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FIG. 4B

FIG. 4A

FOCAL CONIC STATE
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LIQUID CRYSTAL DISPLAY APPARATUS
AND METHOD FOR DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2011-077066, filed on Mar. 31, 2011, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments disclosed hereafter are related to
a method for driving a liquid crystal display screen using a
cholesteric liquid crystal layer, and are related to a display
apparatus.

BACKGROUND

[0003] The reflectance of a cholesteric liquid crystal mate-
rial depends on an applied voltage before the voltage is
sharply reduced. After the applied voltage is reduced and then
shut off to a zero voltage (hereinafter referred to as ground
voltage), the reflectance does not change but is maintained.
[0004] Based on the characteristic of a cholesteric liquid
crystal material, a display apparatus including a display sec-
tion using a cholesteric liquid crystal material has been devel-
oped in recent years.

[0005] Such adisplay apparatus including a display section
using a cholesteric liquid crystal material, which may display
a predetermined image without voltage application as
described above, is expected to be used as electronic paper
that may replace paper of related art. Since electronic paper,
however, still requests electric power when it rewrites dis-
played information on the screen, a battery or another electric
power source is typically provided. It is therefore desirable to
reduce power consumption.

[0006] An example of a process that consumes relatively
high electric power is moving a cursor over a predetermined
image displayed on a screen. In the process, for example, the
cursor is displayed on display pixels on which an image has
already been displayed, and the cursor is then moved to
another position. Consider now the operation of the display
pixels. First, voltage application and shut off are performed
on the display pixels in order to display the cursor.

[0007] Thereafter, voltage application and shut off are per-
formed again on the display pixels in order to restore the
displayed information before the cursor was moved.

[0008] Japanese Laid-Open Patent Publication No.
11-326871 is exemplified as a related art document.

SUMMARY

[0009] According to one aspect of the embodiments, there
is provided a display apparatus includes: a display device
configured to include a plurality of pixels, each of the pixels
being formed of a cholesteric liquid crystal material; a first
electrode and a second electrode that apply a voltage to each
of the pixels; and a drive circuit configured to apply a first
voltage, a second voltage, and third voltage between the first
and the second electrodes, applying the first voltage making
the cholesteric liquid crystal material transparent, applying
the second voltage setting reflectance of the cholesteric liquid
crystal material in each of the pixels at the time of selection of
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the each of the pixels, applying the third voltage providing no
change in reflectance of the cholesteric liquid crystal mate-
rial.

[0010] According to another aspect of the embodiments,
there is provided a controlling method of a display apparatus
that includes a display device including a plurality of pixels,
each of the pixels being formed of a cholesteric liquid crystal
material, the controlling method includes: applying the first
voltage making the cholesteric liquid crystal material trans-
parent between the first and the second electrodes; applying
the second voltage setting reflectance of the cholesteric liquid
crystal material in each of the pixels at the time of selection of
the each of the pixels between the first and the second elec-
trodes; and applying the third voltage providing no change in
reflectance of the cholesteric liquid crystal material between
the first and the second electrodes.

[0011] The object and advantages of the embodiments will
be realized and attained by means of the elements and com-
binations particularly pointed out in the claims.

[0012] TItis to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the embodi-
ments, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram depicting a display appa-
ratus according to a first embodiment;

[0014] FIG. 2 depicts a cross-sectional structure of a cho-
lesteric liquid crystal display device accommodated in the
display apparatus according to the first embodiment;

[0015] FIG. 3 depicts an example of a voltage-reflectance
characteristic of a cholesteric liquid crystal layer according to
the present embodiment;

[0016] FIG. 4A describes how to maintain a focal conic
state of a cholesteric liquid crystal layer, and FIG. 4B
describes the focal conic state;

[0017] FIG. 5A describes how to maintain a planar state of
the cholesteric liquid crystal layer, and FIG. 5B describes the
planar state;

[0018] FIG. 6 describes a coordinate extraction mode in the
display apparatus including the cholesteric liquid crystal dis-
play device according to the first embodiment;

[0019] FIG. 7 depicts voltage application to X electrode
lines and Y electrode lines in a vertical line moving step;
[0020] FIG. 8A are waveform diagrams depicting a voltage
application sequence for moving a vertical black line or a
horizontal black line;

[0021] FIG. 8B are waveform diagrams depicting another
voltage application sequence for moving a vertical black line
or a horizontal black line;

[0022] FIG. 9 describes a coordinate extraction mode
according to a second embodiment in the display apparatus
including the cholesteric liquid crystal display device;
[0023] FIG. 10 depicts voltage application to the X elec-
trode lines and the Y electrode lines in a vertical line/horizon-
tal line moving step; and

[0024] FIG.11is waveform diagrams depicting a black line
moving voltage application sequence for moving a vertical
black line between arbitrary adjacent X electrode lines, a first
X electrode line and a second X electrode line, and moving a
horizontal black line between arbitrary adjacent Y electrode
lines, a first Y electrode line and a secondY electrode line, in
the cholesteric liquid crystal display device.
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DESCRIPTION OF THE EMBODIMENTS

[0025] Modes for carrying out the present invention will be
described below with reference to embodiments.

First Embodiment

[0026] FIG. 1 is a block diagram depicting a display appa-
ratus 30 according to a first embodiment. The display appa-
ratus 30 according to the first embodiment includes a choles-
teric liquid crystal display device 10, a drive circuit 40, a CPU
50, and a line display controller 60.

[0027] The cholesteric liquid crystal display device 10 is
based on a display device including a blue cholesteric liquid
crystal layer, a display device including a green cholesteric
liquid crystal layer, and a display device including a red
cholesteric liquid crystal layer.

[0028] The drive circuit 40 includes a power supply 31, a
voltage stabilizer 34, a master oscillation clock section 35, a
divider 36, a control circuit 37, aY driver 38, and an X driver
39. The drive circuit 40 receives a variety of control signals
that the CPU 50 outputs based on image data 51 and data
outputted from the line display controller 60 and instructs the
cholesteric liquid crystal display device 10 to display an
image. The image data 51 represents an image that a user
desires to display on the cholesteric liquid crystal display
device 10.

[0029] The X driver 39 applies voltages to a plurality of X
electrode lines. TheY driver 38 applies voltages to a plurality
ofY electrode lines.

[0030] The power supply 31 is a power supply circuit that
outputs voltages ranging, for example, from O to 40 V. The
voltage stabilizer 34 is, for example, a voltage follower circuit
formed of an operation amplifier and stabilizes the voltages
supplied from the power supply 31.

[0031] The master oscillation clock section 35 is a clock
generation circuit that generates a base clock based on which
the display apparatus 30 operates. The divider 36 is a clock
distribution circuit that divides the base clock to generate a
variety of clocks that are requested for the operation of the
display apparatus 30.

[0032] Thecontrol circuit 37 operates upon reception of the
variety of clocks from the divider 36 and the variety of control
signals from the CPU 50 and produces display data 48. The
control circuit 37 then supplies the display data 48 to the Y
driver 38 and the X driver 39. The control signals include
electrode line selection data 41, a data acquisition clock CLK
42, ablack line display signal FST 43, a pulse polarity control
signal FR 44, a Y electrode line data latch signal 45, an X
electrode line data latch signal 46, and a driver output turn-off
signal 47.

[0033] The electrode line selection data 41 specifies a Y
electrode line and an X electrode line used to display a black
line.

[0034] The data acquisition clock CLK 42 is used to trans-
fer the electrode line selection data 41 and the display data 48
in the'Y driver 38 and the X driver 39.

[0035] The black line display signal FST 43 instructs to
start displaying a black line, and the Y driver 38 and the X
driver 39 display a black line in response to the black line
display signal FST 43.

[0036] The pulse polarity control signal FR 44 reverses the
polarity of an applied voltage, and the X driver 39 and the Y
driver 38 reverse the polarities of outputted signals in accor-
dance with the pulse polarity control signal FR 44.
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[0037] The X electrode line data latch signal 45 instructs to
stop transferring the electrode line selection data 41 in the Y
driver 38, and theY driver 38 latches the transferred electrode
line selection data 41 in response to the signal.

[0038] TheY electrode line data latch signal 46 instructs to
stop transferring the electrode line selection data 41 in the X
driver 39, and the X driver 39 latches the transferred electrode
line selection data 41 in response to the signal.

[0039] The driver output turn-off signal 47 forcibly turns
off applied voltages. The display data 48 is sent to the Y driver
38 and the X driver 39 to allow them to display an image
having brightness (grayscale) values on the cholesteric liquid
crystal display device 10 and contains brightness (grayscale)
codes. TheY driver 38 and the X driver 39, upon reception of
the brightness (grayscale) codes, which represent the bright-
ness (grayscale) of pixels, supply voltages corresponding to
the pixel brightness (grayscale) values to the electrode lines,
as will be described later.

[0040] The CPU 50 includes a storage device 52 that holds
the image data 51. The CPU 50 receives the image data 51 and
instruction signals from the line display controller and out-
puts control signals to the drive circuit 40. The control circuit
37 displays an image on the display device in response to the
control signals from the CPU 50. The CPU 50 produces the
display data 48 based on the image data 51.

[0041] The line display controller 60 outputs a plurality of
instruction signals to the CPU 50. The plurality of instruction
signals form instruction codes. The line display controller 60
has a four-arrow key, an enter button, and other components
attached to the line display controller 60. When the user
operates the four-arrow key, the enter button, or any other
component in a certain way, the line display controller 60
outputs a plurality of instruction signals that instruct to switch
an operation mode between a position detection mode and an
image display mode. In the position detection mode, the
cholesteric liquid crystal display device 10 displays a black
line. When the user operates the four-arrow key, the enter
button, or any other component in another way, the line dis-
play controller 60 outputs a plurality of instruction signals
that instruct to move the black line. That is, the line display
controller 60 instructs the display apparatus 30 to switch its
operation mode between the position detection mode and the
image display mode.

