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IMAGE DISPLAY DEVICE AND DRIVING
METHOD THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to an image display
device, and particularly to an image display device capable of
causing a background to be seen through and a driving
method therefor.

BACKGROUND ART

[0002] In recent years, image display apparatuses capable
of performing image display and causing backgrounds to be
seen through have been developed. For example, Japanese
Unexamined Patent Application Publication No. 5-191726
discloses a realistic-display apparatus that performs display
in which an image is combined with a background. FIG. 38 is
a diagram illustrating the configuration of a realistic-display
apparatus 200 disclosed in Japanese Unexamined Patent
Application Publication No. 5-191726. As illustrated in FIG.
38, the realistic-display apparatus 200 includes a projector
201, a transmittance control screen 202, an image extraction
device 203, and an image contour forming device 204. The
image extraction device 203 extracts an image to be dis-
played. The projector 201 projects the extracted image to the
transmittance control screen 202. The image contour forming
device 204 extracts contour information regarding the image
to be displayed and controls the state of the transmittance
control screen 202 based on the contour information. The
transmittance control screen 202 is specifically a polymer
dispersed liquid crystal (PDLC) panel. The transmittance
control screen 202 is controlled such that only regions to
which projection light from the projector 201 is radiated are in
a state in which light is diffused (hereinafter referred to as a
“diffusion state”) and the other regions are in a state in which
light is transmitted (hereinafter referred to as a “transmission
state”). Thus, the realistic-display apparatus 200 can perform
display, in which the above-described image to be displayed
is combined with a background including, for example, an
ornamental tree 206 and a wall picture 207, for an observer
205.

CITATION LIST

Patent Literature

[0003] PTL 1: Japanese Unexamined Patent Application
Publication No. 5-191726

[0004] PTL 2: Japanese Unexamined Patent Application
Publication No. 2008-34372

[0005] PTL 3: Japanese Unexamined Patent Application
Publication No. 2006-106614
SUMMARY OF INVENTION
Technical Problem

[0006] The PDLC panel can diffuse or transmit light, but
may not shield light. Accordingly, black display may not be
performed in the realistic-display apparatus 200 using only
the PDLC panel as a panel (screen) contributing to the image
display. In the realistic-display apparatus 200, the projector
201 not only functions as a light source unit but also forms an
image. Accordingly, in the realistic-display apparatus 200, a
position at which the projector 201 is installed is restricted to
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a relatively narrow range so as to appropriately set a focal
distance or the like of light radiated from the projector 201.
[0007] Accordingly, an object of the present invention is to
provide an image display device capable of causing a back-
ground to be seen through and realizing black display while
alleviating restriction on a position at which a light source
unit is installed, and a driving method therefor.

Solution to Problem

[0008] According to a first aspect of the invention, there is
provided an image display device that displays an image by
dividing one frame period of a supplied input signal into a
plurality of sub-frame periods and switching a display color
for each sub-frame period. The image display device
includes: a first display panel that includes a plurality of first
display elements disposed in a matrix form; and a light radia-
tion unit that is able to radiate light of a plurality of colors to
the first display panel. The light radiation unit includes a light
source unitand a second display panel which is able to switch
between a diffusion state in which incident light is diffused
and a transmission state in which incident light is transmitted.
The second display panel is in the diffusion state and diffuses
light emitted by the light source unit when the image is
displayed. The first display panel displays the image by con-
trolling transmittance of the light diffused by the second
display panel.

[0009] According to a second aspect of the invention, in the
first aspect, the light source unit may further include a first
light source unit for the second display panel. The first light
source unit for the second display panel includes light-emit-
ting elements of the plurality of colors and radiates light to the
second display panel.

[0010] According to a third aspect of the invention, in the
second aspect, the first light source unit for the second display
panel may radiate light to one main surface of the second
display panel.

[0011] According to a fourth aspect of the invention, in the
third aspect, thelight source unit may further include a second
light source unit for the second display panel. The second
light source unit for the second display panel includes light-
emitting elements of the plurality of colors and radiates light
to the second display panel. The first light source unit for the
second display panel and the second light source unit for the
second display panel may radiate light to both main surfaces
of the second display panel, respectively.

[0012] According to a fifth aspect of the invention, in the
second aspect, the first light source unit for the second display
panel may have enough directivity to radiate light to a part of
the second display panel.

[0013] According to a sixth aspect of the invention, in any
one of the first to fifth aspects, the light radiation unit may
further include a first light guide plate guiding incident light,
and the light source unit may include a light source unit fora
light guide plate. The light source unit for a light guide plate
includes light-emitting elements of the plurality of colors and
radiating light to the first light guide plate.

[0014] According to a seventh aspect of the invention, in the
sixth aspect, the first light guide plate and the second display
panel may be disposed in order on a side of the first display
panel.

[0015] According to an eighth aspect of the invention, in the
sixth aspect, the second display panel and the first light guide
plate may be disposed in order on a side of the first display
panel.
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[0016] According to a ninth aspect of the invention, in the
sixth aspect, the light radiation unit may further include a
second light guide plate guiding incident light, the light
source unit for the light guide plate may radiate light to the
first light guide plate and the second light guide plate, and the
first light guide plate, the second display panel, and the sec-
ond light guide plate may be disposed in order on a side of the
first display panel.

[0017] According to a tenth aspect of the invention, in the
sixth aspect, the first light guide plate may be configured to be
formed by a plurality of blocks, and the light source unit for
the light guide plate may radiate light to each block.

[0018] According to an eleventh aspect of the invention, in
the first aspect, the second display panel may include a plu-
rality of second display elements each of which is switchable
between the diffusion state and the transmission state.
[0019] According to a twelfth aspect of the invention, in the
eleventh aspect, when the image is displayed, each of the
second display elements in correspondence to one of the
plurality of first display elements may be in the diffusion state
in synchronization with the corresponding first display ele-
ment.

[0020] According to a thirteenth aspect of the invention, in
the first aspect, the image display device may further include:
a first display driving unit that drives the first display panel; a
second display driving unit that drives the second display
panel; a light source driving unit that drives the light source
unit; and a signal processing unit that controls each of the first
display driving unit, the second display driving unit, and the
light source driving unit based on the input signal.

[0021] According to a fourteenth aspect of the invention, in
the thirteenth aspect, the signal processing unit may include a
field sequential processing unit that generates field sequential
image data for displaying an image for each sub-frame period
based on the input signal, an image control unit that generates
first display data for controlling the first display driving unit,
second display data for controlling the second display driving
unit, and light source data for controlling the light source
driving unit, based on display image position designation data
for designating a display position of the image to be displayed
and the field sequential image data, which are obtained based
on the input signal, a first display control unit that controls the
first display driving unit based on the first display data, a
second display control unit that controls the second display
driving unit based on the second display data, and a light
source control unit that controls the light source driving unit
based on the light source data.

[0022] According to a fifteenth aspect of the invention, in
the fourteenth aspect, the input signal may include the display
image position designation data and image data indicating the
image to be displayed, and the signal processing unit may
further include a signal separation control unit that separates
the input signal into the display image position designation
data and the image data and supplies the display image posi-
tion designation data and the image data to the image control
unit and the field sequential processing unit, respectively.
[0023] According to a sixteenth aspect of the invention, in
the fourteenth aspect, the field sequential processing unit may
further generate the display image position designation data
based on the input signal.

[0024] According to a seventeenth aspect of the invention,
in the thirteenth aspect, the signal processing unit may inter-
polate an image to be displayed for each of continuous frame
periods using the sub-frame period.
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[0025] According to an eighteenth aspect of the invention,
in the thirteenth aspect, the first display panel may include a
display area for displaying the image of a desired color when
color data is supplied for each sub-frame period, and the
signal processing unit may generate the color data based on
the input signal for each sub-frame period, obtain a light
source light-up time designating a light-up time of the light-
emitting element of a color indicated by the color data and a
light source driving timing control signal for controlling at
least one of a light-up start time of the light-emitting element
of the color and a scanning start time at which the color data
is supplied to the display area, and control the light source
light-up time and the light source driving timing control sig-
nal in correspondence to a period in which the color data
necessary to display the image of the desired color is supplied
to the display area.

[0026] According to a nineteenth aspect of the invention, in
the eighteenth aspect, the first display panel may further
include a non-display area in which color data is supplied for
each sub-frame period and the image is not displayed, and the
color data supplied to the non-display area may be same color
data for each pixel of the non-display area.

[0027] According to a twentieth aspect of the invention, in
the nineteenth aspect, the signal processing unit may include
a field sequential processing unit that generates field sequen-
tial image data for displaying an image for each sub-frame
period based on the input signal, an image control unit that
generates first display data for controlling the first display
driving unit, second display data for controlling the second
display driving unit, and light source data for controlling the
light source driving unit and including the light-source light-
up time, based on display image position designation data for
designating a display position of the image to be displayed
and the field sequential image data, which are obtained based
on the input signal, a first display control unit that controls the
first display driving unit based on the first display data, a
second display control unit that controls the second display
driving unit based on the second display data, and a light
source control unit that controls the light source driving unit
based on the light source driving timing control signal and the
light source data.

[0028] According to a twenty first aspect of the invention,
there is provided a driving method for an image display
device that includes a first display panel including a plurality
of first display elements disposed in a matrix form and a light
radiation unitable to radiate light of a plurality of colors to the
first display panel and including a second display panel, and
that displays an image by dividing one frame period of a
supplied input signal into a plurality of sub-frame periods and
switching a display color for each sub-frame period. The
driving method includes: a step of switching a state of the
second display panel between a diffusion state in which inci-
dent light is diffused and a transmission state in which inci-
dent light is transmitted; and a step of causing the first display
panel to control transmittance of light diffused by the second
display panel and to display the image. The light radiation
unit further includes a light source unit. The step of switching
the state of the second display panel includes a step of switch-
ing the state of the second display panel to the diffusion state
when the image is displayed and diffusing light emitted by the
light source unit.
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Advantageous Effects of Invention

[0029] According to the first aspect of the invention, in the
image display device of the field sequential (hereinafter
appropriately abbreviated as “FS”) scheme, the image display
is performed by diffusing light emitted by the light source unit
by the second display panel being in the diffusion state and
controlling the transmittance of the diffused light by the first
display panel. Therefore, the black display can be performed
by shielding the diffused light by the first display panel. Since
an image to be displayed is formed by the first display panel
rather than the light source unit, it is possible to alleviate the
restriction on the installation position of the light source unit
(aprojector in Japanese Unexamined Patent Application Pub-
lication No. 5-191726). When the second display panel is in
the transmission state, the background light can be transmit-
ted. By adopting the FS scheme, it is possible to perform color
image display with high resolution and high light use effi-
ciency.

[0030] According to the second aspect of the invention, the
image display can be performed by radiating light from the
first light source unit for the second display panel to the
second display panel and controlling the transmittance of the
diffused light by the first display panel.

[0031] According to the third aspect of the invention, by
radiating light to one main surface of the second display
panel, it is possible to obtain the same advantageous effect as
that of the second aspect of the invention.

[0032] According to the fourth aspect of the invention,
since light is radiated to both main surfaces of the second
display panel, it is possible to improve the luminance of the
display image.

[0033] According to the fifth aspect of the invention, it is
possible to allow light to be radiated to the spot to be in the
diffusion state and allow light not to be radiated to the spot to
be in the transmission state in the second display panel.
Therefore, the spot in which the image display is performed
and the spot in which the background is seen through can be
allowed to appropriately coexist in one screen.

[0034] According to the sixth aspect of the invention, the
image display is performed by radiating light emitted by the
light source unit for the light guide plate to the second display
panel via the first light guide plate and controlling the trans-
mittance of the diffused light by the first display panel. When
the first light source unit for the second display panel, the light
source unit for the light guide plate, and the first light guide
plate are used, it is possible to improve the luminance of the
display image. When the first and second light source units for
the second display panel, the light source unit for the light
guide plate, and the first light guide plate are used, it is
possible to further improve the luminance of the display
image.

[0035] According to the seventh aspect of the invention, by
disposing the first light guide plate and the second display
panel in order on the side of the first display panel, it is
possible to obtain the same advantageous effect as that of the
sixth aspect of the invention.

[0036] According to the eighth aspect of the invention, by
disposing the second display panel and the first light guide
plate in order on the side of the first display panel, it is
possible to obtain the same advantageous effect as that of the
sixth aspect of the invention.

[0037] According to the ninth aspect of the invention, by
disposing the first light guide plate, the second display panel,
and the second light guide plate in order, it is possible to
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obtain the same advantageous effect as that of the sixth aspect
of the invention. Since light emitted from each of the first and
second light guide plates is diffused by the second display
panel and is radiated to the first display panel, itis possible to
improve the luminance of the display image.

[0038] According to the tenth aspect of the invention, since
the first light guide plate formed by the blocks is used, it is
possible to allow light to be radiated to the spot to be in the
diffusion state and to allow light not to be radiated to the spot
to be in the transmission state in the second display panel.
Therefore, the spot in which the image display is performed
and the spot in which the background is seen through can be
allowed to appropriately coexist in one screen.

[0039] According to the eleventh aspect of the invention,
the second display panel includes the plurality of second
display elements and each second display element can be
switched between the diffusion state and the transmission
state. Therefore, the spot to be in the diffusion state and the
spot to be in the transmission state can be set in the second
display panel to be suitable for the display position of the
image. Thus, it is possible to simultaneously perform the
image display and the background transmission.

[0040] According to the twelfth aspect of the invention,
since the second display element is set to the diffusion state in
synchronization with the first display element, the spot to be
in the diffusion state and the spot to be in the transmission
state in the second display panel are set to follow the image
displayed on the first display panel. Therefore, in moving-
image display or the like, the diffused light from the second
display panel is reliably radiated to the first display panel.
Thus, it is possible to improve image quality, for example,
when the moving image is displayed.

[0041] According to the thirteenth aspect of the invention,
by using the signal processing unit, the first display driving
unit, the second display driving unit, and the light source
driving unit controlled by the signal processing unit, it is
possible to reliably drive the first display panel, the second
display panel, and the light source unit.

[0042] According to the fourteenth aspect of the invention,
by using the signal processing unit including the FS process-
ing unit, the image control unit, the first display control unit,
the second display control unit, and the light source control
unit, it is possible to reliably perform driving of the FS
scheme.

[0043] According to the fifteenth aspect of the invention,
since the display image position designation data is included
in the input signal, it is possible to reliably reflect a display
position of the image intended in a generation source of the
input signal.

[0044] According to the sixteenth aspect of the invention,
since the display image position designation data is generated
by the FS processing unit, it is possible to set the display
position of the image in real time, for example, or set the
display position of the image to a position determined in
advance.

[0045] According to the seventeenth aspect of the inven-
tion, since the frame interpolation is performed using the
sub-frame period, smooth display of a moving image can be
performed.

[0046] According to the eighteenth aspect of the invention,
the light source light-up time and the light source driving
timing control signal are controlled in correspondence to a
period in which the color data necessary to display an image
of a desired color is supplied to the display area. Therefore,
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the display area in which the image of the desired color is
displayed and occurrence of color irregularity is suppressed
can be set to a desired position of the first display panel.
[0047] According to the nineteenth aspect of the invention,
the color data supplied to the non-display area is the same data
for each color and for each pixel of the non-display area.
Therefore, the non-display area becomes an area in which
occurrence of the color irregularity is suppressed.

[0048] According to the twentieth aspect of the invention,
by using the signal processing unit including the FS process-
ing unit, the image control unit, the first display control unit,
the second display control unit, and the light source control
unit, it is possible to reliably perform the driving of the FS
scheme.

[0049] According to the twenty first aspect of the invention,
in the driving method for the image display device, it is
possible to obtain the same advantageous effects as those of
the first aspect of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0050] FIG.11isa block diagram illustrating the configura-
tion of an image display device according to a first embodi-
ment of the invention.

[0051] FIG. 2 is a diagram illustrating the configuration of
a CF-less liquid crystal panel illustrated in FIG. 1.

[0052] FIG. 3 is a diagram illustrating the configuration of
a PDLC panel illustrated in FIG. 1.

[0053] FIG. 4 is a diagram illustrating the configuration of
a first PDLC light source unit illustrated in FIG. 1.

[0054] FIG.5isa block diagram illustrating the configura-
tion of a signal processing circuit illustrated in FIG. 1.

[0055] FIG. 6 is a block diagram illustrating the configura-
tion of an image control unit illustrated in FIG. 5.

