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FIG. 2
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FIG. 7
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MULTIPLE-PANEL LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a multiple-panel
liquid crystal display (LCD) device and an image display
system using the same. In particular, the present invention
relates to a direct-view type LCD device including a multiple
LCD panels by which a higher contrast ratio can be obtained.
In addition, the present invention relates to an electronic
apparatus, an image signal transmitter, an image data switch-
ing apparatus, an image data diagnosis apparatus, and a build-
ing in which such a LCD device is used.

[0003] 2. Description of the Related Art

[0004] LCD devices have the advantage of realizing a
higher definition with a lower power dissipation and are used
for a wide range of applications from a small-screen cellular
phone to a large-screen television monitor. However, there is
a defect in the LCD device that the contrast ratio of the LCD
panel alone in a dark environment is lower than that of a CRT,
that (3000:1) of a plasma display panel, which are also used as
a television monitor similarly to the LCD panel, and that of a
field-emission display panel called FED/SED, and is at most
on the order of 1000:1. Therefore, there is pointed out the
problem of insufficient feeling of live performance during
representing image sources such as a motion picture having a
higher power of expression especially in the dark environ-
ment.

[0005] In order to solve the above problem, there has been
developed a technology for controlling the light intensity of
the backlight according to the image to be displayed. thereby
improving the contrast ratio on the display screen, with the
contrast ratio of the LCD panel itself being left intact. In a
conventional backlight unit having a surface-emission light
source, however, a cold-cathode tube having a narrow
dynamic range is used as the light source. Thus, improvement
of the contrast ratio by controlling the light intensity of the
backlight according to the image to be displayed is limited to
around 2000 to 3000:1.

[0006] It is to be noted that the cold-cathode tube of the
backlight unit has a shape of rod. Thus, if there are a high
luminance area and a low luminance area concurrently rep-
resented on the same screen of the LCD device, the luminance
of the backlight cannot be regulated area by area, resulting in
a poor improvement of the contrast ratio obtained by the
luminance control of the backlight. Therefore, if the image
represented on the screen has a higher luminance area and yet
is desired to emphasize the reproducibility in the lower lumi-
nance area, the effective contrast ratio is lowered due to the
presence of the higher luminance area.

[0007] In order to solve the above problems, the contrast
ratio of the LCD panel should be drastically improved. How-
ever, as described before, the contrast ratio of the LCD panel
alone is at most about 1000:1. Techniques for manufacturing
LCD devices capable of remarkably improving the contrast
ratio thereof without improving the contrast ratio of the LCD
panel itself are described, for example, in Patent Publications
JP-1989-10223A and JUM-1984-189625A.

[0008] FIG. 11 shows the configuration of a LCD device
having a structure of multiple-panel LCD device wherein two
LCD panels are stacked one on another. The LCD device 900
includes a polarizing film 901, a LCD panel 941, a polarizing
film 902, a LCD panel 942, and a polarizing film 903, which
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are arranged in this order from the light incidence side toward
the light emitting side of the LCD device 900, i.e., the rear
side toward the font side of the LCD device 900. The LCD
panel 941 includes a liquid crystal (LC) layer 931 operating in
a twisted-nematic (TN) mode, and a pair of transparent sub-
strates 911 and 912 having transparent electrodes 921 and 922
on the surface thereof near the LC layer 931. The LCD panel
942 includes a LC layer 932 operating in a TN mode, and a
pair of transparent substrates 913 and 914 having transparent
electrodes 923 and 924 on the surface thereof near the LC
layer 932. The transparent electrodes 921 and 923 of the LCD
panels 941 and 942 are a pixel electrode to which a driving
signal is supplied from a driving circuit 951. The transparent
electrodes 922 and 924 are a common electrode. By adopting
the above structure including two stacked LCD panels, when
the contrast ratio is measured by using laser light, the contrast
ratio, which is around 10 to 15 in the structure using a single
LCD panel, can be improved up to around 100:1. Further, the
contrast ratio can be improved to around 1000:1 by stacking
three LCD panels. In this manner, a contrast ratio exceeding
the limit of the contrast of the LCD panel alone can be real-
ized.

[0009] Patent Publication JP-1989-10223A describes a
driving scheme wherein two of the stacked LCD panels 941
and 942 are driven by the same signal supplied from a single
signal source to obtain a higher contrast ratio. However, in the
structure of LCD device 900, the L.C layers 931 and 932 are
stacked apart from each other with a distance or gap d1 in the
thickness direction. Therefore, when the display screen is
observed in a slanted viewing direction, a misalignment
occurs in the pixel between the LCD panel 941 and the LCD
panel 942. Due to this misalignment, if the observer observes
the screen in a slanted viewing direction, the image will be
observed as double lines, which cause the observer to feel a
sense of discomfort. In addition, when two LCD panels per-
forming color display are stacked one on another and
observed in a slanted viewing direction, the light may pass
through different color filters between the rear-side LCD
panel and the front-side LCD panel. For this reason, there
occurs a problem in that the luminance and visibility of the
stacked-panel LCD device is lowered.

SUMMARY OF THE INVENTION

[0010] Itis an object of the present invention to provide a
LCD device having a plurality of stacked LCD panels and an
image display system including the LCD device, which are
capable of solving the above problems of the conventional
techniques, and thereby preventing the image quality of the
LCD device from lowering when observed in a slanted view-
ing direction.

[0011] The present invention provides, in first aspect
thereof, a liquid crystal display (LCD) device including: a
plurality of LCD panels stacked one on another and each
including a pair of transparent substrates and a liquid crystal
(LC) layer sandwiched therebetween; a pair of first polarizing
films sandwiching therebetween the stacked LC panels; and
at least one second polarizing film interposed between each
adjacent two of the stacked LCD panels, wherein one of the
stacked LCD panels includes a color filter layer, and another
of the stacked LCD panels does not include a color filter layer.
[0012] The present invention, provides, in a second aspect
thereof, a liquid crystal display (LCD) device including: a
plurality (n) of LCD panels stacked one on another and each
including a pair of transparent substrates and a liquid crystal
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(LC) layer sandwiched therebetween; a pair of first polarizing
films sandwiching therebetween the stacked LC panels; at
least one second polarizing film interposed between each
adjacent two of the stacked LCD panels, and an image data
processing unit for generating a first driving signal for driving
at least one of the stacked LCD panels and a second driving
signal for driving another of the stacked LCD panels, the
second driving signal being obtained by applying an averag-
ing processing to the first driving signal.

[0013] The present invention provides an electronic appa-
ratus including the LCD device of the first or second aspect of
the present invention.

[0014] The present invention provides an image signal sig-
nal transmitter including the LCD device of the first and
second aspects of the present invention.

[0015] The present invention provides an image data
switching apparatus including the LCD device of the first or
second aspect of the present invention.

[0016] The present invention provides an image data diag-
nosing apparatus including the LCD device of the first or
second aspect of the present invention.

[0017] The present invention provides an architectural
structure including the LCD device of the first or second
aspect of the present invention.

[0018] The present invention provides, in a third aspect of
thereof, an image display system including: a plurality of
LCD panels stacked one on another and each including a pair
of transparent substrates and a liquid crystal (LC) layer sand-
wiched therebetween; an image data processing unit which
generates first image data for displaying the same on at least
one of the stacked LCD panels and second image data for
displaying the same on another of the stacked LCD panels,
the second image data being obtained by applying an averag-
ing processing to the first image data; a signal signal trans-
mitter which transmits the image data to respective the LCD
panels; and a timing controller which controls a timing for the
signal signal transmitter to transmit the image data.

[0019] In accordance with the LCD device of the first
aspect of the present invention, the configuration wherein one
of the stacked LCD panels has a color filter layer and the
another of the stacked LCD panels prevents the light passing
through different color filters, thereby suppressing degrada-
tion of the image quality of the LCD device as viewed in a
slanted viewing direction.

[0020] In accordance with the LCD device of the second
aspect of the present invention, the averaging processing of
the first driving signal allows the second driving signal to
obscure an edge of the image displayed on the LCD device,
thereby preventing the edge from being observed as double
lines and thus removing the sense of discomfort upon viewing
the image in a slanted viewing direction.

