle display
mode. The liquid crystal display can display an image only in
the direction that is to be display. Moreover, it can display a
checkerboard-pattern image in the leftward and rightward
directions in the narrow viewing-angle display mode. The
checkerboard-pattern image can be changed in size, and two
images displayed in the leftward and rightward directions of
the display screen, respectively, can be displayed such that the
information they present cannot be recognized. In this case,
the information of the image can be recognized only if viewed
from the front of the display screen. Thus, the display char-
acteristics of the liquid crystal display can be controlled.
[0111] TItis sufficient for the liquid crystal display to display
an image in the leftward and rightward directions such that
the information of the image may not be recognized, and to
display an image such that the information of the image may
be recognized only if viewed from the front of the display
screen. In the leftward and rightward directions, an image of
any pattern other than the checkerboard pattern may be dis-
played. The liquid crystal display can display images of the
various types described above, by changing the first first-pixel
groups A and second-pixel groups B in size and arrangement.
[0112] The image-displaying characteristics of the liquid
crystal display can be controlled without necessity of using a
viewing-angle controlling liquid crystal panel. This helps to
suppress the increase in the thickness and weight of the liquid
crystal display. Furthermore, the increase in the manufactur-
ing cost of the display can be suppressed, ultimately reducing
the rise in the price of the liquid crystal display.

[0113] A liquid crystal display according to a second
embodiment of this invention will be described in detail. The
second embodiment is similar in configuration to the first
embodiment described above. Therefore, the components
identical to those of the first embodiment are designated by
the same reference numerals and will not be described in
detail.

[0114] The liquid crystal display according to the second
embodiment can operate in the broad viewing-angle display
mode and the stereoscopic display mode.

[0115] As shown in FIG. 27, the liquid crystal layer 30 has
a An value of 0.090, gap d of 3.47 pm, and And value of 313
nm.

[0116] As shown inFIG. 17,18 and 19, some of the pixels
51 are first pixels a and the remaining pixels 51 are second
pixels b. In order to display a stereoscopic image, a drive
voltage is applied to the first pixel parts 53 of each first pixel
a and the second pixel parts 54 of each second pixel b.
[0117] Inthe second embodiment, the first pixels a and the
second pixels b are arranged to form a pattern of strips. The
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first pixels a are arranged in the first direction d1, forming
columns, and the second pixels b are arranged in first direc-
tion d1, too, forming columns, and each of the first pixels a
and each of the second pixels b are alternately arranged in the
second direction d2, forming rows. Alternatively, the first
pixels a are arranged in the first direction d1, forming col-
umns, and the second pixels b are arranged in the first direc-
tion dl, too, forming columns, and the first pixels a and
second pixels b are alternately arranged in the second direc-
tion d2, forming rows. As another alternative, the first pixels
a and the second pixels b may be arranged to form a check-
erboard pattern. In this case, each square of the checkerboard
pattern may be defined by one pixel or pixels.

[0118] The control unit 4 switches the operating mode to
the broad viewing-angle display mode or the stereoscopic
display mode. In the broad viewing-angle display mode, the
drive voltage is so adjusted that the first liquid crystal mol-
ecules 30a and second liquid crystal molecules 305 tilt from
the normal to the above-mentioned plane and in different
directions. Therefore, the molecules 30a are oriented in one
direction, and the molecules 304 are oriented in another direc-
tion, more precisely in the opposite direction, whereby an
image is displayed. In the stereoscopic display mode, the
drive voltage is so adjusted that the first liquid crystal mol-
ecules 30a of the first pixels a and second liquid crystal
molecules 305 of the second pixels b tilt from the normal to
the above-mentioned plane. Therefore, the molecules 30a are
oriented in one direction and the molecules 305 are oriented
in another direction, more precisely in the opposite direction.
The second liquid crystal molecules 305 of the first pixels a
and the first liquid crystal molecules 30a of the second pixels
b are oriented in a certain direction (along the normal to the
above-mentioned plane), thus displaying a stereoscopic
image.

[0119] Ifthe display is switched to the stereoscopic display
mode, the first liquid crystal molecules 30a of each first pixel
a are oriented in the rightward direction dR from the normal
to the above-mentioned plane, and the second liquid crystal
molecules 305 of each second pixel b are oriented in the
leftward direction dLL from the normal to the above-men-
tioned plane.

