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7) ABSTRACT

A display device which has a liquid crystal display which
has a plurality liquid crystal pixels arranged in a matrix and
which writes an image thereon after resetting the liquid
crystal. The method of writing on the liquid crystal display
can be selected from driving methods according to interlace
scanning in which a frame is divided into a plurality of fields
and writing by interlace scanning is performed and driving
methods according to sequential scanning in which scanning
lines are subjected to writing serially. When high-speed
writing is required, for example, when display of a motion
picture, display of inputted letters or scroll display is
desired, one of the driving methods according to interlace
scanning is selected. In interlace scanning, based on the end
of a blackout state of a scanning line in a field, selection of
a scanning line in the next field for writing is started. Writing
on a scanning line comprises a reset step of resetting the
liquid crystal, a selection step of selecting the final state of
the liquid crystal, an evolution step of stabling the liquid
crystal into the selected state, and one of the length of the
reset step and the total length of the selection step and the
evolution step is n times (n: natural number) the other. For
example, when the length of the reset step is n times the total
length of the selection step and the evolution step and when
a frame is divided into m fields (m: natural number larger
than n) for interlace scanning, there is a moment when, in
serial m scanning lines, n scanning lines of them are in the
reset step, one of them is in the selection step or in the
evolution step, and the other m-n-1 scanning lines are in a
display step.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is based on the Japanese applica-
tion Nos. 2000-55874, 2000-91612, 2000-99828, 2000-
99829, 2000-99830 and 2000-338097 filed in Japan, the
contents of which are incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly to a display device
which has a liquid crystal display which has a plurality of
liquid crystal pixels arranged in a matrix and on which
writing is carried out after reset of the liquid crystal.

[0004]

[0005] In recent years, liquid crystal displays which use
chiral nematic liquid crystal which exhibits a cholesteric
phase at room temperature attracts attention because such
displays have a memory effect, that is, are capable of
displaying an image thereon continuously after the supply of
electric power thereto is stopped.

[0006] However, in such a liquid crystal display, it is
necessary to reset the liquid crystal before writing, and it
takes a long time to complete writing. During the writing, in
the part on which writing is being carried out, the light
absorbing layer provided on the backside of the pixels is
seen as black lines (blackout), which raises a problem that
the screen is difficult to see.

[0007] In portable equipment such as note-type personal
computers, mobile telephones, PDA, digital cameras, video
cameras, etc., batteries are used as the power sources, and
therefore, the available time of such a device after an electric
charge thereto is limited. It is demanded to lengthen the
available time.

[0008] In order to comply with this demand, it is good to
use the above-described reflective type liquid crystal dis-
plays which have a memory effect and which therefore
consume little electric power. This will contribute to energy
saving and will never obstacle downsizing, lightening and
thinning of the devices. Thus, in the near future, it will be
indispensable to employ a reflective type liquid crystal
display with a memory effect for portable equipment.

[0009] A liquid crystal display with a memory effect
consumes electric power while carrying out writing thereon.
Therefore, such a liquid crystal display consumes little
electric power while displaying a still image continuously
but consumes great electric power while writing images
repeatedly.

[0010] A typical example of liquid crystal with a memory
effect is chiral nematic liquid crystal. This kind of liquid
crystal takes a longer time for writing thereon than TFT
liquid crystal, and this kind of liquid crystal has been
considered to be unsuited to display motion pictures and
rapidly changeable images (for example, display of inputted
letters, scroll of a screen).

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide a
display device which takes a short time for writing of one
frame and which has an easy-to-see screen on which black-
out is inhibited.

2. Description of Prior Art
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[0012] Another object of the present invention is to pro-
vide a display device which consumes less electric power in
carrying out writing thereon repeatedly.

[0013] Another object of the present invention is to pro-
vide a display device which carries out high-speed writing
when necessary.

[0014] Further, another object of the present invention is
to provide a display device which carries out high-speed
writing in accordance with the kind of an image to be
displayed thereon.

[0015] Furthermore, another object of the present inven-
tion is to provide a display device which inhibits a flicker
during writing, which results in achieving an easy-to-see
screen.

[0016] In order to attain the objects, a display device
according to the present invention comprises: a liquid crystal
display comprising a plurality of scanning lines, a plurality
of data lines which cross the scanning lines, and liquid
crystal provided between the scanning lines and the data
lines, the scanning lines and the data lines defining a
plurality of pixels arranged in a matrix; and a driver which
are connected to the scanning lines and the data lines and
which drives the liquid crystal display following a specified
procedure comprising a reset step of resetting the liquid
crystal, a selection step of selecting a final state of the liquid
crystal, and an evolution step of stabling the liquid crystal
into the selected state. In the display device, either one of the
reset step or the total of the selection step and the evolution
step has a length which is o times (n: natural number) as long
as the other, or either one of the total of the reset step and
the selection step or the evolution step has a length which is
n times (n: natural number) as long as the other.

[0017] In the display device according to the present
invention, the average luminosity of the scanning lines is
constant, and a flicker can be prevented. Thus, the screen
during writing is easy to see.

