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According to one embodiment, a display device including a
plurality of light sources of different luminous colors, a first
substrate, a second substrate opposed to the first substrate, a
liquid crystal layer interposed between the first and second
substrates, to which light from the light sources enters, a
display area on which an image is displayed, and a drive
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DISPLAY DEVICE AND CONTROL METHOD
OF DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2017-246868, filed Dec. 22, 2017, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
display device and a control method of a display device.

BACKGROUND

[0003] Conventionally, liquid crystal display devices for
displaying a color image include a color filter therein
whereas the color filter may decrease transmissivity. In
consideration of this point, a drive method which achieves
color display by switching light sources of red, green, and
blue of each pixel in a time division manner (hereinafter
referred to as field sequential drive method) is known. In this
field sequential drive method, a color filter is not necessary,
and thus, the transmissivity of liquid crystal display device
can be improved.

[0004] However, in the above-mentioned field sequential
drive method, light sources of different colors are turned on
in a time division manner, and thus, for example, even if a
signal color of red is displayed, light from the light sources
of other colors such as green and blue affects the red color
image. Thus, the color gamut may be narrowed in the field
sequential drive method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a schematic view of an example of the
structure of a display device of an embodiment.

[0006] FIG. 2 shows an example of a cross-section of a
display panel.

[0007] FIG. 3 shows a function of a light modulation layer.
[0008] FIG. 4 shows a function of the light modulation
layer.

[0009] FIG. 5 shows an example of the structure of a light
source.

[0010] FIG. 6 shows an example of arrangement of a first

electrode and a second electrode.

[0011] FIG. 7 is a diagram for explanation of a field
sequential drive method.

[0012] FIG. 8 shows a relationship between a light state of
each spotted light source and a voltage applied to electrodes
when red is displayed in a display cell.

[0013] FIG. 9 shows a state where light incident on a light
modulation layer is dispersed.

[0014] FIG. 10 shows a state where light introduced into
a transparent substrate is dispersed.

[0015] FIG. 11 shows an example of light spectrum emit-
ted from a display cell when red is displayed in a field
sequential drive method.

[0016] FIG. 12 shows a color gamut in the field sequential
drive method.

[0017] FIG. 13 shows an example of the structure of a
drive circuit.

[0018] FIG. 14 is a flowchart of an example of a process
performed by an image signal processing circuit.
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[0019] FIG. 15 shows an example of an image displayed
by the display device.

[0020] FIG. 16 shows a relationship between intensity and
lighting time of a red light source and an applied voltage
when R component of maximum gradation is displayed.
[0021] FIG. 17 shows a case where gradation of R com-
ponent is represented in a field sequential drive method as a
comparative example.

[0022] FIG. 18 shows a case where gradation of R com-
ponent is displayed in a display cell in a lighting time of the
red light source.

[0023] FIG. 19 shows a relationship between Duty and
brightness of each color component displayed in a display
cell.

[0024] FIG. 20 shows a relationship between the intensity
and lighting time of each spotted light source and an applied
voltage when violet is displayed in a display cell in the field
sequential drive method as a comparative example.

[0025] FIG. 21 shows a relationship between the intensity
and lighting time of each spotted light source and the applied
voltage when violet is displayed in the display cell in the
display device of the present embodiment.

[0026] FIG. 22 shows an example of a display area
assigned to a light source block.

[0027] FIG. 23 shows a relationship between the intensity
and lighting time of each spotted light source and the applied
voltage when violet is displayed in the display cell in the
current value control.

[0028] FIG. 24 shows a relationship between a current
value supplied to each spotted light source and brightness of
each color displayed in a display cell.

[0029] FIG. 25 shows transition of chromaticity of each
color component when the intensity of each spotted light
source is changed.

[0030] FIG. 26 shows transition of chromaticity of each
color component when the lighting time of each spotted light
source is changed.

[0031] FIG. 27 shows a range of chromaticity shifting of
each color component when the lighting time of each spotted
light source is changed.

[0032] FIG. 28 shows a relationship between a response
speed of a light modulation layer and the intensity and
lighting time of a spotted light source.

[0033] FIG. 29 shows a relationship between the response
speed of the light modulation layer and the intensity and
lighting time of the spotted light source.

[0034] FIG. 30 shows a relationship between the intensity
and lighting time of each spotted light source and the applied
voltage when R=16, G=128, and B=16 are displayed in the
display cell.

[0035] FIG. 31 shows an example where a PWM value
control and a current value control are combined and used.

DETAILED DESCRIPTION

[0036] In general, according to one embodiment, a display
device including a plurality of light sources of different
luminous colors, a first substrate, a second substrate opposed
to the first substrate, a liquid crystal layer interposed
between the first and second substrates, to which light from
the light sources enters, a display area on which an image is
displayed, and a drive circuit configured to control quantity
of light from each of the light sources on the basis of an
analyzation result of an image signal used to display the
image.
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[0037] Hereinafter, embodiments will be explained with
reference to accompanying drawings.

[0038] FIG. 1 is a schematic view of an example of the
structure of a display device of the present embodiment.
FIG. 1 shows a display device 10 including a display panel
20, light source 30, and drive circuit 40 which drives the
display panel 20 and the light source 30.

[0039] Thedisplay device 10 of the present embodiment is
a liquid crystal display device of high transmissivity (trans-
parent display). The display device 10 includes a light
modulation layer including, for example, a polymer dis-
persed liquid crystal (PDLC) and can display an image by
the light emitted from the light modulation layer. This point
will be detailed later.

[0040] In the following description, the side surface of the
display panel 20 to which light from the light source 30
enters will be referred to as light incident surface 20A. In
other words, the light incident surface 20A is a surface
illuminated by the light source 30. Furthermore, the upper
surface of the display panel 20 from which light emits when
an image is displayed will be referred to as a light emitting
surface 20B.

[0041] FIG. 2 shows an example of a cross-section of the
display panel 20 of FIG. 1. As shown in FIG. 2, the display
panel 20 includes a first substrate SUB1, second substrate
SUB2, and light modulation layer 24 interposed between the
first substrate SUB1 and the second substrate SUB2. The
first substrate SUB1 includes, toward the light modulation
layer 24, a transparent substrate 21, first electrode 22, and
alignment film 23 in this order. The second substrate SUB2
includes, to be apart from the light modulation layer 24, an
alignment film 25, second electrode 26, and transparent
substrate 27 in this order. Note that, although this is not
described in detail, the second substrate SUB2 includes a
scan line, signal line orthogonal to the scan line, and
switching element disposed in the proximity of the crossing
point of the scan line and the signal line, and further includes
various insulating films and the like to insulate the lines from
each other. Furthermore, the first substrate SUB1 and the
second substrate SUB2 do not include a color filter.

[0042] The transparent substrate 21 of a pair of the trans-
parent substrates 21 and 27 includes a light emitting surface
20B in the side opposite to the surface where the first
electrode 22 is disposed. On the other hand, the transparent
substrate 27 is disposed such that the light modulation layer
24 and the like are interposed between the transparent
substrates 21 and 27. The transparent substrates 21 and 27
support the light modulation layer 24, and generally, are
each formed of a substrate which is transparent to visible
light such as a glass plate or a plastic film.

[0043] The first electrode 22 of a pair of the first and
second electrodes 22 and 26 is disposed on the surface of the
transparent substrate 21 in the light modulation layer 24 side
and is a single sheet-like electrode formed over the entirety
of the surface, for example. The second electrode 26 is
disposed on the surface of the transparent substrate 27 in the
light modulation layer 24 side and is formed in an islands
manner. A plurality of second electrodes 26 are arranged in
the display panel 20, and the second electrodes are arranged
in a matrix in the X and Y directions. Fach of the second
electrodes 26 is connected to a switching element which is
not described in detail, and is driven by the drive circuit 40.
The first electrode 22 and the second electrode 26 are each
formed of a transparent conductive material such as indium
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tin oxide (ITO) or indium zinc oxide (IZO), for example.
The transparent conductive material is, preferably, a material
which slightly absorbs the visible light. The arrangement of
the first and second electrodes 22 and 26 will be described
later.