[0042] FIG.2 depicts a cross-sectional structure of the cho-
lesteric liquid crystal display device 10 accommodated in the
display apparatus 30 according to the first embodiment. The
cholesteric liquid crystal display device 10 includes a liquid
crystal display device 21 that displays a blue image, a liquid
crystal display device 22 that displays a green image, a liquid
crystal display device 23 that displays a red image, and a light
absorbing layer 26. The liquid crystal display device 21
includes a lower transparent substrate 21e, a lower electrode
layer 21d, a cholesteric liquid crystal layer 21¢, an upper
electrode layer 215, and an upper transparent substrate 21a.
The liquid crystal display device 22 includes a lower trans-
parent substrate 22e, alower electrode layer 22d, a cholesteric
liquid crystal layer 22¢, an upper electrode layer 225, and an
upper transparent substrate 22a.

[0043] Theliquid crystal display device 23 includes a lower
transparent substrate 23e, a lower electrode layer 234, a cho-
lesteric liquid crystal layer 23¢, an upper electrode layer 235,
and an upper transparent substrate 23a.
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[0044] Drive circuits 27, 28, and 29 drive the liquid crystal
display devices 21, 22, and 23, respectively. Each of the drive
circuits 27, 28, and 29 is similar to the drive circuit 40
depicted in FIG. 1, and no description thereof will therefore
be made.

[0045] Each of the upper transparent substrates 21a, 22a,
and 23q and the lower transparent substrates 21e, 22e, and
23e is a light-transmissive glass substrate. Each of the sub-
strates, which are made of glass in the above description, may
not necessarily be a glass substrate but may be a light-trans-
missive film substrate made, for example, of PET (polyeth-
ylene terephthalate) or PC (polycarbonate). Spacers may be
provided between the upper transparent substrates 21a, 22a,
23a and the lower transparent substrates 21e, 22e, 23e in
order to maintain a uniform gap therebetween. Each of the
spacers is preferably a fixed spacer made, for example, of a
resin or an inorganic oxide or a fixed spacer on which a
thermoplastic resin is coated. Each of the spacers has, for
example, a spherical shape, and the gap formed by the spacers
between the upper transparent substrates 21a, 224, 234 and
the lower transparent substrates 2le, 22e, 23e desirably
ranges from 4 to 6 um. When the gap described above is 4 pm
or smaller, the reflectance of a cholesteric liquid crystal layer
17 decreases. In this case, an image displayed on the choles-
teric liquid crystal display device 10 becomes darker, and no
high display threshold steepness is expected. On the other
hand, when the gap described above is 6 um or greater, a drive
voltage requested for display operation disadvantageously
increases. In this case, it is difficult to perform the display
drive operation by using a general-purpose component.
[0046] Each ofthe upper electrode layers 215, 225, and 235
and the lower electrode layers 21d, 22d, and 23d is typically
a transparent conductive film made of an indium tin oxide
(ITO) but may alternatively be a transparent conductive film
made of an indium zinc oxide (IZO).

[0047] Each ofthe upper electrode layers 215, 2256, and 235
is formed of a plurality of strip-shaped transparent X elec-
trode lines, which are disposed in parallel to each other on the
upper transparent substrate 21a, 224, and 23a.

[0048] Each ofthe lower electrode layers 214, 22d, and 23d
is formed of a plurality of strip-shaped transparent Y elec-
trode lines, which are disposed in parallel to each other on the
lower transparent substrate 21e, 22¢, and 23e, which faces the
upper transparent substrate 21a, 22a, and 23a, respectively.
The direction in which the strip-shaped X electrode lines,
which form the upper electrode layers 215, 225, and 2354,
extend intersect the direction in which strip-shaped Y elec-
trode lines, which form the lower electrode layers 21d, 22d,
and 23d, extend when viewed in the direction perpendicular
to the surfaces of the upper transparent substrates 21a, 22a,
and 23a and the lower transparent substrates 21e, 22¢, and
23e face each other.

[0049] Aninsulating thin film layer is formed between each
of the pairs of the cholesteric liquid crystal layers 21¢, 22¢,
23¢ and the upper electrode layers 215, 22b, 235 and between
each of the pairs of the cholesteric liquid crystal layers 21c,
22¢, 23¢ and the lower electrode layers 21d, 22d, 23d. The
insulating thin film layer desirably has a thickness of about
0.3 um. When the insulating thin film layer is thicker, the drive
voltage requested for display operation disadvantageously
increases. On the other hand, when the insulating thin film
layer is thinner, leak current passing through the insulating
thin film layer increases. In this case, current consumption
disadvantageously increases. The insulating thin film layer is
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formed, for example, of a thin film made of a silicon oxide or
an organic film made of a polyimide resin or an acrylic resin,
which is known as an orientation stabilizing film, and any of
the films described above has a relative permittivity of, for
example, about five.

[0050] The cholesteric liquid crystal layers 21¢, 22¢, and
23c are disposed in the gaps between the upper transparent
substrates 21a, 224, 23a and the lower transparent substrates
21e, 22e, 23e, respectively.

[0051] Each of the cholesteric liquid crystal layers 21c,
22¢, and 23c¢ is formed, for example, by adding 10 to 40
weight percent (Wt %) of a chiral material to a nematic liquid
crystal compound. The amount of chiral material to be added
described above is calculated by assuming that the total
amount of the nematic liquid crystal component and the chiral
material corresponds to 100 wt %.

[0052] The nematic liquid crystal compound, which may
be a known one, desirably has a dielectric anisotropy (AE)
ranging from 15 to 25. When the dielectric anisotropy (AE€) is
15 or smaller, the drive voltage requested for display opera-
tion increases, and it is difficult in this case to perform the
display drive operation by using a general-purpose compo-
nent. On the other hand, when the dielectric anisotropy is 25
or greater, the display threshold steepness decreases, and in
this case, the reliability of the liquid crystal material itself
could degrade.

[0053] Further, the nematic liquid crystal compound desir-
ably has a refractive index anisotropy (An) ranging from 0.18
to 0.26. When the refractive index anisotropy (An) is smaller
than 0.18, the reflectance of the cholesteric liquid crystal
layers 21¢, 22¢, and 23c in a planar state decreases. On the
other hand, when the refractive index anisotropy (An) is
greater than 0.26, scattering reflectance in a focal conic state
increases. When a chiral material is so added to the nematic
liquid crystal compound that the refractive index anisotropy
(An) is greater than 0.26, the viscosity of the cholesteric liquid
crystal layers 21¢, 22¢, and 23¢ increases, and in this case, a
display response speed decreases.

[0054] Thelight absorbing layer 26 is disposed on the outer
surface of the lower transparent substrate 23e, which faces
away from the side on which light is incident. The light
absorbing layer 26 not only absorbs visible light but also
blocks visible light incident through the outer surface of the
lower transparent substrate 23e. The light absorbing layer 26
looks therefore black when viewed with human eyes. The
cholesteric liquid crystal display device 10 includes the liquid
crystal display device 21 that displays a blue image, the liquid
crystal display device 22 that displays a green image, and the
liquid crystal display device 23 that displays a red image, as
described above. When one views the cholesteric liquid crys-
tal display device 10 with the cholesteric liquid crystal layers
21¢,22¢, and 23¢ in the respective liquid crystal devices being
in the focal conic state or a homeotropic state, the cholesteric
liquid crystal display device 10 looks black. In the above
description, in which the light absorbing layer 26 absorbs
light of substantially all wavelengths, the light absorbing
layer 26 looks black. The light absorbing layer 26 may alter-
natively absorb light of wavelengths other than a specific
wavelength. In this case, when one views the cholesteric
liquid crystal display device 10 in the focal conic state or the
homeotropic state, a color tone representing the light of the
specific wavelength is recognized.
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[0055] FIG. 3 depicts an example of a voltage-reflectance
characteristic of the cholesteric liquid crystal layers 21¢, 22¢,
and 23c¢ according to the present embodiment. The horizontal
axis represents the voltage (V) applied between the electrodes
that sandwich each of the cholesteric liquid crystal layers 21c,
22¢, and 23c¢, and the vertical axis represents the reflectance
(%) of the cholesteric liquid crystal layer. The curves PL and
FC represent the applied voltage versus the reflectance main-
tained when the applied voltage is removed. The curve A
represents the reflectance obtained when the voltage keeps
being applied.

[0056] The curve A (dashed line) depicted in FIG. 3 repre-
sents the reflectance obtained when the voltage keeps being
applied versus the applied voltage. Note that the curve A
represents change in reflectance of the cholesteric liquid crys-
tal material, which is in the planar state when the applied
voltage is O V. The reflectance of the cholesteric liquid crystal
material represented by the curve A remains at reflectance R2
until a voltage VO (15 V, for example) is reached. When the
applied voltage becomes higher than V0, the reflectance
decreases toward reflectance R1 as the applied voltage
increases. That is, when the reflectance of the cholesteric
liquid crystal material becomes R1, the cholesteric liquid
crystal material becomes substantially transparent. Further,
when the applied voltage becomes higher than V1, the reflec-
tance of the cholesteric liquid crystal material further
decreases. When the applied voltage becomes higher than V2,
the reflectance becomes substantially zero.

[0057] The solid-line curve PL depicted in FIG. 3 repre-
sents the voltage-reflectance characteristic of the cholesteric
liquid crystal layers 21c, 22¢, and 23¢ maintained in the
planar state. That is, the curve PL represents the reflectance
achieved when any voltage marked along the horizontal axis
is applied to the cholesteric liquid crystal layers 21¢, 22¢, and
23¢ in the planar state and the voltage is then abruptly reduced
toOV.