[0120] If the control unit 4 switches the operating mode of
the display to the stereoscopic display mode, the first liquid
crystal molecules 30a of each first pixel a and the second
liquid crystal molecules 305 of each second pixel b have a
larger tilt angle thanin the broad viewing-angle display mode.
Note that these liquid crystal molecules acquire a specific tilt
angle when the control unit 4 adjusts the drive voltage applied
to the pixels.

[0121] Once the operating mode of the display has been
switched to the stereoscopic display mode, the first pixels a
form an image that can be seen with the left eye (one one) but
not with the right eye (the other eye), and the second pixels b
form an image that can be seen with the right (one one), but
not with the left eye (the other eye), as can be understood from
FIGS. 17 to 20.

[0122] Assume that the display screen is at a distance D1 of
about 30 cm from the viewer’s eyes. Then, to display a ste-
reoscopic image, angle 6 is about 14° because the distance D2
between the left and right eyes is approximately 7 cm. Hence,
the liquid crystal display can display two images in directions
that differ by 14° from each other, whereby a stereoscopic
image is displayed. This stereoscopic image can be seen from
the front of the display screen. The resolution of the stereo-
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scopic image is half the resolution of an image displayed in
the broad viewing-angle display mode.

[0123] In the present embodiment, the first pixels a and
second pixels b form an image at a spatial frequency equal to
or lower than the value providing such contrast sensitivity that
the image may not be recognized as a strip pattern.

[0124] The first pixels a and second pixels b may form a
checkerboard pattern. In this case, the pixels a and b need only
form an image at such a spatial frequency providing contrast
sensitivity at which the image may not be recognized as a
checkerboard pattern.

[0125] The inventors hereof conducted a research to deter-
mine the voltage-transmittance characteristic that the liquid
crystal display exhibits in the left-7° view field, the right-7°
view field and the front when it displays a stereoscopic image.
As a result, the voltage-transmittance characteristic the first
pixel parts 53 of each first pixel a exhibited for the left-7° view
field and the voltage-transmittance characteristic the second
pixel parts 54 of each second pixel b for the right-7° view field
were as shown in the column “System 1” of FIG. 27 and as
seen from FIG. 28. For the front of the first pixel parts 53 of
each first pixel a and the front of the second pixel parts 54 of
each second pixel b, the voltage-transmittance characteristic
was as specified in the column “System 2.

[0126] Assume that the control unit 4 switches the operat-
ing mode of the display to the broad viewing-angle display
mode. Then, the control unit 4 adjusts the drive voltage, tilting
the first liquid crystal molecules 30a in one direction and
second liquid crystal molecules 305 in another direction,
more precisely in the opposite direction, from the normal to
the above-mentioned plane. As a result, the first pixel parts 53
and second pixel parts 54 present an image in the broad
viewing-angle display mode.

[0127] Inthe liquid crystal display configured as described
above, the liquid crystal display panel 1 has a plurality of
pixels 51. Each pixel 51 has sub-pixels 52R, 52G and 52B.
Each of the sub-pixels 52R, 52G and 52B has first pixel part
53 and second pixel part 54. The first pixel part 53 and second
pixel part 54 of each sub-pixel are driven independently of
each other by the control unit 4. The control unit 4 can
therefore orient the first liquid crystal molecules 30a and the
second liquid crystal molecules 305 independently of each
other.

[0128] Therefore, the liquid crystal display can display an
image that can be seen from the front, the lefiward direction
and the rightward direction of the display screen, in the broad
viewing-angle display mode, and can display a stereoscopic
image that can be seen from the front of the display screen in
the stereoscopic display mode. Thus, the liquid crystal dis-
play can be controlled in terms of display characteristics.
[0129] The image-displaying characteristics of the liquid
crystal display can therefore be controlled without the neces-
sity of using a viewing-angle controlling liquid crystal panel.
This helps to suppress an increase in the thickness and weight
of the liquid crystal display. Furthermore, an increase in the
manufacturing cost of the display can be suppressed, ulti-
mately reducing the rise in the price of the liquid crystal
display.

[0130] A liquid crystal display according to a third embodi-
ment of the invention will be described in detail. The third
embodiment is similar in configuration to the first and second
embodiments described above. Therefore, the components
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identical to those of the first and second embodiment are
designated by the same reference numerals and will not be
described in detail.