[0021] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following description, referring to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG.11is ablock diagram showing a multiple-panel
LCD device according to a first embodiment of the present
invention together with an associated drive system;

[0023] FIG.2is a sectional view of the LCD unit shown in
FIG. 1,
[0024] FIG. 3 is a sectional view of the principal part of the

LCD unit of FIG. 2;
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[0025] FIG. 4 is a schematic view showing the positional
relationship between the LCD device configured as a TV
monitor and the observer;

[0026] FIG. 5A shows an example of image before an aver-
aging process, and FIG. 5B shows the image after the aver-
aging process;

[0027] FIG. 6 is a graph showing the relationship between
adistance rto perform the averaging processing and a value of
(TsW-TsB)/(TW-TB);

[0028] FIG. 7 is a sectional view of a LCD unit in a mul-
tiple-panel LCD device according to a second embodiment of
the present invention;

[0029] FIG. 8 is a block diagram of the LCD device of the
second embodiment together with an associated drive system;
[0030] FIG. 9 shows the sectional structure of'a LCD unit in
the LCD device according to a third embodiment of the
present invention;

[0031] FIG. 10 a block diagram of a multiple-panel LCD
device according to a sixth embodiment of the present inven-
tion together with an associated drive system; and

[0032] FIG. 11 is a sectional view of the configuration of a
conventional LCD device having a multiple-panel structure in
which two LCD panels are stacked one on another.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] Hereinafter, embodiments of the present invention
will be described in detail with reference to accompanying
drawings.

First Embodiment

[0034] FIG. 1 shows a two-panel LCD device according to
a first embodiment of the present invention together with an
associated driving system. The LCD device, generally desig-
nated by numeral 100, includes three parts, i.e. an image
source unit 117, an image data processing unit 105, and a
LCD unit 116 in a roughly segmented structure. Each of the
three units is connected to the other units via signal cables 120
to 122. The LCD unit 116 has a plurality of stacked LCD
panels (two LCD panels 113 and 114 in the example of FIG.
1). A variety of modes can be used as the display mode of the
LCD panels 113 and 114. Tt is assumed here that the LCD
panels 113 and 114 are driven by an IPS (In-Plane Switch-
ing)-mode driving scheme.

[0035] Theimage source unit 117 includes animage source
101 and a signal signal transmitter 102. The image source 101
is ordinary data such as represented by a photograph and a
motion picture being reconstructed to be electronic image
data by carrying out a predetermined processing. The signal
signal transmitter 102 generates a image signal, which is
transmitted to the image data processing unit 105, based on
the image data supplied from the image source 101. The
signal signal transmitter 102 transmits the generated image
signal to the image data processing unit 105 via the signal
cable 120. The signal signal transmitter 102 is configured
with THC63DV164 manufactured by Thine Electronics, Inc.,
for example. The signal signal transmitter 102 converts the
parallel data, output from the image source to a serial signal,
and transmits the serial signal to the signal cable 120 after the
conversion. It is sufficient that the signal signal transmitter
102 be configured to output a signal equivalent to a DVI
(Digital Visual Interface) generally used as a digital interface
for a personal computer. Therefore, there is no problem if the



US 2011/0032454 Al

image source unit 117 is a personal computer having a DVI
interface. In addition, there is no problem so long as receivers
in the signal signal transmitter 102 and the image data pro-
cessing unit 105 as a pair can send and receive a signal.
Therefore, a format of the signal transmitted through the
signal cable 120 is not limited to the DVI format, and can be
an analog format.

[0036] The image data processing unit 105 includes a
receiver 103, a local memory 104, buffer memories 106 and
109, signal transmitters 107 and 108, a timing control unit
110, and an arithmetic unit 118. The image data processing
unit 105 performs a signal conversion (image processing) to
the image signal received from the image source unit 117 at
the arithmetic unit 118. Then, the image data processing unit
105 generates a signal for each of the plurality of the LCD
panels configuring the LCD unit 116. Details of the operation
of each block of the image data processing unit 105 will be
described later.

[0037] The image data processing unit 105 can be config-
ured with, for example, Spartan-3E Display Solution Board
manufactured by Xilinx, Inc. to which a DVI-I/F board as an
option is connected. Specifically the DVI-I/F board is used as
the receiver 103, and other blocks configuring the image data
processing unit 105 are configured with the Spartan-3E Dis-
play Solution Board. In addition, an image processing logic
circuit or the like is configured inside a FPGA chip (Spartan
3-E) built in the board. The input format (LVDS) of the LCD
panel used for the LCD unit 116 is used for a signal output
from the signal transmitters 107 and 108 on the output side.

[0038] The LCD unit 116 includes LC driving circuits 111
and 112, the LCD panels 113 and 114, and a backlight unit
115. The first LCD panel unit 113 is configured as the LCD
panel performing color display. The second LCD panel unit
114 is configured as the LCD panel performing monochrome
display. The order of the first and the second LCD panels 113
and 114 may be reversed. That is, the LCD panel of mono-
chrome display may be set on a side nearer to the observer and
the LCD panel of color display may be set on a side nearer to
the light source.

[0039] The LC driving circuits 111 and 112 drive the first
and the second LCD panels 113 and 114, respectively, based
on the signal received from the image data processing umt
105. The backlight unit 115 is a flat-surface light source, and
emits light to be incident onto the first and the second LCD
panels 113 and 114 from the rear surface thereof. The light
emitted from the backlight unit (light source) 115 is modu-
lated in the second LCD panel unit 114 based on the driving
signal input to the second LCD panel unit 114, and is incident
onto the first LCD panel unit 113. The display image of the
first LCD panel unit 113 is controlled based on the input
driving signal. The observer observes the display image by
viewing the light passing through the first and the second
LCD panels 113 and 114 from the backlight unit 115.

[0040] FIG. 2 shows the sectional structure of the LCD unit
116. The first LCD panel unit 113 includes a polarizing film
201, a transparent substrate 211, a color filter layer 251, an
orientation film 221, a LC layer 231, an orientation film 222,
a transparent substrate 212, and a polarizing film 202, which
are arranged in this order from the light emission side or rear
side. The second LCD panel unit 114 on the backlight unit
115 includes a polarizing film 203, a transparent substrate
213, an orientation film 223, a LC layer 232, an orientation
film 224, a transparent substrate 214, and a polarizing film
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204, which are arranged in this order from the light emission
side toward the light receiving side of the LCD panel.
[0041] In this text, for the sake of convenience, the trans-
parent substrate 211, the color filter layer 251, the orientation
film 221, the LC layer 231, the orientation film 222 and the
transparent substrate 212 will be referred to as a first LCD
panel 261. The first LCD panel 261 and a pair of the polariz-
ing films 201 and 202 all together will be referred to as the first
LCD panel unit 113. In addition, the transparent substrate
213, the orientation film 223, the LC layer 232, the orientation
film 224 and the transparent substrate 214 will be referred to
as a second LCD panel 262. The second LCD panel 261 and
a pair of the polarizing films 203 and 204 all together will be
referred to as the second LCD-panel unit 114.

[0042] On the surface of the transparent substrate 212 near
the LC layer configuring the first LCD panel unit 113, elec-
trode lines are arranged in a matrix, and a three-terminal
non-linear element (active device, such as TFT, thus may be
referred to as “TFT” sometimes) is arranged at each intersec-
tion of the electrode lines to configure the active device of a
corresponding pixel. In each pixel, a pixel electrode con-
nected to the source/drain path of a corresponding TFT and a
common electrode connected to a common electrode line are
formed in a comb-teeth shape. The LC layer 231 is driven in
a lateral-electric-field driving scheme such as an IPS driving
scheme. In the color filter layer 251, color filters of red (R),
green (G), and blue (B) are arranged in stripes, and one pixel
is configured by three unit pixels having R, G, and B color
filters and disposed adjacent to one another.

[0043] Preparation of the first LCD panel unit 113 will be
described. The orientation films 221 and 222 are formed by
coating onto one of the surfaces of the transparent substrates
211 and 212, on which the color filter layer 251 or electrodes
are formed, and subsequently rubbing the same for orienta-
tion of the L.C layers. Thereafter, the transparent substrates
211 and 212 are arranged such that surfaces of the both
transparent substrates 211 and 212 on which the orientation
films 221 and 222 are formed oppose each other and that
directions of the initial LC orientation are parallel or non-
parallel to each other, with a specified space being provided
between the opposing surfaces. In the space, LC molecules,
such as ZL.I4792 manufactured by Merck Ltd., are injected to
form the first LCD panel 261.

[0044] Further, the polarizing films 201 and 202 configured
with SEG1224 manufactured by Nitto Denko Corporation,
for example, are arranged such that the first LCD panel 261 is
sandwiched therebetween to form the first LCD panel unit
113. At this stage, a light transmission axes or a light absorp-
tion axes of the polarizing films 201 and 202 are arranged to
cross each other at a substantially right angle, and the light
absorption axis of any one of the polarizing films 201 and 202
is parallel to the LC layer 231 in the LC orientation direction.
[0045] As to the second LCD panel unit 114, electrodes are
also arranged in a matrix on one of the surfaces of the trans-
parent substrate 214 near the LC layer, and the TFT is
arranged at each intersection of the electrode lines. Since the
second LCD panel unit 114 does not have the color filter layer,
a single pixel need not be divided into three unit pixels cor-
responding to R, G, and B, differently from the first LCD
panel unit 113. In the second LCD panel unit 114, a single
pixel is configured with one pixel, and the size of the single
pixel is equivalent to the total size of three unit pixels of the
first LCD panel unit 113. Alternatively, the configuration of
pixels (size) of the first LCD panel unit 113 and that of the
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second LCD panel unit 114 may set to be the same, and three
pixels of a single color may be combined together to have one
pixel. In either cases, the resolution of the pixel as a unit is the
same between the first LCD panel unit 113 and the second
LCD panel unit 114.