[0058] In this state, even when a voltage within a voltage
range W2 from the ground voltage to the voltage VO (15 'V, for
example) is applied to the cholesteric liquid crystal layers
21¢, 22¢, and 23c, the planar state or the focal conic state of
the cholesteric liquid crystal material is maintained. The
reflectance therefore hardly changes even when a voltage
within the voltage range W2 is applied to the cholesteric
liquid crystal layers 21c¢, 22¢, and 23c.

[0059] On the other hand, when a voltage higher than or
equal to the voltage V0 is applied to the cholesteric liquid
crystal layers 21c¢, 22¢, and 23c, the states thereof become a
combination of the focal conic state and the homeotropic
state, and in this case, the reflectance decreases. That is, the
voltage V0 is a threshold beyond which the state transitions to
a transparent state. When the reflectance of the cholesteric
liquid crystal material is substantially R1, the cholesteric
liquid crystal material is in a low-reflectance state.

[0060] When a voltage higher than or equal to the voltage
V0 is applied to the cholesteric liquid crystal layers 21c¢, 22¢,
and 23c¢, and then the voltage is reduced to a voltage lower
than or equal to V0, the planar state is mixed with the focal
conic state, and the cholesteric liquid crystal layers 21¢, 22¢,
and 23c¢ show the reflectance depicted in the voltage-reflec-
tance characteristic in FIG. 3.

[0061] That is, when a voltage changing from the voltage
V0 to the voltage V1 is applied to the cholesteric liquid crystal
layers 21c, 22¢, and 23c¢, the reflectance thereof decreases
from the value corresponding to the voltage V0 to the value
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corresponding to the voltage V1. On the other hand, when a
voltage changing within a voltage range W1 (voltage ranging
from voltage V1 to voltage V2: voltage range from 30t0 35V,
for example) is applied to the cholesteric liquid crystal layers
21c, 22¢, and 23c¢, the reflectance thereof increases from the
value corresponding to the voltage V1 to the value corre-
sponding to the voltage V2.

[0062] The curve FC represents the reflectance achieved
when any voltage marked along the horizontal axis is applied
to the cholesteric liquid crystal layers 21¢, 22¢, and 23¢ in the
focal conic state and the voltage is then abruptly reduced to
V0 or lower. The reflectance hardly changes even when a
voltage within the voltage range W2 from the ground voltage
to the voltage V0 (15 V, for example) is applied to the cho-
lesteric liquid material in the focal conic state.

[0063] On the other hand, when a voltage higher than or
equal to the voltage VO is applied to the cholesteric liquid
crystal layers 21c¢, 22¢, and 23c¢, the states thereof become a
combination of the focal conic state and the homeotropic
state, and in this case, the transparent state in which the
reflectance is substantially R1, is maintained. That is, the
voltage V0 is a threshold beyond which the focal conic state
transitions to the homeotropic state.

[0064] When a voltage higher than or equal to the voltage
V0 is applied to the cholesteric liquid crystal layers 21¢, 22¢,
and 23c¢, and the voltage is then reduced to a value smaller
than or equal to V0, the focal conic state is mixed with the
planar state, and in this case, the cholesteric liquid crystal
layers 21¢, 22¢, and 23¢ show the reflectance depicted in the
voltage-reflectance characteristic in FIG. 3.

[0065] However, when a voltage within the range from the
voltage VO to V1 is applied to the cholesteric liquid crystal
layers having been in the focal conic state with a voltage
within the voltage range W1 (ranging from voltage V1to V2)
applied, the state of the cholesteric liquid crystal layers tran-
sitions to the low-reflectance state, in which the reflectance is
R1. On the other hand, when a voltage changing within the
voltage range W1 (ranging from voltage V1 to V2) is applied
to the cholesteric liquid crystal layers 21¢, 22¢, and 23¢, the
reflectance thereof increases from the value corresponding to
the voltage V1 to the value corresponding to the voltage V2,
as in the case described above.

[0066] That is, not only the cholesteric liquid crystal layers
21c, 22¢, and 23¢ in the focal conic state but also the choles-
teric liquid crystal layers 21c¢, 22¢, and 23¢ in the planar state
may show the same brightness (grayscale) by applying a
voltage within the voltage range W1 to achieve the homeo-
tropic state and then abruptly reducing the voltage to O0'V. That
is, a voltage within the voltage range W1 allows the states of
the cholesteric liquid crystal layers 21¢, 22¢, and 23c to be a
combination of the focal conic state and the homeotropic state
and the cholesteric liquid crystal layers 21¢, 22¢, and 23¢ to
show desired brightness.

[0067] The voltage range W2 is desirably broader than the
voltage range W1, as will be described later. That is, the
following conditional expression is desirably satisfied:

voltage range W2>voltage range W1

[0068] Each of the cholesteric liquid crystal layers 21c,
22¢, and 23c¢ is formed, for example, by adding 10 to 40
weight percent (Wt %) of a chiral material to a nematic liquid
crystal compound. It is known that selecting the type of nem-
atic liquid crystal material and adjusting the amount of chiral

Expression (1)
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material to be added allow the cholesteric liquid crystal layers
21c, 22¢, and 23c¢ to have the voltage-reflectance character-
istic depicted in FIG. 3.

[0069] FIG. 4A describes how to maintain the focal conic
state of the cholesteric liquid crystal layer 17, and FIG. 4B
describes the focal conic state. In FIG. 4A, the vertical axis
represents the voltage applied to the cholesteric liquid crystal
layer 17, the left side of the horizontal axis represents the
reflectance of the cholesteric liquid crystal layer 17, and the
right side of the horizontal axis represents time. The left side
of the horizontal axis in FIG. 4A depicts the relationship
between the voltage applied to the cholesteric liquid crystal
layer 17 and the reflectance thereof. The right side depicts the
relationship between the voltage applied to the cholesteric
liquid crystal layer 17 and the time in the process of keeping
the cholesteric liquid crystal layer 17 in the focal conic state.
The relationship between the voltage applied to the choles-
teric liquid crystal layer 17 and the reflectance thereof is the
same as that described with reference to FIG. 3.

[0070] When a voltage higher than or equal to the voltage
V0 (15 V or higher, for example) is applied to the cholesteric
liquid crystal layer 17 at time T1 as depicted in FIG. 4A, a
helical structure formed of the liquid crystal molecules gradu-
ally comes loose, and the cholesteric liquid crystal layer 17
transitions to the homeotropic state, in which all the mol-
ecules follow the direction of the electric field, as the applied
voltage further increases.

[0071] When the applied voltage is increased to V1 (30V,
for example) at time T2 and then the applied voltage is
removed, the cholesteric liquid crystal layer 17 remains in the
focal conic state.

[0072] FIG. 4B describes the focal conic state. A choles-
teric liquid crystal display section depicted in FIG. 4B
includes an upper electrode layer 11, the cholesteric liquid
crystal layer 17, a light absorbing layer 16, which absorbs
light and hence looks black, and a lower electrode layer 15.
When the focal conic state is maintained, the helical axis of
the helical structure formed of the liquid crystal molecules
becomes parallel to the electrode surfaces, and the cholesteric
liquid crystal layer 17 transitions to the focal conic state,
which allows incident light to pass therethrough. The incident
light is therefore hardly reflected but passes through the lower
electrode layer 15 and is absorbed by the light absorbing layer
16, which looks black. As a result, the cholesteric liquid
crystal layer 17 that remains in the focal conic state is recog-
nized as black.

[0073] FIG. 5A describes how to maintain the planar state
of the cholesteric liquid crystal layer 17, and FIG. 5B
describes the planar state. In FIG. 5A, the vertical axis rep-
resents the voltage applied to the cholesteric liquid crystal
layer 17, the left side of the horizontal axis represents the
reflectance of the cholesteric liquid crystal layer 17, and the
right side of the horizontal axis represents time. The left side
of the horizontal axis in FIG. SA depicts the relationship
between the voltage applied to the cholesteric liquid crystal
layer 17 and the reflectance thereof. The right side depicts the
relationship between the voltage applied to the cholesteric
liquid crystal layer 17 and the time in the process of keeping
the cholesteric liquid crystal layer 17 in the planar state. The
relationship between the voltage applied to the cholesteric
liquid crystal layer 17 and the reflectance thereof is the same
as that described with reference to FIG. 3.
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[0074] When a voltage higher than or equal to the voltage
V0 (15V or higher, for example) is applied to the cholesteric
liquid crystal layer 17 at the time T1 as depicted in FIG. 5A,
the helical structure formed of the liquid crystal molecules
gradually comes loose, and the cholesteric liquid crystal layer
17 transitions to the homeotropic state, in which all the mol-
ecules follow the direction of the electric field, as the applied
voltage further increases.

[0075] When the applied voltage is increased to V2 (35 'V,
for example) at the time T2 and then the applied voltage is
removed, the cholesteric liquid crystal layer 17 remains in the
planar state.

[0076] FIG. 5B describes the planar state. The cholesteric
liquid crystal display section depicted in FIG. 5B includes the
upper electrode layer 11, the cholesteric liquid crystal layer
17, the light absorbing layer 16, which looks black, and the
lower electrode layer 15. When the planar state is maintained,
the helical axis of the helical structure formed of the liquid
crystal molecules becomes perpendicular to the electrodes,
and the cholesteric liquid crystal layer 17 transitions to the
planar state, in which incident light is reflected. Part of the
incident light, specifically, light of a wavelength A determined
by the product of the helical pitch P of the helical structure
and the refractive index n of the liquid crystal material, shows
the highest reflection intensity. When the cholesteric liquid
crystal layer 17 is formed by stacking layers corresponding to
the red, blue, and green, the cholesteric liquid crystal display
section is recognized as white.

