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57) ABSTRACT

A liquid crystal display device for color display comprising
a transmission-type liquid crystal panel, capable of control-
ling an amount of transmission light, and a backlight dis-
posed behind the liquid crystal panel capable of emitting
three colors of light separately in a time-dividing manner, in
which three data corresponding to the three colors of the
backlight are displayed sequentially to thereby make the
backlight emit a corresponding color in a period correspond-
ing to data to be displayed. The switching can be performed
manually or in response to outside signal, between a
sequence in which the backlight emits three colors sepa-
rately one time in one display period to perform color
display, and a sequence in which the backlight emits three
colors simultaneously three times to perform black-and-
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1
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a liquid crystal display
device, and more specifically, to improvements in visibility
of a liquid crystal display device with a backlight for
flashing the three primary colors of light: red, green and
blue.

As a display device for displaying color images, there has
been used a liquid crystal display device in which color
display is generally performed by the combination of liquid
crystal for switching light and a color filter containing the
three primary colors of light: R, G, B. On the other hand, a
liquid crystal display device with the three primary color
sequential lighting system, which has a backlight for flash-
ing the three primary colors of light: R, G, B and does not
have any color filter, has been proposed in Japanese Unex-
amined Patent Publication No. 40260/1993. An example of
structure of the liquid crystal display device with the three
primary color sequential lighting system is shown in FIG. 9.
The device is composed of a black-and-white liquid crystal
display device without any color filter and a backlight which
can emit the three primary colors of light: R, G, B indepen-
dently. The timing chart indicating the operational principle
of this liquid crystal display device is shown in FIG. 8. In
FIG. 8, one display period indicates an update period of data
to be displayed, and is usually set at 16.7 ms in ordinary
liquid crystal display devices because the length of time
does not make the human eye detect flicker. The backlight
flashes light of e.g. red, green, and blue in this order, only
one time for each color during one display period, and when
one of these colors is exclusively displayed, the liquid
crystal device is ON during the emission of the light source
for the color, and becomes OFF during the display periods
assigned to the other colors, thereby performing color dis-
play.

The display period for each color is generally set at 5.6
ms, which is ¥4 of 16.7 ms. In order to display a color other
than the three primary colors, the liquid crystal device is
made ON only during the periods for the colors necessary to
reproduce the color. Making the liquid crystal device pro-
duce halftones which are between ON and OFF allows the
three primary colors of light to be mixed in a desired ratio,
thereby reproducing any desired color. In this display sys-
tem, three different data for red, green, and blue are required
to be displayed within a single display period. This causes an
increase in display frequency; however, a color filter
becomes unnecessary and color display is performed by a
single pixel, which is advantageous to achieve higher pre-
cision in the display device.

In the conventional primary color sequential lighting
systen, the backlight for each color flashes light sequen-
tially in a time-dividing manner. This makes the luminance
of the backlight lower than those of the constant lighting
type, which might cause problems on luminance in some
uses. For example, when a liquid crystal display device with
the three primary color sequential lighting system is used
outdoors, the display might become illegible if ambient light
such as sunshine is stronger than the backlight. There are
other cases where the display does not produce desired light
and shade when the liquid crystal becomes slow in response
rate due to low temperatures.
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2
SUMMARY OF THE INVENTION

An object of the present invention is to provide a liquid
crystal display device in which the content of display can be
recognized even when ambient light is strong or when the
liquid crystal becomes slow in response rate, by selecting the
timing of backlight emission and selecting between the
presence and absence of amendment of liquid crystal display
data in the three primary color sequential lighting system.

In the liquid crystal display device with the three primary
color sequential lighting system of the present invention, a
first means improves visibility, i.e. legibility, by providing a
circuit for emitting the three primary colors of light concur-
rently, i.e. simultaneously, when ambient light is strong,
thereby making the device operate as a black-and-white
display liquid crystal device with high luminance, and by
allowing the circuit to switch between the three primary
color sequential lighting and the three primary color con-
current or simultaneous lighting,

A second means automatically compensates the visibility,
1.e. improves legibility, under strong ambient light by auto-
matically switching from the three primary color sequential
lighting to the three primary color concurrent lighting when
the ambient light around the liquid crystal display device
becomes strong, based on signals sent from an optical sensor
built in the liquid crystal display device or installed outside
the liquid crystal display device.