[0046] Procedure for preparing the second LCD panel unit
114 is similar to the procedure for preparing the first LCD
panel unit 113. The orientation films 223 and 224 are formed
on one of the surfaces of the transparent substrate 213 and one
of the surfaces of the transparent substrate 214 on which
electrodes are arranged in a matrix, respectively. The trans-
parent substrates 213 and 214 are arranged such that the
orientation films 223 and 224 oppose each other, and a space
is formed therebetween. LC molecules are then injected into
the space to form the second LCD panel 262. Thereafter, the
polarizing films 203 and 204 are arranged such that the sec-
ond LCD panel 262 is sandwiched therebetween to form the
second LCD panel unit 114. As to directions of light trans-
mission axes or light absorption axes of the polarizing films
203 and 204, the light transmission axes or the light absorp-
tion axes of both the polarizing films cross each other at a
substantially right angle, and the light absorption axis of any
one of the polarizing films 203 and 204 is made parallel to the
orientation direction of the LC molecules in the L.C layer 232.
[0047] In the LCD unit 116, the first LCD panel unit 113
and the second LCD panel unit 114 are stacked one on another
so that pixels of the first LCD panel unit 113 are aligned with
corresponding pixels of the second LCD panel unit 114. At
this stage of fabrication, the orientation of the L.C molecules
in the first LCD panel unit 113 is made parallel or perpen-
dicular to the orientation of the LC molecules in the LC layer
of the second LCD panel unit 114. In addition, the light
transmission axes or the light absorption axes are made to be
substantially parallel to each other between the polarizing
film 202 of the first LCD panel unit 113 on the light incidence
side and the polarizing film 203 of the second LCD panel unit
114 on the light incident side. Thereby, the light passed
through the polarizing film 203 is allowed to pass through the
polarizing film 202 of the first LCD panel unit 113 on the light
incident side as much as possible.

[0048] In the present embodiment, the color filter layer is
formed only on one of the plurality of LCD panels configur-
ing the LCD device 100. Specifically, in FIG. 2, the color filter
layer 251 is provided only in the first LCD panel unit 113. If
the color filter layer is provided in each of the plurality of the
stacked LCD panels, the incident light may pass through
different color areas between the color filter layer of one of
the LCD panels and the color filter layer of the other of the
LCD panels due to the three-dimensional misalignment,
when a viewing point is physically moved. For example, if the
light passed through the color filter of red in a LCD panel unit
passes through a color filter of blue in another LCD panel
unit, the display luminance drastically changes depending on
the viewing angle. In the present embodiment, such a situa-
tion is prevented by forming the color filter layer in a single
LCD panel unit among the plurality of LCD panel units.
Therefore, a situation where the display luminance largely
changes depending on the viewing angle is prevented.
[0049] In the LCD device 100 of the above configuration,
the distance between the observer and the LC layer of the
LCD panel is different between the LCD panels. Therefore, if
a plurality of stacked LCD panels are driven by the same
signal supplied from a single signal source, the image quality
may be degraded caused by a parallax. In view of this prob-
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lem, the present invention applies an averaging processing to
image data which drive the first LCD panel unit 113, to
thereby compensate for the difference due to the parallax. In
addition, in order to prevent the change of transmission factor
caused by the application of the averaging processing, a trans-
mission factor correction process or transmission factor
adjustment process is performed for the image data which
drive the second LCD panel unit 114. Hereinafter, the content
of the image processings will be described in detail.

[0050] FIG. 3 shows a sectional view the principal part of
the LCD unit 116. In FIG. 3, the transparent substrates 211 to
214 and the L.C layers 231 and 232 in FIG. 2 are extracted for
illustration. LC panel units 301 and 302 in FIG. 3 correspond
to the LCD panels of the LCD panel units 113 and 114 shown
in FIG. 2. Transparent substrates 321 to 324 correspond to the
transparent substrates 211 to 214 shown in FIG. 2, respec-
tively. In addition, LC layers 325 and 326 correspond to the
LClayers 231 and 232 in FIG. 2. With reference to FIG. 3, the
concept of the image processing technique of the present
embodiment will be described, wherein the observer is pre-
vented from conceiving the parallax 334 caused in the con-
figuration where a plurality of LCD panels (LC layers) are
stacked one on another. Also, a description will be made with
reference to a defining method ofa distance “r”” to perform the
averaging processing in the first LCD panel 301.

[0051] Ifthe first and second LCD panels 301 and 302 are
observed in the direction perpendicular to the LCD panels
from a viewpoint 311 shown in FI1G. 3, a point ot of the second
LCD panel 302 and a point {§ of the first LCD panel 301,
where the same data (gray-scale level) is displayed for the first
LCD panel 301 and the second LCD panel 302, are observed
to be overlapping with each other, to represent a single point.
Therefore, in this case, the observer does not feel a sense of
discomfort. On the other hand, in a slanted viewing direction,
the light passing through the point ¢ of the second LCD panel
302 and the light passing through the point 8 the first LCD
panel 301, both at an angle ®, are refracted to the direction of
angle 8 due to a difference in the refractive index between the
transparent substrate 321 and the air, based on the Snell’s law,
when the lights emit to the air from the transparent substrate
321. The point o and the point 3 are thus separated from each
other by a distance corresponding to the distance d between
the point ¢, and f§ in the perpendicular direction. Therefore,
when both the points o and 3 are observed from a viewpoint
312 in the direction deviated by the angle 6 from the perpen-
dicular direction, the points o and f displaying the same
image are observed at different positions apart from each
other depending on the degree of the parallax 333. Therefore,
the contour line of an image, for example, is observed as
doubled lines to cause the observer to feel a sense of signifi-
cant discomfort.

[0052] The angle 0 at which the light is emitted from the
transparent substrate 321 and the angle ¢ at which the light
advances within the LC panels 301 and 302 can be expressed
by the following formula:

na-sin®=ng-sing,
where ng, na are refractive indexes of the transparent sub-
strate and the air. By arranging this formula, the angle of

direction in which the light advances in the LCD panels 301,
302 is expressed by:

p=sin"!((na/ng)xsind).

[0053] From those relationships, the apparent distance, or
deviation r, by which the position o in the second LCD panel
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302 and the position f§ in the first LCD panel 301 are observed
apart from each other in the slanted viewing angle 6 is
expressed by the following formula:

tang = (/d) M

r=dxtang = d Xtan(sin™* (na/ng) X sind))

[0054] In order to eliminate the parallax 333 in the slanted
viewing angle 6, the data which is to be originally displayed
at the position f§ displayed by shifting the position from the
original position p to a position y shown in FIG. 3. For this
reason, the arithmetic unit 118 performs the averaging pro-
cessing to disperse the data at point {3 by the distance “r” for
the entire screen, with respect to the signal to drive the first
LCD panel 301. In this manner, effect of the parallax can be
reduced and the observer does not feel a sense of discomfort.
In the present embodiment, the averaging processing is pet-
formed for the first LCD panel 301 having the color filter
layer 251 (F1G. 2). However, the averaging processing can be
performed for the second LCD panel 302 which does not have
the color filter layer. In addition the LCD panel for which the
averaging processing is performed need not be arranged in the
front side nearer to the observer, and there is no particular
influence if such a LCD panel exists on the rear side of the
LCD device.

[0055] Inthe averaging process, image data of pixels exist-
ing within an area of a predetermined distance measured from
a focused pixel is simply averaged. In the averaging process,
for example, the image data in a range surrounded by a rect-
angular area having vertical and horizontal sides extending
for the distance r from coordinates of the focused pixel is
averaged. For the averaging process, a method of simply
averaging the image data within the area may be adopted. In
an alternative, the averaging processing can be performed
after the weighting is carried out corresponding to the dis-
tance from the focused pixel so that the central part of the area
assumes a larger weight in the averaging. In this weighting
technique, a Gaussian distribution can be used. In addition to
the Gaussian distribution, a weighting technique using a mere
inclination distribution, a quadratic curve or a quartic curve
may be adopted.

