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(57) ABSTRACT

A liquid crystal display device displays an image by stacking
a plurality of liquid crystal panels, and by controlling a light
transmittance with voltage application to liquid crystal of
each panel, wherein during execution of voltage application
to the liquid crystal of one of the panels, a voltage to the liquid
crystal of the other panel serves as a non-display voltage. No
imageis displayed simultaneously on the two or more stacked
liquid crystal panels. In the liquid crystal panel to which no
voltage is applied and on which no image is displayed, the
longitudinal axial direction of liquid crystal molecules coin-
cides with the polarizing axial direction of polarizers, or is
orthogonal to the polarizing axial direction; therefore, no
influence is exerted on the overall double refraction, and the
overall voltage-transmitted light intensity characteristic cor-
responds to the sum of the voltage-transmitted light intensity
characteristics of the respective panels.
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LIQUID CRYSTAL DISPLAY DEVICE AND
DISPLAY METHOD

[0001] This application is a continuation of PCT Interna-
tional Application No. PCT/JP2005/018468 which has an
International filing date of Oct. 5, 2005 and designated the
United States of America.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to liquid crystal dis-

play devices and display methods for displaying images by
stacking a plurality of liquid crystal panels.

[0004] 2. Description of Related Art

[0005] With the recent advancement of so-called “informa-
tion-aligned society”, electronic equipment, typified by per-
sonal computers, PDA (Personal Digital Assistants) and the
like, is now being widely used. Due to the widespread use of
such electronic equipment, the demand for portable elec-
tronic equipment usable in offices and outdoors has been
created, and the reduction in size and weight thereof has been
desired. As a means for achieving such objects, liquid crystal
display devices are widely used. Liquid crystal display
devices represent the indispensable technique for realizing
the reduction in power consumption of battery-driven pot-
table electronic equipment, as well as for merely realizing the
reduction in size and weight thereof.

[0006] Liquid crystal display devices are roughly classified
into a reflective liquid crystal display device and a transmis-
sive liquid crystal display device. The reflective liquid crystal
display device is designed so that light beam to be incident
from a front face of a liquid crystal panel is reflected by a rear
face of the liquid crystal panel, and an image is visually
identified by the reflected light, while the transmissive liquid
crystal display device is designed so that an image is visually
identified by a transmitted light from a light source (i.e.,
backlight) provided at arear face ofa liquid crystal panel. The
reflective liquid crystal display device is inferior in visibility
since an amount of the reflected light is inconstant depending
on environmental conditions; therefore, in particular, as a
display device for a personal computer or the like which
performs multi-color or full-color display, a transmissive
color liquid crystal display device, which uses color filters, is
commonly utilized.

[0007]  As the color liquid crystal display device, an active-
driven-type liquid crystal display device that uses a switching
element such as a TFT (Thin Film Transistor) is widely uti-
lized at present. Although this TFT-driven liquid crystal dis-
play device has a high display quality, the light transmittance
of a liquid crystal panel is as low as about several percent
under the status quo, and therefore, a high brightness back-
light is required in order to obtain high screen brightness.
Thus, the power consumption caused by the backlight is
unfavorably increased. Furthermore, since the color display
that uses color filters is performed, each pixel has to be
composed of three sub-pixels, thus making it difficult to real-
ize high resolution and making the display color purity insuf-
ficient.

[0008] In order to solve such problems, the present inven-
tors have developed a field sequential liquid crystal display
device (see, for example, Non-Patent Documents 1, 2, and 3).
This field sequential liquid crystal display device does not
need any sub-pixels unlike a color filter liquid crystal display
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device, and is thus capable of realizing higher resolution
display with ease and utilizing the color of light emitted from
alight source as it is without using any color filters, resulting
in high display color purity. Moreover, the light use efficiency
is also high, which further achieves an advantage that the
power consumption is low. However, in order to realize the
field sequential liquid crystal display device, the fast response
of liquid crystal (2 ms or less) is absolutely necessary.
[0009] Therefore, in a quest to achieve the fast response of
the field sequential liquid crystal display device having the
excellent advantages as described above, the present inven-
tors have conducted research and development on the driving
of liquid crystal, such as ferroelectric liquid crystal having
spontaneous polarization which can be expected to exhibit a
response 100 to 1000 times faster than ever before, by a
switching element such as a TFT (see, for example, Patent
Document 1). In ferroelectric liquid crystal, the longitudinal
axial direction of liquid crystal molecules aligned in parallel
with a glass substrate is tilted by voltage application. A liquid
crystal panel containing ferroelectric liquid crystal therein is
sandwiched between two polarizers whose polarizing axes
are orthogonal to each other, and the double refraction caused
by a change in the longitudinal axial direction of liquid crystal
molecules is utilized to change the intensity of transmitted
light.