[0131] The liquid crystal display according to the third
embodiment can operate in the broad viewing-angle display
mode and the two-screen display mode. The display can
operate in the two-screen display mode only if the liquid
crystal molecules are tilted by a smaller angle than in the case
where the second embodiment operates in the stereoscopic
display mode.

[0132] As shown in FIG. 27, the liquid crystal layer 30 has
a Anvalue of 0.077, gap d of 3.50 pm, and And value of 271
nm.

[0133] As shown in FIG. 22, 23 and 24, some of the pixels
51 are first pixels a and the remaining pixels 51 are second
pixels b. The first pixel a, in which the drive voltage is applied
to the first pixel part 53 only, and the second pixel b, in which
the drive voltage is applied to the second pixel part 54 only,
are used in order to display images on two display screens.
[0134] In the third embodiment, the first pixels a and the
second pixels b are arranged to form a pattern of strips. The
first pixels a are arranged in the first direction d1, forming
columns, and the second pixels b are arranged in first direc-
tion d1, too, forming columns, and each of the first pixels a
and each of the second pixels b are alternately arranged in the
second direction d2, forming rows. Alternatively, the first
pixels a are arranged in the first direction d1, forming col-
umns, and the second pixels b are arranged in the first direc-
tion dl, too, forming columns, and the first pixels a and
second pixels b are alternately arranged in the second direc-
tion d2, forming rows. Further, the first pixels a and the
second pixels b may be arranged to form a checkerboard
pattern. In this case, each square of the checkerboard pattern
may be defined by one pixel or pixels.

[0135] The control unit 4 switches the operating mode to
the broad viewing-angle display mode or the two-screen dis-
play mode. In the broad viewing-angle display mode, the
drive voltage is so adjusted that the first liquid crystal mol-
ecules 30a and second liquid crystal molecules 305 tilt from
the normal to the above-mentioned plane and in different
directions. Therefore, the molecules 30a are oriented in one
direction, and the molecules 305 are oriented in another direc-
tion, more precisely in the opposite direction, whereby an
image is displayed. In the stereoscopic display mode, the
drive voltage is so adjusted that the first liquid crystal mol-
ecules 30a of the first pixels a and second liquid crystal
molecules 305 of the second pixels b tilt from the normal to
the above-mentioned plane. Therefore, the molecules 30q are
oriented in one direction and the molecules 305 are oriented
in another direction, more precisely in the opposite direction.
The second liquid crystal molecules 305 of the first pixels a
and the first liquid crystal molecules 30a of the second pixels
b are oriented in a certain direction (along the normal to the
above-mentioned plane), thus displaying images.

[0136] If the display is switched to the two-screen display
mode, the first liquid crystal molecules 30a of each first pixel
a are oriented in the rightward direction dR from the normal
1o the above-mentioned plane, and the second liquid crystal
molecules 305 of each second pixel b are oriented in the
leftward direction dIL from the normal to the above-men-
tioned plane.

[0137] Once the operating mode has been switched to the
two-screen display mode, the first liquid crystal molecules
30q of each first pixel a and the second liquid crystal mol-
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ecules 305 of each second pixel b have a smaller tilt angle than
in the stereoscopic display mode. Note that these liquid crys-
tal molecules acquire a specific tilt angle when the control
unit 4 adjusts the drive voltage applied to the pixels.

[0138] Once the control unit 4 switches the operating mode
to the two-screen display mode, the first pixels a form a first
image that can be seen as viewed in a direction inclined from
the normal to the display screen (that is, from viewpoint v2),
and the second pixels b form a second image that can be seen
as viewed in another direction inclined from the normal (that
1s, from viewpoint v1). as can be understood from FIGS. 22 to
25. Hence, the liquid crystal display can display, in the two-
screen display mode, two images that can be seen as viewed
in different directions. The resolution of the two-screen mode
is half the resolution of an image displayed in the broad
viewing-angle display mode.

[0139] In the present embodiment, the first pixels a and
second pixels b form an image at a spatial frequency equal to
or lower than the value providing such contrast sensitivity that
theimage may notbe recognized as a strip pattern. Images can
therefore be displayed on two screens. The first pixels a and
second pixels b may form a checkerboard pattern. In this case,
the pixels a and b need only form an image at such a spatial
frequency providing contrast sensitivity at which the image
may not be recognized as a checkerboard pattern.