[0056] Therange of area in which the averaging processing
is to be performed should be changed depending on to what
extent the range of angle 8 is assumed. Calculation to obtain
the range of area in which the averaging processing is to be
performed will be described with reference to FIG. 4. Here,
the length of a longitudinal direction (direction 402 shown in
FIG. 4) of a LCD device 401 is assumed to be L, the LCD
device 401 is observed from a point which is apart from the
LCD device 401 by the double of length L (i.e., 2xL) of the
screen in a horizontal direction. A viewpoint 404 is the central
viewpoint at which the LCD device 401 is observed from the
front center, and the distance between the viewpoint 404 and
the center of the screen of the LCD device 401 is 2xL. It is
assumed here that a position, which is located at the center as
viewed in the vertical direction (direction 403) of the LCD
device 401 and at an edge as viewed in the horizontal direc-
tion thereof, is observed from the viewpoint 404. Angle 61
between the direction toward the center of the screen from the
viewpoint 404 and the direction toward the edge on the side of
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the display screen from the viewpoint 404 can be expressed
by the following formula:

01=tan~'((Z/2)/2L) @

[0057] Inorder to prevent a sense of discomfort caused by
the parallax when the edge of the screen is observed from the
viewpoint 404, 01 of the formula (2) is substituted into 6 of
the formula (1), and the averaging processing can be per-
formed in the range of a distance rl obtained by:

r1=dxtan(sin~\((na/mg)xsin(tan~((L2)/2L)))) (3)

[0058] The range in which the averaging processing is per-
formed is set to be the range of distance rl obtained by the
above formula (3), whereby the sense of discomfort caused
by the parallax upon observing the screen of the LCD device
401 from the viewpoint 404 on a front side can be reduced.
However, in this case, when the viewpoint is shifted to left or
right from the viewpoint 404 located at the center, the angle
between the direction toward the LCD device 401 from the
viewpoint and the direction toward the horizontal edge of the
screen from the viewpoint will be larger than 61, and the sense
of discomfort caused by parallax still occurs. In order to
prevent the sense of discomfort when the LCD device 401 is
observed from any viewpoint with respect to the screen, the
distance in which the averaging processing is performed
should only be a distance corresponding to an angle 82 when
an edge of the screen in a horizontal direction is observed
from a viewpoint 405 on the opposite in the horizontal direc-
tion. In this case, 82 can be expressed by the following for-
mula:

02=tan~ (L/2L).

[0059] Inorderto prevent the sense of discomfort caused by
parallax when the edge of the screen in the horizontal direc-
tion is observed from the viewpoint 405, the averaging pro-
cessing should only be performed in the range of a distance 2
obtained by:

r2=dxtan(sin~*((na/mg)xsintan (L/2L))).

[0060] If a LC television set is considered as the LCD
device 401, a viewpoint does not always exist within the range
of the display screen. In this case, a viewpoint 406 apart from
an edge of the screen by a distance L is assumed, and the
distance for performing the averaging processing should only
be a distance corresponding to an angle 83 upon observing the
opposite edge of the LCD device 401 in the horizontal direc-
tion from the viewpoint 406. The angle 63 is obtained by:

03=tan~(2L/21)=45°,

[0061] The distance r3 for performing the averaging pro-
cessing can be obtained by:

r3=dxtan(sin~{(na/mg)xsin(45°))).

[0062] Inaddition, in order to prevent the sense of discom-
fortwhen the LCD device 401 is observed from any direction,
a viewpoint 407 for observing the screen from a position on
an extended line in a horizontal direction is assumed, and the
distance for performing the averaging processing should only
be a distance corresponding to an angle of 90 degrees when
the LCD device 401 is observed from the viewpoint 407. The
distance r4 for performing the averaging processing in this
case is obtained by:

rd=dxtan(sin~(namg))

[0063] The distance “r” for performing the averaging pro-
cessing obtained as above is constant regardless of a pitch of
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the pixels of the LCD panel. Assuming that the area necessary
for displaying a single pixel image is set as a pixel, and that the
distance for performing the averaging processing is r and the
pixel pitch which is a distance between two pixels adjacent to
each other in a horizontal direction or a vertical direction is
pp, the averaging processing should only be performed in the
range from a focused pixel to pixels apart from the focused
pixel by np=r/pp in a vertical direction. For the averaging
process, if the image data is divided into a luminance com-
ponent and a color component, the averaging processing may
be performed using different distances r for the respective
components.

[0064] Back to FIG. 1, the above averaging processing is
performed in the arithmetic unit 118. The receiver 103 recov-
ers the image signal input from the image source unit 117 via
the signal cable 120. The receiver 103 delivers the recovered
image signal to the arithmetic unit 118. The arithmetic unit
118 has a local memory 104 for storing therein the input
image signal, and carries out storing of the image and image
processing simultaneously. The local memory 104 has at least
(npx2+1) line memories, and preferably includes a frame
memory. The arithmetic unit 118 generates data for driving
each of the first and the second LCD panels 113 and 114. The
arithmetic unit 118 transmits a signal for driving the LCD
panels 113 and 114 to the LCD unit 116 via the buffer memo-
ries 106 and 109, the signal transmitters 107 and 108, and the
signal cables 121 and 122. At the time of signal transmission,
a signal averaged for a range of pixels which are the distance
r or the number of pixels np apart from the focused pixel is
transmitted to the first LCD panel unit 113.

[0065] Whether or not the effective range of the averaging
processing applied to the first LCD panel unit 113 is the same
as the set range can be confirmed by the following steps. For
example, while allowing the second LCD panel unit 114 to be
in the state of full transmission, only the first LCD panel unit
113 is driven, and two stripes having different gray-scale
levels, such as a luminance of 25 and a luminance of 75 are
displayed extending in the vertical or horizontal direction
with the width of each of the stripes having the same width W.
In this example, the notation of the gray scale levels is that a
maximum luminance at the full transmission is 100 and a
minimum luminance at the full shielding is 0. Luminance T1
at a position where the luminance is the highest on the screen
and luminance T2 at a position where the luminance is the
lowest are measured, and the ratio thereof is defined as CR1
(=T1/T2). When the width W of the stripe is sufficiently larger
than the distance r for performing the averaging process, CR1
does not change even if the width W is made narrower. How-
ever, when a condition of W=2xr is met, a value of CR1 starts
to fall by the range of the averaging processing exceeding the
width W. Therefore, by observing the lowering of the CR1,
whether or not the effective range of the averaging processing
is same as the set range can be confirmed on the screen.

[0066] FIG. 5A shows an example of the image before the
averaging process. FIG. 5B shows the image after the aver-
aging process. As the image to be subjected to the averaging
process, as shown in FIG. 5A, an image is exemplified in
which two different gray scale levels, i.e., a luminance of 100
and a luminance of 0 assuming that the luminance of full
transmission is 100 and the luminance of full shielding is 0,
are arranged alternately in a spatial period “p” in the form of
two stripes having the same width. The gray scale level of the
stripe which has a higher luminance in the image is expressed
as TW and the gray scale level of the stripe which has a lower
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luminance is expressed as TB in FIG. 5A. When the averaging
processing is applied to the image of FIG. 5A, as shown in
FIG. 5B, the position having a higher degree of change of gray
scale levels is obscured, whereby the total image has gray
scale levels moderately and smoothly changing across the
stripes. It is assumed here that the luminance of the position
having the highest luminance in the image is TsW and the
luminance of the position having the lowest luminance is
TsB. In the range where the distance r for performing the
averaging processing is sufficiently smaller compared to the
period p, the above luminance TW and TsW are substantially
equal, and the luminance TB and TsB are substantially equal,
whereby the value expressed by the following formula:

(TsW-TsB)/(TW-TB)

assumes “1”.

[0067] FIG. 6 shows the relationship between the distance
r for performing the averaging processing and the value of
(TsW-TsB)/(TW-TB). When the distance r for performing
the averaging processing is smaller than % of the period p of
the stripe, the range of the averaging processing at the central
position of the stripe having a luminance of 0 is within the
stripe of luminance 0. In addition, the range of the averaging
processing at the central position of the stripe having a lumi-
nance of 100 is within the stripe of the luminance 100. There-
fore, even if the distance r for performing the averaging pro-
cessing is changed, the value of (TsW-TsB)/(TW-TB)
remains at “1” and is unchanged. When the distance r for
performing the averaging processing exceeds %4 of the period
p, the value of (TsW-TsB)/(TW-TB) starts to fall because
the luminance 0 and the luminance 100 are mixed. The degree
(or slope) of the reduction in the value of (TsW-TsB)/(TW-
TB) with respect to an increase in the range of performing the
averaging processing changes depending on the weighting in
the averaging process, that is, the degree of influence depend-
ing on a peripheral pixel or a central pixel. In the present
embodiment, for example, when the averaging processing is
performed with respect to the distance r for the case r=3/p, the
averaging processing in which the value of (TsW-TsB)/
(TW-TB) is 0.5 is adopted.