[0010] Actually. in recent years, the need for three-dimen-
sional image display has also been intensified. and a liquid
crystal display device for displaying a three-dimensional
image by stacking a plurality of liquid crystal panels has been
proposed (see, for example, Non-Patent Document 4).
[0011] [Patent Document 1] Japanese Patent Application
Laid-Open No. 11-119189

[0012] [Non-Patent Document 1] T. Yoshihara et al., ILCC
98, P1-074, published in 1998

[0013] [Non-Patent Document 2] T. Yoshihara et al., AM-
LCD ’99 Digest of Technical Papers, p. 185, published in
1999

[0014] [Non-Patent Document 3] T. Yoshihara et al., SID
*00 Digest of Technical Papers, p. 1176, published in 2000
[0015] [Non-Patent Document 4] M. Date et al., IDW 03
Proceedings of The 10th International Display Workshops, p.
1409, published in 2003

SUMMARY
[0016] Problems to be Solved by the Invention
[0017] In a liquid crystal display device for displaying an

image by stacking a plurality of liquid crystal panels, the
overall voltage-transmitted light intensity characteristic ide-
ally corresponds to the sum of the voltage-transmitted light
intensity characteristics of the respective liquid crystal pan-
els. However, in the case of using a liquid crystal panel in
which molecules of liquid crystal such as ferroelectric liquid
crystal are aligned approximately in parallel with a glass
substrate, under the influence of double refraction, the volt-
age-transmitted light intensity characteristic, obtained when
a plurality of liquid crystal panels are stacked, does not cor-
respond to the sum of the voltage-transmitted light intensity
characteristics of the respective liquid crystal panels, thus
causing a problem that the resultant transmitted light intensity
is lower than the transmitted light intensity of each liquid
crystal panel. It should be noted that such a problem also
similarly occurs in an IPS (in-plane switching) liquid crystal
display device using nematic liquid crystal, in which liquid
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crystal molecules are aligned approximately in parallel with a
substrate as in the case of ferroelectric liquid crystal.

[0018] An object is to provide a liquid crystal display
device and a display method which allow the overall voltage-
transmitted light intensity characteristic to correspond to the
sum of the voltage-transmitted light intensity characteristics
of respective liquid crystal panels by preventing a voltage for
display from being applied simultaneously to the stacked
liquid crystal panels so as not to display an image simulta-
neously thereon.

Means for Solving the Problems

[0019] There is provided a liquid crystal display device
according to an aspect for displaying an image by stacking a
plurality of liquid crystal panels in each of which a gap
formed by a plurality of substrates is filled with liquid crystal,
and by controlling a liquid crystal light transmittance with
voltage application to the liquid crystal of the stacked liquid
crystal panels, the liquid crystal display device characterized
by including controlling means for controlling voltage appli-
cation to the liquid crystal of each of the plurality of liquid
crystal panels, wherein during execution of voltage applica-
tion to the liquid crystal of one of the liquid crystal panels
based on display data, a voltage to the liquid crystal of the
other liquid crystal panel serves as a non-display voltage that
exerts no influence on the display of said one of the liquid
crystal panels. Specifically, this means that the application of
a voltage to the other liquid crystal panel is stopped, and no
voltage is applied thereto. Further, the potential of this non-
display voltage may be a predetermined reference potential,
and may naturally be 0 volt. It should be noted that “0 volt” as
used herein means substantial 0 volt, and includes a potential
low enough to exert no influence on display.

[0020] There is provided a display method according to an
aspect for displaying an image by stacking a plurality of
liquid crystal panels, in each of which a gap formed by a
plurality of substrates is filled with liquid crystal, so as to
sandwich the panels between polarizers, and by controlling a
liquid crystal light transmittance with voltage application to
the liquid crystal of the stacked liquid crystal panels, the
display method characterized in that an image is displayed so
that during voltage application to the liquid crystal of one of
the liquid crystal panels based on display data, the longitudi-
nal axial direction of liquid crystal molecules of the other
liquid crystal panel is orthogonal to the polarizing axial direc-
tion or polarizing axes of the polarizers.

[0021] There is provided a display method according to an
aspect for displaying an image by stacking a plurality of
liquid crystal panels in each of which a gap formed by a
plurality of substrates is filled with liquid crystal, and by
controlling a liquid crystal light transmittance with voltage
application to the liquid crystal of the stacked liquid crystal
panels based on display data, the display method character-
ized in that there is provided a period during which no image
is displayed simultaneously on two or more of the plurality of
liquid crystal panels.

EFFECTS OF THE INVENTION

[0022] The voltage application to the liquid crystal of each
of the plurality of liquid crystal panels is controlled, and no
image is displayed simultaneously on the two or more liquid
crystal panels; therefore, no influence is exerted on the overall
double refraction, thus allowing the overall voltage-transmit-
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ted light intensity characteristic to correspond to the sum of
the voltage-transmitted light intensity characteristics of the
respective liquid crystal panels.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0023] FIG. 1is a block diagram illustrating a circuit con-
figuration of a liquid crystal display device according to a first
embodiment (field sequential system);

[0024] FIG. 2 is a schematic cross-sectional view of liquid
crystal panels and a backlight of the liquid crystal display
device according to the first embodiment;

[0025] FIG. 3 is a schematic diagram illustrating an exem-
plary overall arrangement of the liquid crystal display device
according to the first embodiment;

[0026] FIG. 4 shows diagrams illustrating an example of
driving sequence for the liquid crystal display device accord-
ing to the first embodiment;

[0027] FIG. 5 shows diagrams illustrating the transmitted
light intensities of the liquid crystal panels, caused by the
driving sequence shown in FIG. 4;

[0028] FIG. 6 shows diagrams illustrating another example
of driving sequence for the liquid crystal display device
according to the first embodiment;