[0140] The inventor hereof conducted a research to deter-
mine the voltage-transmittance characteristic that the liquid
crystal display exhibits in the left-30° view field, the right-30°
view field and the front when it operates in the two-screen
display mode. The voltage-transmittance characteristic the
first pixel parts 53 of each first pixel a exhibited for the
left-30° view field, and the voltage-transmittance character-
istic the second pixel parts 54 of each second pixel b exhibited
for the right-30° view field were as shown in the column
“System 1” of FIG. 27 and as seen from F1G. 28. For the front
of the first pixel parts 53 of each first pixel a and the front of
the second pixel parts 54 of each second pixel b, the voltage-
transmittance characteristics were as specified in the column
“System 3.7

[0141] Once the control unit 4 has switched the operating
mode of the display to the broad viewing-angle display mode,
it adjusts the drive voltage, tilting the first liquid crystal mol-
ecules 30a and the second liquid crystal molecules 305 from
the normal to the above-mentioned plane, as shown in FIG.
26. As a result, the first liquid crystal molecules 30a are
oriented in one direction, and the second liquid crystal mol-
ecules 305 are oriented in another direction, more precisely in
the opposite direction. The first pixel parts 53 and second
pixel parts 54 thus present an image. Thus, the liquid crystal
display operates in the broad viewing-angle display mode.
[0142] Inthe liquid crystal display configured as described
above, the liquid crystal display panel 1 has a plurality of
pixels 51. Each pixel 51 has sub-pixels 52R, 52G and 52B.
Each of the sub-pixels 52R, 52G and 52B has first pixel part
53 and second pixel part 54. The first pixel part 53 and second
pixel part 54 of each sub-pixel are driven independently of
each other by the control unit 4. The control unit 4 can
therefore orient the first liquid crystal molecules 30¢ and the
second liquid crystal molecules 305 independently.

[0143] Therefore, the liquid crystal display can display an
image that can be seen from the front, the lefiward direction
and rightward direction of the display screen in the broad
viewing-angle display mode, and can display two images that
can be seen in the leftward and rightward direction on the
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display screen in the two-screen display mode. Thus, the
liquid crystal display can be controlled in terms of display
characteristics.

[0144] The image-displaying characteristics of the liquid
crystal display can therefore be controlled without necessity
ofusing a viewing-angle controlling liquid crystal panel. This
helps to suppress an increase in the thickness and weight of
the liquid crystal display. Furthermore, an increase in the
manufacturing cost of the display can be suppressed, ulti-
mately reducing the rise in the price of the liquid crystal
display.

[0145] A liquid crystal display according to a fourth
embodiment of this invention will be described in detail. The
fourth embodiment is similar in configuration to the first
embodiment described above. Therefore, the components
identical to those of the first to third embodiment are desig-
nated by the same reference numerals and will not be
described in detail.

[0146] The liquid crystal display according to the fourth
embodiment can operate in the broad viewing-angle display
mode and the narrow viewing-angle display mode. In the
narrow viewing-angle display mode, the liquid crystal dis-
play displays an image that cannot be recognized as viewed in
a direction inclined from the normal to the display screen and
can be seen as viewed from the front of the display screen.

[0147]  As shownin FIG. 29 and 30, the liquid crystal panel
1 comprises a first polarizing reflector 80 and a second polar-
izing reflector 90, in addition to the components mentioned
above. The first polarizing reflector 80 is interposed between
the glass substrate 21 and the second polarizing plate 70. The
second polarizing reflector 90 is interposed between the back-
light unit 3 and the first polarizing plate 60.

[0148] In the fourth embodiment, the second polarizing
reflector 90 is a linear-polarizing reflector that reflects a lin-
early polarized beam parallel to the absorption axis of the first
polarizing plate 60 and has a reflection axis parallel to the
third direction d3. The first polarizing reflector 80 is a linear-
polarizing reflector that reflects a linearly polarized beam
parallel to the absorption axis of the second polarizing plate
70 and has a reflection axis parallel to the fourth direction d4.

[0149] The optical characteristics the liquid crystal display
exhibits while the molecules of the liquid crystal layer 30
remain oriented along the normal to the above-mentioned
plane (that is, while no electric field is being applied to the
liquid crystal layer 30) will next be explained, together with
the path in which the light emitted from the backlight unit 3
travels.