[0056] FIG. 7 is a perspective view for describing disposi-
tion of the CF-less liquid crystal panel, the PDLC panel, and
the first PDLC light source unit according to the first embodi-
ment.

[0057] FIG. 81is a sectional view corresponding to one pixel
of the CF-less liquid crystal panel and the PDLC panel illus-
trated in FI1G. 7.

[0058] FIG.9is adiagram for describing an operation when
a red image is displayed according to the first embodiment.
Section A shows a timing at which red data is supplied to the
CF-less liquid crystal panel, Section B shows a timing at
which white data is supplied to the PDLC panel, and Section
C shows a light-up start time and a light-up time at which a
light-emitting element of each color lights up.

[0059] FIG. 10 is a diagram for describing superposition of
the CF-less liquid crystal panel and the PDLC panel.

[0060] FIG. 11 is a diagram for describing an operation
during each sub-frame period according to the first embodi-
ment. Section A shows frame images, Section B shows sub-
frame images, and Section C shows diffusion state spots.
[0061] FIG. 12 is a block diagram illustrating the configu-
ration of a signal processing circuit according to a first modi-
fication example of the first embodiment.

[0062] FIG. 13 is a diagram for describing an operation
during each sub-frame period according to a second modifi-
cation example of the first embodiment. Section A shows
frame images, Section B shows sub-frame images, and Sec-
tion C shows diffusion state spots.
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[0063] FIG. 14 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel and the PDLC panel
according to a third modification example of the first embodi-
ment.

[0064] FIG. 15 is a perspective view for describing dispo-
sition ofthe CF-less liquid crystal panel, the PDLC panel, and
firstand second PDLC light source units according to a fourth
modification example of the first embodiment.

[0065] FIG. 16 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel and the PDLC panel
illustrated in FIG. 15.

[0066] FIG. 17 is adiagram illustrating the configuration of
a backlight unit including a general light guide plate.

[0067] FIG. 18is adiagram illustrating the configuration of
a backlight unit according to a second embodiment of the
invention.

[0068] FIG. 19 is a perspective view for describing dispo-
sition of a CF-less liquid crystal panel, a PDLC panel, and a
first light guide plate according to the second embodiment.
[0069] FIG. 20 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel, the PDLC panel, and
the first light guide plate illustrated in FIG. 19.

[0070] FIG. 21 is a perspective view for describing dispo-
sition ofthe CF-less liquid crystal panel, the PDLC panel, and
the first light guide plate according to a first modification
example of the second embodiment.

[0071] FIG. 22 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel, the PDLC panel, and
the first light guide plate illustrated in FIG. 21.

[0072] FIG. 23 is a perspective view for describing dispo-
sition ofthe CF-less liquid crystal panel, the PDLC panel, and
first and second light guide plates according to a second
modification example of the second embodiment.

[0073] FIG. 24 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel, the PDLC panel, and
the first and second light guide plates illustrated in FIG. 23.
[0074] FIG. 25 is a perspective view for describing dispo-
sition ofthe CF-less liquid crystal panel, the PDLC panel, the
PDLC light source unit, and the first light guide plate accord-
ing to a third embodiment of the invention.

[0075] FIG. 26 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel, the PDLC panel, and
the first light guide plate illustrated in FIG. 25.

[0076] FIG. 27 is a perspective view for describing dispo-
sition ofthe CF-less liquid crystal panel, the PDLC panel, the
PDLC light source unit, and the first light guide plate accord-
ing to a first modification example of the third embodiment.
[0077] FIG. 28 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel, the PDLC panel, and
the first light guide plate illustrated in FIG. 27.

[0078] FIG. 29 is a perspective view for describing dispo-
sition ofthe CF-less liquid crystal panel, the PDLC panel, the
PDLC light source unit, and first and second light guide plates
according to a second modification example of the third
embodiment.

[0079] FIG. 30 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel, the PDLC panel, and
the first and second light guide plates illustrated in FIG. 29.
[0080] FIG. 31 is a diagram for describing color irregular-
ity. Section A shows a timing at which red data is supplied to
the CF-less liquid crystal panel and Section B shows a light-
up start time and a light-up time at which a light-emitting
element of each color lights up.
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[0081] FIG. 32 is a block diagram illustrating the configu-
ration of a signal processing circuit according to a fourth
embodiment of the invention.

[0082] FIG. 33 is a block diagram illustrating the configu-
ration of an image control unit illustrated in FIG. 32.

[0083] FIG. 34 is a diagram for describing an operation
when a red image is displayed in a display area according to
the fourth embodiment. Section A shows a timing at which
red data is supplied to the CF-less liquid crystal panel and
Section B shows a light-up start time and a light-up time at
which a light-emitting element of each color lights up.

[0084] FIG. 35 is a diagram for describing an operation
when a red image is displayed in display areas according to a
first modification example of the fourth embodiment. Section
A shows a timing at which red data is supplied to the CF-less
liquid crystal panel and Section B shows a light-up start time
and a light-up time at which a light-emitting element of each
color lights up.

[0085] FIG. 36 is a diagram for describing an operation
when a red image is displayed in a display area according to
a second modification example of the fourth embodiment.
Section A shows a timing at which red data is supplied to the
CF-less liquid crystal panel and Section B shows a light-up
start time and a light-up time at which a light-emitting ele-
ment of each color lights up.

[0086] FIG. 37 is a diagram for describing an operation
when a red image is displayed in a display area according to
a third modification example of the fourth embodiment. Sec-
tion A shows a timing at which red data is supplied to the
CF-less liquid crystal panel and Section B shows a light-up
start time and a light-up time at which a light-emitting ele-
ment of each color lights up.

[0087] FIG.38isadiagram illustrating the configuration of
a realistic-display apparatus disclosed in Japanese Unexam-
ined Patent Application Publication No. 5-191726.

DESCRIPTION OF EMBODIMENTS

[0088] Hereinafter, first to fourth embodiments of the
invention will be described with reference to the appended
drawings.

1. First Embodiment

1.1 Overall Configuration

[0089] FIG.1isa block diagram illustrating the configura-
tion of an image display device 1 according to a first embodi-
ment of the invention. In the following description, a color
filter is abbreviated as a “CF.” The image display device 1
includes a signal processing circuit 10, a CF-less liquid crys-
tal display element driving circuit 20, a PDLC display ele-
ment driving circuit 30, a light source driving circuit 40, a
CF-less liquid crystal panel 50, a PDLC panel 60, and a first
PDLC light source unit 70a. In the embodiment, the CF-less
liquid crystal display element driving circuit 20 corresponds
to a first display driving unit, the PDLC display element
driving circuit 30 corresponds to a second display driving
unit, the CF-less liquid crystal panel 50 corresponds to a first
display panel, the PDLC panel 60 corresponds to a second
display panel, and the first PDLC light source unit 70a cor-
responds to first and second light source units for a display
panel. In the embodiment, the PDLC panel 60 and the first
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PDLC light source unit 70a form a light radiation unit 90. In
the embodiment, the first PDLC light source unit 70a forms a
light source unit 100.

[0090] Theimage display device 1 displays animage onthe
CF-less liquid crystal panel 50 in conformity to a field
sequential scheme (FS scheme). In conformity to the FS
scheme, light-emitting elements such as light emitting diodes
(LEDs) or cathode fluorescent lamps (CCFLs) of red (R),
green (G), and blue (B) which form backlight light are
switched sequentially. In the FS scheme, a transmission state
is controlled by sequentially supplying color data corre-
sponding to the colors of light of the light-emitting elements
to aliquid crystal panel in synchronization with the sequential
switching of the light-emitting elements, so that additive
color mixing is performed for retinae of an observer. Accord-
ing to the FS scheme, since color display can be performed
without forming a plurality of sub-pixels in one pixel, a high
resolution can be realized. Since light from the light-emitting
elements can be used without change, it is unnecessary to
form the CF in each pixel (that is, a CF-less configuration is
realized), and thus light use efficiency of each light-emitting
element is improved.

[0091] The signal processing circuit 10 receives an input
signal IN from the outside and controls the CF-less liquid
crystal display element driving circuit 20, the PDLC display
element driving circuit 30, and the light source driving circuit
40 based on the input signal IN. More specifically, the signal
processing circuit 10 supplies a CF-less liquid crystal display
element signal CS for controlling the CF-less liquid crystal
display element driving circuit 20 to the CF-less liquid crystal
display element driving circuit 20, supplies a PDLC display
element signal PS for controlling the PDLC display element
driving circuit 30 to the PDLC display element driving circuit
30, and supplies a light source signal LS for controlling the
light source driving circuit 40 to the light source driving
circuit 40.

[0092] The CF-less liquid crystal display element driving
circuit 20 drives the CF-less liquid crystal panel 50 based on
the received CF-less liquid crystal display element signal CS.
The PDLC display element driving circuit 30 drives the
PDLC panel 60 based on the received PDLC display element
signal PS. The light source driving circuit 40 drives the first
PDLC light source unit 70a based on the received light source
signal LS.

[0093] FIG. 2 is a diagram illustrating the configuration of
the CF-less liquid crystal panel 50 illustrated in FIG. 1. The
CF-less liquid crystal panel 50 includes a plurality of signal
lines SL, a plurality of scanning lines GL, and a plurality of
CF-less liquid crystal display elements 51 disposed in a
matrix form in correspondence to intersections between the
plurality of signal lines SL and the plurality of scanning lines
GL. The CF-less liquid crystal panel 50 is driven by the
CF-less liquid crystal display element driving circuit 20 so
that transmittance of each CF-less liquid crystal display ele-
ment 51 is controlled. In the embodiment, black display can
be realized by controlling the transmittance of the CF-less
liquid crystal display elements 51. The CF-less liquid crystal
panel 50 in the embodiment may be of any one of a normally
black type and a normally white type. In the embodiment, the
CF-less liquid crystal display element 51 corresponds to a
first display element.

[0094] FIG. 3 is a diagram illustrating the configuration of
the PDLC panel 60 illustrated in FIG. 1. The PDLC panel 60
includes a plurality of signal lines SL, a plurality of scanning
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lines GL, and a plurality of PDLC display elements 61 dis-
posed in a matrix form in correspondence to intersections
between the plurality of signal lines SL. and the plurality of
scanning lines GL. Each PDLC display element 61 corre-
sponds to one of the plurality of CF-less liquid crystal display
elements 51. The number of PDLC display elements 61 (the
number of pixels of the PDLC panel 60) may not necessarily
be identical to the number of CF-less liquid crystal display
elements 51 (the number of pixels of the CF-less liquid crystal
panel 50). The PDLC panel 60 includes a PDLC layer. For
example, when no voltage is applied, the PDLC layer is in a
diffusion state in which incident light is diffused. When a
voltage is applied, the PDLC layer is in a transmission state in
which incident light is transmitted. Alternatively, when no
voltage is applied, the PDLC layer may be in the transmission
state. When a voltage is applied, the PDLC layer may be in the
diffusion state. The state of the PDLC layer can be controlled
in units of the PDLC display elements 61. In the present
specification, to facilitate the description, the state of the
PDLC layer is described as the state of the PDLC panel 60 or
the state of the PDLC display element 61 in some cases. The
PDLC panel 60 is driven by the PDLC display element driv-
ing circuit 30 so that the state of each PDLC display element
61 is controlled. In the embodiment, the PDLC display ele-
ment 61 corresponds to a second display element.

[0095] The PDLC panel 60 may be configured to be swit-
chable to an intermediate state in which incident light is
diffused and transmitted in addition to the diffusion state and
the transmission state. In other words, the PDLC panel 60
may be configured to be switched between the diffusion state
in which diffusivity is relatively high, the transmission state
in which diffusivity is relatively low, and the intermediate
state in which diffusivity is a value between the value at the
time of the diffusion state and the value at the time of the
transmission state. Here, the “diffusivity” in the present
specification refers to a value indicating how much incident
light is diffused. The larger the value of the diffusivity is, the
larger the degree of diffusion is. The diffusivity of the PDLC
panel 60 is controlled with an application voltage. For
example, the larger the application voltage is, the smaller the
diffusivity is. The larger the diffusivity of the PDLC panel 60
is, the larger the application voltage is. A plurality of kinds of
intermediate states may be set. Use of the intermediate state
of the PDLC panel 60 will be described below.

[0096] FIG. 4 is a diagram illustrating the configuration of
the first PDLC light source unit 70a illustrated in FIG. 1. The
first PDLC light source unit 70a includes a plurality of light
sources 71 which each include one red light-emitting element
717, one green light-emitting element 71g, and one blue light-
emitting element 715. The disposition of the plurality of light
sources 71 is not particularly limited. Each light-emitting
element is an LED, a CCFL, alaser light source, an inorganic
or organic electro-luminescence (EL) light source, or the like.
As in a projector, the first PDLC light source unit 70a may
have a configuration in which a device such as a DMD or an
LCOS, a lens, a color wheel, and the like may be added to
various light-emitting elements. The first PDLC light source
unit 70a preferably has enough directivity to radiate lightto a
part of the PDLC panel 60, but may not have such directivity.
Each light source 71 is configured such that a light intensity
can be controlled for each color. For example, the light-up
state and the light-off state of each light source 71 are con-
figured to be controlled for each color. The first PDLC light
source unit 70a emits red light, green light, and blue light
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(hereinafter the red light, the green light, and the blue light are
collectively referred to as “light-source light” in some cases)
by sequentially lighting up the red light-emitting element 717,
the green light-emitting element 71g, and the blue light-
emitting element 715. However, the light-up order of the
light-emitting elements of the respective colors is not particu-
larly limited. For example, the red light-emitting element 71r,
the green light-emitting element 71g, the green light-emitting
element 71g, and the blue light-emitting element 715 may be
configured to sequentially light up.

[0097] Here, the light source 71 is not limited to the case in
which one red light-emitting element 717, one green light-
emitting element 71g, and one blue light-emitting element
715 are included. For example, the light source 71 may
include two red light-emitting elements 717, two green light-
emitting elements 71g. and one blue light-emitting element
715 in some cases. Alternatively, the light source 71 may
include one red light-emitting element 717, two green light-
emitting elements 71g, and one blue light-emitting element
715 in some cases. The number of light sources 71 is not
limited to the plurality. The number of light sources 71 may be
one. The color of light emitted by one white LED may be
switched using fluorescents or CFs emitting red, green, and
blue light.

[0098] The CF-less liquid crystal panel 50 displays an
image by controlling the transmittance of light radiated from
the light radiation unit 90 formed by the PDLC panel 60 and
the first PDLC light source unit 70a. The radiation of light
toward the CF-less liquid crystal panel 50 will be described in
detail below.

1.2 Signal Processing Circuit

[0099] FIG. 5isa block diagram illustrating the configura-
tion of the signal processing circuit 10 illustrated in FIG. 1.
The signal processing circuit 10 includes a signal separation
control unit 11, a field sequential processing unit (FS process-
ing unit) 12, a memory 13, an image control unit 14, a timing
designation control unit 15, a CF-less liquid crystal display
element signal control unit 16, a PDLC display element signal
control unit 17, and a light source signal control unit 18.
[0100] In the embodiment, an input signal IN includes dis-
play image position designation data Da designating the dis-
play position of an image to be displayed and image data 1D
indicating the image to be displayed. The signal separation
control unit 11 receives the input signal IN and separates the
input signal IN into the display image position designation
data Da and the image data ID. The signal separation control
unit 11 supplies the display image position designation data
Dato the image control unit 14 and supplies the image data ID
to the FS processing unit 12.

[0101] TheFS processing unit 12 generates a field sequen-
tial image data (FS image data) FID for displaying an image
for each sub-frame period based on the received image data
ID and supplies the generated FS image data FID to the image
control unit 14. More specifically, for example, when the FS
processing unit 12 receives the image data ID with a frame
rate of 60 fps, the FS processing unit 12 converts the image
data ID into image data ID with a frame rate of 240 fps
(performs frame rate conversion). Then, based on the image
data ID with the frame rate of 240 fps, the FS processing umt
12 generates red, green, and blue FS image data FID of a
frame rate of 240 fps. Hereinafter, an image indicated by the
image data ID is referred to as a “frame image” and an image
indicated by the FS image data FID is referred to as a “sub-
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frame image” in some cases. The frame rate after the above-
described frame rate conversion is not limited to 240 fps.
When a response speed of each display element can be
handled, the frame rate is preferably higher.