A third means improves visibility by converting color data
to be displayed into black-and-white data to delay the
display period and making the backlight emit the three
primary colors of light concurrently when the liquid crystal
becomes slow in response rate due to low temperatures or
other reasons in a liquid crystal display device of the three
primary color sequential lighting system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a timing chart showing operations of a liquid
crystal display device according to an embodiment of the
present invention,

FIG. 2 is a block diagram showing the structure of the
liquid crystal display device according to an embodiment of
the present invention;

FIG. 3 is a block diagram showing the structure of the
liquid crystal display device according to another embodi-
ment of the present invention;

FIG. 4 is a block diagram showing the structure of the
liquid crystal display device according to further another
embodiment of the present invention;

FIG. 5 is a timing chart showing operations of the
conventional liquid crystal display device when the liquid
crystal is slow in response rate;

FIG. 6 is a timing chart showing operations of the liquid
crystal display device according to another embodiment of
the present invention;

FIG. 7 is a block diagram showing the structure of the
liquid crystal display device according to another embodi-
ment of the present invention;

FIG. 8 is a timing chart showing operations of the
conventional liquid crystal display device with the three
primary color sequential lighting system; and

FIG. 9 is a cross sectional view showing the structure of
the liquid crystal display device with the three primary color
sequential lighting system.
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DETAILED DESCRIPTION

Embodiment 1

Operations of a liquid crystal display device of the present
invention will be described hereinbelow with reference to
the drawings. FIG. 1 is a timing chart showing optical
response in the liquid crystal pixels and the timing of
backlight emission in the liquid crystal display device of the
present invention while the three primary colors of light are
emitted concurrently, i.e. simultaneously. FIG. 2 is a block
diagram showing the outline of a circuit of the liquid crystal
display device of the present invention. In FIG. 2, reference
numeral 1 denotes a liquid crystal display device driving
control circuit; 2 denotes a liquid crystal display device of
black-and-white display without any color filter; 3 denotes a
backlight capable of emitting the three primary colors of
light separately; 4 denotes a circuit for controlling the
emission of the backlight; 5 denotes a switch for switching
the timing of emitting the backlight. The switch 5 allows
switching between the ordinary three primary color sequen-
tial lighting system shown in FIG. 8 and the three primary
color concurrent lighting system shown in FIG. 1. In FIG. 1,
one display period indicates a period to switch screens to be
displayed. During this display period, data for red, data for
green, and data for blue are displayed one time each and, the
backlight emits the three primary colors of light: R, G, B
concurrently in the display period of any color. Such con-
current emission of the three primary colors of light causes
the colors to be mixed and to be displayed in black and
white; however, three times the luminance can be obtained,
as compared with the luminance obtained using the ordinary
three primary color sequential lighting system, thereby
producing a display visible enough in a bright environment.

Embodiment 2

Another embodiment of the present invention will be
shown in FIG. 3. In FIG. 3, reference numeral 6 denotes an
optical sensor for detecting brightness. The switch 5 shown
in FIG. 1 allows switching between the three primary color
sequential lighting and the three primary color concurrent
lighting in Embodiment 1; however, in the present invention,
the optical sensor for detecting brightness provided in place
of the switch allows automatic switching between the three
primary color sequential lighting and the three primary color
concurrent lighting, depending on the intensity of ambient
light.

As shown in FIG. 4, the provision of switches 5 and 7
makes it possible to switch between the lighting systems
either automatically or manually. When the switch 7 is
operated manually, a display is done in accordance with the
switching between the sequential/concurrent lighting of the
switch 5, whereas when the switch 7 operates automatically,
the switching of the switch 5 is ignored and a display is
switched by the optical sensor 5. Although FIGS. 2 and 4
show mechanical switches, when the backlight emission
control circuit is controlled by another control device in
terms of software, it can be controlled by a program.

Embodiment 3

Another embodiment of the present invention will be
described hereinbelow based on FIGS. 5 to 7. FIG. 5 shows
a timing chart showing the case where the liquid crystal
becomes slow in its response rate as the result of the fact that
the liquid crystal display device becomes low in temperature
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4

in the conventional liquid crystal display device with the
three primary color sequential lighting system. Since the
response of the liquid crystal fails to follow within the
display period of each color, contrast deteriorates, to thereby
make it impossible to provide a display with the desired light
and shade properties. In this case, because of the insufficient
response of the liquid crystal, even if a black-and-white
display is obtained by using the concurrent emission of the
three primary colors of Embodiment 1, the luminance is
improved but the ratio of light and shade of the display is not
improved. In such a case, the respective data for R, G, B are
averaged at the same timing to be converted into black-and-
white display data and the backlight for the three primary
colors of light are simultaneously emitted in the latter part of
the display period, thereby improving the visibility of light
and shade on display. FIG. 6 shows the timing chart in the
case where the visibility has been improved. In FIG. 6, data
for the three primary colors are displayed as black-and-white
data, so that data to be updated within one display period can
be one piece, which makes it possible to provide the liquid
crystal response with three times as long a display period as
compared with the display period of the ordinary primary
color sequential lighting system per pixel for response of the
liquid crystal. Consequently, when the response of the liquid
crystal has been completed, the three primary colors of light
can be emitted simultaneously to obtain a display with full
light and shade contrast.