[0044] The alignment films 23 and 25 are disposed
between the first and second electrodes 22 and 26 and the
light modulation layer 24, and are used to align liquid
crystals and monomers used in the light modulation layer 24,
for example. The alignment film may be a vertical alignment
film or a horizontal alignment film, and in the example of
FIG. 2, the alignment films 23 and 25 are each formed of a
horizontal alignment film. The horizontal alignment film is
formed by performing an alignment process with respect to
a resin film such as polyimide or polyamide-imide. The
alignment process includes, for example, a rubbing process
and an optical alignment process. If a plastic film is used as
the transparent substrates 21 and 27, in order to suppress
deformation of the transparent substrates 21 and 26, a
temperature in a sintering process after applying the align-
ment films 23 and 25 on the surfaces of the transparent
substrates 21 and 27 in the manufacturing process should be
low. Thus, polyamide-imide which can be formed in a
temperature of 100° C. or less is preferable to be used as the
alignment films 23 and 25.

[0045] Note that, the alignment films 23 and 25 have the
function to simply align the liquid crystals and monomers.
Furthermore, the liquid crystals and monomers used in the
light modulation layer 24 can be aligned by applying an
electric field or a magnetic field between the first and second
electrodes 22 and 26, for example, and in that case, the
alignment films 23 and 25 may not be used. That is, the
alignment state of the liquid crystals and the monomers in a
voltage applied state can be fixed by applying an electric
field or a magnetic field between the first and second
electrodes 22 and 26 and polymerizing monomers with
ultraviolet. If a voltage is used to align the liquid crystals and
monomers, different electrodes may be prepared for align-
ment and driving, or a liquid crystal material may be a
dual-frequency liquid crystal or the like which reverses
dielectric anisotropy in accordance with frequency. Further-
more, if a magnetic field is used to align the liquid crystals
and monomers, the liquid crystals and the monomers have,
preferably, great magnetic susceptibility anisotropy. For
example, it is preferable to use a material with great benzene
rings suits as the liquid crystals and the monomers.

[0046] The light modulation layer 24 is disposed between
the transparent substrates 21 and 27. The light modulation
layer 24 shows entirely or partly dispersion or transparency
with respect to the light from the light source 30 in accor-
dance with the size and orientation of the electric field
produced by the first and second electrodes 22 and 26.
Specifically, the light modulation layer 24 shows transpar-
ency with respect to the light from the light source 30 when
a voltage is not applied to the first and second electrodes 22
and 26, and shows dispersion with respect to the light from
the light source 30 when a voltage is applied to the first and
second electrodes 22 and 26. The light modulation layer 24
is, for example, a complex layer (polymer dispersion liquid
crystal layer) including bulk 24A and a plurality of
microparticles 24B dispersed in the bulk 24A. The bulk 24 A
and the microparticles 24B each have optical anisotropy.
[0047] The bulk 24A and the microparticles 24B have
different response speeds with respect to an electric field.
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The bulk 24 A has, for example, a stripe structure or a porous
structure which does not respond to the electric field, or has
a stripe structure or a rod-like structure which respond
slower than do the micropartcles 24B. The bulk 24A is
formed of a polymer material obtained by polymerizing low
molecule monomers, for example. The bulk 24A is formed
by polymerizing a material having alignment and polymer-
ization such as monomer aligned along the alignment direc-
tion of the alignment films 23 and 25 with heat and/or light.

[0048] On the other hand, the microparticles 24B mainly
include liquid crystal materials, for example, and have a
sufficiently quicker response speed as compared to that of
the bulk 24A. The liquid crystal materials (liquid crystal
molecules) included in the microparticles 24B are, for
example, rod-like molecules. As the liquid crystal molecules
included in the microparticles 24B should have positive
dielectric anisotropy. Note that the liquid crystal molecules
having positive dielectric anisotropy are referred to as
positive liquid crystal. When the bulk 24A has a stripe
structure or a rod-like structure, the liquid crystal molecules
of the microparticles 24B are aligned to be parallel to the
longitudinal direction of the stripe structure or the rod-like
structure of the bulk 24A, for example. In that case, the
longitudinal direction of the stripe structure or the rod-like
structure of the bulk 24A corresponds to the alignment
direction.

[0049] The monomers having alignment and polymeriza-
tion to form the bulk 24A are materials having optical
anisotropy and polymerizing with liquid crystals, and in the
present embodiment, are low molecule monomers cured
with ultraviolet, for example. In a state where no voltage is
applied, the directions of optical anisotropy of the liquid
crystal materials and the polymer materials formed by
polymerizing the low molecule monomers should match,
and thus, the liquid crystal materials and the low molecule
monomers should be aligned in the same direction before the
ultraviolet curing process. If the microparticles 24B are
formed of liquid crystal materials which are rod-like mol-
ecules, the shape of the monomer material used should be
rod-like. In consideration of the above, materials having
polymerization and liquid-crystallization should be used as
the monomer material, and include, for example, at least one
functional group selected from a group of acrylate group,
methacrylate group, acryloyloxy group, methacryloyloxy
group, vinyl ether group, and epoxy group as a polymeriz-
able function group. Such a function group can be polym-
erized by irradiating ultraviolet, infrared, or electron, or by
heating. In order to suppress decrease of alignment degree at
the time of ultraviolet irradiation, a liquid crystal material
with multifunction group may be added. When the bulk 24A
has the above-mentioned stripe structure, a dual-functional
liquid crystal monomer is preferably used as the material of
the bulk 24A. Furthermore, a single function monomer may
be added to the material of the bulk 24A in order to adjust
a temperature to indicate liquid-crystallization, or monomer
of three or more functions may be added to the material of
the bulk 24A in order to increase crosslinking density.

[0050] Now, the function of the light modulation layer 24
will be explained briefly with reference to FIGS. 3 and 4.

[0051] FIG. 3 shows an outline of the function of the light
modulation layer 24 in a state where a certain voltage is not
applied to the first electrode 22 and the second electrode 26
(hereinafter may be referred to as no-voltage applied state).
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The no-voltage applied state is a state where an electric field
is not produced in the light modulation layer 24.

[0052] Here, in the no-voltage applied state, an optical
axis of the bulk 24A and an optical axis of liquid crystal
molecules of the microparticles 24B match in the direction
and a differential in the refractive indices becomes signifi-
cantly small in every direction including front direction and
diagonal directions. Thus, for example, each of incident light
L11 to L13 from the light source 30 entering from the side
surface as depicted with dotted lines is not dispersed by the
light modulation layer 24 and passes the light modulation
layer 24. Furthermore, each of light 1.21 and 1.22 passing
through the transparent substrate 27, light modulation layer
24, and transparent substrate 21 from the outside of the
transparent substrate 27 as depicted with lines with single
dots is not dispersed by the light modulation layer 24 and
passes the light modulation layer 24 and exits the light
emitting surface 20B of the transparent substrate 27. Thus,
in the no-voltage applied state, the light modulation layer 24
has high transmissivity.

[0053] FIG. 4 shows an outline of the function of the light
modulation layer 24 in a state where a certain voltage is
applied to the first electrode 22 and the second electrode 26
(hereinafter may be referred to as voltage applied state). The
voltage applied state is a state where an electric field is
produced in the light modulation layer 24.

[0054] Here, in the voltage applied state, an optical axis of
the bulk 24A and an optical axis of the microparticle 24B
cross, and a differential in the refractive indices becomes
great in every direction including front direction and diago-
nal directions. Thus, high dispersion is obtained in the light
modulation layer 24. In that case, each of the light L11 to
L13 from the light source 30 is dispersed in the light
modulation layer 24, and each of the dispersed light .31 and
L32 exits from the light emitting surface 20B of the trans-
parent substrate 21. Thus, for example, when the light
emitting surface 20B of the transparent substrate 21 is
observed, the dispersed light 131 and .32 can be recog-
nized. Note that, although this is not shown, the dispersed
light L31 and L32 can be detected from the transparent
substrate 27, and can be recognized from the transparent
substrate 27 side.