[0068] Ifthe first LCD panelunit 113 displays the averaged
image, the image may be observed to be blur or obscured, as
viewed even from the front center, due to the averaging pro-
cess, whereby the entire image lacks a sense of sharpness. For
this reason, the arithmetic unit 118 applies an image process-
ing, herein referred to as transmission-factor correcting pro-
cessing, for correcting the transmission factor changed by the
averaging processing to the image to be displayed on the
second LCD panel unit 114. Thereby, the transmission factor
of the second LCD panel unit 114 is controlled so as to obtain
the original gray-scale-level characteristics which are
obtained before the averaging processing is applied to the first
LCD panel unit 113. The image processing applied by the
arithmetic unit 118 to the second LCD panel unit 114 is
typically an image processing to emphasize the edge portion
of an image. Here, for the sake of convenience, such an image
processing is expressed as an edge emphasizing processing.

[0069] In the edge emphasizing processing, the total trans-
mission factor of a pixel is assumed to change from Ta to
Ta+c (00 or a<Q) by the averaging processing applied onto
the first LCD panel unit 113. In this case, the arithmetic unit
118 changes the transmission factor of the pixel in the second
LCD panel unit 114 for an amount corresponding to f§ so that
the transmission luminance of the light passed by the second
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LCD panel unit 114 and the first LCD panel unit 113, for the
latter of which the averaging processing is applied, assumes
Ta which is the luminance before the averaging processing is
applied. In this manner, the total transmission factor on a front
viewing area can be made equal to the transmission factor
before the averaging processing is applied, although the first
LCD panel displays thereon the image to which the averaging
processing is applied.

[0070] To what extent the edge emphasizing processing has
been performed in the image of the second LCD panel unit
114 can be examined by the following procedure. For
example, when the first LCD panel unit 113 is assumed to be
in the state of full transmission, only the second LCD panel
unit 114 is driven such that two gray scale levels, for example,
a luminance of 25 and a luminance of 75 are displayed in two
stripes having the same width W, assuming that the luminance
of the full transmission is 100 and the luminance of the full
shielding is 0. Here, the luminance at the central position of
the higher-luminance stripe in the second LCD panel unit 114
is assumed as U1, and the luminance at the central position of
the lower-luminance stripe is assumed as U2. In addition, the
luminance at a position having the highest luminance on the
screen is assumed as U3 and the luminance at a position
having the lowest luminance is assumed as U4. Before the
edge emphasizing processing is applied in the second LCD
panel unit 114, the following formula is established:

UL/U2=U3/U4.

[0071] Ifthe edge emphasizing processing is applied in the
second LCD panel unit 114, the formula changes into the
following relationship:

UL/U2<U3/U4.

[0072] Therefore, by comparing the value of U1/U2 against
the value of U3/U4, to what extent the edge emphasizing
processing is applied in the second LCD panel unit 114 can be
determined by the image displayed on the screen.

[0073] Thetiming control unit 110 adjusts the transmission
timing of the image signal so that the image is displayed on
the first and the second LCD panels 113 and 114 in the same
timing, in consideration of the processing delay time in the
averaging processing and the edge emphasizing process. In
addition, the timing control unit 110 delivers Vsync, Hsync
and DotClock signals required for display in the first and the
second LCD panels 113 and 114 to the first and the second
LCD panels 113 and 114. The timing control unit 110 con-
trols the timing of the entire device, whereby the image dis-
play on the first and the second LCD panels 113 and 114 can
be synchronized.

[0074] The contrast ratio of each of the first and the second
LCD panels 113 and 114 alone used in the present embodi-
ment is around 700:1. In the present embodiment, by stacking
the first and the second LCD panels 113 and 114 one on
another, the contrast ratio of the LCD device 100 can be
significantly improved up to around 500,000:1. In addition, in
the present embodiment, any one of the stacked first and
second LCD panels 113 and 114 displays the averaged image
in which a portion, such as the edge portion, having a higher
differential value of the spatial luminance is made obscure or
inconspicuous. The sense of a person tends to focus on the
portion where a stimulus value significantly changes. There-
fore, the observer pays attention on the detailed image dis-
played on the second LCD panel unit 114 in which the edge
portion is not blurred. For this reason, the LCD panel display-
ing the averaged image contributes to the contrast of the entire
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screen, and yet the observer does not pay a significant atten-
tion on such a LCD panel. In this manner, the sense of dis-
comfort caused by a parallax when the observer observes the
screen at a slanted angle can be reduced.

[0075] If an image to which the averaging processing is
applied is displayed on any of the first and the second LCD
panels 113 and 114, a broader range of applying the averaging
processing will increase the angle of the viewing area in
which the sense of discomfort caused by a parallax is not
generated. However, in the front view, the image is made to
have a blurred impression as a whole due to the edge portion
of the displayed image being blurred. In the present embodi-
ment, one of the first and the second LCD panels 113 and 114
which does not display an averaged image displays the image
in which the transmission factor compensation processing is
applied, so as to compensate the change of the transmission
factor effected by the averaged image. In this manner, the
blurred impression caused by the averaged image is resolved,
and at the same time, the observer’s attention is paid on the
non-averaged image, whereby the sense of discomfort caused
by a parallax can be resolved.

[0076] InFIG.1, the image source unit 117, the image data
processing unit 105, and the LCD unit 116 are illustrated in
separate configurations. However, these units need not be
configured by separate items of hardware. These three units
may exist ina common housing. In addition, the configuration
may be such that the image source unit 117 and the image data
processing unit 105 exist in a common housing and the LCD
unit 116 exists in a different housing. Alternatively, the con-
figuration may be such that the image data processing unit
105 and the LCD unit 116 exist in a common housing and the
image source unit 117 exists in a different housing. In the
present invention, special features exist in the arrangement of
the color filter layer in the LCD unit 116 and an image pro-
cessing for the image data on the stacked L.LCD panels. There-
fore, the advantages of the present invention are not impaired
irrespective of whether the above units are received in a
housing or housings.

[0077] As forthe image processing performed by the image
data processing unit 105, image processing using hardware is
adopted in the present embodiment, and image processing
performed by software can be adopted as well. In addition, the
averaging processing and the edge emphasizing processing
are not necessarily be performed by a single image data
processing unit. The averaging processing and the edge
emphasizing processing can be performed by the image
source unit 117 which performs software processing using a
CPU and processing using a graphic chip represented by an
MPEG decoder. In this case, the signal cable 120 which has a
single signal line in FIG. 1 is duplicated, and an image to be
displayed on the first LCD panel unit 113 and an image to be
displayed on the second LCD panel unit 114 need only be
output from the image source unit 117.

[0078] The above embodiment exemplifies that the first
LCD panel unit 113 is configured to have the color filter layer
251 (FIG. 2), and a single pixel receiving a single image data
in the first LCD panel unit 113 is divided into three unit pixels
(or areas) corresponding to the color filters of RGB. However,
the color filter layer is not an indispensable constituent ele-
ment with respect to the resolution of the sense of a parallax
during display of the averaged image. Therefore, the first
LCD panel unit 113 can be configured as a monochrome type
LCD panel similarly to the second LCD panel unit 114. In
addition, colors of the color filter layer are not limited to three
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colors, i.e. R, G, and B. A multicolor filter layer, such as one
including RGBYMC colors, can be used as well. In this case,
a single pixel should only be divided into a number of areas
corresponding to the number of colors in the color filter layer.
Moreover, a single pixel can be divided into four areas, and
each area can be made corresponding to R, G, G, B colors.
Alternatively, the four areas can be configured with three
areas each corresponding to one of RGB colors and a single
area which does not have a color (W).

[0079] Inthe above embodiment, the IPS-mode LCD panel
is exemplified for describing the LC driving mode. However,
the LC driving mode is not limited to this type of the LC
mode. For example a variety of modes, such as a vertical-
orientation (VA) LC mode, a twisted-nematic (TN) LC mode,
and an optically compensated birefringence (OCB) LC mode,
can be adopted. In addition, in FIG. 2, the configuration is
such that a retardation compensation layer is not provided
between the LCD panels 261 and 262 and the polarizing films
201 to 204. However, if the retardation compensation layer is
provided in this portion, the advantages of the present inven-
tion are not impaired.

[0080] When the retardation compensation layer is
inserted, optical characteristics, etc. of the retardation com-
pensation layer to be inserted are set in accordance with a
combination with the .C mode of the .C layer. For example,
if the retardation compensation layer is inserted in the first
LCD panel unit 113 driven by the IPS mode, the retardation
compensation layer is inserted between the polarizing films
201 and 202 and the LCD panel 261 in the following manner:
if the refractive index in a direction where the refractive index
1s the highest is nx, the refractive index in a direction crossing
the direction of nx on a plane parallel to the substrate is ny, and
the refractive index in a direction perpendicular to nx and ny
is nz, the retardation compensation layer having characteris-
tics of nx=nz>ny is inserted in parallel to the light absorbing
axis or the light transmitting axis of the polarizing films 201
and 202, In this manner, viewing angle characteristics of the
first LCD panel unit 113 can be improved.