In this display system, the backlight does not perform
emission in the temporal region during which the liquid
crystal is slow in response rate, which makes it possible to
suppress the perception of occurrence of blurring of the
display, or a decrease in the ratio between light and shade
due to a delay in the liquid crystal response. FIG. 7 shows
a block diagram of a liquid crystal display device which
switches between a display according to the timing chart of
the present embodiment and a display by the ordinary three
primary color sequential driving. In FIG. 7, there are a
black-and-white conversion circuit 8 and a switch 9 by
which the black-and-white conversion of data is carried out
and the timing of backlight emission is switched, thereby
obtaining a display with sufficient light and shade even when
the liquid crystal becomes slow in response rate.

Embodiment 4

Embodiment 3 shows the system of switching the display
timings with the use of the manual switch. On the other
hand, similar to Embodiment 2, a temperature sensor can be
installed inside or outside the liquid crystal display device to
automatically switch the display timings when low tempera-
tures cause the liquid crystal to become slow in its response
rate.

According to the present invention, the backlight emis-
sion can be switched between the three primary color
sequential lighting and the three primary color concurrent or
simultaneous lighting, depending on the intensity of ambient
light, thereby allowing switching between color display with
low intensity and black-and-white display with high inten-
sity. As a result, black-and-white display with high intensity
can be obtained even when the ambient light is bright.

The display data of the three primary colors of light are
averaged depending on ambient temperatures, and the back-
lighting of the three primary colors of light is emitted
concurrently in the latter part of the display period, thereby
maintaining proper contrast as black-and-white display,
even in low temperatures.
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What is claimed is:
1. A liquid crystal display device for color display, com-
prising

a transmission-type liquid crystal panel capable of con-
trolling an amount of transmission light and

a backlight, disposed behind the liquid crystal panel,
capable of emitting three colors of light separately in a
time-dividing manner, in which

three data corresponding to the three colors of the back-
light are displayed sequentially to thereby make the
backlight emit a corresponding color in a period cor-
responding to data to be displayed,

wherein switching can be performed manually or in
response to an outside signal, between a sequence in
which the backlight emits three colors separately one
time in one display period to perform color display, and
a sequence in which the backlight emits three colors
simultaneously three times in one display period to
perform black-and-white display.

2. A liquid crystal display device, comprising

a transmission-type liquid crystal panel capable of con-
trolling an amount of transmission light and

a backlight, disposed behind the liquid crystal panel,
capable of emitting three colors of light separately in a
time-dividing manner, in which three data correspond-
ing to the three colors of the backlight are displayed
sequentially to thereby make the backlight emit a
corresponding color in a period corresponding to data
to be displayed,

wherein the device includes a circuit for averaging display
data of three colors, corresponding to one display
content, to convert the color data into black-and-white
display data and for simultaneously making display
period three times as long, compared with that display
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period of a color display, to perform black-and-white
display, and
wherein

three color sequential display and black-and-white dis-
play can be switched by a switch in which the backlight
emits three colors separately in case of the color display
while the backlight emits three colors simultaneously
three times in a latter part of the display period in the
case of black-and-white display.

3. The liquid crystal display device of claim 1, wherein
there is enabled switching between a case in which the
backlight emits three colors separately and a case in which
the backlight emits three colors simultaneously, in response
to signal input from an optical sensor in the device.

4. The liquid crystal display device of claim 1, wherein
there is enabled switching between a case in which the
backlight emits three colors separately and a case in which
the backlight emits three colors simultaneously, in response
to signal input from a temperature sensor in the device.

5. The liquid crystal display device of claim 1, wherein
there is enabled switching between a case in which the
backlight emits three colors separately and a case in which
the backlight emits three colors simultaneously, in response
to signal input from an optical sensor installed outside the
device.

6. The liquid crystal display device of claim 1, wherein
there is enabled switching between a case in which the
backlight emits three colors separately and a case in which
the backlight emits three colors simultaneously, in response
to signal input from a temperature sensor installed outside
the device.
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