[0029] FIG. 7 shows diagrams illustrating the transmitted
light intensities of the liquid crystal panels, caused by the
driving sequence shown in FIG. 6;

[0030] FIG. 8 is a block diagram illustrating a circuit con-
figuration of a liquid crystal display device according to a
second embodiment (color filter system);

[0031] FIG. 9 is a schematic cross-sectional view of liquid
crystal panels and a backlight of the liquid crystal display
device according to the second embodiment;

[0032] FIG. 10is a schematic diagram illustrating an exem-
plary overall arrangement of the liquid crystal display device
according to the second embodiment;

[0033] FIG. 11 shows diagrams illustrating an example of
driving sequence for the liquid crystal display device accord-
ing to the second embodiment;

[0034] FIG. 12 shows diagrams illustrating the transmitted
light intensities of the liquid crystal panels, caused by the
driving sequence shown in FIG. 11;

[0035] FIG. 13 shows diagrams illustrating another
example of driving sequence for the liquid crystal display
device according to the second embodiment; and

[0036] FIG. 14 shows diagrams illustrating the transmitted
light intensities of the liquid crystal panels, caused by the
driving sequence shown in FIG. 13.

DESCRIPTION OF THE NUMERALS

[0037] 1.5 polarizer

[0038] 2a, 25, 4a, 4b glass substrate
[0039] 3a, 35 common electrode

[0040] 7 LED array

[0041] 134, 135 liquid crystal layer
[0042] 21a, 215 liquid crystal panel
[0043] 22 backlight

[0044] 304, 305 image memory

[0045] 31 control signal generating circuit
[0046] 32a, 32b data driver

[0047] 33a, 335 scan driver

[0048] 34 reference voltage generating circuit
[0049] 35 backlight controlling circuit
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[0050] 40q. 405 pixel electrode
[0051] 41a. 415 TFT
[0052] 50a. 505 driving section
DETAILED DESCRIPTION
Embodiment 1
[0053] FIG. 1 is a block diagram illustrating a circuit con-

figuration of a liquid crystal display device according to a first
embodiment, FIG. 2 is a schematic cross-sectional view of
liquid crystal panels and a backlight, and FIG. 3 is a schematic
diagram illustrating an exemplary overall arrangement of the
liquid crystal display device. The first embodiment provides
the liquid crystal display device for performing color display
in a field sequential system.

[0054] InFIG.1,21a, 215 denote two liquid crystal panels
whose structures are shown in FIG. 2 and FIGS. 3, and 22
denotes a backlight whose structure is shown in FIG. 2 and
FIG. 3.

[0055] The upper (surface side) liquid crystal panel 21a is
formed by stacking a glass substrate 2a, a common electrode
3a, and a glass substrate 4 in this order from the upper layer
(surface) side to the lower layer (rear face) side, and pixel
electrodes 40a, 40qa . . ., arranged in matrix, are formed at a
face of the glass substrate 4a opposing to the common elec-
trode 3a. An alignment film 12¢ and an alignment film 11a are
disposed at upper faces of the pixel electrodes 40a, 40a . . .
over the glass substrate 4a, and at a lower face of the common
electrode 3a, respectively, and liquid crystal is filled between
these alignment films 11a, 124 to form a liquid crystal layer
13a. It should be noted that 14a denotes a spacer for main-
taining a layer thickness of the liquid crystal layer 13a.
[0056] Similarly to the liquid crystal panel 21a, the lower
(rear face side) liquid crystal panel 215 is formed by stacking
a glass substrate 25, a common electrode 34, and a glass
substrate 45 in this order from the upper layer (surface) side to
the lower layer (rear face) side, and pixel electrodes 404, 404,
arranged in matrix, are formed at a face of'the glass substrate
4b opposing to the common electrode 3b. An alignment film
126 and an alignment film lib are disposed at upper faces of
the pixel electrodes 405, 405 . . . over the glass substrate 4,
and at a lower face of the common electrode 3b, respectively,
and liquid crystal is filled between these alignment films 115,
124 to form a liquid crystal layer 13b. It should be noted that
144 denotes a spacer for maintaining a layer thickness of the
liquid crystal layer 134.

[0057] The two liquid crystal panels 21a, 216 formed and
stacked in this manner are sandwiched between a pair of
polarizers 1, 5 whose polarizing axes are orthogonal to each
other.

[0058] Between the common electrode 3a and the pixel
electrodes 40a, 40q . . ., adriving section 50a including a data
driver 32a and a scan driver 33q, for example, is connected.
The data driver 32a is connected to a TFT 414 via a signal line
42a, while the scan driver 33a is connected to the TFT 41a via
a scanning line 43a. The TFT 414 is ON/OFF controlled by
the scan driver 33a. Further, each of the pixel electrodes 40a,
40a . . . is connected to the TFT 41a. Thus, the transmitted
light intensity of each pixel of the upper (surface side) liquid
crystal panel 21a is controlled by a signal (applied voltage)
supplied from the data driver 32a via the signal line 42a and
the TFT 41a.