[0055] That is, for example, when the display panel 20 is
viewed from the front, light passing the transparent substrate
27, light modulation layer 24, and transparent substrate 21 is
recognized in the no-voltage applied state. On the other
hand, light from the light source 30 dispersed in and emitted
from the light modulation layer 24 is recognized in the
voltage applied state.

[0056] Note that, in this example, the light modulation
layer 24 has a high dispersion performance in the voltage
applied state; however, the light modulation layer 24 may
have a high dispersion performance in the no-voltage
applied state by setting the optical axis of the bulk 24A and
the optical axis of the microparticle 24B to match each other
in the no-voltage applied state.

[0057] Now, the structure of the light source 30 of FIG. 1
will be explained with reference to FIG. 5. The light source
30 includes, for example, a plurality of spotted light sources
33 arranged linearly in the direction Y. Each of the spotted
light sources 33 is configured to emit light toward the light
incident surface 20A, and is, for example, a light emitting
element including a light emitting spot on the surface
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opposed to the light incident surface 20A. The light emitting
element may be an LED or an laser diode (LD), for example.
[0058] The spotted light sources 33 may be arranged on
the common substrate 34 as groups including a certain
number of light sources 33. In that case, one substrate 34 and
a plurality of spotted light sources 33 arranged on the
substrate 34 form a light source block 35. The substrate 34
is a circuit substrate on which a line to electrically connect,
for example, the spotted light sources 33 and the drive
circuit 40 is formed, and each spotted light source 33 in the
light source block 35 is mounted on the circuit substrate.
Although this is not shown, the spotted light sources 33 and
substrate 34 forming the light source block 35 and drive
circuit 40 are arranged on the second substrate SUB2, for
example.

[0059] Note that the spotted light sources 33 in the light
source block 35 arranged on the common substrate 34 emit
different luminous colors. In the example of FIG. 5, three
spotted light sources 33 are arranged on one substrate 34,
and the three spotted light sources 33 emit red, green, and
blue, for example. A drive method of the spotted light
sources 33 in each light source block 33, that is, a drive
method of the display device 10 when an image is displayed
will be detailed later.

[0060] FIG. 6 shows an example of the arrangement of the
first electrode 22 and the second electrode 26 of FIG. 2. The
first electrode 22 and the second electrode 26 are arranged
to be opposed to each other with the light modulation layer
24 interposed therebetween. The first electrode 22 has a
single sheet-like shape as described above. On the other
hand, the second electrodes 26 are shaped as islands and is
arranged in a matrix. The second electrodes 26 arranged as
above are electrically separated from each other and an
independent voltage is applied thereto.

[0061] Note that the shapes of the first and second elec-
trodes 22 and 26 are not limited to the above examples. For
example, a plurality of first electrodes of band-like shape
arranged at certain intervals and a plurality of second
electrodes 26 of band-like shape arranged at certain intervals
may be disposed to cross each other.

[0062] Now, the operation of the display device 10 of the
present embodiment when an image is displayed will be
explained. Note that, in the present embodiment, the image
displayed by the display device 10 includes video. The drive
circuit 40 sequentially applies a voltage to an electrode
which produces an electric field to the light modulation layer
24 corresponding to an area as a display unit which is
divided from the display area of the display panel 20
(hereinafter referred to as display cell), for example. Note
that the display cell corresponds to an area where the first
electrode 22 and one second electrode 26 are opposed to
each other with the light modulation layer 24 interposed
therebetween.

[0063] In the present embodiment, as a drive method of
the display device 10 when an image is displayed on the
basis of the image signal, a field sequential drive method is
adopted. Note that the field sequential drive method may be
referred to as field sequential color method.

[0064] In the field sequential drive method, one frame
period in which an image is displayed on the basis of image
signals includes a first light period in which a red spotted
light source 33 is lit, second light period in which a green
spotted light source 33 is lit, and third light period in which
ablue spotted light source 33 is lit. In this example, as shown
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in FIG. 7, the first to third light periods each correspond to
1Af which does not overlap with each other, and the red,
green, and blue spotted light sources 33 are lit separately in
the first to third light periods. Note that, in FI1G. 7, one frame
period is 1f, first light period in which the red spotted light
source 33 is lit is R, second light period in which the green
spotted light source 33 is lit is G, and third light period in
which the blue spotted light source 333 is lit is B.

[0065] Here, the drive circuit 40 described above sequen-
tially applies a voltage corresponding to an image signal of
each of red, green, and blue with respect to the first electrode
22 and the second electrode 26 of one display cell during the
first to third light periods in a time division manner.

[0066] Specifically, for example, when the spotted light
source 33 which emits red (hereinafter referred to as red
light source) in the first light period is lit, red incident light
from the red light source 33 enters the area of the light
modulation layer 24 corresponding to the display cell. Then,
when a voltage is applied to the first electrode 22 and the
second electrode 26 corresponding to the display cell, the
area of the light modulation layer 24 corresponding to the
display cell becomes a dispersed state, and the dispersed
light of red incident light exits.

[0067] In this example, the light form the red light source
33 is incident in the first light period, and the same applies
to cases where light from the spotted light sources 33 which
emit green and blue (hereinafter referred to as green light
source and blue light source, respectively) in the second and
third light periods.

[0068] In the field sequential drive method, as described
above, the spotted light sources 33 of the same color in each
light source block 35 are lit at the same time in the light
source 30, voltages are sequentially applied to the electrodes
corresponding to each display cell in the display area, and
then, the spotted light sources 33 in each light source block
35 are switched at the same time, that is, the light color of
the light source 30 is switched at the same time. This process
is repeated.

[0069] In this field sequential drive method, a plurality of
spotted light sources 33 of different luminous color are
sequentially lit in a time division manner on the basis of the
control by the drive circuit to sequentially emit the light of
red component, light of green component, and light of blue
component from the light modulation layer 24. Thus, an
image can be color-displayed on the basis of the image
signals.

[0070] Note that, if all color components of the image
signals are 0, the first electrode 22 and the second electrode
26 corresponding to a display cell are not driven, and a
transparent state of the display cell is recognized.

[0071] In the above description, the color components
included in image signals are red, green, and blue compo-
nents; however, the color components may be cyan,
magenta, and yellow. In that case, a combination of the
green light source 33 and the blue light source 33, combi-
nation of the red light source 33 and the blue light source 33,
combination of the red light source 33 and the green light
source 33 may be lit at the same time, respectively.

[0072] Furthermore, the color emitted by each spotted
light source 33 in the light source 30, or combination of
colors emitted by the spotted light sources 33 in a case where
several spotted light sources 33 are lit at the same time may
be changed arbitrarily.
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[0073] As described above, in the present embodiment, an
image on the basis of the image signals is color-displayed,
when light from the light source 30 enters the light modu-
lation layer 24 and is emitted from the light modulation layer
24 as dispersed light. In other words, in the display device
10 of the present embodiment, light from the light source 30
entering the light modulation layer 24 is selectively dis-
persed to display an image.

[0074] Here, a case where red is displayed in a certain
display cell (hereinafter referred to as target display cell) in
the field sequential drive method is considered. In that case,
as shown in FIG. 8, the red, green, and blue spotted light
sources 33 emitting light to the light modulation layer 24
corresponding to the target display cell sequentially emit
light at corresponding YAf.

[0075] Furthermore, if red is displayed in the target dis-
play cell as above, in a period in which the red spotted light
source 33 1s lit, that is, in the first light period, a voltage is
applied to the first electrode 22 and the second electrode 26
corresponding to the target display cell. On the other hand,
in periods in which the green and blue are lit, that is, in the
second and third light periods, a voltage is not applied to the
first electrode 22 or the second electrode 26 corresponding
to the target display cell. Through this process, red dispersed
light is emitted from the light modulation layer 24 corre-
sponding to the target display cell in the first light period
while green dispersed light and blue dispersed light are not
emitted from the area of the light modulation layer 24
corresponding to the target display cell in the second and
third light periods. Thus, red can be displayed in the target
display cell.