[0081] Ifthe first LCD panel unit 113 is driven by the VA
mode, the retardation compensation layer having character-
istics of nx=nz>ny is inserted so that the nx direction is in
parallel to the light absorbing axis or the light transmitting
axes of the polarizing films 201 and 202, whereby the viewing
angle characteristics can be improved. If the first LCD panel
unit 113 is driven by the TN mode or the OCB mode, a wide
view film is inserted as the retardation compensation layer,
whereby the viewing angle characteristics can be improved.
The wide view film includes a discotic LC layer having a
negative retardation, and the orientation angle of the discotic
LC layer continuously changes in the thickness direction.
[0082] The retardation compensation layer can be inserted
on one surface of the LCD panels 261 and 262, or on both
surfaces thereof. In the above configuration, the position for
insertion of the retardation compensation layer is set between
the LCD panels 261 and 262 and the polarizing films 201 to
204. In practice, the position for insertion can be any position
so long as the position is between the L.C layers 231 and 232
and the polarizing films 201 to 204. In addition, the number of
the retardation compensation layers to be inserted is not lim-
ited to one, and a plurality of retardation compensation layers
may be inserted.

Second Embodiment

[0083] FIG.7 shows the sectional structure of'a LCD unit in
amultiple-panel LCD device according to a second embodi-
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ment of the present invention. In the first embodiment, as
shown in FIG. 2, if the contrast ratio of the LCD panel alone
is x:1, a contrast ratio of around x*1 can be obtained by
stacking together the two LCD panels 113 and 114. In the
present embodiment, in order to obtain a higher contrast ratio,
n LCD panel units 520-1 to 520-» are stacked one on another,
as shownin FIG. 7. In this case, a contrast ratio of around X”:1
can be obtained.

[0084] EachofnLCD panel units 520 configuring the LCD
unit 116« includes a LCD panel 510, and a pair of polarizing
films 501 and 507 sandwiching therebetween the LCD panel
510. Each of the LCD panels 510 has a pair of transparent
substrates 502 and 506, a LC layer 504 sandwiched between
the pair of transparent substrates 502 and 506, and alignment
films 503 and 505 disposed adjacent to the LC layer 504. In
addition, a first LCD panel 510-1 has a color filter layer 508 in
addition to the above. On the rear side of the n-th LCD panel
520-n located on the bottom of the the LCD unit 1164, a
backlight unit 115 is arranged. The first LCD panel unit 520-1
has a configuration similar to the configuration of the first
LCD panel unit 113 in FIG. 2. The second to n-th LCD panel
units 520-2 to 520-x have a configuration similar to the con-
figuration of the second LCD panel unit 114 in FIG. 2.
[0085] FIG. 8 shows the LCD device 100a of the second
embodiment together with an associated driving system in a
perspective view. In the present embodiment, an image data
processing unit 1054 has n image data processing blocks
130-1to 130-» corresponding to the n LCD panel units 520-1
to 520-#, respectively, of the LCD unit 1164. The image data
processing blocks 130 have the configuration similar to the
image data processing unit 105 in FIG. 1. The image data
processing blocks 130 each receive the image signal from the
image source unit 117 via a distributor 131, and generate a
signal for driving the corresponding LCD panel 520. The
image data processing blocks 130 each deliver the generated
driving signal to the LCD unit 116a via a corresponding
signal cable 123. For the image data processing units 130, for
example, Spartan-3E Display Solution Board can be used. A
timing control unit of any of the n image data processing
blocks 130, that is, the timing control unit 110 of the image
data processing unit 130-» in the example of FIG. 8, controls
the timing of each of the image data processing blocks 130
outputting a signal to the LCD unit 1164, and synchronizes
the image displayed on each of the LCD panel 520.

[0086] In the LCD unit 116q, the edge emphasizing pro-
cessing is carried out in the second LCD panel 520-2, and the
averaging processing is carried out in other LCD panels 520.
In each of the LCD panels 520 excluding the second LCD
panel 520-2, a distance in which the averaging processing is
carried out can be a value corresponding to the distance
between the position of the LC layer of the LCD panel 520-1
located on the top and the position of the LC layer of the LCD
panel 520-% located on the bottom. In addition, any edge is
made inconspicuous by the averaging processing in the third
to the n-th LCD panels 520-3 to 520-%, and thus hard to be
visually recognized by the observer. For this reason, the dis-
tance may be a value corresponding to another distance
between the position of the LC layer of the first LCD panel
520-1and the L.C layer of the second LCD panel 520-2. In any
case, the sense of discomfort caused by a parallax when
observed in a slanted viewing direction can be resolved.
[0087] In the present embodiment, the LCD unit 1164 in
which the n LCD panel units 520 are stacked one on another
is employed. In this manner, a higher contrast ratio can further
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be obtained. In addition, at least one of the n LCD panels 520
displays the averaged image, whereby the sense of discomfort
caused by a parallax in a slanted viewing direction can be
resolved. Further, at least one of the LCD panels for which the
averaging processing is not performed among the n LCD
panels 520 displays an image in which the edge emphasizing
processing (transmission-factor correcting processing) is
applied, whereby the change of a transmission factor in a
front view due to an existence of the LCD panel displaying the
averaged image can be controlled.

[0088] In the present embodiment, an example that the
second LCD panel 520-2 displays the image in which the
edge emphasizing processing is applied is shown. However,
the present invention is not limited thereto, and other LCD
panel units 520 disposed at different positions may display
the image in which the edge emphasizing processing is
applied. In addition, the averaging processing or the edge
emphasizing processing need not be applied in all layers, and
there may be a LCD panel unit 520 among the LCD panel
units which displays an image in a normal manner. In an
image data processing unit 105¢, the image data processing
unit 130 is provided corresponding to each of the LCD panels
520. However, the present invention is not limited thereto, and
the image data processing unit 130 may correspond to any
number of the LCD panels 520.

[0089] A verification test was carried out by preparing the
LCD devices corresponding to the first and the second
embodiments, for confirming the advantages of the present
invention. In the verification test, all of the LCD panels were
provided as the IPS-mode LCD panels. However, the present
invention is not limited to this mode, and variety of modes,
such as the VA LC mode, the TN LC mode, and the OCB LC
mode, can beapplied. In the LCD devices using other than the
IPS mode, the transparent electrode is prepared on the trans-
parent substrate on the surface thereof on which the TFTs are
not formed, and an electric field is applied in a direction
perpendicular to the substrate by electric charge, thereby
driving the LC layer.

Third Embodiment

[0090] FIG. 9 shows the sectional structure of'a LCD unit in
a multiple-panel LCD device according to a third embodi-
ment of the present invention. In the above embodiment
shown in FIG. 7, for example, each of the LCD panel units
520 is configured with the LCD panel 510 and a pair of
polarizing films 501 and 507 sandwiching therebetween the
LCD panel 510. In this case, the two polarizing films 501 and
507 are arranged between two of the adjacent LCD panels
510. The optical transmission axes or the optical absorbing
axes of the two polarizing films are parallel to each other, and
light absorption by the two polarizing films is made mini-
mum. Inthe LCD unit 1165 of the present invention, as shown
in FIG. 9, the n-th .CD panel 520-x located on the bottom has
a configuration similar to the configuration shown in FIG. 7.
As for the LCD panel units 520a other than the n-th LCD
panel unit 520-#, a polarizing film corresponding to the polar-
izing film 507 on the rear side of the LCD panel is omitted,
and the number of polarizing films arranged between two
adjacent LCD panels 510a is one.

[0091] In the present embodiment, one of the polarizing
films in the LCD panels 5204 other than the LCD panel 520
located on the bottom is omitted. In this manner, a reduction
in the transmission factor of around 20% generated in the
light passing through two of the polarizing films between
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each of the LCD panels 510 can be omitted. Therefore, in the
present embodiment, as compared with the second embodi-
ment in which two of the polarizing films are arranged for
each ofthe LCD panels, reduction in the luminance at the time
of light transmission can be lowered to a multiple of 1/(0.8"

1).
Fourth Embodiment

[0092] In the above embodiments, a light source which
emits white and uniform light is used as the backlight unit 115
(FIG. 1). In the present embodiment, a light source which
outputs three colors including RGB lights in a time division
scheme is used as the backlight unit. In this case, each of the
stacked LCD panels displays an image corresponding to the
screen of RGB in a field sequential display in the time divi-
sion scheme. If such a display scheme is adopted, the sense of
discomfort caused by a parallax when observed in a slanted
viewing direction can be removed by displaying the averaged
image on at least one of the stacked LCD panels.