[0102] When the FS processing unit 12 generates the FS
image data FID, the FS processing unit 12 uses information
retained by the memory 13. The information retained by the
memory 13 specifically indicates a focal distance of the first
PDLC light source unit 70q (the light source unit 100) and the
diffusivity of each PDLC display element 61. Thus, the FS
image data FID includes data according to the number of
divisions of an area (hereinafter referred to as a “division
area”) in which the state of the PDLC panel 60 is indepen-
dently controlled, and expansion of light from each division
area, and the like. Hereinafter, an area of the CF-less liquid
crystal panel 50 corresponding to (more specifically facing)
the division area of the PDLC panel 60 is also referred to as a
“division area” in some cases. A register which sets informa-
tion regarding a focal distance of the first PDLC light source
unit 70a (the light source unit 100), a diffused amount of light
radiated to each PDLC display element 61, and the like may
be installed instead of the memory 13 or along with the
memory 13.

[0103] Based on the display image position designation
data Da and the FS image data FID, the image control unit 14
generates CF-less liquid crystal data CD for controlling the
CF-less liquid crystal display element signal control unit 16,
PDLC data PD for controlling the PDLC display element
signal control unit 17, light source data LD for controlling the
light source signal control unit 18, and a driving timing con-
trol signal DT for adjusting timings by synchronizing output
signals of the CF-less liquid crystal display element signal
control unit 16, the PDLC display element signal control unit
17, and the light source signal control unit 18. In other words,
the driving timing control signal DT is a signal controlling an
operation start time of each panel or unit (hereinafter referred
to as “each module™) of the CF-less liquid crystal panel 50,
the PDLC panel 60, and the first PDLC light source unit 70a
to synchronize the CF-less liquid crystal panel 50, the PDLC
panel 60, and the first PDLC light source unit 70a. The image
control unit 14 supplies the driving timing control signal DT,
the CF-less liquid crystal data CD, the PDLC data PD, and the
light source data LD to the timing designation control unit 15,
the CF-less liquid crystal display element signal control unit
16, the PDLC display element signal control unit 17, and the
light source signal control unit 18, respectively. The detailed
configuration of the image control unit 14 will be described
below.

[0104] The timing designation control unit 15 receives the
driving timing control signal DT generated by the image
control unit 14 and generates a CF-less liquid crystal timing
designation signal CT designating a driving timing of each
CF-less liquid crystal display element 51, a PDLC timing
designation signal PT designating a driving timing of each
PDLC display element 61, and a light source timing designa-
tion signal LT designating a driving timing of each light
source 71 based on the driving timing control signal DT. The
timing designation control unit 15 can use the memory 13 or
the register (not illustrated) installed outside the timing des-
ignation control unit 15, for example, when the timing des-
ignation control unit 15 generates the CF-less liquid crystal
timing designation signal CT, the PDLC timing designation
signal PT, and the light source timing designation signal L'T.
The timing designation control unit 15 supplies the generated
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CF-less liquid crystal timing designation signal CT, PDLC
timing designation signal PT, and light source timing desig-
nation signal LT to the CF-less liquid crystal display element
signal control unit 16, the PDLC display element signal con-
trolunit 17, and the light source signal control unit 18, respec-
tively.

[0105] The CF-less liquid crystal display element signal
control unit 16 generates a CF-less liquid crystal display
element signal CS based on the received CF-less liquid crys-
tal data CD and CF-less liquid timing designation signal CT
and supplies the CF-less liquid crystal display element signal
CS to the CF-less liquid crystal display element driving cir-
cuit 20.

[0106] The PDLC display element signal control unit 17
generates a PDLC display element signal PS based on the
received PDLC data PD and PDLC timing designation signal
PT and supplies the PDLC display element signal PS to the
PDLC display element driving circuit 30.

[0107] The light source signal control unit 18 generates a
light source signal LS based on the received light source data
LD and light source timing designation signal LT and sup-
plies the light source signal LS to the light source driving
circuit 40.

1.3 Image Control Unit

[0108] FIG. 61isa block diagram illustrating the configura-
tion of the image control unit 14 illustrated in FIG. 5. The
image control unit 14 includes a display image data genera-
tion unit 141, a white data generation unit 142, a light source
data generation unit 143, and a timing processing unit 144.
[0109] Thedisplay image data generation unit 141 receives
the display image position designation data Da and the FS
image data FID and generates the CF-less liquid crystal data
CD as display image data corresponding to a display image
based on the display image position designation data Da and
the FS image data FID. The CF-less liquid crystal display
element signal control unit 16 can set transmittance of each
CF-less liquid crystal display element 51 in the CF-less liquid
crystal panel 50 based on the CF-less liquid crystal data CD.
[0110] The white data generation unit 142 receives the dis-
play image position designation data Da and generates the
PDLC data PD as white data for causing a part or the entirety
of the PDLC panel 60 to be white (diffusion state) based on
the display image position designation data Da. Based on the
PDLC data PD, the PDLC display element signal control unit
17 can set the state of the PDLC panel 60 according to the
position of the display image. More specifically, the PDLC
panel 60 is in the diffusion state at a position corresponding to
the display image. However, the state of the entire PDLC
panel 60 may be set uniformly. In this case, it is unnecessary
to supply the display image position designation data Da to
the white data generation unit 142 and it is unnecessary to
supply the PDLC timing designation signal PT to the PDLC
display element signal control unit 17.

[0111] The light source data generation unit 143 receives
the display image position designation data Da and the FS
image data FID and generates the light source data LD based
on the display image position designation data Da and the FS
image data FID. The light source signal control unit 18 can set
alight-up time or the like of the light-emitting element of each
color based on the light source data LD. When the first PDLC
light source unit 70a has enough directivity to radiate light to
a part of the PDLC panel 60, the light source signal control
unit 18 controls the light source driving circuit 40 such that
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the first PDLC light source unit 70a individually radiate light-
source light to each division area of the PCLC panel 60. The
light source signal control unit 18 may designate the light-
emitting elements to light up according to the position of the
display image based on the light source data LD. When the
light source signal control unit 18 may not necessarily desig-
nate the light-emitting elements to light up according the
position of the display image, the light source data generation
unit 143 may not be supplied with the display image position
designation data Da.

[0112] The timing processing unit 144 receives the display
image position designation data Da and the FS image data
FID and generates the driving timing control signal DT based
on the display image position designation data Da and the FS
image data FID. More specifically, the timing processing unit
144 generates the driving timing control signal DT based on
a desired relation which is a relation between scanning driv-
ing start times of the CF-less liquid crystal panel 50 and the
PDLC panel 60 and the light-up start time of the light-emit-
ting elements and which can be obtained from the display
image position designation data Da and the FS image data
FID.

1.4 Disposition of Panel and Light Source Unit

[0113] FIG. 7 is a perspective view for describing disposi-
tion ofthe CF-less liquid crystal panel 50, the PDLC panel 60,
and the first PDLC light source unit 70a according to the first
embodiment. Here, the front side of the sheet surface of FIG.
7 is referred to as a front surface (which is a surface on the
location side of an observer) and the opposite side is referred
to as a rear surface (the same applies to perspective views to
be described below). As illustrated in FIG. 7, the PDLC panel
60 is located on the rear surface of the CF-less liquid crystal
panel 50. Specifically, the CF-less liquid crystal display ele-
ment 51 corresponding to the above-described PDLC display
element 61 is the CF-less liquid crystal display element 51
facing this PDLC display element 61. The first PDLC light
source unit 70a may be located on any of the upper end side
(sheet surface upper side), the lower end side (sheet surface
lower side), the left end side (sheet surface left side), and the
right end side (sheet surface right side) of the CF-less liquid
crystal panel 50 and the PDLC panel 60 or may be located on
aplurality of the end sides or all of the end sides. As illustrated
in FIG. 7, for example, an exhibition object 110 is assumed to
be disposed on the rear surface side of the PDLC panel 60.
However, note that the disposing of the exhibition object 110
in this way is not indispensable.

[0114] FIG. 81isa sectional view corresponding to one pixel
of the CF-less liquid crystal panel 50 and the PDLC panel 60
illustrated in FIG. 7. One pixel mentioned herein is one pixel
with reference to the CF-less liquid crystal panel 50 (the
CF-less liquid crystal display elements 51). As described
above, the number of pixels of the CF-less liquid crystal panel
50 may not necessarily be identical to the number of pixels of
the PDLC panel 60. An air layer or the like may be installed
between the CF-less liquid crystal panel 50 and the PDLC
panel 60. In FIG. 8, the sheet surface left side is referred to as
a front surface and the sheet surface right side is referred to as
a rear surface (the same applies to sectional views to be
described below). In the following description, one pixel
illustrated in FIG. 8 is referred to as a “pixel of interest” in
some cases to facilitate the description. The first PDLC light
source unit 70a in the embodiment radiates light-source light
to the rear surface (one main surface) of the PDLC panel 60.
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[0115] First, a case (the time of image display) in which the
pixels of interest form an image will be described. In this case,
no voltage is applied to the PDLC display elements 61 and the
PDLC display elements 61 are in the diffusion state. At this
time, the first PDLC light source unit 70q radiates the light-
source light to a division area (hereinafter referred to as a
“division area of interest”: a division area of the CF-less
liquid crystal panel 50 including the pixel of interest is also
likewise referred to as a “division area of interest”) of the
PDLC panel 60 including the pixel of interest. Therefore, the
light-source light incident on the PDLC display elements 61
is diffused and a substantially vertical component (hereinaf-
ter referred to as a “front-surface-direction vertical compo-
nent”) oriented toward the CF-less liquid crystal display ele-
ments 51 in the diffused light-source light is emitted to the
CF-less liquid crystal display elements 51. Further, light from
the rear surface of the PDLC display elements 61 (the image
display device 1), i.e., light (hereinafter referred to as “back-
ground light”) indicating a background including the exhibi-
tion object 110, is also incident on the PDLC display elements
61. As described above, since the PDLC display elements 61
are in the diffusion state, the background light incident on the
PDLC display elements 61 is diffused and the front-surface-
direction vertical component of the diffused background light
is emitted to the CF-less liquid crystal display elements 51.

[0116] Inthisway,atthe time of the image display, the light
radiation unit 90 formed by the PDLC panel 60 and the first
PDLC light source unit 70a radiates the diffused light-source
light and light formed by the front-surface-direction vertical
component of the background light to the CF-less liquid
crystal panel 50 (the CF-less liquid crystal display elements
51). Since the PDLC panel 60 diffuses the background light at
the time of the image display, the background light arriving at
the CF-less liquid crystal panel 50 has only the front-surface-
direction vertical component after the diffusion. Therefore,
an influence of the background light on the display image is
sufficiently suppressed.

[0117] Next, a case (the time of non-image display) in
which the pixels of interest do not form an image will be
described. Here, when no image is displayed, there are two
kinds of cases, i.e., a case (hereinafter referred to as “the time
of entire surface non-display”) in which no image is displayed
on the entire surface of the CF-less liquid crystal panel 50 and
a case (hereinafter referred to as “the time of partial non-
display”) in which the pixel of interest does not form an
image, but a pixel forming an image is present besides. Of the
time of the entire surface non-display and the time of the
partial non-display, the time of entire surface non-display will
be first described. In the embodiment, in a portion in which no
image is displayed, relatively high transmittance is assumed
to be set in the CF-less liquid crystal display elements 51 in
order that the background can be seen through. When the
background may not necessarily be seen through, the trans-
mittance of the CF-less liquid crystal display elements 51
may also be set to a relatively low value (that is, black display)
in the portionin which no image is displayed. In the portion in
which no image is displayed, the PDLC display elements 61
may be in the diffusion state or the intermediate state. In this
way, it is possible to adjust the degree of the background to be
seen through. For example, the background may be slightly
seen through. Even in a portion in which an image is dis-
played, the background may be seen through slightly within a
range in which image quality does not deteriorate by setting
the PDLC display elements 61 such that the PDLC display
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elements 61 be in the intermediate state. Thus, when the
intermediate state of the PDLCdisplay element 61 (the PDLC
panel 60) is used, various kinds of display can be realized.
[0118] At thetime of entire surface non-display, a voltage is
applied to the PDLC display elements 61, and thus these
PDLC display elements 61 be in the transmission state. The
light-source light is not emitted from the first PDLC light
source unit 70a to any division area of the PDLC panel 60.
Therefore, only the background light transmitted through the
PDLC display elements 61 is radiated to the CF-less liquid
crystal display elements 51. In this way, the background is
seen through.

[0119] At the time of the partial non-display, the PDLC
display elements 61 be in the transmission state as in the time
of entire surface non-display. Unlike the time of entire surface
non-display, on the other hand, the light-source light is not
emitted to the division area of interest from the first PDLC
light source unit 70a and the light-source light is emitted from
the first PDLC light source unit 70a to the other division
areas. Thus, the background light transmitted through the
PDLC display elements 61 is radiated to the CF-less liquid
crystal display elements 51 of the division area in which no
image display is performed, and the diffused light-source
light and light with the front-surface-direction vertical com-
ponent are emitted to the CF-less liquid crystal display ele-
ments 51 of the division area in which the image display is
performed. Therefore, it is possible to simultaneously per-
form the image display and the background transmission, and
a spot in which the image display is performed and a spot in
which the background transmission is performed can be
allowed to appropriately coexist in one screen. However,
when the first PDLC light source unit 70a does not have
enough directivity to radiate light to a part of the PDLC panel
60, the light-source light is not radiated for each division area.
For example, the light-source light is radiated to the entire
surface of the PDLC panel 60.

1.5 Operation

[0120] Next, an operation ofdisplaying acolor image in the
embodiment will be described. Hereinafter, a case in which a
read image is mainly displayed in driving of an FS scheme
(hereinafter referred to as “FS driving”) of sequentially dis-
playing red, green, and blue images will be exemplified.
However, the invention is not limited thereto. In the FS driv-
ing, images with any color of a plurality of colors may be
displayed sequentially, for example, images of red, green,
green, and blue colors may be displayed sequentially. The
invention is applied even to a case in which images with any
two colors or all colors among three red, green, and blue
colors are displayed. The invention is also likewise applied
not only to the FS driving of displaying red, green, and blue
images in order and displaying color images but also to other
FS driving such as FS driving of sequentially displaying, for
example, cyan (C), magenta (M), and yellow (Y) images or
FS driving in which color states coexist in a screen in com-
bination with local dimming driving.

[0121] When full-color display is not necessary, images
may be displayed in the order of white, white, white, and
white colors, the order of red, red, red, and red colors, or the
like. In this case, the light sources 71 may not necessarily have
a plurality of colors. In this case, one frame period may not
necessarily be divided into a plurality of sub-frame periods.
In such a configuration, it is possible to improve power effi-
ciency of the first PDLC light source unit 70a.
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[0122] Here, the “red image” in the present specification
will be defined. The “red image” refers to ared image with the
maximum luminance. In the FS driving in which one frame is
formed by three red, green, and blue sub-frames, an image
when data with the maximum transmission amount of red
light is supplied as red data and data with the minimum
transmission amount of green and blue light is supplied as the
blue and green data to the CF-less liquid crystal panel 50 is
referred to as the “red image.”” Hereinafter, data with the
maximum transmission amount of each color light is referred
to as “transmission data” and data with the minimum trans-
mission amount of each color light is referred to as “shielding
data.”

[0123] FIG.9is adiagram for describing an operation when
ared image is displayed according to the embodiment. More
specifically, Section A of FIG. 9 shows a timing at which red
data is supplied to the CF-less liquid crystal panel 50, Section
B of FIG. 9 shows a timing at which white data is supplied to
the PDLC panel 60, and Section C of FIG. 9 shows a light-up
start time and a light-up time at which a light-emitting ele-
ment of each color lights up. Here, there are two kinds of
white data to be supplied to the PDLC panel 60. One kind of
white data is diffusion data causing the PDLC panel 60 to be
in the diffusion state and the other kind of white data is
background transmission data causing the PDLC panel 60 to
be in the transmission state.