[0076] Now, if a voltage is applied to the first electrode 22
and the second electrode 26 corresponding to the target
display cell, for example, as shown in FIG. 9, dispersed light
is emitted from the area of the light modulation layer 24
corresponding to the target display cell. On the other hand,
if a voltage is not applied to the first electrode 22 and the
second electrode 26 corresponding to the target display cell,
light toward the transparent substrate 21 or 27 should be,
ideally, entirely reflected and is not emitted outside. How-
ever, as shown in FIG. 10, light toward the transparent
substrate 21 or 27 (glass) is slightly dispersed in reality.
[0077] That is, even if red is displayed in the target display
cell as described above, dispersed light from the green light
source 33 and the blue light source 33 is slightly detected,
and thus, displayed red color of the red light source 33
slightly contains green and blue components.

[0078] Note that, in FIG. 11, an example of light spectrum
emitted from the target display cell when red is displayed in
the field sequential drive method is shown. In FIG. 11, R is
red component, G is green component, and B is blue
component. In the example of FIG. 11, light intensity of
wavelength corresponding to the red component is highest
while light of wavelength corresponding to each of the green
component and the blue component is included in the light
emitted from the target display cell.

[0079] In this example, red is displayed; however, the
same applies to a case where any other color such as green
or blue is displayed.

[0080] In the field sequential drive method (FCS display),
color components of colors other than the color to be
displayed on the basis of image signals leak out through the
glass. Because of the color components of the colors other
than the color to be displayed, as shown in an xy chroma-
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ticity diagram of FIG. 12, the color gamut is narrowed as
compared to a case where a single color display is performed
with a single color spotted light source 33, that is, one of the
red, green, and blue light sources 33.

[0081] Thus, the display device 10 of the present embodi-
ment includes a structure to control the quantity of light of
each of the spotted light sources 33 to suppress narrowing
the color gamut when an image is displayed in the field
sequential drive method.

[0082] FIG. 13 mainly shows an example of the structure
of the drive circuit 40 of FIG. 1. As shown in FIG. 13, the
drive circuit 40 includes an image signal processing circuit
41, synchronization drive circuit 42, panel drive circuit 43,
and light source drive circuit 44, for example. Note that, in
the present embodiment, the circuits 41 to 44 are included in
the drive circuit 40; however, the image signal processing
circuit 41 may be provided outside the drive circuit 40, for
example.

[0083] The image signal processing circuit 41 acquires
image signals input to the display device 10. In the image
signals, color data corresponding to the display area of the
display panel 20 are set, for example. The image signals
include signal values of red, green, and blue components in
each display cell described above. That is, the image signals
acquired by the image signal processing circuit 41 are the
signals for color display of image.

[0084] The image signal processing circuit 41 includes an
analyzer (analyzation circuit) 41a and a compensator (com-
pensation circuit) 415. The analyzer 41a analyzes image
signals to acquire color data to be displayed on the basis of
the image signals. The color data are signal values of each
color component of each display cell included in the image
signals.

[0085] The compensator 415 compensates (controls) the
quantity of light of each spotted light source 33 on the basis
of the signal values of each color component of each display
cell acquired by the analyzer 41a.

[0086] The synchronization drive circuit 42 acquires the
image signals from the image signal processing circuit 41,
and drives the panel drive circuit 43 and the light source
drive circuit 44 in synchronization. Specifically, the syn-
chronization drive circuit 42 synchronizes the drive of the
first electrode 22 and the second electrode 26 by the panel
drive circuit 43 with respect to the display cell and entering
of the light from the light source 30 by the light source drive
circuit 44

[0087] The synchronization drive circuit 42 includes,
although this is omitted from FIG. 13, a timing generator,
display cell drive signal generator, and light source drive
signal generator as function structures.

[0088] The timing generator generates synchronization
signals to synchronize the operation timing of the panel
drive circuit 43 and the light source drive circuit 44. The
synchronization signals generated by the timing generator
are output to the panel drive circuit 43 and the light source
drive circuit 44.

[0089] The display cell drive signal generator generates
display cell drive signals to drive the electrodes correspond-
ing to the display cell on the basis of the image signals
output by the image signal processing circuit 41, and outputs
the display cell drive signals and the synchronization signals
to the panel drive circuit 43. Drive values (voltage values)
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corresponding to the red, green, and blue components cor-
responding to the image signals are set in the display cell
drive signals.

[0090] The light source drive signal generator generates
light source drive signals to drive the red, green, and blue
light sources 33 corresponding to the display cell, and
outputs the light source drive signals to the light source drive
circuit 44. Note that the light source drive signals include
signals to illuminate each spotted light source 33 with the
quantity of light compensated by the compensator 415.
[0091] The panel drive circuit 43 and the source drive
circuit 44 are driven in synchronization in accordance with
the synchronization signals output by the timing generator of
the synchronization drive circuit 42. In that case, for
example, in synchronization with the illumination of red
light source 33 on the basis of the light source drive signals
by the light source drive circuit 44, the panel drive circuit 44
applies a voltage to the electrodes corresponding to the
display cell which is a target of the display cell drive signals.
Thus, red dispersed light is emitted from the display cell
which is a target of the display cell drive signals. In this
example, red is explained; however, the same applies to the
other colors.

[0092] Since the above-described synchronization drive of
the panel drive circuit 43 and the light source drive circuit
44 is performed, display of red, green, and blue components
of image signals is achieved in a display cell.

(PWM Value Control)

[0093] Now, an example of process of the image signal
processing circuit 41 of FIG. 13 will be explained with
reference to a flowchart of FIG. 14.

[0094] Note that, in the present embodiment, the quantity
of light of each spotted light source 33 is controlled,
however, the control of the quantity of light of the spotted
light sources 33 may be achieved by modulating a pulse
width of the voltage applied to the spotted light sources 33
(pulse width modulation (PWM)) to control the lighting time
of the spotted light source 33, or may be achieved by
modulating a current supplied to the spotted light sources 33
to control intensity (signal level) of the spotted light sources
33.

[0095] In the following description, controlling of the
quantity of light of each spotted light source 33 is achieved
by controlling of the lighting time of the spotted light source
33, that is, by controlling a PWM value of the spotted light
source 33.

[0096] Note that, image signals are input in the display
device 10 in accordance with a certain frame rate, and the
process of F1G. 13 is performed at each time when the image
signals are input in the display device 10. Note that the
image signals are input to the display device 10 from a host
device connected to the drive circuit 40 via a flexible printed
circuit, for example. The image signals may be input from
an external device other than the host device.

[0097] Initially, the image signal processing circuit 41
acquires the image signals input in the display device 10 as
described above (step S1). The image signals are used for
color display of image, and includes signal values of color
components including red, green, and blue components of
each display cell (hereinafter referred to as signal values of
RGB components).

[0098] Then, the analyzer 41a included in the image signal
processing circuit 41 analyzes the image signals acquired in
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step S1 and acquires signal values of RGB components from
the image signals (step S2). In that case, the analyzer 41a
defines an area in which a character, figure, or the like is
displayed in the display area and an area in which the
character, figure, or the like is not displayed.

[0099] Here, in the display device 10 of the present
embodiment, a lighting time of each spotted light source 33,
that is, a pulse width of a voltage applied to each spotted
light source 33 is preset in accordance with the spec of the
display panel 20 of the display panel 10 or the like. Note that
the lighting time of each spotted light source 33 is a value
to control the quantity of light of the spotted light source 33,
and may be arbitrarily changed on the basis of the drive
mode of the display device 10 or the like. Note that the drive
mode of the display device 10 includes a frame rate or the
like.

[0100] The compensator 415 reads the lighting time of
each spotted light source 33 (step S3).

[0101] The compensator 41b performs a process to com-
pensate the lighting time (hereinafter referred to as compen-
sation process) on the basis of the signal values of RGB
components read in step S2 and the lighting time of the
spotted light sources read in step S3 (step S4). Note that the
compensation process of step S4 will be detailed later.
[0102] When step S4 is performed, the compensator 415
outputs the image signals acquired in step S1 and the
lighting time compensated in step S4 to the synchronization
drive circuit 42 (step S5).