[0077] Consider a case where the voltage applied to the
cholesteric liquid crystal material is maintained at an inter-
mediate value between V1 (30'V, for example) and V2 (35 'V,
for example), and the applied voltage is then abruptly reduced
to a predetermined low voltage that is lower than or equal to
the voltage VO (15V or lower, for example) and substantially
zero. In this case, the helical structure formed of the liquid
crystal molecules transitions to a combination of the planar
state and the focal conic state, in which a displayed image
may show intermediate brightness (intermediate grayscale).
[0078] FIG. 6 describes a coordinate extraction mode in the
display apparatus 30 including the cholesteric liquid crystal
display device 10 according to the first embodiment.

[0079] Inthe firstembodiment, to move a vertical black line
116 and a horizontal black line 115 from default positions to
coordinates that are desired to be extracted, only the vertical
black line 116 is first moved and then the horizontal black line
115 is moved.

[0080] The following description of the coordinate extrac-
tion mode will be made by representatively using one of the
liquid crystal device 21 that displays a blue image, the liquid
crystal device 22 that displays a green image, and the liquid
crystal device 23 that displays a red image, which form the
cholesteric liquid crystal display device 10.

[0081] Each of the cholesteric liquid crystal layers in the
cholesteric liquid crystal device 10 has a plurality of pixels
arranged in rows and columns, which form a liquid crystal
display screen. The X electrode lines extend in the column
direction, and the Y electrode lines extend in the row direc-
tion.

[0082] When the coordinate extraction mode starts, the dis-
play apparatus 30 operates as follows:

[0083] In ahorizontal line displaying step 110, the display
apparatus 30 applies the sum of the voltage applied to aY
electrode line set as a default and the voltage applied to the
plurality of X electrode lines to a plurality of pixels on the
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defaultY electrode line. When the voltage described above is
applied, the plurality of pixels on the default Y electrode line
become transparent and show the brightness before selected.
As a result, the plurality of pixels on the Y electrode line
display a black line, whereby the horizontal black line 115 is
displayed on the Y electrode line of the cholesteric liquid
crystal display device 10.

[0084] The application of the voltage that achieves the
transparent state to the plurality of pixels on the Y electrode
line is maintained until a vertical line displaying step 120 is
completed. Note that, to display a black line, the cholesteric
liquid crystal material does not necessarily become transpar-
ent at all the plurality of pixels on the Y electrode line. That is,
part of the plurality of pixels on the Y electrode line may
display a black line, or a plurality of pixels intermittently
arranged along a column or a row may display a black line.
[0085] In the vertical line displaying step 120, the display
apparatus 30 applies the sum of the voltage applied to an X
electrode line set as a default and the voltage applied to the
plurality of Y electrode lines to a plurality of pixels on the
default X electrode line. When the voltage is applied as
described above, the plurality of pixels on the default X
electrode line transitions to the homeotropic state and shows
the brightness before selected. As a result, the plurality of
pixels on the X electrode line display a black line, and the
vertical black line 116 is displayed on the X electrode line of
the cholesteric liquid crystal display device 10.

[0086] The application of the voltage that achieves the
transparent state to the plurality of pixels on the X electrode
line is maintained until a horizontal line moving step 130 is
completed. Note that, to display a black line, the cholesteric
liquid crystal material does not necessarily become transpar-
ent at all the plurality of pixels on the X electrode line. That is,
part of the plurality of pixels on the X electrode line may
display a black line, or a plurality of pixels intermittently
arranged along a column or a row may display a black line.
[0087] In the horizontal line moving step 130, the display
apparatus 30 sequentially moves the black line from the plu-
rality of pixels on the Y electrode line set as the default to the
plurality of pixels on a specified Y electrode line. To move the
black line, a black line movement sequence depicted in FIGS.
7 and 8B is carried out. The black line movement sequence
includes applying the voltage that achieves the transparent
state to pixels.

[0088] In a horizontal line movement termination judging
step 140, the display apparatus 30 judges whether the black
line has been moved to the specified Y electrode line. When
the black line has not been moved to the specified Y electrode
line, the control returns to the horizontal line moving step
130. On the other hand, when the black line has been moved
to the specified Y electrode line, the control proceeds to a
horizontal line movement terminating step 150.

[0089] In the horizontal line movement terminating step
150, the display apparatus 30 applies a voltage that achieves
a cholesteric state to the specified Y electrode line and main-
tains the state.

[0090] Ina vertical line moving step 160, the display appa-
ratus 30 moves the black line to a specified X electrode line by
carrying out a black line movement/voltage application
sequence including sequentially applying the voltage that
achieves the transparent state to each X electrode line from
the X electrode line set as the default to the specified X
electrode line. The black line movement/voltage application
sequence will be described with reference to FIGS. 7 and 8B.
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[0091] Inaverticalline movement termination judging step
170, the display apparatus 30 judges whether the black line
has been moved to the specified X electrode line. When the
black line has not been moved to the specified X electrode
line, the control returns to the vertical line moving step 160.
On the other hand, when the black line has been moved to the
specified X electrode line, the control proceeds to a vertical
line movement terminating step 180.

[0092] Inthe vertical line movement terminating step 180,
the display apparatus 30 applies the voltage that achieves the
transparent state to the specified X electrode line and main-
tains the state.

[0093] In a coordinate extracting step 190, the display
apparatus 30 extracts the coordinates corresponding to the
specified Y and X electrode lines. The display apparatus 30
then sequentially allows the Y electrodes line and X electrode
lines to hold the brightness values thereof and the brightness
values to be fixed. The coordinate extraction mode is then
terminated.

[0094] Theabove description has been made with reference
to the case where the coordinates to be extracted are specified
by using one vertical black line 116 and one horizontal black
line 115. The number of coordinates to be simultaneously
extracted is, however, not limited to one. That is, a plurality of
sets of coordinates may be extracted by using two or more
vertical black lines 116 and one horizontal black line 115.
Alternatively, a plurality of sets of coordinates may be
extracted by using one vertical black line 116 and two or more
horizontal black lines 115. Still alternatively, a plurality of
sets of coordinates may be extracted by using two or more
vertical black lines 116 and two or more horizontal black lines
115.

[0095] FIG. 7 depicts voltage application to the X electrode
lines and the Y electrode lines in the vertical line moving step
160.

[0096] FIG. 7 depicts the display section of the cholesteric
liquid crystal display device 10, the Y electrode lines, the X
electrode lines, which intersect the Y electrode lines at right
angles, the vertical black line 116 on an X electrode line, the
horizontal black line 115 on a Y electrode line, and display
areas 111, 112, 113, and 114. FIG. 7 also depicts voltage
application to the X electrode lines and the Y electrode lines
at the time when the user is about to move the vertical black
line 116 to the X electrode line immediately adjacent thereto
on the right side and hold and fix intermediate brightness
(grayscale) to the pixels on the X electrode line.

[0097] At this point, to display the vertical black line 116,
the X driver 39 applies a negative voltage that falls within the
range from the voltage V0, which achieves the transparent
state, to the voltage V1 and has an absolute value Vb2 to the
X electrode line immediately above the vertical black line
116. The X driver 39 applies 0V to the other X electrode lines.
That is, the X driver 39 keeps applying the voltage Vb2, which
achieves the transparent state, during the display period to the
X electrode line that is displaying the vertical black line 116.
[0098] On the other hand, to display the horizontal black
line 115, the Y driver 38 applies a negative voltage to the Y
electrode line immediately below the horizontal black line
115. The absolute value of the negative voltage applied to the
Y electrode line is Va2 that falls within the range from V0 to
V1. As a result of the application of the negative voltage Va2
to the'Y electrode line, the cholesteric liquid crystal material
at the plurality of pixels on the Y electrode line transitions to
the homeotropic state. The Y driver 38 further applies a volt-
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age Val or Va3 to the Y electrode lines other than the Y
electrode line immediately below the horizontal black line
115, the choice between Val or Va3 made in accordance with
the brightness values of the pixels to which each of the other
Y electrode lines is connected. The brightness values of pixels
are those held by the pixels before the vertical black line 116
moves from the adjacent X electrode line.

[0099] The CPU 50 produces display data 48 on the bright-
ness values of pixels based on the image data 51 held in the
CPU 50 and outputs the produced display data 48 to the
control circuit 37. The control circuit 37 outputs the display
data 48 on the brightness values of pixels to control the
voltages applied by the Y driver 38 to the Y electrodes.
[0100] That is, the Y driver 38 keeps applying the voltage
that achieves the transparent state to the Y electrode line that
is displaying the horizontal black line 115 until the vertical
line moving step 160 is completed. Further, the Y driver 38
applies voltages to the Y electrode lines connected to the
pixels on the vertical black line 116 except the Y electrode
line that is displaying the horizontal black line 115, the volt-
ages determined in accordance with the brightness value of
the pixels but lower than or equal to the voltage V0.

[0101] In the horizontal line moving step 130, the Y driver
38 and the X driver 39 are functionally reversed.