[0124] For a first sub-frame period, as shown in Section A
of FIG. 9, scanning driving of the CF-less liquid crystal panel
50 is performed from the upper end of a screen to the lower
end thereof from a start time of the first sub-frame period, and
thus transmission data is sequentially supplied as red data to
each pixel. As shown in Section B of FIG. 9, scanning driving
of the PDLC panel 60 is performed from the upper end of the
screen to the lower end thereof from the start time of the first
sub-frame period in synchronization with the CF-less liquid
crystal panel 50, and thus diffusion data is sequentially sup-
plied as white data to each pixel. As shown in Section C of
FIG. 9, the red light-emitting element 717 lights up when a
predetermined time (for example, a half period of the first
sub-frame period) has passed from the start time of the first
sub-frame period, and then lights off at an end time of the first
sub-frame period.

[0125] Fora second sub-frame period, as shown in Section
A of FIG. 9, the scanning driving of the CF-less liquid crystal
panel 50 is performed from the upper end of the screen to the
lower end thereof from a start time of the second sub-frame
period, and thus shielding data is sequentially supplied as
green data to each pixel. As shown in Section B of FIG. 9,
scanning driving of the PDLC panel 60 is performed from the
upper end of the screen to the lower end thereof from the start
time of the second sub-frame period in synchronization with
the CF-less liquid crystal panel 50, and thus diffusion data is
sequentially supplied as white data to each pixel. As shown in
Section C of FIG. 9, the green light-emitting element 71g
lights up when a predetermined period (for example, a half
period of the second sub-frame period) has passed from the
start time of the second sub-frame period, and then lights off
at an end time of the second sub-frame period.

[0126] For a third sub-frame period, as shown in Section A
of FIG. 9, the scanning driving of the CF-less liquid crystal
panel 50 is performed from the upper end of the screen to the
lower end thereof from a start time of the third sub-frame
period, and thus shielding data is sequentially supplied as
blue data to each pixel. As shown in Section B of FIG. 9,
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scanning driving of the PDLC panel 60 is performed from the
upper end of the screen to the lower end thereof from the start
time of the third sub-frame period in synchronization with the
CF-less liquid crystal panel 50, and thus diffusion data is
sequentially supplied as white data to each pixel. As shown in
Section C of FIG. 9, the blue light-emitting element 715 lights
up whena predetermined period (for example, a half period of
the third sub-frame period) has passed from the start time of
the third sub-frame period, and then lights off at an end time
of the third sub-frame period.

[0127] Inthis way, the red image is displayed on the screen.
The timing of each scanning driving and the light-up timing
of each light-emitting element indicated herein are not par-
ticularly limited. As shown in section C of FIG. 9, the green
color is slightly mixed in the lower part (lower half) of the
screen, and thus color irregularity occurs. However, no prob-
lem is assumed to occur particularly herein. When the red
image is displayed on the entire screen, as shown in Section
A, Section B, and Section C of FIG. 9, the background trans-
mission data may be supplied to the PDLC panel 60 instead of
the diffusion data for the second and third sub-frame periods.
The diffusion data may be constantly supplied to the PDLC
panel 60 for each sub-frame period without the synchroniza-
tion of the scanning driving of the PDLC panel 60 through the
scanning driving of the CF-less liquid crystal panel 50.

[0128] FIG. 10 is a diagram for describing superposition of
the CF-less liquid crystal panel 50 and the PDLC panel 60.
When the number of pixels of the PDLC panel 60 is set to be
equal to or greater than the number of pixels of the CF-less
liquid crystal panel 50, as illustrated in FIG. 10, a spot (here-
inafter referred to as a “diffusion state spot 93”) which is in
the diffusion state in the PDLC panel 60 can be set to be
suitable with an image display spot 91 in the CF-less liquid
crystal panel 50. In this case, the background can be seen
through at spots other than the image display spot 91 of the
screen. When the number of pixels of the PDLC panel 60 is
less than the number of pixels of the CF-less liquid crystal
panel 50 but the number of pixels of the PDLC panel 60 is
plural, the background can be seen through in a part of the
screen. The pixels of the PDLC panel 60 may not necessarily
be disposed in the matrix form. By setting the disposition of
the pixels of the PDLC panel 60 according to the shape of an
image to be displayed on the CF-less liquid crystal panel 50,
various states (the diffusion state, the transmission state, and
the intermediate state) of the PDLC panel 60 can be applied to
the image display more appropriately even when the number
of pixels of the PDLC panel 60 is less than the number of
pixels of the CF-less liquid crystal panel 50. The number of
pixels of the PDLC panel 60 may be one, and the diffusion
state and the transmission state may be switched on the entire
PDLC panel 60.

[0129] FIG. 11 is a diagram for describing an operation
during each sub-frame period according to the embodiment.
More specifically, Section A of FIG. 11 shows frame images,
Section B of FIG. 11 shows sub-frame images, and Section C
of FIG. 11 shows diffusion state spots. As shown in Section A,
Section B, and Section C of FIG. 11, display spots 927, 92¢,
and 924 of the sub-frame images of an N-th frame (where N
is a natural number) are located at the same position as the
image display spot 91 of the frame image and the diffusion
state spots 93 are set to be suitable for the display spots 927,
92g, and 92b. The same applies to an N+1-th frame.
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1.6 Advantageous Effect

[0130] According to the embodiment, in the image display
device 1 of the FS scheme, the image display is performed by
diffusing the light-source light emitted from the light source
unit 100 (first PDLC light source unit 70a) by the PDLC panel
60 in the diffusion state and controlling the transmittance of
the diffused light (more specifically, the front-surface-direc-
tion vertical component of the diffused light) by the CF-less
liquid crystal panel 50. Therefore, by shielding the diffused
light by the CF-less liquid crystal panel 50, it is possible to
realize the black display. Since an image to be displayed is
formed by the CF-less liquid crystal panel 50 rather than the
light source unit 100, it is possible to alleviate the restriction
on the installation position of the light source unit 100. When
the PDLC panel 60 is in the transmission state, the back-
ground light can be transmitted. By adopting the FS scheme,
it is possible to perform color image display with high reso-
lution and high use efficiency of light.

[0131] According to the embodiment, the PDLC panel 60
includes the plurality of PDLC display elements 61 and each
PDLC display element 61 can be switched between the dif-
fusion state and the transmission state. Therefore, in the
PDLC panel 60, the spot to be in the diffusion state and the
spot to be in the diffusion state can be set to be suitable for the
display position of the image. Thus, it is possible to simulta-
neously perform the image display and the background trans-
mission.

[0132] According to the embodiment, the light-source light
can be radiated to the spot to be in the diffusion state in the
PDLC panel 60 and the light-source light may not be radiated
to the spot to be in the transmission state. Therefore, the spot
in which the image display is performed and the spot in which
the background transmission is performed can be allowed to
appropriately coexist in one screen.

[0133] According to the embodiment, since the PDLC dis-
play element 61 is set to the diffusion state in synchronization
with the CF-less liquid crystal display element 51, the spot to
be in the diffusion state and the spot to be in the transmission
state in the PDLC panel 60 are set to follow the image dis-
played on the CF-less liquid crystal panel 50. Therefore, for
example, in display of a moving image, the diffused light
from the PDLC panel 60 is reliably radiated to the CF-less
liquid crystal panel 50. Thus, it is possible to improve image
quality at the time of display of a moving image.

[0134] According to the embodiment, by using the inter-
mediate state of the PDLC display element 61 (the PDLC
panel 60), it is possible to perform various kinds of display.
[0135] According to the embodiment, by using the signal
processing circuit 10 including the FS processing unit 12, the
image control unit 14, the CF-less liquid crystal display ele-
ment signal control unit 16, the PDLC display element signal
control unit 17, and the light source signal control unit 18, it
is possible to reliably perform the FS driving.

[0136] According to the embodiment, since the display
image position designation data Da is included in the input
signal IN;, the intended display position of the image can be
reliably reflected in the generation source of the input signal
IN.

[0137] According to the embodiment, by using the CF-less
liquid crystal timing designation signal CT, the PDLC timing
designation signal PT, and the light source timing designation
signal LT generated based on the driving timing control signal
DT, it is possible to reliably control the driving of each CF-
less liquid crystal display element 51, each PDLC display
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element 61, and each light source 71. By separating the timing
designation control unit 15 from the image control unit 14 and
using the memory 13, the register, or the like, it is easy to
individually adjust an operation start time of each module, as
necessary.

[0138] According to the embodiment, by radiating the
light-source light to the rear surface ofthe PDLC panel 60, the
light-source light of the first PDLC light source unit 70a is
efficiently used when a diffusion effect in a transmission
direction (which refers to a direction in which the incident
light is transmitted) of the PDLC panel 60 is higher than a
diffusion effect in a reflection direction (which refers to a
direction in which the incident light is reflected). More spe-
cifically, the front-surface-direction vertical component of
the diffused light-source light increases. Therefore, it is pos-
sible to improve the luminance of the display image.

[0139] According to the embodiment, as described above,
when the first PDLC light source unit 70a has enough direc-
tivity to radiate light to a part of the PDLC panel 60, the first
PDLC light source unit 70a can radiate the light-source light
to each division area. Therefore, it is possible to perform
so-called area active-driving (also called local dimming driv-
ing) of adjusting light intensity of the light-source light for
each division area. Through such area active-driving, as in the
FS driving, it is possible to suppress so-called color breakup
which easily occurs when a screen of another color compo-
nent is switched at a high speed. Since the light-source light
can be emitted from the first PDLC light source unit 704 in
accordance with the scanning directions ofthe CF-less liquid
crystal panel 50 and the PDLC panel 60, it is possible to
suppress the above-described color irregularity further than
when the light-source light is uniformly emitted to the entire
surface of the PDLC panel 60. At this time, the scanning of the
light-source light may not necessarily be tuned in accordance
with the scanning direction of the PDLC panel 60. By tuning
the scanning of the light-source light in accordance with the
scanning direction of the CF-less liquid crystal panel 50, it is
possible to suppress the foregoing color irregularity.

[0140] In the above description, the mode in which the
light-up state and the light-off state are controlled for each
color has been exemplified as the example in which each light
source 71 controls light intensity for each color, but the inven-
tion is not limited thereto. For example, each light source 71
may control the light-up state and the light-off state for each
color and control light intensity of the light-up state for each
color. Thus, it is possible to adjust white balance in a portion
in which the image is displayed. Further, it is possible to
lessen (or zero) light intensity of a color unnecessary in the
image.

1.7 First Modification Example

[0141] FIG. 12 is a block diagram illustrating the configu-
ration of the signal processing circuit 10 according to a first
modification example of the first embodiment. In the modi-
fication example, the signal processing circuit 10 does not
include the signal separation control unit 11 unlike the signal
processing circuit 10 according to the foregoing first embodi-
ment. In the modification example, the FS processing unit 12
generates the display image position designation data Da and
the FS image data FID based on the input signal IN and
supplies the display image position designation data Da and
the FS image data FID to the image control unit 14. In the
modification example, the input signal IN includes the image
data ID.
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[0142] The FS processing unit 12 can simultaneously per-
form, for example, a process (generating the FS image data
FID or the like) of performing the FS driving and a process
(hereinafter referred to as a “first process”) of determining the
display position of an image in real time through a frame
interpolation process or the like and designating a position on
the screen at which the background light is not allowed to be
transmitted. For example, the FS processing unit 12 can
simultaneously perform the process of performing the FS
driving and a process (hereinafter referred to as a “second
process™) of setting the display position of an image using the
memory 13, the register (not illustrated), or the like installed
outside the FS processing unit 12 and designating a position
in the screen at which the background light is not allowed to
be transmitted. In this case, the memory 13 retains informa-
tion regarding the display position of the image.

[0143] Anexample of the first process is a process of deter-
mining that a given pixel (hereinafter referred to as a “corre-
sponding pixel”) is a non-display position of the image when
data (that is, data desired to be transmitted or of which color
display is not necessary) of which three primary color signal
values included in the input signal IN (image data ID) are
mutually identical is output and the data in a constant range of
the corresponding pixel is the data of which three primary
color signal values are mutually identical as in the corre-
sponding pixel. In the first process, the display position of the
image can be set in real time without including the display
image position designation data Da in the input signal IN and
the state of each PDLC display element 61 can be set accord-
ing to the display position. When data of which the three
primary color signal values included in the input signal IN are
mutually similar is output and each piece of data in the con-
stant range of the corresponding pixel is data of which the
three primary color signal values are mutually similar as in
the corresponding pixel, the corresponding pixel may be
determined to be located at the non-display position of the
image.

[0144] As the foregoing second process, for example, by
designating a predetermined region in the screen as a region
in which the background is not allowed to be seen through, the
image can be displayed in the predetermined region which is
determined in advance and the state of each PDLC display
element 61 can be set according to the position of the prede-
termined region without including the display image position
designation data Da in the input signal IN.

1.8 Second Modification Example

[0145] FIG. 13 is a diagram for describing an operation
during each sub-frame period according to a second modifi-
cation example of the first embodiment. More specifically,
Section A of FIG. 13 shows frame images, Section B of FIG.
13 shows sub-frame images, and Section C of FIG. 13 shows
diffusion state spots. In the modification example, the FS
processing unit 12 performs a frame interpolation process
based on the image data ID and the input signal IN. In the
modification example, the configuration of the signal pro-
cessing circuit 10 (the FS processing unit 12) may be one of
the configuration thereof according to the foregoing first
embodiment and the configuration thereof according to the
first modification example, but the configuration according to
the foregoing first modification example in which the display
position of an image can be determined in real time is pref-
erably adopted. Hereinafter, in the modification example, the
description will be made by adopting the configuration of the
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signal processing circuit 10 according to the foregoing first
modification example as the configuration of the signal pro-
cessing circuit 10.

[0146] When the FS image data FID is generated based on
the image data 1D included in the input signal IN; the FS
processing unit 12 performs frame interpolation using the
sub-frame periods. For example, the FS processing unit 12
sets the second sub-frame image (a sub-frame image includ-
ing the display spot 92g) and the third sub-frame image (a
sub-frame image including the display spot 925) of an N-th
frame as frame interpolation images. Therefore, as shown in
Section B of FIG. 13, the display spots 927, 92¢g, and 925 are
moved smoothly.

[0147] According to the modification example, since the
frame interpolation is performed using the sub-frame periods,
it is possible to smoothly display a moving image.

1.9 Third Modification Example

[0148] FIG. 14 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel 50 and the PDLC
panel 60 according to a third modification example of the first
embodiment. As illustrated in FIG. 14, the first PDLC light
source unit 70a according to the modification example radi-
ates the light-source light to the front surface (one main
surface) of the PDLC panel 60. The CF-less liquid crystal
panel 50is located on the front surface side of the PDLC panel
60. Therefore, in the modification example, an air layer or the
like is preferably formed between the CF-less liquid crystal
panel 50 and the PDLC panel 60 in order to allow the light-
source light to be incident on the front surface of the PDLC
panel 60.

[0149] In the embodiment, by radiating the light-source
light to the front surface of the PDLC panel 60, it is possible
to obtain the same advantageous effects as those of the fore-
going first embodiment. When the diffusion effect in the
reflection direction of the PDLC panel 60 is higher than the
diffusion effect in the transmission direction, the light-source
light of the first PDLC light source unit 70a is efficiently used
for the image display. More specifically, the front-surface-
direction vertical component of the diffused light-source light
increases. Therefore, it is possible to improve the luminance
of the display image.

1.10 Fourth Modification Example

[0150] FIG. 15 is a perspective view for describing dispo-
sition of the CF-less liquid crystal panel 50, the PDLC panel
60, and first and second PDLC light source units 70a and 705
according to a fourth modification example of the first
embodiment. In the modification example, the second PDLC
light source unit 705 is added to the configuration of the
foregoing first embodiment. The second PDLC light source
unit 705 has the same configuration as the first PDLC light
source unit 70a. The second PDLC light source unit 705
corresponds to a second light source unit for the second
display panel. In the embodiment, the first PDLC light source
unit 70a and the second PDLC light source unit 705 form the
light source unit 100.

[0151] FIG. 16 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel 50 and the PDLC
panel 60 illustrated in FIG. 15. As illustrated in FIG. 16, the
first PDLC light source unit 70a and the second PDLC light
source unit 705 radiate the light-source light to the rear and
front surfaces (both main surfaces) of the PDLC panel 60,
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respectively. As in the third modification example of the fore-
going first embodiment, an air layer or the like is preferably
formed between the CF-less liquid crystal panel 50 and the
PDLC panel 60 in order to allow the light-source light to be
incident on the front surface of the PDLC panel 60. The first
PDLC light source unit 70a and the second PDLC light source
unit 705 preferably radiate the light-source light to the mutu-
ally identical position.