[0103] In that case, the light source drive circuit 44 is
driven to illuminate each spotted light source 33 correspond-
ing to the lighting time output in step S5, and the panel drive
circuit 43 is driven to apply a voltage to the electrodes
corresponding to the display cell which displays the color of
light of the spotted light source 33, on the basis of the
synchronization signals generated by the synchronization
drive circuit 42.

[0104] In this process, the quantity of light of each spotted
light source 33 is controlled on the basis of the signal values
of RGB components as a result of analyzation of the image
signals to decrease the effect of light of color components
other than the color component to be displayed on the basis
of the image signals.

[0105] Hereinafter, the compensation process of step S4
shown in FIG. 14 will be explained. Initially, the display
device 10 of the present embodiment has high transmissiv-
ity, and thus, for example, the display device 10 may be used
to overlap a background while an image including charac-
ters, simple figures, drawings, and the like is displayed with
a single color such as red as shown in FIG. 15. In FIG. 15,
for better understanding, the spotted light sources 33 and the
light source blocks 35 are simplified.

[0106] Now, the image of FIG. 15 is displayed, the display
area 100 of the display device 10 includes an area 101 where
the characters and the figures are displayed in, for example,
red and an area 102 where the characters and the figures are
not displayed. In the present embodiment, an area to display
an image by illuminating the spotted light sources 33 is
assigned to each light source block 35 of FIG. 5. The areas
101 and 102 include an area assigned to each of the light
source block 35 as a unit, and for example, as shown in FIG.
15, the area extends in a direction of the light incident from
the light source block 35. That is. in the area assigned to each
light source block 35, an area which includes at least one
display cell which displays characters or figures is the area



US 2019/0197968 A1l

101, and an area which does not include a display cell which
displays characters or figures is the area 102.

[0107] Note that the area 101 and the area 102 can be
identified on the basis of the signal values of RGB compo-
nents corresponding to each display cell included in the
image signals. The signal values of RGB components
include values of each component represented in the grada-
tion of RGB color model of 0 to 255. Here, the signal values
of RGB components corresponding to a display cell which
displays red (pixel) are, for example, R=255 (maximum
gradation), G=0 (minimum gradation), and B=0 (minimum
gradation).

[0108] Note that, when red of maximum gradation is
displayed in a target display cell, for example, as shown in
FIG. 16, the red light source 33 is illuminated with the
maximum light emitting intensity for a certain period of
time, and a voltage which sufficiently disperses light inci-
dent on the light modulation layer 24 by the illumination of
the red light source 33 during the illumination of the red
light source 33. In FIG. 16, the horizontal axis in the upper
part indicates a period of time in which a voltage is applied
to the electrodes corresponding to a target display cell and
the vertical axis in the upper part indicates a voltage value
applied to the electrodes. Furthermore, in FIG. 16, the
horizontal axis in the lower part indicates a lighting time of
each of the red, green, and blue light sources 33, and the
vertical axis in the lower part indicates the intensity of each
spotted light source 33. The same applies to the figures
similar to FIG. 16.

[0109] In this example, red of the maximum gradation is
displayed; however, the same applies to green and blue, for
example. In the following description, the intensity and the
lighting time of the spotted light sources 33 when each color
of maximum gradation is displayed will be referred to as the
intensity and lighting time corresponding to the maximum
gradation. Similarly, the voltage applied to the electrodes
when each color of maximum gradation is displayed (here-
inafter referred to as applied voltage) will be referred to as
applied voltage corresponding to the maximum gradation.
[0110] Note that, in FIG. 16, the gradation adjusted by the
intensity and the lighting time of each spotted light source 33
is LED gradation, and the gradation adjusted by the applied
voltage is PDLC gradation.

[0111] Now, the compensation process is explained again.
If the image of FIG. 15 is displayed in red as described
above, the lighting time of the red light source 33 which
emits red light into the light modulation layer 24 corre-
sponding to each display cell corresponding to the area 101
is not necessary to be changed from the lighting time
corresponding to the maximum gradation. On the other
hand, the image of FIG. 15 is displayed with red only, and
thus, light of green and blue is not incident upon the light
modulation layer 24 corresponding to each display cell
corresponding to the area 101. Thus, the lighting time of
each of the green and blue light sources 33 emitting light to
the light modulation layer 24 corresponding to the area 101
is adjusted such that the quantity of light of the green and
blue light sources 33 becomes minimum, that is, 0. In other
words, a spotted light source 33 corresponding to the color
which is not used in the image display is not illuminated.
[0112] Furthermore, the area 102 is an area which does not
display characters or figures. Thus, light of red, green, and
blue is not necessary to be incident on the light modulation
layer 24 corresponding to each display cell corresponding to
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the area 102. Thus, the lighting time of each spotted light
source 33 which emits light to the area 102 is adjusted such
that the quantity of light of each spotted light source 33
becomes minimum, that is, O.

[0113] Now, a case where an image depicted in FIG. 15 is
displayed in a mixed color is considered. In this example, the
image is displayed in violet (magenta), and the signal values
of RGB components included in the image signals used to
display the image, that is, the signal values of RGB com-
ponents corresponding to the display cell displaying violet
are, for example, R=128, G=0, and B=255.

[0114] Here, in order to display the image of FIG. 15 in
violet, red light corresponding to R component (R=128) of
the signal values of RGB components need to be emitted
from the light modulation layer 24 corresponding to each
display cell corresponding to the area 101.

[0115] In that case, for example, in a field sequential drive
method as a comparative example shown in FIG. 17, the red
light source 33 is illuminated with the intensity and lighting
time corresponding to the maximum gradation and an
applied voltage is lowered than the applied voltage corre-
sponding to the maximum gradation. Thus, the quantity of
light emitted from the light modulation layer 24 is adjusted
and gradation of R components displayed in the target
display cell which is R=128 is achieved.

[0116] In contrast, in the display device 10 of the present
embodiment, as shown in FIG. 18, the intensity of red light
source 33 is the same as the intensity corresponding to the
maximum gradation while the lighting time of the red light
source 33 is shortened than the lighting time corresponding
to the maximum gradation. Controlling of the lighting time
modulates a pulse width of the voltage applied to the red
light source 33 as described above. That is, this controlling
is achieved by controlling PWM of the red light source 33.
Thus, in the present embodiment, the lighting time may be
referred to as PWM value. Note that the applied voltage is
the same as the applied voltage corresponding to the maxi-
mum gradation.

[0117] That 1s, in the field sequential drive method
explained as the above comparative example, the lighting
time read in step S3 of FIG. 14 is the lighting time corre-
sponding to the maximum gradation, and in the present
embodiment, the lighting time corresponding to the maxi-
mum gradation is changed instead of the applied voltage to
achieve the gradation of each color component displayed in
the display cell.

[0118] Specifically, in a state where the applied voltage
corresponding to the maximum gradation is applied to the
electrodes corresponding to the target display cell, when the
lighting time of LED used in each spotted light source 33 is
14, the gradation of each color component displayed in the
target display cell (brightness) can be Y. Thus, if R=128 in
the signal values of RGB components included in the image
signals, the lighting time of the red light source 33 is
adjusted to be %2 of the lighting time corresponding to the
maximum gradation. When the above-explained %4f is con-
sidered as the lighting time corresponding to the maximum
gradation, the lighting time of the red light source 33 is V&l.
[0119] Note that, when Duty=100 means a lighting time
corresponding to 255 gradation as the maximum gradation,
Duty will be represented as Duty=100*X/255 where the
gradation is X. That is, if R=128, Duty=~50.

[0120] FIG. 19 shows a relationship between the Duty and
the brightness (gradation) of red (R), green (G), and blue (B)
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displayed in a target display cell. As shown in FIG. 19, the
relationship between Duty and the brightness is, in each of
red, green, and blue, approximately linear. Thus, in the
present embodiment, the gradation of each color component
displayed in the target display cell is achieved by controlling
the quantity of light of each spotted light source 33 on the
basis of the lighting time.