[0150] As FIG. 30 shows, the second polarizing reflector 90
partly allows passage of the diffusing light emitted from the
backlight unit 3 and partly reflects this diffusing light. That is,
the second polarizing reflector 90 guides a linearly polarized
beam traveling in the fourth direction d4 to the first polarizing
plate 60 and reflects a linearly polarized beam traveling in the
third direction d3, back to the backlight unit 3. This beam is
reflected in the backlight unit 3 and is emitted again from the
backlight unit 3. The second polarizing reflector 90 therefore
serves to increase the luminance of the liquid crystal display.
[0151] The first polarizing plate 60 and the liquid crystal
layer 30 maintain the incident light in a polarized state and
guide the linearly polarized beam traveling in the fourth
direction d4 to the first polarizing reflector 80. Since the beam
traveling in the fourth direction d4 is parallel to the reflection
axis of the first polarizing reflector 80, it is reflected by the
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first polarizing reflector 80. Thus, the first polarizing reflector
80 can shield the light coming from the liquid crystal layer 30.
[0152] The optical characteristics the liquid crystal display
exhibits while the molecules of the liquid crystal layer 30
remain oriented in a direction inclined from the normal to the
above-mentioned plane (that is, while an electric field is being
applied to the liquid crystal layer 30) will next be explained,
together with the path in which the light emitted from the
backlight unit 3 travels.

[0153] AsFIG.30shows, the second polarizing reflector 90
partly allows passage of the diffusing light emitted from the
backlight unit 3 and partly reflects this diffusing light. That s,
the second polarizing reflector 90 guides a linearly polarized
beam traveling in the fourth direction d4 to the first polarizing
plate 60 and reflects a linearly polarized beam traveling in the
third direction d3, back to the backlight unit 3. The first
polarizing plate 60 polarizes the beam in the fourth direction
dd. The light thus polarized is applied as a beam linearly
polarized in the fourth direction d4 to the liquid crystal layer
30.

[0154] Theliquid crystallayer 30 rotates the beam, whichis
linearly polarized in the fourth direction d4, by 90° to the third
direction d3. The beam thus rotated and linearly polarized in
the third direction d3 is emitted to the first polarizing reflector
80. The beam linearly polarized in the third direction d3
intersects at right angles with the reflection axis of the first
polarizing reflector 80 and with the absorption axis of the
second polarizing plate 70. Therefore, this beam passes
through the first polarizing reflector 80 and the second polar-
izing plate 70.

[0155] To determine the various characteristic of the liquid
crystal display according to the fourth embodiment, the
inventor conducted a research. In the research, the second
polarizing reflector 90 was not used because the display
achieves the same advantage whether the reflector 90 is used
or not. To determine the various characteristics of a liquid
crystal display that has neither the first polarizing reflector 80
nor the second polarizing reflector 90, the inventor conducted
another research.

[0156] The results of these researches were as shown in
FIG. 31. As seen from FIG. 31, the first polarizing reflector 80
increases the luminance level. Note that the data shown in
FIG. 31 are the characteristics the display without the second
polarizing reflector 90 exhibited when operated in the broad
viewing-angle display mode, achieving a front luminance of
200 cdim”.

[0157] Further, the inventor determined the various charac-
teristics of a liquid crystal display without the second polar-
izing reflector 90. The results were as shown in FIG. 32. As
can be understood from FIG. 32, the results were better than
those concerning the first embodiment. As is evident from
FIG. 31, too, the luminance level, in particular, was higher in
the narrow viewing-angle display mode than in the liquid
crystal display according to the first embodiment. However,
the display is 0.2 mm thicker than the display according to the
first embodiment, inevitably because it has the first polarizing
reflector 80.

[0158] Theliquid crystal display so configured as described
above can attain the same advantages as the display according
to the first embodiment. In addition, it can have a higher
luminance level than the display according to the first
embodiment. Since the efficiency of light use can be
enhanced, the display can acquire a high luminance level even
in the narrow viewing-angle display mode.
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[0159] The present invention is not limited to the several
embodiments described above. Various changes and modifi-
cations can be made without departing from the scope or spirit
of the invention at the point of actualizing the invention.
Further, the components of any embodiment described above
may be combined, if necessary, in various ways to make
different inventions. For example, some of the components of
any embodiment may not be used. Moreover, the components
of the embodiments may be combined in any desired fashion.
[0160] For example, the first polarizing reflector 80 and
second polarizing reflector 90 may be each a linear-polarizing
reflector that comprises a plurality ofisotropic medium layers
and a plurality of anisotropic medium layers. If this is the
case, the isotropic medium layers and the anisotropic medium
layers are alternately laid, one on another.