[0152] In the modification example, since the light-source
light is radiated to the rear and front surfaces of the PDLC
panel 60, itis possible to improve the luminance of the display
image irrespective of a magnitude relation between the dif-
fusion effect in the reflection direction of the PDLC panel 60
and the diffusion effect in the transmission direction.

2. Second Embodiment

2.1 Light Guide Plate

[0153] In a second embodiment of the invention, a light
guide plate is used. Of the constituent elements of the
embodiment, the same constituent elements as those of the
foregoing first embodiment are denoted by the same refer-
ence numerals and the description thereof will be appropri-
ately omitted. FIG. 17 is a diagram illustrating the configu-
ration of a backlight unit 180 including a general light guide
plate 183. The backlight unit 180 includes a light source unit
181 for a light guide plate and the light guide plate 183. The
light source unit 181 for the light guide plate includes a
plurality of light sources 182 which each include, for
example, one red light-emitting element 1827, one green
light-emitting element 182¢, and a blue light-emitting ele-
ment 1825. The configuration of the light source 182 is basi-
cally the same as the configuration of the above-described
light source 71 and can be modified in various ways. The light
guide plate 183 guides the light-source light emitted by the
light source unit 181 for the light guide plate to emit the
light-source light. As illustrated in FIG. 17, the general light
guide plate 183 emits light, as a whole light guide plate 183,
by guiding the incident light-source light without directivity.
[0154] FIG. 18 is adiagram illustrating the configuration of
a backlight unit 80 according to the embodiment. The back-
light unit 80 includes and a light guide plate 83a (hereinafter
referred to as a “first light guide plate” for convenience) and
alight source unit 81 for the light guide plate. The light source
unit 81 for the light guide plate includes a plurality of light
sources 82 which each include one red light-emitting element
82r, one green light-emitting element 82g, and one blue light-
emitting element 825. The configuration of the light source 82
is basically the same as the configuration of the above-de-
scribed light source 71 and can be modified in various ways.
In the embodiment, the light source unit 81 for the light guide
plate forms the light source unit 100, and a PDLC panel 60
and the backlight unit 80 form the light radiation unit 90. The
backlight unit 80 is driven by the light source driving circuit
40, as in the first PDLC light source unit 70a according to the
foregoing first embodiment.

[0155] In the embodiment, the first light guide plate 834 is
configured to be formed by a plurality (in FIG. 18, four) of
blocks 84a to 844 arranged in one line. Each block guides the
light-source light emitted from the corresponding light source
82 to emit the light-source light. The first light guide plate 83a
guides the incident light-source light so that the light-source
light with directivity is emitted for each block of the first light
guide plate 83a. Therefore, area active-driving can be per-
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formed. The configuration of the first light guide plate 83a is
disclosed in, for example, Japanese Unexamined Patent
Application Publication No. 2008-34372. The blocks of the
first light guide plate 83a can correspond to, for example, the
division areas of the PDL.C panel 60 described above.

2.2 Disposition of Panel and Light Guide Plate

[0156] FIG. 19 is a perspective view for describing dispo-
sition of the CF-less liquid crystal panel 50, the PDLC panel
60, and the first light guide plate 83a according to the embodi-
ment. As illustrated in FIG. 19, the first light guide plate 83a
and the PDLC panel 60 are disposed in order on the side of the
CF-less liquid crystal panel 50. That is, the first light guide
plate 83a is located on the rear surface of the CF-less liquid
crystal panel 50 and the PDLC panel 60 is located on the rear
surface of the first light guide plate 83a. The light source unit
81 for the light guide plate is disposed in the upper end portion
(the upper side of the sheet surface) of the first light guide
plate 83a. The position of the light source unit 81 for the light
guide plate is not limited to the example mentioned herein.
The light source unit 81 for the light guide plate may be
disposed in at least one of the lower end portion (the lower
side of the sheet surface), the right end portion (the right side
of the sheet surface), and the left end portion (the left side of
the sheet surface) of the first light guide plate 83a. However,
as described above, when the light-source light is emitted in
accordance with in the scanning direction of the CF-less
liquid crystal panel 50 and the PDLC panel 60, the light
source unit 81 for the light guide plate is preferably disposed
in one end or both ends of the first light guide plate 834 in an
extension direction of the scanning line SL in the embodi-
ment.

[0157] FIG. 20 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel 50, the PDLC panel
60, and the first light guide plate 83« illustrated in FIG. 19. An
air layer or the like may be formed between the CF-less liquid
crystal panel 50 and the first light guide plate 834 and between
the first light guide plate 83a and the PDLC panel 60. In the
following description, the transmittance of the first light
guide plate 83a is assumed to be relatively high.

[0158] At the time of the image display, no voltage is
applied to the PDLC display elements 61 and the PDLC
display elements 61 are in the diffusion state. At this time, the
light-source light emitted by the light source unit 81 for the
light guide plate is guided by the first light guide plate 834 and
is emitted to each division area of interest of the CF-less
liquid crystal panel 50 and the PDLC panel 60. More specifi-
cally, the light-source light is emitted from the light source
unit 81 for the light guide plate to the block (hereinafter
referred to as a “block of interest”) corresponding to the
division area of interest and the light-source light guided by
the block of interest is emitted to each division area of interest
of the CF-less liquid crystal panel 50 and the PDLC panel 60.
Therefore, the light-source light incident on the PDLC dis-
play elements 61 is diffused and the front-surface-direction
vertical component of the diffused light-source light is trans-
mitted through the first light guide plate 83a to be emitted to
the CF-less liquid crystal display elements 51. The back-
ground light is also incident on the PDLC display elements
61. As described above, since the PDLC display elements 61
are in the diffusion state, the background light incident on the
PDLC display elements 61 is diffused and the front-surface-
direction vertical component of the diffused background light
is transmitted through the first light guide plate 83a to be
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emitted to the CF-less liquid crystal display elements 51.
Hereinafter, the light-source light emitted to the rear surface
side of the first light guide plate 83a is referred to as “source
light of rear surface emitted light” and the light-source light
emitted to the front surface side of the first light guide plate
83a is referred to as “source light of front surface emitted
light” to facilitate the description thereof.

[0159] Inthis way, at the time of the image display, the light
radiation unit 90 formed by the PDLC panel 60 and the
backlight unit 80 radiates light formed by the source light of
the front surface emitted light, the front-surface-direction
vertical component of the diffused source light of the rear
surface emitted light, and the front-surface-direction vertical
component of the diffused background light to the CF-less
liquid crystal panel 50 (the CF-less liquid crystal display
elements 51). At the time of the image display, since the
PDLC panel 60 diffuses the background light, the back-
ground light arriving at the CF-less liquid crystal panel 50 has
only the front-surface-direction vertical component after the
diffusion. Therefore, an influence of the background light on
the display image is sufficiently suppressed.

[0160] At the time of the entire surface non-display, a volt-
ageis applied to the PDLC display elements 61 and the PDLC
display elements 61 are in the transmission state. The light-
source light is not emitted from the light source unit 81 for the
light guide plate to any block of the first light guide plate §3a.
Therefore, only the background light transmitted through the
PDLC display elements 61 and the first light guide plate 83a
1s radiated to the CF-less liquid crystal display elements 51.
Thus, the background is seen through.

[0161] At the time of the partial non-display, the PDLC
display elements 61 are in the transmission state, as in the
time of the entire surface non-display. Unlike the time of the
entire surface non-display, on the other hand, the light-source
light is not emitted from the light source unit 81 for the light
guide plate to the blocks of interest and the light-source light
is emitted from the light source unit 81 for the light guide
plate to the other blocks. In this way, the background light
transmitted through the PDLC display elements 61 and the
first light guide plate 834 is radiated to the CF-less liquid
crystal display elements 51 of the division area in which the
image display is not performed. Light formed by the source
light of the front surface emitted light, the front-surface-
direction vertical component of the diffused source light of
the rear surface emitted light, and the front-surface-direction
vertical component of the diffused background light is radi-
ated to the CF-less liquid crystal display elements 51 of the
division area in which the image display is performed. There-
fore, the image display and the background transmission can
be simultaneously performed and the spot in which the image
display is performed and the spot in which the background
transmission is performed can be allowed to appropriately
coexist in one screen.

[0162] Incidentally, light guide plates can broadly be clas-
sified into two kinds of front-light light guide plates and
backlight light guide plates. Even in the two kinds of light
guide plates, the light-source light is emitted to both of the
front and rear surface sides. Therefore, the first light guide
plate 83a adopted in the above-described configuration may
be either of the front-light light guide plate and the backlight
light guide plate. In the front-light light guide plate, the source
light of the rear surface emitted light is greater and the source
light of the front surface emitted light is smaller than the
backlight light guide plate. The configuration of the front-
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light light guide plate is disclosed in, for example, Japanese
Unexamined Patent Application Publication No. 2006-
106614.

2.3 Advantageous Effects

[0163] According to the embodiment, the light-source light
emitted by the light source unit 81 for the light guide plate is
radiated to the PDLC panel 60 via the first light guide plate
83a. By controlling the transmittance of the diffused light by
the CF-less liquid crystal panel 50, the image display is per-
formed. Thus, it is possible to obtain the same advantageous
effects as those of the foregoing first embodiment.

[0164] According to the embodiment, since the first light
guide plate 83a formed by the blocks is used, the light-source
light can be allowed to be radiated to the spot in the diffusion
state in the PDLC panel 60 and not to be radiated to the spot
in the transmission state. Therefore, the spot in which the
image display is performed and the spot in which the back-
ground is seen through can be allowed to appropriately coex-
ist in one screen. Since the light-source light can be radiated
to each division area by the first light guide plate 83« formed
by the blocks, the area active-driving can be performed as in
the foregoing first embodiment. Through the area active-
driving, as in the FS driving, it is possible to suppress so-
called color breakup which easily occurs when a screen of
another color component is switched at a high speed. Since
the light-source light can be emitted from the block in accor-
dance with the scanning directions of the CF-less liquid crys-
tal panel 50 and the PDLC panel 60, it is possible to suppress
the above-described color irregularity further than when the
light-source light is uniformly emitted to the entire surface of
the PDLC panel 60. At this time, the scanning of the light-
source light may not necessarily be tuned with the scanning
direction of the PDLC panel 60. By tuning the scanning of the
light-source light with the scanning direction of the CF-less
liquid crystal panel 50, it is possible to suppress the foregoing
color irregularity.

[0165] According to the embodiment, when the diffusion
effect in the reflection direction of the PDLC panel 60 is
higher than the diffusion effect in the transmission direction,
the source light of the rear surface emitted light of the first
light guide plate 83a can be efficiently used for the image
display by disposing the first light guide plate 83a and the
PDLC panel 60 in order on the side of the CF-less liquid
crystal panel 50. More specifically, the front-surface-direc-
tion vertical component of the diffused source light of the rear
surface emitted light increases. Therefore, it is possible to
improve the luminance of the display image. Further, since
the front-surface-direction vertical component of the diffused
background light decreases, it is possible to sufficiently sup-
press the influence of the background light on the display
image.

2.4 First Modification Example

[0166] FIG. 21 is a perspective view for describing a dis-
position order of the CF-less liquid crystal panel 50, the
PDLC panel 60, and the first light guide plate 83a according
to a first modification example of the second embodiment. In
the modification example, the PDLC panel 60 and the first
light guide plate 83a are disposed in order on the side of the
CF-less liquid crystal panel 50. That is, the PDLC panel 60 is
located on the rear surface of the CF-less liquid crystal panel
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50 and the first light guide plate 83a is located on the rear
surface of the PDLC panel 60.

[0167] FIG. 22 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel 50, the PDLC panel
60, and the first light guide plate 83a illustrated in FIG. 21. At
the time of the image display, no voltage is applied to the
PDLC display elements 61 and the PDLC display elements
61 are in the diffusion state. At this time, the light-source light
emitted by the light source unit 81 for the light guide plate is
guided by the first light guide plate 83a and is emitted to the
division area of interest of the PDLC panel 60 located on the
front surface. More specifically, the light-source light is emit-
ted from the light source unit 81 for the light guide plate to the
block ofinterest and the light-source light guided by the block
of interest is emitted to the division area of interest of the
PDLC panel 60. Therefore, the light-source light incident on
the PDLC display elements 61 is diffused and the front-
surface-direction vertical component of the diffused light-
source light is emitted to the CF-less liquid crystal display
elements 51. The background light transmitted through the
firstlight guide plate 83a is also incident on the PDLC display
elements 61. As described above, since the PDLC display
elements 61 are in the diffusion state, the background light
incident on the PDLC display elements 61 is diffused and the
front-surface-direction vertical component of the diffused
background light is emitted to the CF-less liquid crystal dis-
play elements 51. In the modification example, since the
source light of the rear surface emitted light does not arrive at
the CF-less liquid crystal display elements 51, the source light
of the rear surface emitted light does not contribute to the
image display.

[0168] Inthisway,atthe time of the image display, the light
radiation unit 90 formed by the PDLC panel 60 and the
backlight unit 80 radiates light formed by the front-surface-
direction vertical component of the diffused source light of
the front surface emitted light and the front-surface-direction
vertical component of the diffused background light to the
CF-less liquid crystal panel 50 (the CF-less liquid crystal
display elements 51). At the time of the image display, since
the PDLC panel 60 diffuses the background light, the back-
ground light arriving at the CF-less liquid crystal panel 50 has
only the front-surface-direction vertical component after the
diffusion. Therefore, an influence of the background light on
the display image is sufficiently suppressed.

[0169] At the time of the entire surface non-display, a volt-
ageis applied to the PDLC display elements 61 and the PDL.C
display elements 61 are in the transmission state. The light-
source light is not emitted from the light source unit 81 for the
light guide plate to any block of the first light guide plate 83a.
Therefore, only the background light transmitted through the
PDLC display elements 61 and the first light guide plate 83a
is radiated to the CF-less liquid crystal display elements 51.
Thus, the background is seen through.

[0170] At the time of the partial non-display, the PDLC
display elements 61 are in the transmission state, as in the
time of the entire surface non-display. Unlike the time of the
entire surface non-display, on the other hand, the light-source
light is not emitted from the light source unit 81 for the light
guide plate to the blocks of interest and the light-source light
is emitted from the light source unit 81 for the light guide
plate to the other blocks. In this way, the background light
transmitted through the PDLC display elements 61 and the
first light guide plate 83« are radiated to the CF-less liquid
crystal display elements 51 of the division area in which the
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image display is not performed. Light formed by the front-
surface-direction vertical component of the diffused source
light of the front surface emitted light and the front-surface-
direction vertical component of the diffused background light
is radiated to the CF-less liquid crystal display elements 51 of
the division area in which the image display is performed.
Therefore, as in the foregoing second embodiment, the image
display and the background transmission can be simulta-
neously performed and the spot in which the image display is
performed and the spot in which the background is seen
through can be allowed to appropriately coexist in one screen.
[0171] In the modification example, by disposing the
PDLC panel 60 and the first light guide plate 83a in order on
the side of the CF-less liquid crystal panel 50, it is possible to
obtain the same advantageous effects as those of the forego-
ing second embodiment. When the diffusion effect in the
transmission direction of the PDLC panel 60 is higher than
the diffusion effect in the reflection direction, the source light
of the front surface emitted light of the first light guide plate
83a is efficiently used for the image display. More specifi-
cally, the front-surface-direction vertical component of the
source light of the front surface emitted light increases.
Therefore, it is possible to improve the luminance of the
display image. In the modification example, when the back-
light light guide plate in which the source light of the front
surface emitted light is more than the source light of the rear
surface emitted light is adopted as the foregoing first light
guide plate 83a, it is possible to further improve the lumi-
nance of the display image.

2.5 Second Modification Example

[0172] FIG. 23 is a perspective view for describing a dis-
position order of the CF-less liquid crystal panel 50, the
PDLC panel 60, and first and second light guide plates 83a
and 835 according to a second modification example of the
second embodiment. The characteristics of the first and sec-
ond light guide plates 834 and 835 may be mutually identical
to each other or may be different from each other. However,
the transmittance of the second light guide plate 835 is
assumed to be relatively higher as in the transmittance of the
first light guide plate 83a. The second light guide plate 835 is
configured to be formed by a plurality of blocks arranged in
oneline, as in the first light guide plate 83a. Hereinafter, as in
the first light guide plate 834, the light-source light emitted to
the rear surface side of the second light guide plate 835 is
referred to as “source light of rear surface emitted light” and
the light-source light emitted to the front surface side of the
second light guide plate 834 is referred to as “source light of
front surface emitted light” to facilitate the description. In the
modification example, the first light guide plate 83a, the
PDLC panel 60, and the second light guide plate 835 are
disposed in order on the side of the CF-less liquid crystal
panel 50. That is, the first light guide plate 83a is located on
the rear surface of the CF-less liquid crystal panel 50, the
PDLC panel 60 is located on the rear surface of the first light
guide plate 83a, and the second light guide plate 835 is
located on the rear surface of the PDLC panel 60.