[0059] Similarly, between the common electrode 35 and
the pixel electrodes 405, 405 . . ., a driving section 505
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including a data driver 326 and a scan driver 334, for example,
is connected. The data driver 324 is connected to a TFT 415
via a signal line 425, while the scan driver 335 is connected to
the TFT 415 viaa scanning line 435. The TFT 415 is ON/OFF
controlled by the scan driver 33b. Further, each of the pixel
electrodes 405,405 . . .is connected to the TET 415. Thus, the
transmitted light intensity of each pixel of the lower (rear face
side) liquid crystal panel 215 is controlled by a signal sup-
plied from the data driver 325 via the signal line 425 and the
TFT 415.

[0060] The backlight 22 is located at the lower layer (rear
face) side of the liquid crystal panel 215, and 1s provided with
an LED array 7 in a state where it faces an end face of a light
directing and diffusing plate 6 constituting a light emission
region. This LED array 7 has, at its face opposed to the light
directing and diffusing plate 6, one or a plurality of LEDs in
which LED elements for emitting three primary colors, i.e.,
the respective colors of red, green and blue, are provided as a
single chip. And in sub-frames of red, green and blue, the red,
green and blue LED elements are turned on, respectively. The
light directing and diffusing plate 6 directs light, emitted from
the respective LEDs of the LED array 7, to its entire surface
and diffuses the light to the upper face, thereby functioning as
the light emission region.

[0061] The two liquid crystal panels 21a, 215, and the
backlight 22 capable of emitting red, green and blue lights in
a time-division manner are stacked. The turning-on timing
and light emission color of the backlight 22 is controlled in
synchronization with data scanning based on display data for
the liquid crystal panels 21a, 216b.

[0062] In FIG. 1, 31 denotes a control signal generating
circuit for receiving a synchronization signal SYN inputted
from a personal computer, and for generating various control
signals CS necessary for display. From image memories 30q,
306, pixel data PDa to be displayed on the liquid crystal panel
21a, and pixel data PDb to be displayed on the liquid crystal
panel 215 are outputted to the data drivers 32a, 32b, respec-
tively. Based on the pixel data PDa, PDb, and the control
signal CS for changing the polarity of an applied voltage, a
voltage is applied to the liquid crystal layers 13a, 135 of the
liquid crystal panels 21a, 215 via the data drivers 32a, 325.
[0063] Further, the control signal CS is outputted from the
control signal generating circuit 31 to each of a reference
voltage generating circuit 34, the data drivers 32a, 326, the
scan drivers 33a, 335, and a backlight controlling circuit 35.
The reference voltage generating circuit 34 generates refer-
ence voltages VR1a, VR1b, VR2a and VR25, and outputs the
generated reference voltage VR1a, reference voltage VR15,
reference voltage VR2a, and reference voltage VR2b to the
data driver 32a, the data driver 325, the scan driver 33a, and
the scan driver 335, respectively.

[0064] Based on the pixel data PDa, PDb from the image
memories 30a, 305, and the control signal CS from the con-
trol signal generating circuit 31, the data drivers 32q, 32b
output signals to the signal lines 42a, 425 of the pixel elec-
trodes 40a, 405. In synchronization with the output of the
signals, the scan drivers 33a, 335 sequentially scan the scan-
ning lines 43a, 435 of the pixel electrodes 40a, 405 for each
line. Furthermore, the backlight controlling circuit 35 sup-
plies a driving voltage to the backlight 22, thereby allowing
the respective red light, green light, and blue light to be
emitted from the backlight 22.

[0065] Next, the operations of the liquid crystal display
device will be described. The pixel data PDa, PDb for display
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are inputted from a personal computer to the image memories
30a, 305, and after temporarily having stored these pixel data
PDa, PDb, the image memories 30a, 305 output these pixel
data PDa, PDb upon reception of the control signal CS out-
putted from the control signal generating circuit 31. The
control signal CS generated by the control signal generating
circuit 31 is supplied to the data drivers 32a, 32b, the scan
drivers 334, 335, the reference voltage generating circuit 34,
and the backlight controlling circuit 35.

[0066] Upon reception of the control signal CS, the data
drivers 32a, 325 output signals to the signal lines 424, 425 of
the pixel electrodes 40a, 405, based on the pixel data PDa,
PDb outputted from the image memories 30a, 305. Upon
reception of the control signal CS, the scan drivers 33a, 335
sequentially scan the scanning lines 43a, 43b of the pixel
electrodes 40a, 405 for each line. In accordance with the
output of the signals from the data drivers 32a, 325, and the
scanning of the scan drivers 33a, 335, the TFTs 41a, 415 are
driven to apply voltages to the pixel electrodes 40a, 405, thus
controlling the transmitted light intensity of each pixel.
[0067] Upon reception of the control signal CS, the back-
light controlling circuit 35 supplies a driving voltage to the
backlight 22 to allow the LED elements of the respective
colors, i.e., red, green and blue, included in the LED array 7
of the backlight 22 to emit lights in a time-division manner,
thus allowing red light, green light, and blue light to be
emitted sequentially with time. In this manner, color display
is carried out by synchronizing the control of turning-on of
the backlight 22 (i.e., LED array 7), which emits light to be
incident on the liquid crystal panels 21a, 215, with the data
scanning performed more than once on the liquid crystal
panels 21a, 215.