[0161] If the light that travels through the liquid crystal
layer 30 is a circularly polarized beam, the first liquid crystal
molecules 30a and the second liquid crystal molecules 305
only need to twist in the opposite directions, i.e., clockwise
and counterclockwise. In this case, the first polarizing reflec-
tor 80 has a circularly-polarized light reflecting layer and a
quarter-wave plate that is arranged opposite to the circularly-
polarizing reflector. The circularly-polarizing reflector may
be made, for example, of a liquid crystal whose molecules are
twisted or by polymerizing such a liquid crystal.

[0162] The display region R may consist of a plurality of
sub-regions. [f this is the case, the control unit 4 needs only to
switch the display state in a region that overlaps at least one of
the sub-regions.

[0163] Moreover, the first pixel parts 54 and the second
pixel parts 54 need only be provided in the same number.
[0164] Liquid crystal displays according to the present
invention are not limited to the color display type that has a
color filter 2. They may be of the monochrome display type
that has no color filters. In the monochrome display type, each
pixel 51 has a first pixel part 53 and a second pixel part 54,
each including a TFT 14 and a pixel electrode 15 electrically
connected to the TFT 14. The control unit orients the first
liquid crystal molecules 30a lying on the first pixel part 53,
independently of the second liquid crystal molecules 305
lying on the second pixel part 54.

[0165] Further, liquid crystal displays according to the
present invention are not limited to the transmissive type. For
example, they may be of the semi-transmissive type.

What is claimed is:

1. A liquid crystal display apparatus comprising;

a first substrate;

a second substrate arranged opposite to the first substrate
with a gap;

aliquid crystal layer held between the first substrate and the
second substrate; and

a plurality of pixels provided between the first substrate
and the second substrate,

wherein each pixel has a first pixel part including a switch-
ing element and a pixel electrode electrically connected
to the switching element, and a second pixel part includ-
ing a switching element and a pixel electrode electrically
connected to the switching element; and first liquid crys-
tal molecules lying on the first pixel part of each pixel are
oriented independently of second liquid crystal mol-
ecules lying on the second pixel part of the pixel.

2. A liquid crystal display apparatus comprising:

a first substrate;

a second substrate arranged opposite to the first substrate
with a gap;
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aliquid crystal layer held between the first substrate and the
second substrate; and

a plurality of pixels provided between the first substrate
and the second substrate, each comprising a plurality of
sub-pixels of different colors and being the smallest
display element capable of appearing white,

wherein each sub-pixel has a first pixel part including a
switching element and a pixel electrode electrically con-
nected to the switching element, and a second pixel part
including a switching element and a pixel electrode elec-
trically connected to the switching element; and first
liquid crystal molecules lying on the first pixel part of
each sub-pixel are oriented independently of second
liquid crystal molecules lying on the second pixel part of
the sub-pixel.

3. The liquid crystal display apparatus according to claim

2, further comprising;

a color filter having a plurality of color layers of different
colors,

wherein the color layers provided on the first and second
pixel parts of each sub-pixel are of the same color.

4. The liquid crystal display apparatus according to claim

2, wherein the first liquid crystal molecules and the second
liquid crystal molecules are oriented in substantially the same
direction.

5. The liquid crystal display apparatus according to claim

2, further comprising:

an orientation control unit provided between the first and
second substrates and configured to control the orienta-
tion of the first liquid crystal molecules and second
liquid crystal molecules.

6. The liquid crystal display apparatus according to claim

2, wherein the first liquid crystal molecules are oriented in
one direction, and the second liquid crystal molecules are
oriented in another direction.

7. The liquid crystal display apparatus according to claim

2, wherein the first liquid crystal molecules tilt from a normal
to the planes of the first and second substrates and are oriented
in a certain direction, and the second liquid crystal molecules
tilt from a normal and are oriented in the opposite direction.

8. The liquid crystal display apparatus according to claim

2, wherein the first liquid crystal molecules and the second
liquid crystal molecules are twisted in opposite directions, or
in clockwise and counterclockwise directions, respectively.

9. The liquid crystal display apparatus according to claim

2, further comprising:

a control unit configured to apply a drive voltage to each of
the switching elements and to adjust the drive voltage,
thereby to control the orientation of the first liquid crys-
tal molecules and second liquid crystal molecules.