[0102] In the example, the voltage Val is applied to the
pixels present in the display areas 111 and 112, and the
voltage Va3 is applied to the pixels present in the display areas
113 and 114. A voltage Val+|Vb2| is applied to the pixels on
the vertical black line 116 and between the display area 111
and the display area 112. A voltage Va3+|/Vb2| is applied to
the pixels on the vertical black line 116 and between the
display area 113 and the display area 114. A voltage |Va2l-
Vb2l is applied to the pixel present at the intersection where
the vertical black line 116 intersects the horizontal black line
115. The voltage |Va2l-IVb2| is substantially 0 V. The voltage
Va2 is applied to the pixels on the horizontal black line 115
except the pixel present at the intersection described above.
[0103] Each of the voltages Val+/Vb2| and Va3+IVb2| and
the fixed voltage Va2 is lower than or equal to the voltage V1
and achieves the transparent state. The voltage Vb2, which is
applied through the X electrode line that is displaying the
vertical black line, is a fixed value, whereas the voltages Val
and Va3, which are applied through the Y electrode lines other
than that displaying the horizontal black line, depend on the
brightness values held by the pixels immediately below the
vertical black line 116.

[0104] To transfer the vertical black line 116 displayed on
an X electrode line to the following X electrode line, voltages
within the voltage range W1 (between voltages V2 and V1)
are applied to the pixels on the vertical black line so that the
pixels hold their brightness values. To set the voltages applied
to the pixels at values within the voltage range W1 (between
voltages V2 and V1), the fixed potential Vb2 applied to the
current X electrode line is set at the voltage V1.

[0105] That is, the voltages Val and Va3 are so set in accor-
dance with the voltage-reflectance characteristic depicted in
FIG. 3 that when the voltage V1 is applied to the X electrode
line immediately below the vertical black line 116, the pixels
onthe X electrode line show the brightness values held by the
pixels. When the voltage Vb2 is abruptly reduced from the
voltage V1 to the ground voltage (0 V) with the voltage
Val+|V1l or the voltage Va3+|V1I applied to the pixels, the
brightness values of the pixels are held by and fixed to the
pixels. The brightness does not change in any of the areas 111,
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112, 113, and 114 except the vertical black line 116. The
reason for this is that the voltages Val and Va3 fall within the
voltage range W2 (between O V and voltage V0). To allow the
voltages Val+IV1| and Va3+IV1| to be values within the
voltage range W1 with the voltages Val and Va3 falling within
the voltage range W2, W2>W1 are satisfied in the voltage-
reflectance characteristic described with reference to FIG. 3.
[0106] On the other hand, the voltages Val and Va3 are
applied to the Y electrode lines before the fixed voltage Vb2,
which is the voltage applied to the current X electrode line, is
increased to the voltage V1, and the voltages Val and Va3 are
maintained at least until the end of the period of the applica-
tion of the voltage that allows the brightness values of the
pixels to be held by and fixed to the pixels.

[0107] Further, in the step 160, in which the vertical black
line 116 is moved, the fixed voltage Va2 is maintained across
the Y electrode line immediately below the horizontal black
line 115. The horizontal black line 115 therefore keeps being
displayed.

[0108] The above description of the operation of moving
the vertical black line 116 holds true for the description of the
operation of moving the horizontal black line 115 by replac-
ing the X electrode lines with the Y electrode lines, the ver-
tical black line 116 with the horizontal black line 115, and the
Y driver with the X driver. In the step 130, in which the
horizontal black line 115 is moved, the voltage Vb2 is main-
tained across the X electrode line immediately above the
vertical black line 116.

[0109] FIGS. 8A and 8B are waveform diagrams depicting
voltage application sequences for moving the vertical black
line 116 and the horizontal black line 115, respectively. Spe-
cifically, FIGS. 8 A and 8B are waveform diagrams depicting
voltage application sequences for moving the vertical black
line 116 between arbitrary adjacent two X electrode lines and
moving the horizontal black line 115 between arbitrary adja-
cent two Y electrode lines in the cholesteric liquid crystal
display device 10, respectively. In FIGS. 8A and 8B, the top
waveform diagram depicts a signal in the n-th X electrode line
Xn associated with the vertical black line 116, and a wave-
form diagram below the top waveform diagram depicts a
signal in the following X electrode line Xn+1. Below the
diagrams described above are a waveform diagram represent-
ing a signal in the n-thY electrode line Yn associated with the
horizontal black line 115 and a waveform diagram represent-
ing a signal in the following Y electrode line Yn+1. The
horizontal axis represents time, and the vertical axis repre-
sents the voltage applied to the pixels on an electrode line of
interest.

[0110] The voltage application sequence depicted in FIG.
8A is a typical voltage application sequence performed in the
vertical line moving step 160 when the vertical black line 116
is moved from the n-th X electrode line Xn to the following X
electrode line Xn+1 and performed on the pixels disposed
along the X electrode lines Xn and Xn+1.

[0111] The voltage application sequence performed on the
pixels along the X electrode line Xn in the period from time
T1 to T2 is a black line holding voltage application sequence
for holding a black line and fixing it to the pixels immediately
below the X electrode line Xn.

[0112] The black line holding voltage application sequence
includes a first action of applying a voltage —V1 for holding
the focal conic state, in which the reflectance decreases, to the
pixels on a selected X electrode line Xn. The black line
holding voltage application sequence further includes a sec-
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ond action of applying the ground voltage to the pixels on the
selected X electrode line Xn in order to hold the focal conic
state.

[0113] On the other hand, a black line holding voltage
application sequence for holding a black line on a selected Y
electrode line Yn is so performed before the time T1 that the
black line is held by the pixels on the selected Y electrode line
Yn, and no voltage is therefore applied to any of the Y elec-
trode lines during the period from the time T1 to T2. As a
result, the ground voltage is applied to the pixels immediately
below the selected X electrode line Xn before the time ti,
whereby the same voltage as that applied to the X electrode
line Xn is applied to the pixels on the selected X electrode line
Xn during the period from the time T1 to T2.

[0114] A voltage application sequence performed on the
pixels disposed along the X electrode line Xn during the
period from the time T2 to T3 is a redisplay voltage applica-
tion sequence for refixing the brightness values of the pixels
thereto and redisplaying the line image.

[0115] To add the brightness values to the pixels to form the
line image, the redisplay voltage application sequence
includes a first action of applying the voltage -V1 (-30'V, for
example) to the selected Xn electrode line so that a voltage
within the range from the voltage V1 to V2 is applied to the
pixels on the X electrode line Xn. The redisplay voltage
application sequence further includes a second action of
applying the ground voltage to the pixels on the selected X
electrode line Xn in order to hold the brightness values of the
pixels.

[0116] On the other hand, voltages according to the bright-
ness values of the pixels on the black line are applied to the Y
electrode lines in the first action performed from the time T2
to T3, and the ground voltage is applied to the Y electrode
lines when the ground voltage is applied to the X electrode
line Xn.

[0117] In the configuration described above, when a black
line is moved from an arbitrary electrode line Xn to the
following electrode line Xn+1, a typical voltage application
sequence requests four actions at the minimum. Further, there
are two actions for making the cholesteric liquid crystal mate-
rial transparent, and whenever the action is carried out, cur-
rent flows through the liquid crystal material because the
helical structure collapses. Moreover, charging and discharg-
ing are repeated twice in the X electrode lines.

[0118] The voltage application sequence depicted in FIG.
8B is a voltage application sequence in the first embodiment
performed in the vertical line moving step 160 when the
vertical black line 116 is moved from an arbitrary X electrode
line Xn to the following X electrode line Xn+1 and performed
on the pixels immediately below the X electrode lines Xn and
Xn+1.

[0119] The voltage application sequence for displaying the
vertical black line 116 on the pixels immediately below the X
electrode line Xn performed in the period from the time T1 to
T2 is a black line moving voltage application sequence for
applying the voltage that achieves the transparent state of the
cholesteric liquid crystal material to the electrode line Xn and
continuously applying voltages that fix brightness values to
the pixels on the vertical black line 116 to display a line image
to the'Y electrode lines for the same period from the time T1
to T2.

[0120] The black line moving voltage application sequence
includes a first action and a second action. In the first action,
the voltage —V1, which achieves the transparent state of the
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cholesteric liquid crystal material, is applied to the plurality
ofpixels on the selected X electrode line Xn. Thereafter, to fix
the brightness values to the pixels and redisplay the line
image formed of the plurality of pixels, voltages ranging from
the ground voltage to the voltage V0 and according to the
brightness values of the pixels are applied to the Y electrode
lines, while the voltage —-V1 keeps being applied to the X
electrode line Xn. In the second action in the black line
moving voltage application sequence, the voltage applied to
the X electrode line Xn is set at the ground voltage in order to
hold the brightness values of the pixels and fix them to the
pixels. As a result, after the first action is completed, voltages
ranging from the voltage V1 to V2 are applied to the pixels,
and in the second action, voltages ranging from the ground
voltage to the voltage V0 are applied to the pixels.

[0121] On the other hand, a black line holding voltage
application sequence is performed on a selected Y electrode
line Yn before the time T1 so that a black line is held on the
selected Y electrode line, whereby a line image including a
black line is held by the pixels on the selected Y electrode line
during the period from the time T1 to T2. Further, in the first
action, voltages according to the brightness values of the
pixels immediately below the selected X electrode but lower
than or equal to the voltage V0 are applied to the Y electrode
lines other than the selected Y electrode line Yn. In the period
of the second action, the voltages applied to the Y electrode
lines transition to voltages according to the brightness values
of the pixels on a vertical black line 216 to which the vertical
black line have been moved.

[0122] As described above, the black line moving voltage
application sequence performed on the selected X electrode
requests two actions, and the application of the voltages
according to the brightness values of the pixels associated
with the selected X electrode to the Y electrode lines is
requested every two actions.

[0123] Inthe period from the time T2 to T3, the black line
moving voltage application sequence performed in the period
from the time T1 to T2 is repeated.