[0068] FIG. 4 shows diagrams illustrating an example of
driving sequence, in which FIG. 4(a) illustrates the scanning
timing of each line of the liquid crystal panel 21q, FIG. 4(b)
illustrates the scanning timing of each line of the liquid crystal
panel 215, and FIG. 4(c) illustrates the timing of turning-on of
the respective colors, i.e., red, greenand blue, of the backlight
22. One frame is divided into three sub-frames; for example,
as shown in FIG. 4(c). red light is emitted in the first sub-
frame, green light is emitted in the second sub-frame, and
blue light is emitted in the third sub-frame.

[0069] Further, one sub-frame is divided into two; thus, as
shown in FIG. 4(a), during the first half periods of the sub-
frames of red, green and blue colors, image data writing
scanning for each of red, green and blue colors is performed
twice on the liquid crystal panel 21a, and as shown in FIG.
4(b), during the latter half periods, image data writing scan-
ning for each of red, green and blue colors is performed twice
on the liquid crystal panel 21b. In the first data writing scan-
ning, the data writing scanning is performed with a polarity
that can realize bright display, and in the second data writing
scanning, there is applied a voltage whose polarity is opposite
to that in the first data writing scanning and whose magnitude
is substantially equal to that in the first data writing scanning.
Thus, it is possible to realize display which is darker as
compared with that of the first data writing scanning, and
which can be substantially regarded as “black display”.
[0070] FIGS. 5(a), (b) are diagrams illustrating the trans-
mitted light intensities of the respective liquid crystal panels
21a, 215, caused by the driving sequence shown in FIG. 4.
While data writing scanning is performed on the liquid crystal
panel 21a, i.e., while a voltage is applied to the liquid crystal
layer 13a of the liquid crystal panel 21a, no data writing
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scanning is performed on the liquid crystal panel 215, i.e., no
voltage is applied to the liquid crystal layer 135 of the liquid
crystal panel 215. To the contrary, while data writing scan-
ning is performed on the liquid crystal panel 215, i.e., whilea
voltage is applied to the liquid crystal layer 135 of the liquid
crystal panel 215, no data writing scanning is performed on
the liquid crystal panel 214, i.e., no voltage is applied to the
liquid crystal layer 13a of the liquid crystal panel 21a.
[0071] By carrying out the time-division control of the
timing of voltage application to the liquid crystal layers 13a,
135 of both the liquid crystal panels 21a, 215 in this manner,
no image is displayed on the liquid crystal panel 215 while an
image is displayed on the liquid crystal panel 21a; on the
other hand, no image is displayed on the liquid crystal panel
21a while an image is displayed on the liquid crystal panel
215b. In this case, in the liquid crystal panel on which no image
is displayed, the longitudinal axial direction of liquid crystal
molecules inside its liquid crystal layer coincides with the
polarizing axial direction of the polarizers 1, 5, or is orthogo-
nal to the polarizing axial direction. If the direction of liquid
crystal molecules is aligned, the influence of double refrac-
tion is not exerted, which is equivalent to the situation where
the stacked liquid crystal panel on which no image is dis-
played does not exist. Accordingly, the overall voltage-trans-
mitted light intensity characteristic corresponds to the sum of
the voltage-transmitted light intensity characteristics of the
respective liquid crystal panels 21a, 215.

[0072] FIG. 6 shows diagrams illustrating another example
of driving sequence, in which FIG. 6(a) illustrates the scan-
ning timing of each line of the liquid crystal panel 214, FIG.
6(b) illustrates the scanning timing of each line of the liquid
crystal panel 215, and FIG. 6(c) illustrates the timing of
turning-on of the respective colors, i.e., red, green and blue, of
the backlight 22. One frame is divided into two, i.e., afirst half
period and a latter half period, and each period is divided into
three sub-frames; for example, as shown in FIG. 6(c), red
light is emitted in the first sub-frame of each period, green
light is emitted in the second sub-frame of each period, and
blue light is emitted in the third sub-frame of each period.
[0073] Further, as shown in FIG. 6(a), during the first half
period of one frame, image data writing scanning for each of
red, green and blue colors is performed twice on the liquid
crystal panel 21a in this order, and as shown in FIG. 6(b),
during the latter half period of one frame, image data writing
scanning for each of red, green and blue colors is performed
twice on the liquid crystal panel 215 in this order. In the first
data writing scanning, the data writing scanning is performed
with a polarity that can realize bright display, and in the
second data writing scanning, there is applied a voltage
whose polarity is opposite to that in the first data writing
scanning and whose magnitude is substantially equal to that
in the first data writing scanning. Thus, it is possible to realize
display which is darker as compared with that of the first data
writing scanning, and which can be substantially regarded as
“black display™.

[0074] FIGS. 7(a), (b) are diagrams illustrating the trans-
mitted light intensities of the respective liquid crystal panels
21a, 215, caused by the driving sequence shown in FIG. 6.
Also in this example, similarly to the above-described
example, no voltage is simultaneously applied to the liquid
crystal layer 13a of the liquid crystal panel 21a and to the
liquid crystal layer 136 of the liquid crystal panel 215, and no
image is simultaneously displayed on the liquid crystal panel
21a and on the liquid crystal panel 215, thus allowing the
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overall voltage-transmitted light intensity characteristic to
correspond to the sum of the voltage-transmitted light inten-
sity characteristics of the respective liquid crystal panels 21a,
21b.