[0121] On the other hand, the image shown in FIG. 15 is
displayed in violet which is a mixed color of red and blue,
and thus, green light is not necessary to be illuminated to the
light modulation layer 24. corresponding to the area 101.
Thus, the lighting time of the green light source 33 which
illuminates light to the light modulation layer 24 corre-
sponding to the area 101 is adjusted such that the quantity of
light of the green light source 33 becomes minimumn, that is,
0. That is, in that case, the green light source 33 is not
illuminated. In that case, a voltage is not applied to the
electrodes corresponding to the target display cell.

[0122] Furthermore, in order to display the image shown
in FIG. 15 in violet, blue light corresponding to B compo-
nent (B=255) of RGB components need to be emitted from
the light modulation layer 24 corresponding to the area 101.
In that case, the lighting time of the blue light source 33 is
not necessary to be changed from the lighting time corre-
sponding to the maximum gradation.

[0123] As explained above, in the display device 10 of the
present embodiment, the gradation of each color component
used to display an image is achieved by adjusting the
lighting time of each spotted light source 33 and controlling
the quantity of light of each spotted light source 33.
[0124] Note that FIG. 20 shows a relationship between the
intensity and lighting time (LED gradation) of each spotted
light source 33 and an applied voltage (PDLC gradation)
when violet (R=128, G=0, and B=255) is displayed in the
target display cell in the field sequential drive method
explained above as the comparative example. FIG. 21 shows
arelationship between the intensity and lighting time of each
spotted light source 33 and the applied voltage when violet
is displayed in the target display cell in the display device 10
of the present embodiment.

[0125] In the present embodiment, since the gradation of
each color component displayed in the target display cell in
the lighting time of each spotted light source 33 is achieved
as shown in FIG. 21, as compared to the comparative
example of FIG. 20, the quantity of light of the red and green
light sources 33 can be reduced.

[0126] Here, FIG. 22 shows a partial area 200 of the
display area assigned to one light source block 35. In this
example, the area 201 in the area 200 indicates an area
(display cell) in which violet is displayed on the basis of the
signal values of RGB components of R=128, G=0, and
B=255, for example, in the area 200. On the other hand, the
area 202 indicates an area in which blue is displayed on the
basis of the signal values of RGB components of R=0, G=0,
and B=255, for example, in the area 101.

[0127] In that case, in the area 201, in either the case
where the gradation of each color component to be displayed
by the applied voltage is represented as shown in FIG. 20,
or the case where the gradation of each color component to
be displayed by the lighting time is represented as shown in
FIG. 21, violet can be displayed.

[0128] However, in the field sequential drive method
which represents the gradation of each color component to
be displayed by the applied voltage as in the above com-
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parative example, the quantity of light itself of each spotted
light source 33 is high, and thus, the quantity of light leaked
from the glass is great. Thus, although blue (single color)
need to be displayed in the area 202, the color detected in the
area 202 includes red and green other than the luminous
color of blue light source.

[0129] In contrast, in the display device 10 of the present
embodiment in which the gradation of each color component
1s displayed in the lighting time, the quantity of light of each
spotted light source 33 is less than that of the comparative
example, and thus, the quantity of light leaked from the glass
becomes less and the effect thereof becomes less as well.
Thus, in the area 202, blue close to the luminous color of the
blue light source 33 can be displayed.

[0130] In this example, cases where the gradation of each
color component is achieved by the lighting time of each
spotted light source 33 are explained. However, the control
of the quantity of light of each spotted light source 33 may
be achieved by controlling the intensity of each spotted light
source 33 as described above. Note that the control of the
intensity of each spotted light source 33 is achieved by
modulating the current supplied to the spotted light source
33, that is, by controlling current values of the spotted light
source 33.

(Current Value Control)

[0131] Hereinafter, the control of the quantity of light of
each spotted light source 33 is performed by controlling the
intensity of the spotted light source 33, that is, by controlling
the current value of the spotted light source 33. Note that, in
the following description, performing the control of the
quantity of light of each spotted light source 33 by control-
ling the current value of the spotted light source 33 will be
referred to as current value control.

[0132] In this example, the image shown in FIG. 15 is
displayed in violet as described above. In that case, the
signal values of RGB components included in the image
signals are, as described above, R=128, G=0, and B=255.

[0133] In that case, red light corresponding to the R
component (R=128) of the signal values of RGB compo-
nents need to be detected from the light modulation layer 24
corresponding to the area 101. Thus, in the above-mentioned
current value control, as shown in FIG. 23, the lighting time
of the red light source 33 is the same as the lighting time
corresponding to the maximum gradation while the intensity
of the red light source 33 is set to be less than the intensity
corresponding to the maximum gradation. Note that the
applied voltage is the same as the applied voltage corre-
sponding to the maximum gradation.

[0134] That is, in the current value control, the intensity
corresponding to the maximum gradation (current value) is
read in step S3 of FIG. 14, and the intensity corresponding
to the read maximum gradation is adjusted to present the
gradation of each color component displayed in the target
display cell.

[0135] Now, FIG. 24 shows a relationship between the
current value supplied to each spotted light source 33 and the
brightness (gradation) of red (R), green (G), and blue (B)
displayed in the display cell. As shown in FIG. 24, the
relationship between the current value and the brightness is
approximately linear in each of red, green, and blue. Thus,
in the current value control, the gradation of each color
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component displayed in the display cell can be achieved by
controlling the current value supplied to each spotted light
source 33.

[0136] In this process, for example, when an applied
voltage corresponding to the maximum gradation is applied
to the electrodes corresponding to a target display cell, if the
current value supplied to each spotted light source 33 is 12,
the gradation (brightness) of each color component dis-
played in the target display cell is /2. Note that, in that case,
each spotted light source 33 is an LED which has the
gradation performance corresponding to an RGB color
model. Thus, when, for example, R=128 in the signal values
of RGB components included in the image signals, the
current value supplied to the red light source 33 is adjusted
to be ¥4 of the current value corresponding to the maximum
gradation.

[0137] Note that, if violet is displayed in the current value
control, the signal level of green light source 33 which emits
light into the light modulation layer 24 corresponding to the
area 101 is adjusted such that the quantity of light of the
green light source 33 becomes minimum, that is, 0. Further-
more, the intensity of the blue light source 33 which emits
light into the light modulation layer 24 corresponding to the
area 101 is not necessary to be changed from the intensity
corresponding to the maximum gradation.

[0138] As described above, the quantity of light of each
spotted light source 33 may be controlled by adjusting the
intensity of the spotted light source 33 in order to achieve the
gradation of each color component used for image display.
[0139] In that case, as compared to the above-described
comparative exanple of FIG. 20, the quantity of light of the
red light source 33 and the green light source 33 can be
reduced, and the effect of light leaked from the glass can be
suppressed.

[0140] Now, FIG. 25 shows transition of chromaticity of
red (R), green (G), and blue (B) in a case where the intensity
of each spotted light source 33, that is, current value
supplied to each spotted light source 33 is changed by the
current value control.

[0141] FIG. 25 shows that there is no great shifting in the
chromaticity of red even if the current value supplied to the
red light source 33 is changed. The same applies to blue. On
the other hand, if the current value supplied to the green light
source 33 is changed (decreased), the chromaticity is shifted
as shown in FIG. 28. In the example shown in FIG. 24, as
compared to red and blue, green relatively shows variety
with respect to the approximately linear line.

[0142] On the other hand, FIG. 26 shows the transition of
chromaticity of red (R), green (G), and blue (B) when the
lighting time of each spotted light source 33 is changed as
explained in the present embodiment.

[0143] FIG. 26 shows relatively gathered chromaticity
distribution of all red, green, and blue colors as compared to
the chromaticity shifting of FIG. 25.

[0144] Note that, when the lighting time of the spotted
light source 33 is changed, shifting of the chromaticity starts
in all colors when Duty is, for example, 6.25, that is, i or
less of the lighting time corresponding to the maximum
gradation as shown in FIG. 27. In other words, when the
lighting time of the spotted light source 33 is changed,
shifting of the chromaticity does not occur when Duty is
kept to a certain value or more. Thus, the part indicated by
a dotted circle in FIG. 26 shows a shifting of the chroma-
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ticity occurring when the lighting time is extremely short,
and the effect of the shifting of the chromaticity is not great.
[0145] On the other hand, when the current value supplied
to the spotted light source 33 is changed as shown in FIG.
25, the green chromaticity is shifted by a slight change in the
current value.