[0124] As described above, the voltage application
sequence for moving the vertical black line 116 from an
arbitrary X electrode line Xn to the following X electrode line
in the first embodiment includes two actions. In one of the two
actions, the cholesteric liquid crystal material is made trans-
parent, and whenever the action is carried out, current flows
through the cholesteric liquid crystal material because the
helical structure collapses. The number of current flow
actions is, however, one in the black line moving voltage
application sequence. Further, charging and discharging are
repeated once in the X electrode lines in the black line moving
voltage application sequence.

[0125] Ablack line is therefore moved in a shorter period in
the display apparatus 300 according to the first embodiment.
Further, in the display apparatus 300 according to the first
embodiment, since the black line moving voltage application
sequence in the first embodiment is used to move a black line,
the amount of current consumed in the coordinate extraction
mode is reduced.

Second Embodiment

[0126] The first embodiment has been described with ref-
erence to the case where the vertical black line 116 and the
horizontal black line 115 are moved from default positions to
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coordinates that are desired to extracted by first moving only
the vertical black line 116 and then moving the horizontal
black line 115.

[0127] On the other hand, a second embodiment will be
described with reference to a case where the vertical black
line 116 and the horizontal black line 115 are moved from
default positions to coordinates that are desired to extracted
by alternately moving the vertical black line 116 and the
horizontal black line 115.

[0128] FIG. 9 describes a coordinate extraction mode
according to the second embodiment in the display apparatus
30 including the cholesteric liquid crystal display device 10.

[0129] The following description of the coordinate extrac-
tion mode will be made by representatively using one of the
liquid crystal device 21 that displays a blue image, the liquid
crystal device 22 that displays a green image, and the liquid
crystal device 23 that displays a red image, which form the
cholesteric liquid crystal display device 10.

[0130] Each of the cholesteric liquid crystal layers in the
cholesteric liquid crystal device 10 has a plurality of pixels
arranged in rows and columns, which form a liquid crystal
display screen. The X electrode lines extend in the column
direction, and the Y electrode lines extend in the row direc-
tion.

[0131] When the coordinate extraction mode starts, the dis-
play apparatus 30 operates as follows:

[0132] In a vertical/horizontal line displaying step 210, in
the display apparatus 30, positions of the X electrode line and
the Y electrode line where black lines are displayed are set in
advance. The display apparatus 30 applies a voltage that
achieves the transparent state to the X electrode line and the Y
electrode line in the preset positions to display a vertical black
line 216 and a horizontal black line 215 on the X electrode
line and the Y electrode line in the cholesteric liquid crystal
display device 10. The voltage that achieves the transparent
state keeps being applied to the X electrode line and the Y
electrode line until an extraction location determining step
270 is completed. Note that, to display a black line, the
cholesteric liquid crystal material does not necessarily tran-
sition to the homeotropic state at all the plurality of pixels on
the'Y electrode line. That is, part of the plurality of pixels on
theY electrode line may display a black line, or a plurality of
pixels intermittently arranged along a column or a row may
display a black line.

[0133] Note that, to display a black line, the cholesteric
liquid crystal material does not necessarily become transpar-
ent atall the plurality of pixels on the X electrode line. That is,
part of the plurality of pixels on the X electrode line may
display a black line, or a plurality of pixels intermittently
arranged along a column or a row may display a black line.

[0134] In a movement instruction receiving step 230, the
display apparatus 30 receives a movement instruction.

[0135] In a vertical/horizontal line moving step 260, the
display apparatus 30 moves the vertical black line 216 and the
horizontal black line 215 from the positions where the vertical
black line 216 and the horizontal black line 215 are displayed
onthe X andY electrode lines at the time when the instruction
is received to the specified X and Y electrode lines. To this
end, the display apparatus 30 performs a black line moving
voltage application sequence depicted in FIGS. 10 and 11 to
move the vertical black line 216 and the horizontal black line
215 to the specified X and Y electrode lines.
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[0136] When the display apparatus 30 judges in the extrac-
tion location determining step 270 that no movement instruc-
tion of the vertical black line 216 and the horizontal black line
215 has been issued, the display apparatus 30 carries out a
coordinate extracting step 280. On the other hand, when the
display apparatus 30 judges that a movement instruction of
the vertical black line 216 and the horizontal black line 215
has been issued, the display apparatus 30 carries out the
movement instruction receiving step 230.

[0137] In the coordinate extracting step 280, the display
apparatus 30 extracts the X coordinate in the display section
from the position of the specified X electrode line and extracts
theY coordinate in the display section from the position of the
specified Y electrode line in the cholesteric liquid crystal
display device 10. The display apparatus 30 then restores the
brightness values of the pixels on the vertical black line 216
and the brightness values of the pixels on the horizontal black
line 215. The coordinate extraction mode is then terminated.
[0138] In the above description, the coordinates to be
extracted are specified by using one vertical black line 216
and one horizontal black line 215, but the number of coordi-
nates to be simultaneously extracted is not limited to one.
That is, a plurality of sets of coordinates may be extracted by
using two or more vertical black lines 216 and one horizontal
black line 215. Alternatively, a plurality of sets of coordinates
may be extracted by using one vertical black line 216 and two
or more horizontal black lines 215. Still alternatively, a plu-
rality of sets of coordinates may be extracted by using two or
more vertical black lines 216 and two or more horizontal
black lines 215.

[0139] FIG. 10 depicts voltage application to the X elec-
trode lines and the Y electrode lines in the vertical/horizontal
line moving step 260.

[0140] FIG. 10depicts the display section of the cholesteric
liquid crystal display device 10, the Y electrode lines, the X
electrode lines, which intersect the Y electrode lines at right
angles, the vertical black line 216 on an X electrode line, the
horizontal black line 215 on a Y electrode line, and display
areas 211, 212, 213, and 214. FIG. 10 also depicts voltage
application to the X electrode lines and the Y electrode lines
at the time when the user is about to move the vertical black
line 216 to the X electrode line immediately adjacent thereto
on the right side and hold and fix intermediate brightness
(grayscale) to the pixels on the X electrode line.

[0141] At this point, to display the vertical black line 216,
the X driver 39 applies a negative voltage that falls within the
range from the voltage V0, which achieves the transparent
state, to the voltage V1 and has the absolute value Vb2 to the
X electrode line immediately below the vertical black line
216. The X driver 39 further applies a voltage Vb1 or Vb3 to
the X electrode lines other than the X electrode line immedi-
ately above the vertical black line 216, the choice of Vb1 or
Vb3 made in accordance with the brightness values of the
pixels to which each of the other X electrode lines is con-
nected.

[0142] The brightness values of the pixels are those held by
the pixels before the horizontal black line 215 moves from the
adjacent Y electrode line.

[0143] The CPU 50 produces display data 48 on the bright-
ness values of the pixels based on the image data 51 held in the
CPU 50 and outputs the produced display data 48 to the
control circuit 37. The control circuit 37 outputs the display
data 48 on the brightness values of the pixels to control the
voltages applied by the X driver 39 to the X electrodes.
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[0144] That is, the X driver 39 keeps applying the fixed
voltage Vb2, which achieves the transparent state, during the
display period to the X electrode line that is displaying the
vertical black line 216.

[0145] Further, the X driver 39 applies voltages to the X
electrode lines connected to the pixels on the horizontal black
line 215 except the X electrode line that is displaying the
vertical black line 216, the voltages determined in accordance
with the brightness values of the pixels. The voltages applied
to the X electrode lines are so set that the voltage Vb1-Val, the
voltage Vb1-Va3, the voltage Vb3-Val, and the voltage Vb3-
Va3 applied to the pixels are lower than or equal to the voltage
V0, as will be described with reference to FIG. 11. The
voltages Val and Va3 are voltages outputted from the Y driver
38.

[0146] On the other hand, to display the horizontal black
line 215, the Y driver 38 applies a negative voltage that falls
within the range between V0, which achieves the transparent
state, and V1 and has the absolute value Vat to the Y electrode
line immediately below the horizontal black line 215.
[0147] TheY driver 38 further applies the voltage Val or
Va3 to the Y electrode lines other than the Y electrode line
immediately below the horizontal black line 215, the choice
of'Val or Va3 made in accordance with the brightness values
of the pixels to which each of the other Y electrode lines is
connected.

[0148] The brightness values of the pixels are those held by
the pixels before the vertical black line 216 moves from the
adjacent X electrode line.

[0149] The CPU 50 produces display data 48 on the bright-
ness values of the pixels based on the image data 51 held in the
CPU 50 and outputs the produced display data 48 to the
control circuit 37. The control circuit 37 outputs the display
data 48 on the brightness values of the pixels to control the
voltages applied by the Y driver 38 to the Y electrodes.
[0150] That is, the Y driver 38 keeps applying the fixed
voltage Vat, which achieves the transparent state, during the
display period to the Y electrode line that is displaying the
horizontal black line 215.

[0151] Further, the Y driver 38 applies voltages to the Y
electrode lines connected to the pixels on the vertical black
line 216 except the Y electrode line that is displaying the
horizontal black line 215, the voltages determined in accor-
dance with the brightness values of the pixels. The voltages
applied to the Y electrode lines are so set that the voltage
Vb1-Val, the voltage Vb1-Va3, the voltage Vb3-Val, and the
voltage Vb3-Va3 applied to the pixels are lower than or equal
to the voltage V0.

[0152] In the example, the voltage Val-Vbl is applied to
the pixels present in the display area 211. The voltage Val-
Vb3 is applied to the pixels present in the display area 212.
The voltage Va3-Vbl is applied to the pixels present in the
display area 213. The voltage Va3-Vb3 is applied to the pixels
present in the display area 214.