[0075] A specific example of the liquid crystal display
device according to the first embodiment will be described. A
TFT substrate having pixel electrodes 40a, 40a . . . (405, 405
... ) (800600 pixels, 4 inches diagonally), and a glass
substrate 2a (2b) having a common electrode 3a (3b) were
cleaned, and thereafter, polyimide was applied thereto and
baked at 200° C. for an hour, thus forming polyimide films of
about 200 A as alignment films 11a, 12a (115, 12b). More-
over, these alignment films 11a, 12a (115, 125) were sub-
jected to rubbing using a rayon cloth, and these two substrates
were stacked with a gap maintained therebetween by a silica
spacer 14a (14b) having an average particle diameter of 1.6
um, thus forming an empty panel therebetween.

[0076] Between the alignment films 114, 12a (115, 125) of
this empty panel, monostable ferroelectric liquid crystal
exhibiting a half-V-shaped electro-optic response charactet-
istic was filled to provide a liquid crystal layer 13a (135).
After the filling, a dc voltage of 3V was applied in a vicinity
of the transition point from the cholesteric phase to the chiral
smectic C phase, thus realizing uniform liquid crystal align-
ment state.

[0077] The formed liquid crystal panel 21a (215) was con-
nected with a driver IC and a controlling circuit that enables
display in a field sequential system, as shown in FIG. 1. The
two liquid crystal panels 21a, 215 provided with such driver
IC and controlling circuit were stacked, the stacked panels
were sandwiched between a pair of polarizers 1, 5 in the cross
nicol state, and a backlight 22, in which an LED array 7
capable of performing of red, green and blue is used as a light
source, was further stacked.

[0078] With the use of both the liquid crystal panels 21a,
215, three-dimensional image display was performed in
accordance with the respective driving sequences shown in
FIG. 4 and FIG. 6. In the case of overlapping of displays on
the liquid crystal panels 21a, 215, in order to create three-
dimensionality, the image of a distant object was displayed on
the lower (rear face side) liquid crystal panel 214, the image
of a nearby object was displayed on the upper (surface side)
liquid crystal panel 21a, and the image of an intermediate
object was displayed so as to create a sense of depth by
adjusting the brightness of both the liquid crystal panels 21a,
214,

[0079] As a result, in any of the driving sequences, bright
and high-resolution image display exhibiting high display
color purity and filled with three-dimensionality was enabled.

Embodiment 2

[0080] FIG. 8 is a block diagram illustrating a circuit con-
figuration of a liquid crystal display device according to a
second embodiment, FIG. 9 is a schematic cross-sectional
view of liquid crystal panels and a backlight, and FIG. 10 is a
schematic diagram illustrating an exemplary overall arrange-
ment of the liquid crystal display device. The second embodi-
ment provides the liquid crystal display device for performing
color display in a color filter system. In FIG. 8 to FIG. 10,
parts identical to or similar to those in FIG. 1 to FIG. 3 are
denoted by the same numerals.

[0081] Common electrodes 3a, 3b are provided with color
filters 60a, 60a . . ., 605, 605 . . . of three primary colors (R,
G, and B). Further, a backlight 22 includes: a white light
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source 70 provided with one or a plurality of white light
source elements for emitting white light: and a light directing
and diffusing plate 6. In such a color filter liquid crystal
display device, white light, emitted from the white light
source 70 capable of emitting white light in a time-division
manner, is selectively transmitted through the multi-color
color filters 60a, 604, thus performing color display.

[0082] FIG. 11 shows diagrams illustrating an example of
driving sequence, in which F1G. 11(a) illustrates the scanning
timing of each line of a liquid crystal panel 21a, FIG. 11(4)
illustrates the scanning timing of each line of a liquid crystal
panel 215, and FIG. 11(c) illustrates the timing of turning-on
of the backlight 22.

[0083] One frame is divided into two, i.e., a first half period
and a latter half period, thus, as shown in FIG. 11(a), during
the first half period, image data writing scanning is performed
twice on the liquid crystal panel 21a, and as shown in FIG.
11(b), during the latter half period, image data writing scan-
ning is performed twice on the liquid crystal panel 215. In the
first data writing scanning, the data writing scanning is pet-
formed with a polarity that can realize bright display, and in
the second data writing scanning, there is applied a voltage
whose polarity is opposite to that in the first data writing
scanning and whose magnitude is substantially equal to that
in the first data writing scanning. Thus, it is possible to realize
display which is darker as compared with that of the first data
writing scanning, and which can be substantially regarded as
“black display”.

[0084] FIGS. 12(a), (b) are diagrams illustrating the trans-
mitted light intensities of the respective liquid crystal panels
21a, 214, caused by the driving sequence shown in FIG. 11.
Also in this color filter liquid crystal display device, similarly
to the above-described field sequential liquid crystal display
device, no voltage is simultaneously applied to aliquid crystal
layer 13a of the liquid crystal panel 214 and to a liquid crystal
layer 136 of the liquid crystal panel 215, and no image is
simultaneously displayed on the liquid crystal panel 21a and
on the liquid crystal panel 2154. Consequently, because of the
same reason as in the field sequential liquid crystal display
device, the overall voltage-transmitted light intensity charac-
teristic corresponds to the sum of the voltage-transmitted
light intensity characteristics of the respective liquid crystal
panels 21a, 215.