Fifth Embodiment

[0093] Inafifth embodiment, as a driving mode of the LCD
panel, a driving mode in which the orientation angle of LC
molecules with respect to the substrate surface changes
depending on an applied voltage, such as a TN mode, is
adopted. In this driving mode, in general, there is a problem in
that the suitable viewing angle changes depending on the
viewing direction, or azimuth angle, of the observer. This
resulted from birefringence characteristic of the LC mol-
ecules, which changes depending on the viewing angle due to
the change of the orientation angle of the LC molecules with
respect to the substrate surface, and thereby the suitable view-
ing angle changes. If a plurality of LCD panels having a
viewing angle characteristic such as above are stacked one on
another with the pixels being aligned together, the condition
described above is considered to become worse in an amount
corresponding to the number of layers being stacked in a
synergistic effect. Therefore, if such a driving mode is
adopted, the rising direction of the LC molecules at the cen-
tral part of the LC layer in the thickness direction is opposite
between the adjacent LCD panels In this case, characteristics
of viewing angle dependency can be offset between these two
LCD panels in which the LCD molecules are directed to
opposite directions, whereby the averaging processing of the
viewing angle characteristics can be attained.

Sixth Embodiment

[0094] FIG. 10 shows a multiple-panel LCD device accord-
ing to a sixth embodiment of the present invention together
with am associated driving system. The LCD device, gener-
ally designated by numeral 100c¢, according to the present
embodiment includes the LCD unit 1165 in which light emis-
sion intensity of a backlight unit 1154 is set variably. The
backlight unit 115¢ is configured with a plurality of light-
emitting diodes arranged in a matrix. Specifically, the back-
light unit 1154 is configured with 480x640 high-luminance
white-light-emitting diodes. Luminance of each of the light
emitting diodes is controlled by a backlight driving circuit
119.

[0095] An image data processing unit 1055 includes a
backlight controlling unit, i.e., image processing board 132.
The backlight controlling unit 132 uses the image signal
received via the distributor 131 to calculate a peak luminance
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for each pixel, or for each area of a plurality of areas divided
from an entire area. Then, the backlight controlling unit 131
controls the backlight driving circuit 119 via the signal cable
124, and controls the emission intensity of the backlight unit
115a based on the peak luminance. In this manner, as com-
pared with a case in which the emission intensity of the light
source is not controlled, a contrast ratio can be increased by
around 1.5 times.

Seventh Embodiment

[0096] In amultiple-panel LCD device according to a sev-
enth embodiment of the present invention, a plurality of
image sources are provided to allow a plurality of LCD panels
to display thereon different images. For example, the first
LCD panel displays the image from the image source, and the
second LCD panel masks a part of the image from the image
source. The present embodiment proposes such a display
scheme forthe LCD device having a plurality of stacked LCD
panels.

[0097] In the above embodiments, an exemplified configu-
ration is described in which TFTs are used as the non-linear
elements in the LCD panel. However, the present invention is
not limited thereto. For example, as the non-linear elements,
thin film diodes can be used. In addition, if the required
resolution is relatively low for the LCD device, the LCD
panels can be driven by a simple-matrix driving scheme. The
LCD device according to the above embodiments can achieve
a high contrast ratio. Therefore, such LCD device has a sig-
nificant effect when used as the image display unit such as an
image diagnosis equipment which requires a higher contrast
image, a monitor used at a broadcast station, and an image
display section of an electronic apparatus used in a theater
which offers the image in a dark environment state to show
movie films.

[0098] As described above, the present invention may have
the following embodiments.

[0099] Inthe LCD device of the first aspect, the nis 2, and
one of two stacked LCD panels includes the color filter layer.
[0100] In addition, the at least one second polarizing film
include a pair of polarizing films having optical transmission
axes or optical absorption axes parallel to each other.

[0101] Moreover, the one of the stacked LCD panels is
disposed at a front side of the LCD device.

[0102] In the LCD device of the second aspect, a single
LCD panel among the stacked LCD panels includes a color
filter layer.

[0103] In addition, the second driving signal is used for
driving the single LCD panel.

[0104] Moreover, theaveraging processing obtains an aver-
age of image data of pixels disposed within a range of speci-
fied distance (r) apart from a focused pixel.

[0105] Further, the averaging processing uses one of a
simple averaging processing and a distance-weighted averag-
ing processing.

[0106] Further, the averaging processing uses a distance-
weighted averaging processing using a Gaussian distribution.
[0107] Further, the image data processing unit separates
image data of the first driving signal into a luminance com-
ponent and a color component, applies the averaging process-
ing to both the luminance component and the color compo-
nent, synthesizes the luminance component and the color
component after the application of the averaging processing
to thereby generate synthesized image data. and drives the
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another of the stacked LCD panels having a color filter layer
by using the synthesized image data.

[0108] Further, if the first driving signal includes periodical
image data in which full-transmission data having a transmis-
sion factor of TW and full-shield data having a transmission
factor of TB periodically occur at a spatial period of p=3rand
a duty ratio of 50%, the second driving signal includes full-
transmission data having a transmission factor of TsW and a
full-shield data having a transmission factor of TsB, where
the following relationship holds:

TsW-TsB=(Tw-TR)/2

[0109] Further, the averaging processing obtains an aver-
age of image data of pixels disposed within a range of speci-
fied distance (R) apart from a focused pixel, the specified
distance R is represented by the following formula:

R=dxtan(sin™* (namg)xsind)

where d, ng, na and 8 are a distance between adjacent two of
the stacked LCD panels, a refractive index of the transparent
substrates, a refractive index of air, and a parallax angle
between a slanted viewing direction and a perpendicular to
the stacked LCD panels, respectively.

[0110] Further, the averaging processing obtains an aver-
age of image data of pixels disposed within a range of speci-
fied distance (r1) apart from a focused pixel, the specified
distance r1 is represented by the following formula:

rl=dxtan(sin~(namg)xsin(tan~(L/2)/2L),

where d, ng, na, and L are a distance between adjacent two of
the stacked LCD panels, a refractive index of the transparent
substrates, a refractive index of air, and a longer side of screen
of the LCD device, respectively.

[0111] Further, the averaging processing obtains an aver-
age of image data of pixels disposed within a range of speci-
fied distance (r2) apart from a focused pixel, the specified
distance r2 is represented by the following formula:

r2=dxtan(sin~(namg)xsin(tan~'(L2L)),

where d, ng, na, and L are a distance between adjacent two of
the stacked LCD panels, a refractive index of the transparent
substrates, a refractive index ofair, and a longer side of screen
of the LCD device, respectively.

[0112] Further, aid averaging processing obtains an aver-
age of image data of pixels disposed within a range of speci-
fied distance (r3) apart from a focused pixel, the specified
distance r3 is represented by the following formula:

r3=dxtan(sin~* (namg)xsin(tan”*(2L/2L)),

where d, ng, na, and L are a distance between adjacent two of
the stacked LCD panels, a refractive index of the transparent
substrates, a refractive index of air, and a longer side of screen
of the LCD device, respectively.

[0113] Further, the averaging processing obtains an aver-
age of image data of pixels disposed within a range of speci-
fied distance (r4) apart from a focused pixel, the specified
distance r4 is represented by the following formula:

rd=dxtan(sin~ ! (namg).

where d, ng, and na are a distance between adjacent two of the
stacked LCD panels, a refractive index of the transparent
substrates, and a refractive index of air, respectively.

[0114] Further, the image data processing unit generates a
third driving signal based onthe first driving signal for driving
at least one of the at least one of the stacked LCD panels, the
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third driving signal compensates a deviation (xa) of a total
transmission factor of the stacked LCD panels from an origi-
nal total transmission factor (Ta) thereof caused by the
another of the stacked LCD panels driven by the second
driving signal.

[0115] Further, the third driving signal changes a transmis-
sion factor of the at least one of the at least one of the stacked
LCD panels by an amount § for compensating the deviation
xa which is different from the p, to recover the original total
transmission factor Ta for the stacked LCD panels.

[0116] Further, the stacked LCD panels include a color
LCD panel, a pixel of the color LCD panel having three
divided areas corresponding to red, green and blue color
filters of a color filter layer.

[0117] Further, the stacked LCD panels include a color
LCD panel, a pixel of the color LCD panel having four or
more than four divided areas, three of the four divided areas
corresponding to red, green and blue color filters of a color
filter layer.

[0118] Further, the stacked LCD panels include a color
LCD panel and a monochrome LCD panel, and unit pixels
corresponding to color filters in a pixel of the color LCD panel
each have a size substantially equal to a size of a pixel of the
monochrome LCD panel.

[0119] Further, the stacked L.LCD panels include a color
LCD panel and a monochrome L.CD panel, and a pixel includ-
ing unit pixels corresponding to color filters in the color LCD
panel has a size substantially equal to a size of a pixel of the
monochrome LCD panel. 24. The LCD device according to
claim 5, wherein the pair of transparent substrates each
include an orientation film for defining an orientation of LC
molecules in the LC layer in a vicinity of the transparent
substrates.