[0153] A voltage Val+| Vb2l is applied to the pixels on the
vertical black line 216 and between the display area 211 and
the display area 212. A voltage Va3+|Vb2| is applied to the
pixels on the vertical black line 216 and between the display
area 213 and the display area 214. A voltage |Va2l-IVb2| is
applied to the pixel present at the intersection where the
vertical black line 216 intersects the horizontal black line 215.
The voltage 1Va2l-Vb2| is substantially 0 V. A voltage Vb1 +
IVa2l is applied to the pixels on the horizontal black line 215
and between the display area 211 and the display area 213. A
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voltage Vb3+|Va2l is applied to the pixels on the horizontal
black line 215 and between the display area 212 and the
display area 214.

[0154] Each of the voltages Val+/Vb2I, Va3+IVb2l, Vbl+
IVa2l, and Vb3+1Va2l is lower than or equal to the voltage V1
and achieves the transparent state. The voltage Vb2, which is
applied through the X electrode line that is displaying the
vertical black line, is a fixed value, whereas the voltages Val
and Va3, which are applied through the Y electrode lines other
than that displaying the horizontal black line, depend on the
brightness values held by the pixels immediately below the
vertical black line 216. Similarly, the voltage Vat, which is
applied through the Y electrode line that is displaying the
horizontal black line, is a fixed value, whereas the voltages
Vb1 and Vb3, which are applied through the X electrode lines
other than that displaying the vertical black line, depend on
the brightness values held by the pixels immediately below
the horizontal black line 215.

[0155] To transfer the vertical black line 216 displayed on
an X electrode line to the following X electrode line, voltages
within the voltage range W1 (between voltages V2 and V1)
are applied to the pixels on the vertical black line 216 so that
the brightness values of the pixels are held by and fixed to the
pixels. That is, the potential Vb2 applied to the current X
electrode line is desirably the voltage V1. As a result, the
voltages applied to the pixels are set at values within the
voltage range W1 (between voltages V2 and V1).

[0156] That is, the voltages Val and Va3 are so set in accor-
dance with the voltage-reflectance characteristic depicted in
FIG. 3 that when the voltage V1 is applied to the X electrode
line immediately below the vertical black line 216, the pixels
onthe X electrode line show the brightness values held by the
pixels. When the voltage V1 is abruptly set at the voltage Vb1
or Vb3 with the voltage Val+I V1| or the voltage Va3+IV1|
applied to the pixels, and the voltages applied to the pixels are
set at 0V, the brightness values of the pixels are held by and
fixed to the pixels. That is, the voltages Val-Vb1, Val-Vb3,
Va3-Vbl, and Va3-Vb3 fall within the voltage range W2
(between 0 V and voltage V0).

[0157] Now, the condition of the voltages Val+IV1| and
Va3+|V1| falling within the voltage range W1 is called a first
condition (voltage V2-voltage V1>voltage Val and voltage
V2-voltage V1>voltage Va3).

[0158] Further, the condition of the voltage V0 (voltage
within voltage range W2)>voltage Val-voltage Vb1, voltage
V0 (voltage within voltage range W2)>voltage Val-voltage
Vb3, voltage V0 (voltage within voltage range W2)>voltage
Va3-voltage Vb1, and voltage V0 (voltage within voltage
range W2)>voltage Va3-voltage Vb3 is called a second con-
dition.

[0159] To satisty the first and second conditions, voltage
width of voltage range W2>voltage width of voltage range
W1 (voltage V2-voltage V1) are satisfied in the voltage-
reflectance characteristic described with reference to FIG. 3.

[0160] The voltages Val and Va3 are applied to the Y elec-
trode lines other than the Y electrode line displaying the
horizontal black line before the potential of the current X
electrode line is increased from Vb2 to the voltage V1, and the
voltages Val and Va3 are maintained at least until the end of
the period of the application of the voltage that allows the
brightness values of the pixels to be held by and fixed to the
pixels.
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[0161] Further, during the period in which the vertical black
line 216 is moved, the fixed voltage Va2 is maintained across
the Y electrode line immediately below the horizontal black
line 215. The horizontal black line 215 therefore keeps being
displayed.

[0162] On the other hand, to transfer the horizontal black
line 215 displayed on a Y electrode line to the following Y
electrode line, voltages within the voltage range W1 (between
voltages V2 and V1) are applied to the pixels on the horizontal
black line 215 so that the brightness values of the pixels are
held by and fixed to the pixels. That is, the voltage Va2 applied
to the current Y electrode line is desirably the voltage V1. As
a result, the voltages applied to the pixels are set at values
within the voltage range W1 (between voltages V2 and V1).
[0163] That is, the voltages Vbl and Vb3 are so set in
accordance with the voltage-reflectance -characteristic
depicted in FIG. 3 that when the voltage V1 is applied to the
Y electrode line immediately above the horizontal black line
215, the pixels on the Y electrode line show the brightness
values held by the pixels. When the voltage V1 is abruptly set
atthe voltage Val or Va3 and the voltages applied to the pixels
are set at 0 V with the voltage Vb1+IV1l or the voltage
Vb3+IV1| applied to the pixels, the brightness values of the
pixels are held by and fixed to the pixels. That is, the voltages
Vb1-Val, Vbl-Va3, Vb3-Val, and Vb3-Va3 fall within the
voltage range W2 (between 0V and voltage V0).

[0164] Now, the condition of the voltages Val+IV1| and
Va3+|V1l falling within the voltage range W1 is called a first
condition (voltage V2-voltage V1>voltage Val and voltage
V2-voltage V1>voltage Va3). Further, the condition of the
voltage V0 (voltage within voltage range W2)>voltage Val-
voltage Vbl, voltage V0 (voltage within voltage range
W2)>voltage Val-voltage Vb3, voltage V0 (voltage within
voltage range W2)>voltage Va3-voltage Vb1, and voltage V0
(voltage within voltage range W2)>voltage Va3-voltage Vb3
is called a second condition. To satisfy the first and second
conditions, voltage width of voltage range W2>voltage width
of voltage range W1 (voltage V2-voltage V1) are satisfied in
the voltage-reflectance characteristic described with refer-
ence to FIG. 3.

[0165] The voltages Vbl and Vb3 are applied to the X
electrode lines other than the X electrode line displaying the
vertical black line before the potential of the current Y elec-
trode line is increased from Va2 to the voltage V1, and the
voltages Vb1 and Vb3 are maintained at least until the end of
the period of the application of the voltage that allows the
brightness values of the pixels to be held by and fixed to the
pixels.

[0166] Further, during the period in which the horizontal
black line 215 is moved, the fixed voltage Vb2 is maintained
across the X electrode line immediately above the vertical
black line 216. The vertical black line 216 therefore keeps
being displayed.

[0167] To move the vertical black line 216 and the horizon-
tal black line 215 on X and Y electrode lines simultaneously,
the processes of moving the displayed vertical black line 216
and horizontal black line 215 described above may be carried
out simultaneously.

[0168] FIG.11 is waveform diagrams depicting a black line
moving voltage application sequence for moving the vertical
black line 216 between arbitrary adjacent X electrode lines, a
first X electrode line and a second X electrode line, and
moving the horizontal black line 215 between arbitrary adja-
centY electrode lines, a firstY electrode line and a second Y
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electrode line, in the cholesteric liquid crystal device 10. In
the waveform diagrams depicted in FIG. 11, the horizontal
axis represents time, and the vertical axis represents the volt-
age applied to pixels on an electrode line of interest. Further,
in FIG. 11, a first waveform diagram to a six waveform
diagram are depicted from above to below.

[0169] A description will be made of the operation of mov-
ing the vertical black line 216 from the first X electrode line
to the second X electrode line and then moving the horizontal
black line 215 from the first Y electrode line to the second Y
electrode line with reference to the first to six waveform
diagrams.

[0170] The first waveform diagram depicts the black line
moving voltage application sequence performed on the pixels
on the first X electrode line. The black line moving voltage
application sequence described above includes first and sec-
ond actions and is performed as follows: the voltage -V1 is
applied in accordance with the Y electrode lines before time
T1. Suppose that the vertical black line 216 has been moved
to the first X electrode line at time T1. The voltage that
achieves the transparent state is therefore applied to the pixels
on the first X electrode line, which is the first action. There-
after, in the second action, 0V is applied to the pixels on the
first X electrode line so that the brightness values of the pixels
are held by and fixed to the pixels.

[0171] After time T2, the vertical black line 216 is not
displayed on the first X electrode line, to which the following
voltage is applied: In the first action at the time T2, voltages
lower than or equal to V0 and according to the brightness
values of the pixels on the horizontal black line 215 on the first
Y electrode line are applied. In the following second action, O
V is applied so that the brightness values of the pixels on the
horizontal black line 215 are fixed. The actions performed in
the period from the time T2 to T3 are repeated in the period
from the time T3 to T4 and after the time T4.

[0172] The second waveform diagram depicts the black
line moving voltage application sequence performed on the
pixels on the second X electrode line. The black line moving
voltage application sequence described above includes first
and second actions and is performed as follows:

[0173] A voltage application sequence including the fol-
lowing first and second actions is first performed: That is, in
the first action, voltages lower than or equal to V0 and accord-
ing to the brightness values of the pixels on the Y electrode
line that is displaying the black line are applied to the second
X electrode line before the time T2. In the second action, 0 V
is applied to the second X electrode line before the time T2 so
that the brightness values of the pixels thereon are fixed.
[0174] Since the vertical black line 216 has been moved to
the second X electrode line at the time T2, the black line
moving voltage application sequence is performed on the
second X electrode line. In the first action, the voltage -V1,
which achieves the transparent state, is applied to the pixels
on the second X electrode line. Thereafter, in the second
action, 0 V is applied to the pixels on the second X electrode
line so that the brightness values of the pixels on the second X
electrode line are held by and fixed to the pixels.