[0085] A specific example of the liquid crystal display
device according to the second embodiment will be
described. A TFT substrate having pixel electrodes 40a, 40a
(405, 405 . . . ) (320x3(RGB)x240 pixels, 4 inches diago-
nally), and a glass substrate 2a (2b) having a common elec-
trode 3a (3b) and RGB color filters 60a, 60a . . . (605, 605 . .
.)were cleaned, and thereafter, polyimide was applied thereto
and baked at 200° C. for an hour, thus forming polyimide
films of about 200 A as alignment films 11, 12a (115, 125).
Moreover, these alignment films 11a, 12¢ (115, 12b) were
subjected to rubbing using a rayon cloth, and these two sub-
strates were stacked with a gap maintained therebetween by a
silica spacer 14a (14b) having an average particle diameter of
1.6 wm, thus forming an empty panel therebetween.

[0086] Between the alignment films 11a, 12a (115, 125) of
this empty panel, bistable ferroelectric liquid crystal, consist-
ing mainly of naphthalene-based liquid crystal exhibiting a
half-V-shaped electro-optic response characteristic, was
filled to provide a liquid crystal layer 13a (135). The formed
liquid crystal panel 21a (215) was connected with a driver IC
and a controlling circuit that enables display in a color filter
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system, as shown in FIG. 8. The two liquid crystal panels 21a,
215 provided with such driver IC and controlling circuit were
stacked, the stacked panels were sandwiched between a pair
of polarizers 1, 5 in the cross nicol state, and a backlight 22
having a white light source 70 was further stacked.

[0087] With the use of both the liquid crystal panels 21a,
215, three-dimensional image display was performed in
accordance with the driving sequence shown in FIG. 11. In
the case of overlapping of displays on the liquid crystal panels
21a, 215, in order to create three-dimensionality, the image of
a distant object was displayed on the lower (rear face side)
liquid crystal panel 215, the image of a nearby object was
displayed on the upper (surface side) liquid crystal panel 21a,
and the image of an intermediate object was displayed so as to
create a sense of depth by adjusting the brightness of both the
liquid crystal panels 21a, 215.

[0088] As a result, bright and high-resolution image dis-
play exhibiting high display color purity and filled with three-
dimensionality was enabled.

[0089] FIG. 13 shows diagrams illustrating another
example of driving sequence for the liquid crystal display
device according to the second embodiment, in which FIG.
13(a) illustrates the scanning timing of each line of the liquid
crystal panel 21a, FIG. 13(5) illustrates the scanning timing
of each line of the liquid crystal panel 215, and FIG. 13(c)
illustrates the timing of turning-on of the backlight 22. The
data writing scanning performed twice on the liquid crystal
panel 21a, and the data writing scanning performed twice on
the liquid crystal panel 215 are each repeated for two patterns
within one frame.

[0090] FIGS. 14(a), () are diagrams illustrating the trans-
mitted light intensities of the respective liquid crystal panels
21a, 215, caused by the driving sequence shown in FIG. 13.
Also in this example, the effects similar to those of the above-
described examples can be achieved. This example is suitable
for displaying moving images because the number of switch-
ing of display images is larger than that of switching of
display images in the example illustrated in FIG. 11 and FIG.
12. It should be noted that the case where data writing scan-
ning of each panel is repeated for two patterns within one
frame has been described; however, the data writing scanning
may naturally be repeated for three or more patterns.

[0091] Furthermore, sucha technique for repeating voltage
application (image display) for a plurality of patterns within
one frame is also applicable to the driving sequences (FIG. 4,
FIG. 6) for the above-described field sequential liquid crystal
display device.

[0092] It should be noted that, in each of the foregoing
embodiments, a voltage is applied to the liquid crystal layer
13a of the liquid crystal panel 21a and to the liquid crystal
layer 13b of the liquid crystal panel 215 in a time-division
manner, so that an image is displayed on the liquid crystal
panel 21a and on the liquid crystal panel 215 in a time-
division manner (i.e., so that the display time of the liquid
crystal panel 21a is equal to that of the liquid crystal panel
215); however, if an image is to be prevented from being
displayed simultaneously on the liquid crystal panel 21a and
on the liquid crystal panel 215, the display time of the liquid
crystal panel 21a may be different from that of the liquid
crystal panel 21,

[0093] Further, it is sufficient to satisfy the conditions for
preventing an image from being displayed simultaneously on
the liquid crystal panel 21a and on the liquid crystal panel
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214, and a period during which no image is displayed on the
liquid crystal panel 21a and on the liquid crystal panel 215
may exist within one frame.

[0094] 1In each of the foregoing embodiments, the case
where the two liquid crystal panels 21a, 215 are stacked has
been described; however, the description is also naturally
applicable to a liquid crystal display device formed so that
three or more liquid crystal panels are stacked.

[0095] Furthermore, the case where ferroelectric liquid
crystal exhibiting spontaneous polarization is used has been
described as an example; however, it is needless to say that
even if the other liquid crystal exhibiting spontaneous polar-
ization, e.g., anti-ferroelectric liquid crystal, is used, or even
if nematic liquid crystal exhibiting no spontaneous polariza-
tion is used, the effects similar to those obtained in the case of
using ferroelectric liquid crystal are obtainable when the
alignment state of liquid crystal molecules is approximately
in parallel with a substrate due to an IPS system.