[0120] Further, the polarizing films sandwiching therebe-
tween each of the stacked LCD panels have optical transmis-
sion axes or optical absorption axes perpendicular to one
another; an orientation direction of the LC layer is substan-
tially parallel to the transparent substrates within a pretilt
angle applied by the orientation film, and a twisted angle of
the LCD layer is substantially zero degree with respect to the
transparent substrates; the orientation film formed on one of
the pair of transparent substrates has an orientation direction
which is substantially parallel or apposite to an orientation
direction ofthe orientation film formed on the other of the pair
of transparent substrates and substantially parallel or perpen-
dicular to the optical transmission axes or optical absorption
axes of the polarizing films; and the stacked LCD panels each
operate in a lateral-electric-field mode in which LC mol-
ecules in the LC layer are rotated in a plane substantially
parallel to the transparent substrates for achieving a full trans-
mission state and a full shield state.

[0121] Further, the stacked LCD panels include a first LCD
panel and a second LCD panel consecutively arranged as
viewed from a front side of the LCD device, and the orienta-
tion film formed on a front-side one of the transparent sub-
strates of the second LCD panel has an orientation direction
which is substantially parallel to an orientation direction of
the orientation film formed on a rear-side one of the transpar-
ent substrates of the first LCD panel.

[0122] Further, the stacked LCD panels include a first LCD
panel and a second LCD panel consecutively arranged as
viewed from a front side of the LCD device, and the orienta-
tion film formed on a front-side one of the transparent sub-
strates of the second LCD panel has an orientation direction
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which is substantially opposite to an orientation direction of
the orientation film formed on a rear-side one of the transpar-
ent substrates of the first LCD panel.

[0123] Further, a retardation compensation film is inter-
posed between at least one of the stacked LCD panels and at
least one of the polarizing films adjacent to the at least one of
the stacked LCD panels.

[0124] Further, the retardation compensation film has a
refractive index of nx in a first in-plane direction, a refractive
index of ny in a second in-plane direction perpendicular to the
first in-plane direction, and a refractive index of nz in a
thickness direction, the nx, ny and nz satisfying the following
relationship:

nXZHI>HY.

[0125] Further, the retardation compensation film includes
a first uniaxial retardation compensation layer having an opti-
cal axis parallel to the transparent substrates, and a second
uniaxial retardation compensation layer having an optical
axis perpendicular to the transparent substrates.

[0126] Further, the retardation compensation film is a nega-
tive uniaxial film having an optical axis parallel to the trans-
parent substrates.

[0127] Further, the polarizing films sandwiching therebe-
tween each of the stacked LCD panels have optical transmis-
sion axes or optical absorption axes perpendicular to one
another; an orientation direction of the LC layer is twisted by
90 degrees between the transparent substrates; the transparent
substrates each include a transparent electrode for driving the
LC layer; the stacked LCD panels operate in a twisted-nem-
atic mode in which LC molecules in the LC layer are rotated
from a plane substantially parallel to the transparent sub-
strates to a plane substantially perpendicular to the transpar-
ent substrates for achieving a full transmission state and a full
shield state.

[0128] Further, the stacked LCD panels include an (i-1)-th
LCD panel and an i-th LCD panel as numbered from a front
side of the LCD device (0<i=n), and the orientation film
formed on a front-side one of the transparent substrates of the
i-th LCD panel has an orientation direction which is substan-
tially parallel to an orientation direction of the orientation
film formed on a rear-side one of the transparent substrates of
the (i-1)-th LCD panel.

[0129] Further, the stacked LCD panels include a (j-1)-th
LCD panel and a j-th LCD panel as numbered from a front
side of the LCD device (0<j=n), a longer axis of LC mol-
ecules located substantially at center of the LC layer between
the transparent substrates in the (j-th LCD panels has an angle
of +8¢ with respect to the transparent substrates, and a longer
axis of LC molecules located substantially at center ofthe L.C
layer between the transparent substrates in the (j-1)-th LCD
panel has an angle of -6c with respect to the transparent
substrates.

[0130] Further, a retardation compensation film is inter-
posed between at least one of the stacked LCD panels and at
least one of the polarizing films adjacent to the at least one of
the stacked LCD panels.

[0131] Further, the retardation compensation film includes
a discotic LC layer having a negative retardation and an
optical axis changing continually in a thickness direction.
[0132] Further, the retardation compensation film includes
a negative-retardation film having an optical axis inclined
with respect to the transmission substrates, and the optical
axis of the retardation compensation film projected onto a



US 2011/0032454 Al

plane parallel to the transparent substrates is substantially
parallel or perpendicular to an optical axis of the LC mol-
ecules in a vicinity of one of the transparent substrates pro-
jected onto the plane.

[0133] Further, the polarizing films sandwiching therebe-
tween each of the stacked LCD panels have optical transmis-
sion axes or optical absorption axes perpendicular to one
another; a longer axis of LC molecules in the LC layer stays
at an initial direction substantially perpendicular to the trans-
parent substrates; the transparent substrates each include a
transparent electrode for driving the LC layer; the stacked
LCD panels are operated by applying a voltage between the
transparent electrodes to drive the LC molecules so that the
longer axis of the LC molecules are turned from the initial
direction toward a direction parallel to the transparent sub-
strates.

[0134] Further, the retardation compensation film has a
refractive index of nx in a first in-plane direction, a refractive
index of'ny in a second in-plane direction perpendicular to the
first in-plane direction, and a refractive index of nz in a
thickness direction, the nx, ny and nz satisfying the following
relationship:

NXZNI>hy.

[0135] Further, the retardation compensation film includes
a negative uniaxial film having an optical axis perpendicular
to the transparent substrates.

[0136] Further, at least two of the stacked LCD panels are
driven by different image data provided from different image
sources.

[0137] Further, the stacked LCD panels each include a plu-
rality of first electrode lines extending parallel to one another,
a plurality of second electrode lines extending perpendicular
to the first electrode lines, a common electrode, and a plurality
of three-terminal switching devices each disposed in a vicin-
ity of an intersection between the first electrode lines and the
second electrode lines, and the stacked LCD panels are driven
by an active-matrix driving scheme which drives the stacked
LCD panels in a pseudo static driving scheme.

[0138] Further, one of the transparent substrates of each of
the stacked LCD parels includes a plurality of first electrode
lines extending parallel to one another, the other of the trans-
parent substrates of the each of the stacked LCD panels
includes a plurality of second electrode lines extending per-
pendicular to the first electrode lines, the one or the other of
the transparent substrates includes a common electrode, and a
plurality of three-terminal switching devices each are dis-
posed in a vicinity of an intersection between the first elec-
trode lines and the second electrode lines, and the stacked
LCD panels are driven by an active-matrix driving scheme.
[0139] Inthe LCD system of the third aspect of the present
invention, the image data processing unit generates third
image data based on the first image data for displaying the
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same on at least one of the at least one of the stacked LCD
panels, the third image data compensating deviation (o) of a
total transmission factor of the stacked LCD panels from an
original total transmission factor (Ta) thereof caused by the
another of the stacked LCD panels driven by the second
driving signal.

[0140] Inaddition, the image data processing unit includes
a plurality of arithmetic units each for generating one of the
plurality of image data for a corresponding one of the stacked
LCD panels and the

[0141] Moreover, the image data processing unit includes
an averaging processing unit for performing the average pro-
cessing and a transmission factor adjusting unit for generat-
ing the third image data.

[0142] Further, a backlight controller is provided for con-
trolling backlight of the stacked LCD panels based on a peak
luminance appearing in the first image data.

[0143] The present invention has been described based on
the preferred embodiments. However, the LCD device and
the image display mode of the present invention are not lim-
ited only to the embodiments described above. The configu-
ration of the above embodiment with various modifications
and alterations applied thereto, such as an addition of an
image processing for performing a y correction processing at
an earlier and later stages of the averaging process, is included
in the range of the present invention.

1. A liquid crystal display (LCD) device comprising:

a plurality of LCD panels stacked one on another and each
including a pair of transparent substrates and a liquid
crystal (LC) layer sandwiched therebetween;

a pair of first polarizing films sandwiching therebetween
said stacked LC panels; and

atleast one second polarizing film interposed between each
adjacent two of said stacked LCD panels,

wherein one of said stacked LCD panels includes a color
filter layer, and another of said stacked LCD panels does
not include a color filter layer.

2. The LCD device according to claim 1, wherein said n is

2, and one of two stacked LCD panels includes said color
filter layer.

3. The LCD device according to claim 1, wherein said at
least one second polarizing film include a pair of polarizing
films having optical transmission axes or optical absorption
axes parallel to each other.

4. The LCD device according to claim 1, wherein said one
of said stacked LCD panels is disposed at a front side of said
LCD device.

5-54. (canceled)
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