[0173] FIG. 24 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel 50, the PDLC panel
60, and the first and second light guide plates 83a and 835
illustrated in FIG. 23. At the time of the image display, no
voltage is applied to the PDLC display elements 61 and the
PDLC display elements 61 are in the diffusion state. At this
time, the light-source light emitted by the light source unit 81

Nov. 12,2015

for the light guide plate is guided by the first and second light
guide plates 83a and 835 and is emitted to each division area
of interest of the CF-less liquid crystal panel 50 and the PDLC
panel 60. More specifically, the light-source light is emitted
from the light source unit 81 for the light guide plate to the
blocks of interest of the first and second light guide plates 83a
and 835. The light-source light guided by the first light guide
plate 83a is emitted to each division area of interest of the
CF-less liquid crystal panel 50 and the PDLC panel 60 and the
light-source light guide by the second light guide plate 835 is
emitted to the division area of interest of the PDLC panel 60.
Therefore, the light-source light incident on the PDLC dis-
play elements 61 is diffused and the front-surface-direction
vertical component of the diffused light-source light is trans-
mitted through the first light guide plate 834 to be emitted to
the CF-less liquid crystal display elements 51. The source
light of the front surface emitted light of the first light guide
plate 83a is emitted to the CF-less liquid crystal display
elements 51. The background light transmitted through the
second light guide plate 835 is also incident on the PDLC
display elements 61. As described above, since the PDLC
display elements 61 are in the diffusion state, the background
light incident on the PDLC display elements 61 is diffused
and the front-surface-direction vertical component of the dif-
fused background light is transmitted through the first light
guide plate 83a to be emitted to the CF-less liquid crystal
display elements 51. Since the source light of the rear surface
emitted light of the second light guide plate 835 does not
arrive at the CF-less liquid crystal display elements 51, the
source light of the rear surface emitted light does not contrib-
ute to the image display.

[0174] Inthis way, at the time of the image display, the light
radiation unit 90 formed by the PDLC panel 60 and the
backlight unit 80 radiates light formed by the source light of
the front surface emitted light of the first light guide plate 834,
the front-surface-direction vertical components of the dif-
fused source light of the rear surface emitted light of the first
light guide plate 83a and the source light of the front surface
emitted light of the second light guide plate 835, and the
front-surface-direction vertical component of the diffused
background light to the CF-less liquid crystal panel 50 (the
CF-less liquid crystal display elements 51). At the time of the
image display, since the PDLC panel 60 diffuses the back-
ground light, the background light arriving at the CF-less
liquid crystal panel 50 has only the front-surface-direction
vertical component after the diffusion. Therefore, an influ-
ence of the background light on the display image is suffi-
ciently suppressed.

[0175] At the time of the entire surface non-display, a volt-
ageis applied to the PDLC display elements 61 and the PDL.C
display elements 61 are in the transmission state. The light-
source light is not emitted from the light source unit 81 for the
light guide plate to any block of the first light guide plate 83a
or any block of the second light guide plate 835. Therefore,
only the background light transmitted through second light
guide plate 835, the PDLC display elements 61, and the first
light guide plate 83« is radiated to the CF-less liquid crystal
display elements 51. Thus, the background is seen through.

[0176] At the time of the partial non-display, the PDLC
display elements 61 are in the transmission state, as in the
time of the entire surface non-display. Unlike the time of the
entire surface non-display, on the other hand, the light-source
light is not emitted from the light source unit 81 for the light
guide plate to the blocks of interest of the first and second
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light guide plates 83a and 835 and the light-source light is
emitted from the light source unit 81 for the light guide plate
to the other blocks of the first and second light guide plates
83 and 835. In this way, the background light transmitted
through the second light guide plate 835, the PDLC display
elements 61, and the first light guide plate 83« is radiated to
the CF-less liquid crystal display elements 51 of the division
area in which the image display is not performed. Light
formed by the source light of the front surface emitted light of
the first light guide plate 83a, the front-surface-direction ver-
tical components of the diffused source light of the rear sur-
face emitted light of the first light guide plate 83a and the
source light of the front surface emitted light of the second
light guide plate 835, and the front-surface-direction vertical
component of the diffused background light is radiated to the
CF-less liquid crystal display elements 51 of the division area
in which the image display is performed. Therefore, the
image display and the background transmission can be simul-
taneously performed and the spot in which the image display
is performed and the spot in which the background is seen
through can be allowed to appropriately coexist in one screen.
[0177] In the modification example, by disposing the first
light guide plate 83a, the PDLC panel 60, and the second light
guide plate 835 in order on the side of the CF-less liquid
crystal panel 50, it is possible to obtain the same advanta-
geous effects as those of the foregoing second embodiment.
In the modification example, the source light of the rear
surface emitted light and the source light of the front surface
emitted light respectively emitted from the first and second
light guide plates 83« and 835 are diffused in the PDLC panel
60, and the front-surface-direction vertical components
thereof are radiated to the CF-less liquid crystal panel 50.
Therefore, it is possible to improve the luminance of the
display image irrespective of a magnitude relation between
the diffusion effect in the reflection direction of the PDLC
panel 60 and the diffusion effect in the transmission direction.

3. Third Embodiment

3.1 Disposition of Panel, Light Source Unit, and
Light Guide Unit

[0178] FIG. 25 is a perspective view for describing dispo-
sition of the CF-less liquid crystal panel 50, the PDLC panel
60, the first PDLC light source unit 70a, and the first light
guide plate 83a according to a third embodiment of the inven-
tion. Of the constituent elements of the embodiment, the same
constituent elements as those of the foregoing first or second
embodiment are denoted by the same reference numerals and
the description thereof will be appropriately omitted. In the
embodiment, the first PDLC light source unit 70a in the
foregoing first embodiment is used together in order to
improve the luminance of the spot in which the image display
is performed in the foregoing second embodiment. In the
embodiment, the disposition of the CF-less liquid crystal
panel 50, the PDLC panel 60, the first light guide plate 834,
and the light source unit 81 for the light guide plate is the same
as that of the foregoing second embodiment. In the embodi-
ment, the disposition of the first PDLC light source unit 70a
is the same as that of the foregoing first embodiment. In the
embodiment, the first PDLC light source unit 70a and the
light source unit 81 for the light guide plate form the light
source unit 100. The first PDLC light source unit 70a and the
light source unit 81 for the light guide plate are driven in
synchronization with the light source driving circuit 40.
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[0179] FIG. 26 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel 50, the PDLC panel
60, and the first light guide plate 83a illustrated in FIG. 25. In
the embodiment, the first PDLC light source unit 70« radiates
the light-source light to the rear surface of the PDLC panel 60.
More specifically, at the time of the image display or the time
of the partial non-display, the first PDLC light source unit 70a
radiates the light-source light from the rear surface to the
PDLC display elements 61 in the division area in which the
image display is performed. Therefore, in the embodiment,
the front-surface-direction vertical component of the diffused
light-source light of the first PDLC light source unit 704 is
added to the light radiated to the CF-less liquid crystal display
elements 51 of the division area in which the image display is
performed in the foregoing second embodiment. Since the
other basic configuration and operations are the same as those
ofthe first or second embodiment, the description thereof will
be omitted.

3.2 Advantageous Effect

[0180] In the embodiment, by using the first PDLC light
source unit 70a together in the configuration of the foregoing
second embodiment, the front-surface-direction vertical
component of the diffused light-source light of the first PDL.C
light source unit 70a is added to the light radiated to the
CF-less liquid crystal display elements 51 of the division area
in which the image display is performed. Therefore, it is
possible to improve the luminance of the display image.

3.3 First Modification Example

[0181] FIG. 27 is a perspective view for describing dispo-
sition of the CF-less liquid crystal panel 50, the PDLC panel
60, the first PDLC light source unit 70a, and the first light
guide plate 83a according to a first modification example of
the third embodiment of the invention. In the modification
example, the first PDLC light source unit 70a in the foregoing
firstembodiment is used together to improve the luminance of
the spot in which the image display is performed in the first
modification example of the foregoing second embodiment.
In the modification example, the disposition of the CF-less
liquid crystal panel 50, the PDLC panel 60, the first light
guide plate 83, and the light source unit 81 for the light guide
plate is the same as that of the first modification example of
the foregoing second embodiment.

[0182] FIG. 28 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel 50, the PDLC panel
60, and the first light guide plate 83a illustrated in FIG. 27. In
the modification example, the first PDLC light source unit
70a radiates the light-source light to the rear surface of the
PDLC panel 60. The light-source light of the first PDLC light
source unit 70a may be radiated to the rear surface of the
PDLC panel 60 via the first light guide plate 83a and may be
radiated directly to the rear surface of the PDLC panel 60 by
forming an air layer or the like between the first light guide
plate 83a and the PDLC panel 60. More specifically, at the
time of the image display or the time of the partial non-
display, the first PDLC light source unit 70a radiates the
light-source light from the rear surface to the PDLC display
elements 61 in the division area in which the image display is
performed. Therefore, in the modification example, the front-
surface-direction vertical component of the diffused light-
source light of the first PDLC light source unit 70a is added to
the light radiated to the CF-less liquid crystal display ele-
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ments 51 of the division area in which the image display is
performed in the first modification example of the foregoing
second embodiment. Since the other basic configuration and
operations are the same as those of the first modification
example of the first embodiment or the second embodiment,
the description thereof will be omitted.

[0183] In the modification example, by using the first
PDLC light source unit 70a together in the configuration of
the first modification example of the foregoing second
embodiment, the front-surface-direction vertical component
of the diffused light-source light of the first PDLC light
source unit 70« is added to the light radiated to the CF-less
liquid crystal display elements 51 of the division area in
which the image display is performed. Therefore, it is pos-
sible to improve the luminance of the display image.

3.4 Second Modification Example

[0184] FIG. 29 is a perspective view for describing dispo-
sition of the CF-less liquid crystal panel 50, the PDLC panel
60, the first PDLC light source unit 70a, and first and second
light guide plates 83a and 835 according to a second modifi-
cation example of the third embodiment. In the modification
example, the first PDLC light source unit 70a in the foregoing
first embodiment is used together in order to improve the
luminance of the spot in which the image display is performed
in the second modification example of the foregoing second
embodiment. In the modification example, the disposition of
the CF-less liquid crystal panel 50, the PDLC panel 60, the
first and second light guide plates 83 and 834, and the light
source unit 81 for thelight guide plate is the same as that of the
second modification example of the foregoing second
embodiment.

[0185] FIG. 30 is a sectional view corresponding to one
pixel of the CF-less liquid crystal panel 50, the PDLC panel
60, and the first and second light guide plates 834 and 83b
illustrated in FIG. 29. In the modification example, the first
PDLC light source unit 70« radiates the light-source light to
the rear surface of the PDLC panel 60. The light-source light
of the first PDLC light source unit 70¢ may be radiated to the
rear surface of the PDLC panel 60 via the second light guide
plate 835 and may be radiated directly to the rear surface of
the PDLC panel 60 by forming an air layer or the like between
the second light guide plate 835 and the PDLC panel 60. More
specifically, at the time of the image display or the time of the
partial non-display, the first PDLC light source unit 70« radi-
ates the light-source light from the rear surface to the PDLC
display elements 61 in the division area in which the image
display is performed. Therefore, in the modification example,
the front-surface-direction vertical component of the diffused
light-source light of the first PDLC light source unit 70a is
added to the light radiated to the CF-less liquid crystal display
elements 51 of the division area in which the image display is
performed in the second modification example of the forego-
ing second embodiment. Since the other basic configuration
and operations are the same as those the second modification
example of the first embodiment or the second embodiment,
the description thereof will be omitted.

[0186] In the modification example, by using the first
PDLC light source unit 70a together in the configuration of
the second modification example of the foregoing second
embodiment, the front-surface-direction vertical component
of the diffused light-source light of the first PDLC light
source unit 70« is added to the light radiated to the CF-less
liquid crystal display elements 51 of the division area in
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which the image display is performed. Therefore, it is pos-
sible to improve the luminance of the display image.

4. Fourth Embodiment

4.1 Color Irregularity

[0187] Ina fourth embodiment of the invention, the above-
described color irregularity is resolved which occurs when
the scanning driving of the light source is not performed in
accordance with the scanning direction of the CF-less liquid
crystal panel 50. Here, the color irregularity will be further
described. In the description of the factors relevant to the
color irregularity in the embodiment, note that the factors are
omitted in some cases to facilitate the description of the
driving of the PDLC panel 60. FIG. 31 is a diagram for
describing color irregularity. More specifically, Section A of
FIG. 31 shows a timing at which red data is supplied to the
CF-less liquid crystal panel 50 and Section B of FIG. 31
shows a light-up start time and a light-up time at which a
light-emitting element of each color lights up. Section A of
FIG. 31 is the same as Section A of FIG. 9 described above. In
Section B of FIG. 31, a schematic display image is added to
Section C of FIG. 9 described above.

[0188] Since an operation in each sub-frame period is the
same as the operation described above, the description
thereof will be omitted herein. As shown in Section B of FIG.
31, a red image with no color irregularity is displayed in the
upper half of a screen and an image with color irregularity in
which green is mixed with red is displayed in the lower half of
the screen.

4.2 Signal Processing Circuit

[0189] FIG. 32 is a block diagram illustrating the configu-
ration of the signal processing circuit 10 according to the
embodiment. Of the constituent elements of the embodiment,
the same constituent elements as those of the foregoing first to
third embodiments are denoted by the same reference numer-
als and the description thereof will be appropriately omitted.
The basic configuration of the signal processing circuit 10
according to the embodiment is the same as that of the fore-
going first embodiment. An input signal IN in the embodi-
ment includes image data ID, display image position desig-
nation data Da, display start line designation data Dal, non-
display start line designation data Dn, and response time data
Dti indicating a liquid crystal response time T1 of the CF-less
liquid crystal panel 50.

[0190] Thedisplay startline designation data Dal is data for
designating a start position (hereinafter referred to as a “dis-
play start line” and denoted by reference numeral Xa) of a
display area in which an image with no color irregularity and
a desired color is displayed on a screen by adjusting at least
one of a light-up time of the light-emitting element of each
color, a scanning driving start time of the CF-less liquid
crystal display elements 51, and a light-up time of the light-
emitting element of each color. The non-display start line
designation data Dn is data for designating a start position
(hereinafter referred to as a “non-display start line” and
denoted by a reference numeral Xn) of a non-display area in
which the image with the desired color is not displayed on the
screen by allowing the color data to be the same for each
sub-frame period or each pixel.

[0191] The signal separation control unit 11 separates the
input signal IN into the image data ID, the display image
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position designation data Da, the display start line designa-
tion data Dal, the non-display start line designation data Dn,
and the response time data Dti, supplies the image data ID to
the FS processing unit 12, and supplies the display image
position designation data Da, the display start line designa-
tion data Dal, the non-display start line designation data Dn,
and the response time data Dti to the image control unit 14.

[0192] The image control unit 14 generates CF-less liquid
crystal data CD, PDLC data PD, light source data LD, and a
driving timing control signal DT based on the display image
position designation data Da, the display start line designa-
tion data Dal, the non-display start line designation data D,
the response time data Dti, and the FS image data FID.