[0175] Inthe period from the time T2 to T3, the horizontal
black line 215 is displayed on the pixels on the first Y elec-
trode line, and the horizontal black line 215 is moved to the
pixels on the second Y electrode line.

[0176] That is, in the first action, the Y driver 38 applies
voltages according to the brightness values of the pixels on
the second X electrode line to the Y electrode lines except the
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first Y electrode line that is displaying the horizontal black
line 215. In the period from the time T2 to T3, the Y electrode
lines except the first Y electrode line include the second Y
electrode line.

[0177] The third waveform diagram depicts the black line
moving voltage application sequence performed on the pixels
on the first Y electrode line.

[0178] Voltages lower than or equal to V0 and according to
the first Y electrode line are applied to X electrode lines
including the first and second X electrode lines before time
T2.

[0179] Since the horizontal black line 215 has been moved
to the first Y electrode line at the time T2, the black line
moving voltage application sequence is performed on the first
Y electrode line.

[0180] The black line moving voltage application sequence
includes first and second actions. In the first action, the volt-
age that achieves the transparent state is applied to the pixels
on the first Y electrode line. Thereafter, in the second action,
0V is applied to the first Y electrode line. Since the voltages
lower than or equal to V0 and according to the brightness
values of the pixels on the first Y electrode line are applied to
the X electrode lines, the brightness values of the pixels are
fixed to the pixels. Thereafter, the horizontal black line 215 is
moved to the adjacent second Y electrode line at the time T3.

[0181] The fourth waveform diagram depicts the black line
moving voltage application sequence performed on the pixels
on the second Y electrode line.

[0182] Voltages lower than or equal to V0 and according to
the brightness values of the pixels on the horizontal black line
215 on the second Y electrode line are applied to the X
electrode lines including the first and second X electrode lines
before time T3.

[0183] Since the horizontal black line 215 has been moved
to the second Y electrode line at the time T3, the black line
moving voltage application sequence is performed on the
second Y electrode line.

[0184] The black line moving voltage application sequence
includes first and second actions. In the first action, the volt-
age that achieves the transparent state is applied to the pixels
on the second Y electrode line. Thereafter, in the second
action, 0V is applied to the second Y electrode line. Since the
voltages lower than or equal to V0 and according to the
brightness values of the pixels on the second Y electrode line
are applied to the X electrode lines, the brightness values of
the pixels are fixed to the pixels. Thereafter, the horizontal
black line 215 is moved to the adjacentY electrode line at time
T4.

[0185] The fifth waveform diagram depicts a voltage
according to the pixel at the intersection of the first X elec-
trode line and the second Y electrode line. The sixth wave-
form diagram depicts a voltage according to the pixel at the
intersection of the second X electrode line and the second Y
electrode line. When the pixels are displaying the black lines,
the voltages applied to the pixels at the intersections in the
first action fall within the range from the voltage V1 to V2,
and the cholesteric liquid crystal material in the pixels main-
tains the transparent state during the voltage application
period. Thereafter, since 0 V is applied to the pixels at the
intersections in the second action, the brightness values of the
pixels at the intersections according to the voltages applied in
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the first action are held by and fixed to the pixels. When the
pixels at the intersections are not on the black lines, the
voltages applied to the pixels are lower than or equal to VO,
and in this case, the pixels are not affected.

[0186] As described above, the voltage application
sequence for moving the vertical black line 216 and the volt-
age application sequence for moving the horizontal black line
215 request two actions irrespective of the patterns according
to which the vertical black line 216 and the horizontal black
line 215 are moved. In the display apparatus 30 according to
the second embodiment, the number of collapse of the helical
structure in the cholesteric liquid crystal material and the
number of charging and discharging in the X and Y electrode
lines are equal to those in the first embodiment.

[0187] Inthe display apparatus 30 according to the second
embodiment, each of the vertical black line 216 and the hori-
zontal black line 215 is therefore moved in a short period
irrespective of the patterns according to which the vertical
black line 216 and the horizontal black line 215 are moved.
Further, in the display apparatus 30 according to the second
embodiment, current consumption in the coordinate extrac-
tion mode is also reduced.

[0188] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a depicting of the superiority and
inferiority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:
1. A display apparatus comprising:
a display device configured to include a plurality of pixels,

each of the pixels being formed of a cholesteric liquid
crystal material;

a first electrode and a second electrode that apply a voltage
to each of the pixels; and

a drive circuit configured to apply a first voltage, a second
voltage, and third voltage between the first and the sec-
ond electrodes, applying the first voltage causing the
cholesteric liquid crystal material to be transparent,
applying the second voltage setting reflectance of the
cholesteric liquid crystal material in each of the pixels at
the time of selection of the each of the pixels, applying
the third voltage providing no change in reflectance of
the cholesteric liquid crystal material.

2. The display apparatus according to claim 1, wherein:

the plurality of pixels are arranged in matrix,

a plurality of the first electrode are arranged in row direc-
tion,

a plurality of the second electrode are arranged in column
direction, and

the drive circuit applies the first voltage between two or
more of the first electrodes and the second electrodes to
select two or more pixels in column direction at same
time.
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3. The display apparatus according to claim 1, wherein:

the plurality of pixels are arranged in matrix,

a plurality of the first electrode are arranged in row direc-

tion,

a plurality of the second electrode are arranged in column

direction, and

the drive circuit applies the first voltage between the first

electrodes and two or more of the second electrodes to
select two or more pixels in row direction at same time.

4. The display apparatus according to claim 1, wherein:

the plurality of pixels are arranged in matrix,

a plurality of the first electrode are arranged in row direc-

tion,

a plurality of the second electrode are arranged in column

direction,
the drive circuit applies the first voltage between two or
more of the first electrodes and two or more of the
second electrodes to select two or more pixels in one of
row line and two or more pixels in one of column line,
and
the drive circuit applies the second voltage between one of
the two or more of the first electrodes and one of the two
or more of the second electrodes at the one of the plu-
rality pixels that is at an intersection of the one of the row
line and the one of the column line.
5. The display apparatus according to claim 1, wherein a
voltage range of the third voltage is broader than a voltage
range of the second voltage.
6. A controlling method of a display apparatus that includes
a display device including a plurality of pixels, each of the
pixels being formed of a cholesteric liquid crystal material,
the controlling method comprising:
applying a first voltage between the first and the second
electrodes, the applying the first voltage causing the
cholesteric liquid crystal material to be transparent;

applying a second voltage between the first and the second
electrodes, the applying the second voltage setting
reflectance of the cholesteric liquid crystal material in
each of the pixels at the time of selection of the each of
the pixels; and
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applying a third voltage between the first and the second
electrodes, the applying the third voltage providing no
change in reflectance of the cholesteric liquid crystal
material.
7. The controlling method according to claim 6, wherein:
the plurality of pixels are arranged in matrix,
a plurality of the first electrode are arranged in row direc-
tion,
a plurality of the second electrode are arranged in column
direction, and
the applying the first voltage is performed by applying the
first voltage between two or more of the first electrodes
and the second electrodes to select two or more pixels in
column direction at same time.
8. The controlling method according to claim 6, wherein:
the plurality of pixels are arranged in matrix,
a plurality of the first electrode are arranged in row direc-
tion,
a plurality of the second electrode are arranged in column
direction, and
the applying the first voltage is performed by applying the
first voltage between the first electrodes and two or more
of the second electrodes to select two or more pixels in
row direction at same time.
9. The controlling method according to claim 6, wherein
the plurality of pixels are arranged in matrix,
a plurality of the first electrode are arranged in row direc-
tion,
a plurality of the second electrode are arranged in column
direction,
the applying the first voltage is performed by applying the
first voltage between two or more of the first electrodes
and two or more of the second electrodes to select two or
more pixels in one of row line and two or more pixels in
one of column line, and applying the second voltage
between one of the two or more of the first electrodes and
one of the two or more of the second electrodes at the one
of the plurality pixels that is at an intersection of the one
of the row line and the one of the column line.
10. The controlling method according to claim 6, wherein
a voltage range of the third voltage is broader than a voltage
range of the second voltage.

* * #* ok %



TRBI(E)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

RBEREERHEERS 5 E

US20120249903A1 K (aH)A
US13/426986 % A
ErBEKA ot

FUJITSU LIMITED

FUJITSU LIMITED

patsnap

2012-10-04

2012-03-22

[#R1 &% BB A ARITAKE HIROKAZU
KA ARITAKE, HIROKAZU
IPCHEF GO02F1/1343 G02F1/133
CPCH¥EF GO02F1/13473 GO2F1/13718 G09G2310/061 G09G2300/0447 G09G3/3629
k54X 2011077066 2011-03-31 JP
SAEBEE Espacenet USPTO
%g(ﬁ) T '31'% """ 381
—RERKENEGSE , BRIEREKE , AIRERRESEZING i “ PONERSUPPLY VOLTAGE E pr—
%, SMERBBLERRSIRTR  FRBHE LT N | . o
E, GEESEREMBEE — SR EEAME B EERE—R | CONTRGL Z42
1 | <
EoaRZANSMREN  EEMREPEIESBREINES | x| T [ ;
BERERSEEME=DE , FE-NF DR AMBERESN | | o 4 2
B R ST REE T, ! “
: DVMDER  [€
| ~ 47
S 88 -
i 3 =37 g XORVER '
R —— P
CPU MAGE DATA :._________________________________.:
32 07" —| LINE DISPLAY CONTROLLER 60



https://share-analytics.zhihuiya.com/view/c6a599c6-eeb0-4eb4-87f8-87a1e56a8922
https://worldwide.espacenet.com/patent/search/family/046926808/publication/US2012249903A1?q=US2012249903A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120249903%22.PGNR.&OS=DN/20120249903&RS=DN/20120249903