10. The liquid crystal display apparatus according to claim

2, further comprising:

a control unit configured to apply a drive voltage to each of
the switching elements and to adjust the drive voltage,
thereby to switch the apparatus to a black display mode
in which the first liquid crystal molecules and the second
liquid crystal molecules are oriented in one direction to
appear black, or to a broad viewing-angle display mode
in which the first liquid crystal molecules tilt from a
normal to the planes of the first and second substrates
and are oriented in a certain direction, and the second
liquid crystal molecules tilt from the normal and are
oriented in the opposite direction, in order to display an
image.
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11. The liquid crystal display apparatus according to claim
2, further comprising;

a control unit configured to apply a drive voltage to each of
the switching elements and to adjust the drive voltage,
thereby to switch the apparatus to a broad viewing-angle
display mode in which the first liquid crystal molecules
tilt from a normal to the planes of the first and second
substrates and are oriented in a certain direction, and the
second liquid crystal molecules tilt from the normal and
are oriented in the opposite direction, in order to display
an image, or to a narrow viewing-angle display mode in
which either the first liquid crystal molecules or the
second liquid crystal molecules are oriented in one
direction, while the other liquid crystal molecules are
oriented in a direction inclined from the normal, thereby
to display an image in a direction inclined from the
normal.

12. The liquid crystal display apparatus according to claim

2, further comprising;

a control unit configured to apply a drive voltage to each
switching element; and

first-pixel groups and second-pixel groups, provided
between the first and second substrates and arranged to
form a checkerboard pattern,

wherein

the first-pixel groups and second-pixel groups have a plu-
rality of pixels each; and

the control unit adjusts the drive voltage, thereby switching
the apparatus to a broad viewing-angle display mode in
which the firstliquid crystal molecules tilt from a normal
to the planes of the first and second substrates and are
oriented in a certain direction, and the second liquid
crystal molecules tilt from the normal and are oriented in
the opposite direction, in order to display an image, or to
a narrow viewing-angle display mode in which the lig-
uid crystal molecules of the first-pixel groups tilt from
the normal in one direction and the liquid crystal mol-
ecules of the second-pixel groups tilt from the normal in
another direction, thereby to display an image in front of
the planes.

13. The liquid crystal display apparatus according to claim
12, wherein when the control unit switches the apparatus to
the narrow viewing-angle display mode, the first liquid crys-
tal molecules of the first-pixel groups tilt from the normal and
are oriented in a certain direction, the second liquid crystal
molecules of the second-pixel groups tilt from the normal and
are oriented in another direction, and the second liquid crystal
molecules of the first-pixel groups and the first liquid crystal
molecules of the second-pixel groups are oriented in one
direction.

14. The liquid crystal display apparatus according to claim
12, wherein when the control unit switches the apparatus to
the narrow viewing-angle display mode, in a direction
inclined from the formal to the planes, the first-pixel groups
or the second-pixel groups display an image and the other
pixel groups appear black, thereby displaying an image hav-
ing a checkerboard pattern.

15. The liquid crystal display apparatus according to claim
2, further comprising:

a control unit configured to apply a drive voltage to each

switching element,

wherein

the pixels consist of first pixels and second pixels;
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the control unit adjusts the drive voltage, thereby to switch
the apparatus to a broad viewing-angle display mode in
which the first liquid crystal molecules tilt from a normal
to the planes of the first and second substrates and are
oriented in a certain direction, and the second liquid
crystal molecules tilt from the normal and are oriented in
another direction, in order to display an image, or to a
stereoscopic display mode in which the first liquid crys-
tal molecules of the first pixels and the second liquid
crystal molecules of the second pixels tilt from the nor-
mal and are oriented in different directions, and the
second liquid crystal molecules of the first pixels and the
first liquid crystal molecules of the second pixels are
oriented in one direction, thereby to display images;

the first liquid crystal molecules of each first pixel and the
second liquid crystal molecules of each second pixel
have larger tilt angles in the stereoscopic display mode
than in the planer display mode; and

the first pixels form an image visible to one eye of a user
and the second pixels form an image visible to the other
eye of the user, once the control unit has switched the
apparatus to the stereoscopic display mode.