[0146] Furthermore, FIGS. 28 and 29 each show a rela-
tionship between a response speed of the light modulation
layer 24 (liquid crystal) in the display device 10 and the
intensity and lighting time of the spotted light source 33.
Note that the response speed explained here can be defined
as a speed required to transit a light dispersion rate in a light
modulation layer 24 to a certain level by applying a voltage
to electrodes corresponding to the light modulation layer 24
into which light from the spotted light source 33 enters, for
example.

[0147] Here, as described above, controlling the quantity
of light of each spotted light source 33 by controlling the
current value of the spotted light source 33 is referred to as
current value control. On the other hand, controlling the
quantity of light of each spotted light source 33 by control-
ling a PWM value of the spotted light source 33 is referred
to as a PWM value control.

[0148] FIG. 28 shows a case where the quantity of light of
a spotted light source 33 is reduced by shortening the
lighting time of the spotted light source 33 by the PWM
value control. On the other hand, FIG. 29 shows a case
where the quantity of light of a spotted light source 33 is
reduced by decreasing the intensity of the spotted light
source 33 by the current value control.

[0149] Inthatcase, if the current value control is used, the
lighting time of the spotted light source 33 is long, and thus,
the spotted light source 33 need to be illuminated at the time
when the light modulation layer 24 does not respond, that is,
at the time when the light modulation layer does not fully
disperse light, as shown in FIG. 29. In contrast, if the PWM
value control is used, as shown in FIG. 28, the spotted light
source 33 can be illuminated in a state where the light
modulation layer 24 can respond. That is, in the PWM value
control, light of the spotted light source 33 can be efficiently
used.

[0150] Thus, in consideration of the shifting in chroma-
ticity when the gradation of each color component is
achieved and efficient use of light from the spotted light
source 33, the structure to achieve the gradation by the
lighting time of each spotted light source 33, that is, the
structure to control the quantity of light by the PWM value
control is preferred.

[0151] Now, a case where a color is displayed on the basis
of the signal values of RGB components of R=16, G=128,
and B=16 in a target display cell is considered, for example.
In that case, in consideration of the shifting of chromaticity
and the efficient use of light from the spotted light source 33,
the PWM value control is applied. Note that, a relationship
between the intensity and lighting time of each spotted light
source 33 and the applied voltage in this case is shown in
FIG. 30.

[0152] In that case, the lighting time of the red and blue
light sources 33 becomes '92ss of the lighting time corre-
sponding to the maximum gradation, and the Duty is
approximately 0.06. In the case of PWM value control, the
lighting time of Yie or less than the lighting time corre-
sponding to the maximum gradation generates shifting in the
chromaticity. In a case where a color is displayed on the
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basis of the signal values of RGB components of R=16,
G=128, and B=16, the shifting in chromaticity may occur
when the PWM value control is simply applied to each of the
RGB components.

(Combination of PWM Value Control and Current Value
Control)

[0153] Here, in a case where the lighting time becomes
less than a threshold value while the PWM value control is
applied, for example, a combination of the PWM value
control and the current value control may be used. Note that
the threshold value in this case may be set to s of the
lighting time corresponding to the maximum gradation or
the like.

[0154] Specifically, as shown in FIG. 31, the current value
control is applied to the red and blue light sources 33
lighting time of which becomes Yis or less than the lighting
time corresponding to the maximum gradation when the
PWM value control is applied, and the red and blue grada-
tions are achieved by the intensity. On the other hand, the
green chromaticity is shifted with a slight change in the
current value, and thus, the current value control is not
applied and the PWM value control is applied.

[0155] In such a structure, the combination of the PWM
value control and the current value control can reduce the
effect of the chromaticity shifting on the basis of the signal
values of RGB components.

[0156] Note that, in this example, the combination of the
PWM value control and the current value control is used;
however, one of the PWM value control and the current
value control may be selected on the basis of the signal
values of RGB components and the selected control may be
performed.

[0157] Furthermore, the above-described controlling the
applied voltage to achieve the gradation may be combined
with at least one of the PWM value control and the current
value control. Specifically, for example, if G component of
the signal values of RGB components is 16 (G=16), the
shifting in chromaticity may occur in either the case where
the PWM value control is applied or the case where the
current value control is applied. In that case, the gradation of
G component may be achieved by changing the applied
voltage, that is, by the applied voltage control. Note that the
gradation of R and G components may be performed by the
PWM value control or the current value control.

[0158] Note that, when xyY system as the standard colo-
rimetric system is applied, an acceptable range of shifting in
chromaticity is generally Ax=%co0 and Ay=%oco. Thus,
which one of the PWM value control, current value control,
and applied voltage control is applied may be determined by
checking whether or not the shifting in chromaticity above
the acceptable range occurs in each control.

[0159] As described above, in the present embodiment,
quantity of light of each of spotted light sources (red, green,
and blue light sources) is controlled on the basis of an
analyzation result (signal value of RGB components of each
display cell) of image signals used for color display of image
in a display area. In such a structure, quantity of light leaked
from a glass can be reduced by decreasing the quantity of
light of the spotted light sources 33 in accordance with RGB
components of the color to be displayed in a target display
cell. Thus, narrowing of color gamut of an image to be
displayed caused by the light leaked from the glass can be
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suppressed (that is, the color gamut is widened), and the
image to be displayed can be clearer.

[0160] Note that, in the present embodiment, the pulse
width of the voltage applied to each spotted light source 33
is modulated, that is, the lighting time of each spotted light
source 33 is adjusted (compensated) to control the quantity
of light of each spotted light source 33.

[0161] Furthermore, in the present embodiment, the cur-
rent supplied to each spotted light source 33, that is, the
intensity of each spotted light source 33 is adjusted (com-
pensated) to control the quantity of light of each spotted light
source 33.

[0162] Specifically, the drive circuit 40 does not turn on at
least one spotted light source 33 of the spotted light sources
33 when an image is displayed with only one color on the
basis of the analyzation result of image signals (signal
values of RGB components). For example, if the image is
displayed with red alone, the green light source 33 and the
blue light source 33 are not turned on. In such a structure, for
example, light from the green and blue light sources 33
leaking from the glass can be suppressed, and thus, the
image can be displayed with the light from the red light
source 33. Thus, narrowing of color gamut caused by the
light from the green and blue light sources 33 can be
suppressed.

[0163] Furthermore, the drive circuit 40 may modulate the
pulse width of voltage applied to at least one spotted light
source (first light source) 33 of the spotted light sources 33
to control the quantity of light of the spotted light source 33,
and may modulate the current supplied to at least one spotted
light source (second light source) 33 of the spotted light
sources 33 to control the quantity of light of the spotted light
source 33. That is, different controls such as PWM value
control or current value control may be performed to each
color component displayed in a target display cell (spotted
light source 33) on the basis of the signal values of RGB
components. In such a structure, the gradation control with-
out shifting in chromaticity can be performed in each color
component, and thus, the quality of image can be improved.

[0164] Note that, in the present embodiment, the display
device 10 is a liquid crystal display device using the polymer
dispersed liquid crystal. However, the present embodiment
may be applied to other display devices.

[0165] Furthermore, the display device 10 of the present
embodiment utilizes the field sequential drive method. How-
ever, the display device 10 may be driven by other methods
as long as an image can be color-displayed by light emitted
from a plurality of light sources of different luminous colors.

[0166] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

[0167] Hereinafter, the inventions related to the embodi-
ments will be cited.
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[C]

[0168] A display device comprising:

[0169] a plurality of light sources of different luminous
colors;

[0170] a first substrate;

[0171] a second substrate opposed to the first substrate;
[0172] a liquid crystal layer interposed between the first

and second substrates, to which light from the light sources
enters;

[0173]

[0174] a drive circuit configured to control quantity of
light from each of the light sources on the basis of an
analyzation result of an image signal used to display the
image.

a display area on which an image is displayed; and

[C2]

[0175] The display device according to [C1], wherein the
drive circuit modulates a pulse width of voltage applied to
each of the light sources to control the quantity of light of
each of the light sources.