4.3 Image Control Unit

[0193] FIG. 33 is a block diagram illustrating the configu-
ration of the image control unit 14 illustrated in FIG. 32. The
basic configuration of the image control unit 14 in the
embodiment is the same as that of the foregoing first embodi-
ment. The display image data generation unit 141 receives the
display image position designation data Da, the display start
line designation data Dal, the non-display start line designa-
tion data Dn, and the FS image data FID and generates the
CF-less liquid crystal data CD based on the display image
position designation data Da, the display start line designa-
tion data Dal, the non-display start line designation data Dn,
and the FS image data FID. The CF-less liquid crystal data
CD in the embodiment includes image data (color data) for a
display area and image data (color data) for a non-display
area. The white data generation unit 142 receives the display
image position designation data Da, the display start line
designation data Dal, and the non-display start line designa-
tion data Dn and generates the PDLC data PD based on the
display image position designation data Da, the display start
line designation data Dal, and the non-display start line des-
ignation data Dn. The light source data generation unit 143
receives the display image position designation data Da, the
display start line designation data Dal, the non-display start
line designation data Dn, the response time data Dti, and the
FS image data FID and generates the light source data LD
based on the display image position designation data Da, the
display start line designation data Dal, the non-display start
line designation data Dn, the response time data Dti, and the
FS image data FID. The light source data generation unit 143
generates a light source light-up time data Dth to be described
below and supplies the light source light-up time data Dtb to
the timing processing unit 144. The timing processing unit
144 receives the display image position designation data Da,
the display start line designation data Dal, the FS image data
FID, and the light source light-up time data Dtb and generates
the driving timing control signal DT based on the display
image position designation data Da, the display start line
designation data Dal, the FS image data FID, and the light
source light-up time data Dtb.

[0194] An operation of the light source data generation unit
143 in the embodiment will be further described. The light
source data generation unit 143 obtains a maximum light
source light-up time Thm which is a time at which the light-
emitting element of each color lights up so that the luminance
becomes the maximum in the state of no color irregularity by
expression (1), (2), or (3) below by using at least the display
start line designation data Dal, the non-display start line des-
ignation data Dn, and the response time data Dti:
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Thm=T-TI-[T*(Xn-Xa)|/IX (1
Thm=T {2); and
Thm=T-TI-{T*(X+Xn-Xa)|/X 3),

where T indicates one sub-frame period and X indicates the
total number of lines (total number of scanning lines) of the
CF-less liquid crystal panel 50.

[0195] Whether calculation is performed using one of
expressions (1) to (3) above is determined by a magnitude
relation between a display start line Xa and a non-display start
line Xn. Specifically, when Xa<Xn, expression (1) is used.
When Xa=Xn, expression (2) is used. When Xa Xn, expres-
sion (3) is used. A light source light-up time Tb which is a
period in which the light-emitting elements light up can be
changed between the maximum light source light-up time
Tbm and 0. In order to obtain higher luminance, the light
source light-up time Tb is preferably set to a value closer to
the maximum light source light-up time Tbm. The light
source data LD output by the light source data generation unit
143 includes the light source light-up time Tb. The light
source data LD may include the maximum light source light-
up time Thm instead of the light source light-up time Tb. The
light source data generation unit 143 supplies the light source
light-up time data Dtb indicating the light source light-up
time Th to the timing processing unit 144.

[0196] Next, an operation of the timing processing unit 144
in the embodiment will be further described. The timing
processing unit 144 obtains a light-up driving adjustment
time Td which is a time for determining how much quickly or
how much lately the light-emitting element of each color
lights up from the scanning driving start time of the CF-less
liquid crystal display element 51 by equation (4) below by
using at least the display start line designation data Dal and
the light source light-up time data Dtb. In other words, the
light-up driving adjustment time Td is a time for adjusting the
light-up start time of the light-emitting element of each color.

Td=T-Th+(T*Xa/X) “

[0197] The timing processing unit 144 generates and out-
puts the driving timing control signal DT based on the light-
up driving adjustment time Td obtained by expression (4).
The start time of the scanning driving of the CF-less liquid
crystal display elements 51 may be adjusted instead of adjust-
ing the light-up start time of the light-emitting element of
each color. Further, both of the light-up start time of the
light-emitting element of each color and the start time of the
scanning driving of the CF-less liquid crystal display element
51 may be adjusted. For the maximum light source light-up
time Thm and the light-up driving adjustment time Td indi-
cated in expressions (1) to (4) above, a case in which the
maximum luminance is displayed in a state of no color irregu-
larity is assumed. However, when the color irregularity is
allowed slightly, each of the maximum light source light-up
time Tbm and the light-up driving adjustment time Td may be
increased or decreased by an allowable amount. In the
embodiment, the driving timing control signal DT corre-
sponds to a light source driving timing control signal.

[0198] By lighting up the light-emitting elements of the
respective colors of the first PDLC light source unit 70a
and/or the backlight unit 80 in order in synchronization with
the driving of the CF-less liquid crystal panel 50 under the
above-described setting, it is possible to form a display area in
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which an image with no color irregularity is displayed at a
desired position on the screen.

4.4 Operation

[0199] FIG. 34 is a diagram for describing an operation
when a red image is displayed in the display area according to
the embodiment. More specifically, Section A of FIG. 34
shows a timing at which red data is supplied to the CF-less
liquid crystal panel 50 and Section B of FIG. 34 shows a
light-up start time and a light-up time at which a light-emit-
ting element of each color lights up. Here, the description will
be made assuming that the liquid crystal response time T1 of
the CF-less liquid crystal panel 50 is zero. In the description
of a display image in Section B of FIG. 34 (the same applies
to Section B of FIG. 35, Section B of FIG. 36, and Section B
of FIG. 37), 1080 lines have to be described when the CF-less
liquid crystal panel 50 is a liquid crystal panel including
pixels of, for example, horizontal 1920xvertical 1080. How-
ever, for convenience, the description will be made below
assuming that the CF-less liquid crystal panel 50 is config-
ured to include a total of eight lines from a zeroth line at the
upper most end and a seventh line at the lower most end. An
area with a check pattern indicates a display area in which a
red image is displayed and an area with no check pattern
indicates a non-display area in a state in which a background
color is transmitted at the maximum.

[0200] Asshown Section B of FIG. 34, the display start line
Xa is located at an upper line of the non-display start line Xn
and the display start line Xa is not zero. Specifically, the
display start line Xa is assumed to the second line and the
non-display start line Xn is assumed to be the sixth line. In this
case, the second to fifth lines become a display area and the
zeroth, first, sixth, and seventh lines become non-display
areas. Therefore, the display image data generation unit 141
generates the CF-less liquid crystal data CD including image
data for realizing the display area and the non-display areas.
In the embodiment, the number of pixels of the PDLC panel
60 is preferably plural, and the PDLC data PD generated by
the white data generation unit 142 based on the display image
position designation data Da, the display start line designa-
tion data Dal, and the non-display start line designation data
Dn is preferably set such that the PDLC display elements 61
corresponding to the display area are in the diffusion state and
the PDLC display elements 61 corresponding to the non-
display areas are in the transmission state. In the embodiment,
however, a mode in which the state of the entire PDLC panel
60 is set uniformly is not excluded.

[0201] The scanning driving starts from a start time of each
of first to third sub-frame periods. For the first sub-frame
period, the transmission data is supplied as the red data to the
second to fifth lines through the scanning driving and the
transmission data is also supplied as the red data to the zeroth
and first lines and the sixth and seventh lines. For the second
sub-frame period, the shielding data is supplied as the green
data to the second to fifth lines and the transmission data is
supplied as the green data to the zeroth and first lines and the
sixth and seventh lines. For the third sub-frame period, the
shielding data is supplied as the blue data to the second to fifth
lines and the transmission data is supplied as the blue data to
the zeroth and first lines and the sixth and seventh lines.
[0202] For each of the first to third sub-frame periods, the
light-emitting elements of the corresponding color light up at
a time delayed by the light-up driving adjustment time Td
than the scanning driving start time of the corresponding
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color data and light off after the light source light-up time Tb
has passed. Therefore, the red light-emitting elements 71~
(82r) light up for the second half of the first sub-frame period
to the first half of the second sub-frame period. The green
light-emitting elements 71g (82g) light up for the second half
of the second sub-frame period to the first half of the third
sub-frame period. The blue light-emitting elements 715 (825)
light up forthe second half of the third sub-frame periodto the
first half of the first sub-frame period of the subsequent frame
period.

[0203] The red light is transmitted through the second to
fifth lines to which the transmission data is supplied as the red
data and is transmitted through the zeroth and first lines and
the sixth and seventh lines to which the transmission data is
supplied as the red data. However, the green light and the blue
light are shielded so that a transmission amount is the mini-
mum in the second to fifth lines and are transmitted through
the zeroth and first lines and the sixth and seventh lines at the
maximum. As a result, since only the red line is transmitted in
the second to fifth lines, an image according to the red data is
displayed. On the other hand, in the zeroth and first lines and
the sixth and seventh lines, the light of each color is transmit-
ted by the same amount of light, 1.e., for the same time. Thus,
the zeroth and first lines and the sixth and seventh lines
become the non-display area through which the background
color is transmitted at the maximum. In this way, the display
area in which the red image is displayed is formed in the
middle of the screen and the non-display areas in the state in
which the background color is transmitted at the maximum
are formed with the display area interposed between the
upper and lower sides. When the number of pixels of the
PDLC panel 60 is set to be one and the entire PDLC panel 60
is in the diffusion state at the time of the image display, white
display is realized in the non-display areas.

[0204] In the embodiment, the light source light-up time
and the driving timing control signal DT are controlled in
correspondence to a period in which the color data necessary
to display an image of a desired color is supplied to the
display area. Therefore, the display area in which the image of
the desired color and occurrence of the color irregularity is
suppressed can be set at a desired position of the CF-less
liquid crystal panel 50.

[0205] In the embodiment, the color data supplied to the
non-display areas for each sub-frame period becomes the
same data for each pixel of the non-display area. Therefore,
the non-display area becomes an area in which occurrence of
the color irregularity is suppressed. When the number of
pixels of the PDLC panel 60 is set to be plural, for example,
a background can be displayed in the non-display area.
[0206] Not only the configuration of the foregoing first
embodiment but also the configuration of the first modifica-
tion example of the foregoing first embodiment may be
adopted as the configuration of the signal processing circuit
10 according to the embodiment. For the disposition of the
CF-less liquid crystal panel 50 and the light radiation unit 90
in the embodiment, any of the foregoing first to third embodi-
ments and the modification examples thereof may be adopted.
In the embodiment, the frame interpolation process of the
second modification example of the foregoing first embodi-
ment may be performed.

4.6 First Modification Example

[0207] FIG. 35 is a diagram for describing an operation
when a red image is displayed in display areas according to a



US 2015/0325163 Al

first modification example of the foregoing fourth embodi-
ment. More specifically, Section A of FIG. 35 shows a timing
at which red data is supplied to the CF-less liquid crystal
panel 50 and Section B of FIG. 35 shows a light-up start time
and a light-up time at which a light-emitting element of each
color lights up. As shown in Section B of FIG. 35, the display
start line Xa is located at a lower line of the non-display start
line Xn and the non-display start line Xn is not zero. Specifi-
cally, the display start line Xa is assumed to the sixth line and
the non-display start line Xn is assumed to be the second line.
In this case, the zeroth and first lines and the sixth and seventh
lines become a display area and the second to fifth lines
become non-display areas. Therefore, the display image data
generation unit 141 generates the CF-less liquid crystal data
CD including image data for realizing the display areas and
the non-display area. The display image data generation unit
141 generates the image data displayed in the zeroth and first
lines by delaying the image data by one sub-frame period.

[0208] The scanning driving starts from the start time of
each of the first to third sub-frame periods. For the first
sub-frame period, the transmission data is supplied as the red
data to the second to fifth lines and the sixth and seventh lines
through the scanning driving. For the second sub-frame
period, the transmission data which is the red data to be
supplied to the zeroth and first lines is supplied by delaying
the transmission data by one sub-frame period. For the second
sub-frame period, the transmission data is supplied as green
data to the second to fifth lines and the shielding data is
supplied as the green data to the sixth and seventh lines. For
the third sub-frame period, the shielding data which is the
green data to be supplied to the zeroth and first lines is sup-
plied by delaying the shielding data by one sub-frame period.
For the third sub-frame period, the transmission data is sup-
plied as the blue data to the second to fifth lines and the
shielding data is supplied as the blue data to the sixth and
seventh lines. The shielding data which is the blue data to be
supplied to the zeroth and first lines is supplied for the first
sub-frame period of the subsequent frame period.

[0209] For each of the first to third sub-frame periods, the
light-emitting elements of the corresponding color light up at
a time delayed by the light-up driving adjustment time Td
than the scanning driving start time of the corresponding
color data and light off after the light source light-up time Th
has passed. Therefore, the red light-emitting elements 71
(82r) light up at a time delayed by the light-up driving adjust-
ment time Td from the start time of the first sub-frame period.
The green light-emitting elements 71g (82¢) light up at a time
delayed by the light-up driving adjustment time Td from the
start time of the second sub-frame period. The blue light-
emitting elements 715 (82b) light up at a time delayed by the
light-up driving adjustment time Td from the start time of the
third sub-frame period.

[0210] The red light is transmitted through the zeroth and
first lines and the sixth and seventh lines to which the trans-
mission data is supplied as the red data and is transmitted
through the second to fifth lines to which the transmission
data is supplied as the red data. However, the green light and
the blue light are shielded so that a transmission amount is the
minimum in the zeroth and first lines and the sixth and seventh
lines and are transmitted through the second to fifth lines at
the maximum. As a result, since only the red light is trans-
mitted in the zeroth and first lines and the sixth and seventh
lines, an image according to the red data is displayed. On the
other hand, in the second to fifth lines, the light of each color
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is transmitted by the same amount of light, i.e., for the same
time. Thus, the second to fifth lines become the non-display
area through which the background color is transmitted at the
maximum. In this way, the non-display area in the state in
which the background color is transmitted at the maximum
are formed in the middle of the screen and the display areas in
which the red image is displayed are formed with the non-
display area interposed between the upper and lower sides.

4.7 Second Modification Example

[0211] FIG. 36 is a diagram for describing an operation
when a red image is displayed in a display area according to
a second modification example of the fourth embodiment.
More specifically, Section A of FIG. 36 shows a timing at
which red data is supplied to the CF-less liquid crystal panel
50 and Section B of FIG. 36 shows a light-up start time and a
light-up time at which a light-emitting element of each color
lights up. As shown in Section B of FIG. 36, the display start
line Xa is located at an upper line of the non-display start line
Xn and the display start line Xa is zero. Specifically, the
display start line Xa is assumed to the zeroth line and the
non-display start line Xn is assumed to be the sixth line. Inthis
case, the zeroth to fifth lines become a display area and the
sixth and seventh lines become non-display area. Therefore,
the display image data generation unit 141 generates the
CF-less liquid crystal data CD including image data for real-
izing the display area and the non-display area.

[0212] The scanning driving starts from the start time of
each of the first to third sub-frame periods. For the first
sub-frame period, the transmission data is supplied as the red
data to the zeroth to fifth lines and the sixth and seventh lines
through the scanning driving. For the second sub-frame
period, the shielding data is supplied as the green data to the
zeroth to fifthlines and the transmission data is supplied as the
green data to the sixth and seventh lines. For the third sub-
frame period, the shielding data is supplied as the blue data to
the zeroth to fifth lines and the transmission data is supplied as
the blue data to the sixth and seventh lines.

[0213] For each of the first to third sub-frame periods, the
light-emitting elements of the corresponding color light up at
a time delayed by the light-up driving adjustment time Td
than the scanning driving start time of the corresponding
color data and light off after the light source light-up time Tb
has passed. Therefore, the red light-emitting elements 71~
(82r) light up from the second half of the first sub-frame
period to the end time thereof. The green light-emitting ele-
ments 71g (82g) light up from the second half of the second
sub-frame period to the end time thereof. The blue light-
emitting elements 715 (825) light up from the second half of
the third sub-frame period to the end time thereof.

[0214] The red light is transmitted through the zeroth to
fifth lines to which the transmission data is supplied as the red
data and is transmitted through the sixth and seventh lines to
which the transmission data is supplied as the red data. How-
ever, the green light and the blue light are shielded so that a
transmission amount is the minimum in the zeroth to fifth
lines and are transmitted through the sixth and seventh lines at
the maximum. As a result, since only the red line is transmit-
ted in the zeroth to fifth lines, an image according to the red
data is displayed. On the other hand, in the sixth and seventh
lines, the light of each color is transmitted by the same
amount of light, i.e., for the same time. Thus, the sixth and
seventh lines become the non-display areas through which the
background color is transmitted at the maximum. In this way,
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the display area in which the red image is displayed is formed
in the upper portion of the screen and the non-display area in
the state in which the background color is transmitted at the
maximum is formed in the lower portion of the screen.