16. The liquid crystal display apparatus according to claim

2, further comprising:

a control unit configured to apply a drive voltage to each
switching element,

wherein

the pixels consist of first pixels and second pixels;

the control unit adjusts the drive voltage, thereby to switch
the apparatus to a broad viewing-angle display mode in
which the first liquid crystal molecules tilt from a normal
to the planes of the first and second substrates and are
oriented in a certain direction, and the second liquid
crystal molecules tilt from the normal and are oriented in
another direction, in order to display an image, or to a
two-screen display mode in which the first liquid crystal
molecules ofthe first pixels and the second liquid crystal
molecules of the second pixels tilt from the normal and
are oriented in different directions, and the second liquid
crystal molecules of the first pixels and the first liquid
crystal molecules of the second pixels are oriented inone
direction, thereby to display images; and

the first pixels form an image visible in a direction inclined
from the normal and the second pixels form an image
visible in another direction inclined to the normal, once
the control unit has switched the apparatus to the two-
screen display mode.

17. The liquid crystal display apparatus according to claim

2, which operates in an orientation-divided, vertical orienta-
tion mode; and in which the liquid crystal layer is made of a
nematic liquid crystal, the first liquid crystal molecules and
the second liquid crystal molecules are oriented along a nor-
mal to the planes of the first and second substrates while the
control unit is applying no drive voltage, and the first liquid
crystal molecules and the second liquid crystal molecules tilt
from the normal and are oriented in different directions while
the control unit is applying the drive voltage.

18. The liquid crystal display apparatus according to claim

2, further comprising:

a first polarizing plate arranged opposite to the first sub-
strate and having an absorption axis parallel to a direc-
tion along the planes of the first and second substrates;

a second polarizing plate arranged opposite to the second
substrate and having an absorption axis parallel to a
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direction along the planes and intersecting at right
angles to the absorption axis of the first polarizing plate;

a polarizing reflector plate arranged between the second
substrate and the second polarizing plate; and
a backlight unit arranged to face the first substrate across
the first polarizing plate and configured to emit light
toward the first polarizing plate.
19. The liquid crystal display apparatus according to claim
18, wherein the polarizing reflector plate has a plurality of
isotropic medium layers and a plurality of anisotropic

Oct. 30, 2008

medium layers and is a linear-polarizing reflector which
reflects a linearly polarized beam parallel to the absorption
axis of the second polarizing plate, the isotropic medium
layers and the anisotropic medium layers being alternately
laid, one on another.

20. The liquid crystal display apparatus according to claim
18, wherein the polarizing reflector plate has a circularly-
polarizing reflector layer and a quarter-wave plate arranged
opposite to the circularly-polarizing reflector layer.

kok ok ok %



patsnap

TREH(R) KRETRE
[F(RE)E US20080266471A1 K (aH)A 2008-10-30
HiFs US12/030548 RiFH 2008-02-13
[FRIER B (ZFIM)A(FE) HISATAKE YUZO
B (TR AGE) HISATAKE YUZO
LA RB(EF)AGE) HISATAKE YUZO
[#RI &8 A HISATAKE YUZO
KREBA HISATAKE, YUZO
IPCHE& GO02F1/13 GO2F1/1335 HO4N15/00
CPCH¥%k= G02F1/1323 G02F1/13624 G02F2001/134345 HO04N5/45
i £ 2007114380 2007-04-24 JP
H At 40 FF 3Rk US8310605
SNERaE Espacenet USPTO
WE®) < il »l
—MRRETEE , SEE—ER , BER, REENSNMEE, B B oAU u 15
SERSE-BRENHREEAR, RIERFEE-ERAS-E g L
BzH, BERBES-EFNE-ERZA, SIGRLEE—BE |/ 17 \ %E s
HINE=GRBS , F—BRBH EF X THAN BERERF XM A avea L
WERSR  EoREBIAEFXTHNLERIFAT4NGEE Y'Y 1/
B WFSMBRNE—BRBS LHE-HESFRUTFUTFRRY A e S S=alld,
EBREHD LN RS FWH. 1L i A
80— T
90/ s

a ) )


https://share-analytics.zhihuiya.com/view/278aef5f-1838-4e24-9b53-9fdd6e795d18
https://worldwide.espacenet.com/patent/search/family/039886494/publication/US2008266471A1?q=US2008266471A1
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=%2220080266471%22.PGNR.&OS=DN/20080266471&RS=DN/20080266471