[C3]

[0176] The display device according to [C2], wherein the
drive circuit includes:

[0177] an analyzation circuit configured to acquire a signal
value of a plurality of color components of the image by
analyzing the image signal;

[0178] a compensation circuit configured to compensate a
lighting time of each of the light sources on the basis of the
signal value of the color components; and

[0179] a light source drive circuit configured to modulate
the pulse width of voltage applied to each of the light
sources in accordance with the compensated lighting time.

[C4]

[0180] The display device according to [C1], wherein the
drive circuit modulates quantity of current supplied to each
of the light sources to control the quantity of light of each of
the light sources.

[C5]

[0181] The display device according to [C4], wherein the
drive circuit includes:

[0182] an analyzation circuit configured to acquire a signal
value of a plurality of color components of the image by
analyzing the image signal,

[0183] a compensation circuit configured to compensate
an intensity of each of the light sources on the basis of the
signal value of the color components; and

[0184] a light source drive circuit configured to modulate
quantity of current supplied to each of the light sources in
accordance with the compensated intensity.

[C6]

[0185] The display device according to [C1], wherein the
drive circuit is configured to sequentially turn on the light
sources in a time division manner.
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[C7]

[0186] The display device according to [C1], wherein the
liquid crystal layer comprises a polymer dispersed liquid
crystal.

[C8]

[0187] The display device according to [C1], wherein the
drive circuit is configured not to turn on at least one of the
light sources on the basis of the analyzation result of the
image signal.

[C9]

[0188] The display device according to [C1], wherein the
drive circuit is configured to control quantity of light of a
first light source by modulating a pulse width of voltage
applied to at least the first light source of the light sources,
and control quantity of light of a second light source by
modulating quantity of current supplied to at least the
second light source of the light sources.

[C10]

[0189] A method of controlling a display device compris-
ing a plurality of light sources of different luminous colors,
a first substrate, a second substrate opposed to the first
substrate, a liquid crystal layer interposed between the first
and second substrates, to which light from the light sources
enters, and a display area on which an image is displayed,
the method comprising:

[0190] analyzing an image signal used to display the
image; and

[0191] controlling quantity of light of each of the light
sources on the basis of the analyzation result.

[C11]

[0192] The method according to [C10], wherein the con-

trolling comprises controlling quantity of light of each of the
light sources by modulating a pulse width of voltage applied
to each of the light sources.

[C12]

[0193] The method according to [C11], wherein the con-
trolling comprises:

[0194] acquiring a signal value of a plurality of color
components of the image by analyzing the image signal,

[0195] compensating a lighting time of each of the light
sources on the basis of the signal value of color components
of the image; and

[0196] modulating a pulse width of voltage applied to each
of the light sources in accordance with the compensated
lighting time.

[C13]

[0197] The method according to [C10], wherein the con-
trolling comprises controlling quantity of light of each of the
light sources by modulating quantity of current supplied to
each of the light sources.
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[C14]

[0198] The method according to [C13], wherein the con-
trolling comprises:

[0199] acquiring a signal value of a plurality of color
components of the image by analyzing the image signal,
[0200] compensating an intensity of each of the light
sources on the basis of the signal value of the color com-
ponents; and

[0201] modulating quantity of current supplied to each of
the light sources in accordance with the compensated inten-

sity.

[C15]

[0202] The method according to [C10], further comprising
turning on the light sources in a time division manner.
[C16]

[0203] The method according to [C10], wherein the liquid

crystal layer comprises a polymer dispersed liquid crystal.

[C17]

[0204] The method according to [C10], wherein the con-
trolling comprises not turning on at least one of the light
sources on the basis of an analyzation result of the image
signal.

[C18]

[0205] The method according to [C10], wherein the con-
trolling comprises controlling quantity of light of a first light
source by modulating a pulse width of voltage applied to at
least the first light source of the light sources, and control-
ling quantity of light of a second light source by modulating
quantity of current supplied to at least the second light
source of the light sources.

What is claimed is:

1. A display device comprising:

a plurality of light sources of different luminous colors;

a first substrate;

a second substrate opposed to the first substrate;

a liquid crystal layer interposed between the first and
second substrates, to which light from the light sources
enters;

a display area on which an image is displayed; and

a drive circuit configured to control quantity of light from
each of the light sources on the basis of an analyzation
result of an image signal used to display the image.

2. The display device according to claim 1, wherein the

drive circuit modulates a pulse width of voltage applied to
each of the light sources to control the quantity of light of
each of the light sources.

3. The display device according to claim 2, wherein the

drive circuit includes:

an analyzation circuit configured to acquire a signal value
of a plurality of color components of the image by
analyzing the image signal,

a compensation circuit configured to compensate a light-
ing time of each of the light sources on the basis of the
signal value of the color components; and

a light source drive circuit configured to modulate the
pulse width of voltage applied to each of the light
sources in accordance with the compensated lighting
time.
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4. The display device according to claim 1, wherein the
drive circuit modulates quantity of current supplied to each
of the light sources to control the quantity of light of each of
the light sources.

5. The display device according to claim 4, wherein the
drive circuit includes:

an analyzation circuit configured to acquire a signal value
of a plurality of color components of the image by
analyzing the image signal,

a compensation circuit configured to compensate an inten-
sity of each of the light sources on the basis of the
signal value of the color components; and

a light source drive circuit configured to modulate quan-
tity of current supplied to each of the light sources in
accordance with the compensated intensity.

6. The display device according to claim 1, wherein the
drive circuit is configured to sequentially turn on the light
sources in a time division manner.

7. The display device according to claim 1, wherein the
liquid crystal layer comprises a polymer dispersed liquid
crystal.

8. The display device according to claim 1, wherein the
drive circuit is configured not to turn on at least one of the
light sources on the basis of the analyzation result of the
image signal.

9. The display device according to claim 1, wherein the
drive circuit is configured to control quantity of light of a
first light source by modulating a pulse width of voltage
applied to at least the first light source of the light sources,
and control quantity of light of a second light source by
modulating quantity of current supplied to at least the
second light source of the light sources.

10. A method of controlling a display device comprising
a plurality of light sources of different luminous colors, a
first substrate, a second substrate opposed to the first sub-
strate, a liquid crystal layer interposed between the first and
second substrates, to which light from the light sources
enters, and a display area on which an image is displayed,
the method comprising:

analyzing an image signal used to display the image; and

controlling quantity oflight of each of the light sources on
the basis of the analyzation result.

11. The method according to claim 10, wherein the
controlling comprises controlling quantity of light of each of
the light sources by modulating a pulse width of voltage
applied to each of the light sources.

12. The method according to claim 11, wherein the
controlling comprises:

acquiring a signal value of a plurality of color components
of the image by analyzing the image signal;

compensating a lighting time of each of the light sources
on the basis of the signal value of color components of
the image; and

modulating a pulse width of voltage applied to each of the
light sources in accordance with the compensated light-
ing time.

13. The method according to claim 10, wherein the
controlling comprises controlling quantity of light of each of
the light sources by modulating quantity of current supplied
to each of the light sources.

14. The method according to claim 13, wherein the
controlling comprises:

acquiring a signal value of a plurality of color components
of the image by analyzing the image signal,
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compensating an intensity of each of the light sources on
the basis of the signal value of the color components;
and

modulating quantity of current supplied to each of the

light sources in accordance with the compensated
intensity.

15. The method according to claim 10, further comprising
turning on the light sources in a time division manner.

16. The method according to claim 10, wherein the liquid
crystal layer comprises a polymer dispersed liquid crystal.

17. The method according to claim 10, wherein the
controlling comprises not turning on at least one of the light
sources on the basis of an analyzation result of the image
signal.

18. The method according to claim 10, wherein the
controlling comprises controlling quantity of light of a first
light source by modulating a pulse width of voltage applied
to at least the first light source of the light sources, and
controlling quantity of light of a second light source by
modulating quantity of current supplied to at least the
second light source of the light sources.
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