[0096] Moreover, although the transmissive liquid crystal
display device has been described, the description is also
similarly applicable to a reflective or semi-transmissive liquid
crystal display device. In the case of a reflective or semi-
transmissive liquid crystal display device, display is enabled
without using any light source such as a backlight, thus
achieving low power consumption.

[0097] In the liquid crystal display device and display
method of embodiments, the voltage application to the liquid
crystal of each of the plurality of liquid crystal panels is
controlled, and during voltage application to theliquid crystal
of one of the liquid crystal panels based on display data, no
voltage is applied to the other liquid crystal panel. In other
words, no image is displayed simultaneously on the two or
more liquid crystal panels, and an image is displayed on each
of the plurality of liquid crystal panels in a time-division
manner. Thus, in the liquid crystal panel to which no voltage
is applied and on which no image is displayed, the longitudi-
nal axial direction of liquid crystal molecules coincides with
the polarizing axial direction of the polarizers, or is orthogo-
nal to the polarizing axial direction; therefore, no influence is
exerted on the overall double refraction, and the overall volt-
age-transmitted light intensity characteristic corresponds to
the sum of the voltage-transmitted light intensity character-
istics of the respective liquid crystal panels.

[0098] In the liquid crystal display device of an embodi-
ment, a material having spontaneous polarization is used as
liquid crystal. Hence, fast response is enabled so that a high
moving image display characteristic is obtained, and further-
more, it is possible to perform display in a field sequential
system.

[0099] In the liquid crystal display device of an embodi-
ment, ferroelectric liquid crystal having a small spontaneous
polarization value is used as liquid crystal having spontane-
ous polarization. Hence, the driving by a switching element
such as a TFT is facilitated.

[0100] In the liquid crystal display device of an embodi-
ment, color display is performed in a field sequential system
in which lights of a plurality of colors are switched with time.
Hence, color display with high resolution, high color purity,
and fast response is enabled.

[0101] In the liquid crystal display device of an embodi-
ment, color display is performed in a color filter system in
which color filters are used. Hence, color display is per-
formed with ease.
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[0102] As this description may be embodied in several
forms without departing from the spirit of essential charac-
teristics thereof, the present embodiment is therefore illustra-
tive and not restrictive, since the scope where the specifica-
tion as a whole seeks protection is defined by the appended
claims rather than by description preceding them, and all
changes that fall within metes and bounds of the claims, or
equivalence of such metes and bounds thereof are therefore
intended to be embraced by the claims.

What is claimed is:

1. A liquid crystal display device for displaying an image
by stacking a plurality of liquid crystal panels in each of
which a gap formed by a plurality of substrates is filled with
liquid crystal, and by controlling a liquid crystal light trans-
mittance by applying a voltage to the liquid crystal of the
stacked liquid crystal panels, the liquid crystal display device,
comprising:

a controller which controls the applying of the voltage to
the liquid crystal of each of the plurality of liquid crystal
panels based on image display data, wherein

a voltage to the liquid crystal of the other liquid crystal
panel serves as a non-display voltage while applying a
display voltage to the liquid crystal of one of the liquid
crystal panels based on image display data.

2. A liquid crystal display device according to claim 1,

wherein

the controller controls, in a time-division manner, the
applying of the voltage to the liquid crystal of each of the
plurality of liquid crystal panels based on image display
data, and

time periods of the applying of the voltage to the liquid
crystal of respective liquid crystal panels are equal.

3. A liquid crystal display device according to claim 1,

wherein the liquid crystal has spontaneous polarization.

4. A liquid crystal display device according to claim 3,
wherein the liquid crystal is ferroelectric liquid crystal.

5. A liquid crystal display device according to claim 1,
wherein color display is performed in a field sequential sys-
tem.
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6. A liquid crystal display device according to claim 1,
wherein color display is performed in a color filter system.

7. A display method for displaying an image by stacking a
plurality of liquid crystal panels, in each of which a gap
formed by a plurality of substrates is filled with liquid crystal,
so as to sandwich the panels between polarizers, and by
controlling a liquid crystal light transmittance by applying a
voltage to the liquid crystal of the stacked liquid crystal
panels, wherein

an image is displayed so that the longitudinal axial direc-
tion of liquid crystal molecules of the other liquid crystal
panel is orthogonal to the polarizing axial direction or
polarizing axes of the polarizers while applying a dis-
play voltage to the liquid crystal of one of the liquid
crystal panels based on image display data.

8. A display method for displaying an image by stacking a
plurality of liquid crystal panels, in each of which a gap
formed by a plurality of substrates is filled with liquid crystal,
so as to sandwich the panels between polarizers, and by
controlling a liquid crystal light transmittance by applying a
voltage to the liquid crystal of the stacked liquid crystal
panels, wherein

there is provided a period during which no image is dis-

played simultaneously on two or more of the plurality of
liquid crystal panels.

9. A display method according to claim 7, wherein a volt-
age to the liquid crystal of the other liquid crystal panel serves
as a non-display voltage while applying a display voltage to
the liquid crystal of one of the liquid crystal panels based on
image display data.

10. A display method according to claim 8, wherein a
voltage to the liquid crystal of the other liquid crystal panel
serves as a non-display voltage while applying a display
voltage to the liquid crystal of one of the liquid crystal panels
based on image display data.
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