4.8 Third Modification Example

[0215] FIG. 37 is a diagram for describing an operation
when a red image is displayed in a display area according to
a third modification example of the foregoing fourth embodi-
ment. More specifically, Section A of FIG. 37 shows a timing
at which red data is supplied to the CF-less liquid crystal
panel 50 and Section B of FIG. 37 shows a light-up start time
and a light-up time at which the light-emitting element of
each color lights up. As shown in Section B of FIG. 37, the
display start line Xa is located at a lower line of the non-
display start line Xn and the non-display start line Xn is zero.
Specifically, the display start line Xa is assumed to the sixth
line and the non-display start line Xn is assumed to be the
zeroth line. In this case, the zeroth to fifth lines become a
non-display area and the sixth and seventh lines become a
display area. Therefore, the display image data generation
unit 141 generates the CF-less liquid crystal data CD includ-
ing image data for realizing the display area and the non-
display area.

[0216] The scanning driving starts from the start time of
each of the first to third sub-frame periods. For the first
sub-frame period, the transmission data is supplied as the red
data to the zeroth to fifth lines and the sixth and seventh lines
through the scanning driving. For the second sub-frame
period, the transmission data is supplied as the green data to
the zeroth to fifth lines and the shielding data is supplied as the
green data to the sixth and seventh lines. For the third sub-
frame period, the transmission data is supplied as the blue
data to the zeroth to fifth lines and the shielding data is
supplied as the blue data to the sixth and seventh lines.
[0217] For each of the first to third sub-frame periods, the
light-emitting elements of the corresponding color light up at
a time delayed by the light-up driving adjustment time Td
than the scanning driving start time of the corresponding
color data and light off after the light source light-up time Th
has passed. Therefore, the red light-emitting elements 71~
(827) light up from the start time of the second sub-frame
period and light off before the end time thereof. The green
light-emitting elements 71g (82g) light up from the start time
of the third sub-frame period and light off before the end time
thereof. The blue light-emitting elements 715 (825) light up
from the start time of the first sub-frame period of the subse-
quent frame period and light off before the end time thereof.
[0218] The red light is transmitted through the zeroth to
fifth lines to which the transmission data is supplied as the red
data and is transmitted through the sixth and seventh lines to
which the transmission data is supplied as the red data. How-
ever, the green light and the blue light are shielded so that a
transmission amount is the minimum in the sixth and seventh
lines and are transmitted through the zeroth to fifth lines at the
maximum. As a result, since only the red light is transmitted
in the sixth and seventh lines, an image according to the red
data is displayed. On the other hand, in the zeroth to fifth lines,
the light of each color is transmitted by the same amount of
light, i.e., for the same time. Thus, the zeroth to fifth lines
become the non-display areas through which the background
color is transmitted at the maximum. In this way, the non-
display area in the state in which the background color is
transmitted at the maximum is formed in the upper portion of
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the screen and the display area in which the red image is
displayed is formed in the lower portion of the screen.

5. Others

[0219] The invention is not limited to the above-described
embodiments, but can be modified in various ways within the
scope of the invention without departing from the gist of the
invention. For example, any of other display apparatuses
capable of switching transmission display and shielding dis-
play may be used instead of the CF-less liquid crystal panel
50. Examples of the other display apparatuses capable of
switching transmission display and shielding display include
a display apparatus using an electrowetting principle, a dis-
play apparatus using an electrochromic compound, a display
apparatus using electrophoretic bodies, a display apparatus
using a digital micromirror device (DMD), and a display
apparatus using a microshutter. In the other display appara-
tuses capable of switching transmission display and shielding
display other than the CF-less liquid crystal panel 50, the
“shielding display” includes a case in which light is diffused
only on the side of a light source (the side of a light guide plate
when the light guide plate is used).

[0220] Any of other display apparatuses capable of switch-
ing transmission display and diffusion display may be used
instead of the PDLC panel 60. Examples of the other display
apparatuses capable of switching transmission display and
diffusion display include a display apparatus using an elec-
trowetting principle, a display apparatus using an electro-
chromic compound, a display apparatus using electrophoretic
bodies, a display apparatus using a digital micromirror device
(DMD), and a display apparatus using a microshutter. In the
other display apparatuses capable of switching transmission
display and diffusion display other than the PDLC parel 60,
the “diffusion display” includes a case in which light is dif-
fused only on a side at which radiated light (also including
background light) arrives. A display apparatus capable of
switching transmission display and diffusion display of light
with color (including a case in which light is diffused ona side
at which radiated light (also including a background light, as
described above) arrives) may be used instead of the PDLC
panel 60. In this case, the light source unit 100 may not be
necessarily be configured to emit light of a plurality of colors
and may be configured to emit white light. Even in this case,
the entire light radiation unit 90 can radiate the light of the
plurality of colors to the CF-less liquid crystal panel 50.
[0221] Inthe foregoing first embodiment and the first modi-
fication example thereof, the CF-less liquid crystal timing
designation signal CT, the PDLC timing designation signal
PT, and the light source timing designation signal LT gener-
ated by the timing designation control unit 15 based on the
driving timing control signal DT has been supplied to each of
the CF-less liquid crystal display element signal control unit
16, the PDLC display element signal control unit 17, and the
light source signal control unit 18 in the above description,
but the invention is not limited thereto. The timing designa-
tion control unit 15 may not be provided and the image
control unit 14 may be configured to supply the driving timing
control signal DT to the CF-less liquid crystal display ele-
ment signal control unit 16, the PDLC display element signal
control unit 17, and the light source signal control unit 18.
[0222] In the first and third embodiments and each modifi-
cation example thereof, a mechanism (for example, a box for
which each panel or the like is disposed on its front and rear
surfaces and in which the exhibition object 110 is disposed
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inside) diffusing the light-source light may be adopted to
improve the use efficiency of the light-source light of the first
and second PDLC light source units 70a and 705.

[0223] Inthe foregoing second and third embodiments, the
area active-driving has been performed using the light guide
plate formed by the blocks in the above description, but the
invention is not limited thereto. The area active-driving may
be performed using a normal light guide plate not configured
by blocks as in FIG. 17. In this case, a light guide plate in
which the source light of the front surface emitted light is
small and transmittance is high is preferably used to see
through a background more clearly when a spot in which the
image display is not performed is in a transmission state.
[0224] In the foregoing third embodiment and each modi-
fication example thereof, as in the third modification example
of the foregoing first embodiment, the first PDLC light source
unit 70a may radiate the light-source light to the front surface
of the PDLC panel 60. In the foregoing third embodiment and
each modification example thereof, as in the fourth modifi-
cation example of the foregoing first embodiment, the light-
source light may be radiated to the front and rear surfaces of
the PDLC panel 60 using the first and second PDLC light
source units 70a and 7056. Thus, it is possible to further
improve the luminance of the display image.

REFERENCE SIGNS LIST

[0225] 1IMAGE DISPLAY DEVICE

[0226] 10 SIGNAL PROCESSING CIRCUIT (SIGNAL
PROCESSING UNIT)

[0227] 11 SIGNAL SEPARATION CONTROL UNIT

[0228] 12 FS PROCESSING UNIT

[0229] 13 MEMORY

[0230] 14 IMAGE CONTROL UNIT

[0231] 15 TIMING DESIGNATION CONTROL UNIT

[0232] 16 CF-LESS LIQUID CRYSTAL DISPLAY
ELEMENT SIGNAL CONTROL UNIT (FIRST DIS-
PLAY CONTROL UNIT)

[0233] 17 PDLC DISPLAY ELEMENT SIGNAL CON-
TROL UNIT (SECOND DISPLAY CONTROL UNIT)

[0234] 18 LIGHT SOURCE SIGNAL CONTROL
UNIT (LIGHT SOURCE CONTROL UNIT)

[0235] 20 CF-LESS LIQUID CRYSTAL DISPLAY
ELEMENT DRIVING CIRCUIT (FIRST DISPLAY
DRIVING UNIT)

[0236] 30 PDLC DISPLAY ELEMENT DRIVING CIR-
CUIT (SECOND DISPLAY DRIVING UNIT)

[0237] 40 LIGHT SOURCE DRIVING CIRCUIT
(LIGHT SOURCE DRIVING UNIT)

[0238] 50 CF-LESS LIQUID CRYSTAL PANEL
(FIRST DISPLAY PANEL)

[0239] 51 CF-LESS LIQUID CRYSTAL DISPLAY
ELEMENT (FIRST DISPLAY ELEMENT)

[0240] 60 PDLC PANEL (SECOND DISPLAY
PANEL)

[0241] 61 PDLC DISPLAY ELEMENT (SECOND
DISPLAY ELEMENT)

[0242] 71,82 LIGHT SOURCE

[0243] 71r, Tlg, 715 RED, GREEN, AND BLUE
LIGHT-EMITTING ELEMENTS

[0244] 82r, 82g, 826 RED, GREEN, AND BLUE
LIGHT-EMITTING ELEMENTS

[0245] 80 BACKLIGHT UNIT

[0246] 81 LIGHT SOURCE UNIT FOR LIGHT GUIDE
PLATE
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[0247] 83a,83HFIRST AND SECOND LIGHT GUIDE
PLATES
[0248] 90 LIGHT RADIATION UNIT
[0249] 100 LIGHT SOURCE UNIT
[0250] IN INPUT SIGNAL
[0251] ID IMAGE DATA
[0252] FID FIELD SEQUENTIAL IMAGE DATA
[0253] Da DISPLAY IMAGE POSITION DESIGNA-
TION DATA

[0254] Dal DISPLAY START LINE DESIGNATION
DATA

[0255] Dn NON-DISPLAY START LINE DESIGNA-
TION DATA

[0256] Din RESPONSE TIME DATA

[0257] CD CF-LESS LIQUID CRYSTAL DATA
(FIRST DISPLAY DATA)

[0258] PD PDLC DATA (SECOND DISPLAY DATA)

[0259] LD LIGHT SOURCE DATA

[0260] DT DRIVING TIMING CONTROL SIGNAL

1. An image display device that displays an image by
dividing one frame period of a supplied input signal into a
plurality of sub-frame periods and switching a display color
for each sub-frame period, the image display device compris-
ing:

a first display panel that includes a plurality of first display

elements disposed in a matrix form; and

a light radiation unit that is able to radiate light of a plural-

ity of colors to the first display panel, wherein

the light radiation unit includes

a light source unit, and
a second display panel which is able to switch between a
diffusion state in which incident light is diffused and a
transmission state in which incident light is transmitted,
the second display panel is in the diffusion state and dif-
fuses light emitted by the light source unit when the
image is displayed, and
the first display panel displays the image by controlling
transmittance of the light diffused by the second display
panel.

2. The image display device according to claim 1, wherein
the light source unit further includes a first light source unit
for the second display panel, the first light source unit includ-
ing light-emitting elements of the plurality of colors and
radiating light to the second display panel.

3. The image display device according to claim 2, wherein
the first light source unit for the second display panel radiates
light to one main surface of the second display panel.

4. The image display device according to claim 3, wherein

the light source unit further includes a second light source

unit for the second display panel, the second light source
unit including light-emitting elements of the plurality of
colors and radiating light to the second display panel,
and

the first light source unit for the second display panel and

the second light source unit for the second display panel
radiate light to both main surfaces of the second display
panel, respectively.

5. The image display device according to claim 2, wherein
the first light source unit for the second display panel has
enough directivity to radiate light to a part of the second
display panel.

6. The image display device according to claim 1, wherein

the light radiation unit further includes a first light guide

plate guiding incident light, and
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the light source unit includes a light source unit for a light
guide plate including light-emitting elements of the plu-
rality of colors and radiating light to the first light guide
plate.

7. The image display device according to claim 6, wherein
the first light guide plate and the second display panel are
disposed in order on a side of the first display panel.

8. The image display device according to claim 6, wherein
the second display panel and the first light guide plate are
disposed in order on a side of the first display panel.

9. The image display device according to claim 6, wherein

the light radiation unit further includes a second light guide

plate guiding incident light,

the light source unit for the light guide plate radiates light

to the first light guide plate and the second light guide
plate, and

the first light guide plate, the second display panel, and the

second light guide plate are disposed in order ona side of
the first display panel.

10. The image display device according to claim 6, wherein

the first light guide plate is configured to be formed by a

plurality of blocks, and

the light source unit for the light guide plate radiates light

to each block.

11. The image display device according to claim 1, wherein
the second display panel includes a plurality of second dis-
play elements each of which is switchable between the diffu-
sion state and the transmission state.

12. The image display device according to claim 11,
wherein when the image is displayed, each of the second
display elements in correspondence to one of the plurality of
first display elements is in the diffusion state in synchroniza-
tion with the corresponding first display element.

13. The image display device according to claim 1, further
comprising:

afirst display driving unit that drives the first display panel,

asecond display driving unit that drives the second display

panel;

a light source driving unit that drives the light source unit;

and

a signal processing unit that controls each of the first dis-

play driving unit, the second display driving unit, and the
light source driving unit based on the input signal.

14. The image display device according to claim 13,
wherein the signal processing unit includes

a field sequential processing unit that generates field

sequential image data for displaying an image for each
sub-frame period based on the input signal,

an image control unit that generates first display data for

controlling the first display driving unit, second display
data for controlling the second display driving unit, and
light source data for controlling the light source driving
unit, based on display image position designation data
for designating a display position of the image to be
displayed and the field sequential image data, which are
obtained based on the input signal,

a first display control unit that controls the first display

driving unit based on the first display data,

a second display control unit that controls the second dis-

play driving unit based on the second display data, and

a light source control unit that controls the light source

driving unit based on the light source data.

15. The image display device according to claim 14,
wherein
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the input signal includes the display image position desig-
nation data and image data indicating the image to be
displayed, and

the signal processing unit further includes a signal separa-

tion control unit that separates the input signal into the
display image position designation data and the image
data and supplies the display image position designation
data and the image data to the image control unit and the
field sequential processing unit, respectively.

16. The image display device according to claim 14,
wherein the field sequential processing unit further generates
the display image position designation data based on the input
signal.

17. The image display device according to claim 13,
wherein the signal processing unit interpolates an image to be
displayed for each of continuous frame periods using the
sub-frame period.

18. The image display device according to claim 13,
wherein

the first display panel includes a display area for displaying

the image of a desired color when color data is supplied
for each sub-frame period, and

the signal processing unit generates the color data based on

the input signal for each sub-frame period, obtains a
light source light-up time designating a light-up time of
the light-emitting element of a color indicated by the
color data and a light source driving timing control sig-
nal for controlling at least one of a light-up start time of
the light-emitting element of the color and a scanning
start time at which the color data is supplied to the
display area, and controls the light source light-up time
and the light source driving timing control signal in
correspondence to a period in which the color data nec-
essary to display the image of the desired color is sup-
plied to the display area.

19. The image display device according to claim 18,
wherein

the first display panel includes a non-display area in which

color data is supplied for each sub-frame period and the
image is not displayed, and

the color data supplied to the non-display area is same color

data for each pixel of the non-display area.

20. The image display device according to claim 19,
wherein the signal processing unit further includes

a field sequential processing unit that generates field

sequential image data for displaying an image for each
sub-frame period based on the input signal,

an image control unit that generates first display data for

controlling the first display driving unit, second display
data for controlling the second display driving unit, and
light source data for controlling the light source driving
unit and including the light-source light-up time, based
on display image position designation data for designat-
ing a display position of the image to be displayed and
the field sequential image data, which are obtained based
on the input signal,

a first display control unit that controls the first display

driving unit based on the first display data,

a second display control unit that controls the second dis-

play driving unit based on the second display data, and

a light source control unit that controls the light source

driving unit based on the light source driving timing
control signal and the light source data.
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21. A driving method for an image display device that
includes a first display panel including a plurality of first
display elements disposed in a matrix form and a light radia-
tion unit able to radiate light of a plurality of colors to the first
display panel and including a second display panel, and that
displays an image by dividing one frame period of a supplied
input signal into a plurality of sub-frame periods and switch-
ing a display color for each sub-frame period, the driving
method comprising:

a step of switching a state of the second display panel
between a diffusion state in which incident light is dif-
fused and a transmission state in which incident light is
transmitted; and

a step of causing the first display panel to control transmit-
tance of light diffused by the second display panel and to
display the image, wherein

the light radiation unit further includes a light source unit,
and

the step of switching the state of the second display panel
includes a step of switching the state of the second
display panel to the diffusion state when the image is
displayed and diffusing light emitted by the light source
unit.
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