[0018] Inthe display device, preferably, the driver uses the
length of the reset step, the total length of the selection step
and the evolution step, the total length of the reset step and
the selection step or the length of the evolution step as a unit
length, and when a time which is k times (k: natural number)
the unit length has passed since start of the selection step of
a scanning line, the driver starts selection of a next scanning
line for writing. Thereby, writing is carried out while the
screen is kept bright.

[0019] In the display device, the driver may carry out
writing by interlace scanning by dividing a frame into a
plurality of fields. For example, if a frame is divided into m
fields (m: natural number larger than n) for interlace scan-
ning and if the length of the reset step is n times the total
length of the selection step and the evolution step, there is
a moment when, in serial m scanning lines, n scanning lines
of them are in the reset step, one of them is in the selection
step or in the evolution step, and the other m=n-1 scanning
lines are in a display step. If the total length of the selection
step and the evolution step is n times the length of the reset
step, there is a moment when, in serial m scanning lines, one
of them is in the reset step, n scanning lines of them are in
the selection step or in the evolution step, and the other
m-n-1 scanning lines are in the display step. If the total
length of the reset step and the selection step is n times the
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length of the evolution step, there is a moment when, in
serial m scanning lines, n scanning lines of them are in the
reset step or in the evolution step, one of them is in the
evolution step, and the other m-n-1 scanning lines are in the
display step. If the length of the evolution step is n times the
total length of the reset step and the selection step, there is
a moment when, in serial m scanning lines, one of them is
in the reset step or in the selection step, n scanning lines of
them are in the evolution step, and the other m-n-1 scan-
ning lines are in the display step. In such a drive, the average
luminosity of the serial m scanning lines is constant, and a
flicker can be prevented.

[0020] In the display device according to the present
invention, the liquid crystal display may have a plurality of
liquid crystal layers laminated together, and the liquid
crystal layers may be driven by separate drivers of the
above-described type. Since the liquid crystal display has a
plurality of liquid crystal layers laminated together, it is
possible to display a full-color image.

[0021] The liquid crystal provided in the liquid crystal
display preferably has a memory effect, and it is especially
preferred that the liquid crystal exhibits a cholesteric phase
at room temperature. The use of such liquid crystal permits
fabrication of a small, light and thin liquid crystal display,
and further, once writing of an image on the liquid crystal
display is completed, the display is capable of displaying the
image continuously even after the supply of electric power
thereto is stopped, which means the liquid crystal display
consumes little electric power. Also, while an interlace
scanning drive is carried out for high-speed writing, the
liquid crystal on the scanning lines which are not subjected
to writing keeps displaying an image, which results in an
easy-to-see screen.

[0022] In the display device according to the present
invention, during an interlace scanning drive in which a
frame is divided into a plurality of fields, when a blackout
state of a specified scanning line in a field ends, the driver
may start selection of a first scanning line in a next field for
writing. In this case, writing in a field overlap writing in the
next field, which shortens the time for writing a frame. Also,
the liquid crystal on scanning lines which are not subjected
to writing keeps displaying an image, and the rate of the
blackout state can be reduced.

[0023] The display device preferably comprises a selector
which selects a driving method from a plurality of driving
methods including driving methods according to interlace
scanning. If the data to be displayed is a kind which is hardly
influenced by the blackout state, a driving method optimal to
the data is automatically selected, which is convenient. Also,
the intention of the operator may be prior to the automatic
selection of the selector. Preferably, the plurality of driving
methods include driving methods according to sequential
scanning which require easy control.

[0024] The driving methods according to interlace scan-
ning are suited to display a motion picture or inputted letters
on the liquid crystal display and to scroll the screen. In an
interlace scanning drive, the screen can follow the change of
images, and an easy-to-see screen can be achieved.

[0025] If writing is carried out after total reset of all the
scanning lines in the area to be written, the previous image
is wholly erased before the writing, and the newly written
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image is easily recognizable. If writing in each field com-
prises a reset step, a selection step and an evolution step, an
interlace scanning drive is carried out smoothly.

[0026] Further, by providing new frame data for writing in
every field, change of images can be displayed more rapidly.
When one frame is divided into n fields, if new frame data
are provided for writing in every n fields, one frame is
completely written. Thus, the written image is easily recog-
nizable, and this is suited for scroll display.

[0027] 1If based on the end of a blackout state of the last
scanning line in a field, writing on the first scanning line in
the next field is started, almost all the scanning lines in the
former field have come to the display step when writing in
the next field is started. Therefore, writing is carried out
while the brightness of the screen is maintained. If based on
the end of a blackout state of the first scanning line in a field,
writing on the first scanning line in the next field is started,
each scanning line switches between a blackout state and a
display state alternately and repeatedly at uniform time
intervals. In this case, the brightness of the area which is
subjected to writing is constant, and a flicker can be pre-
vented. Also, by applying an evolution pulse to each scan-
ning line 1n a field continuously to the start of writing in the
next field, the scanning lines can be kept in a blackout state,
and a flicker can be prevented.

[0028] The display device according to the present inven-
tion further comprises a scanning line driver which selects
the scanning lines serially, a data line driver which gives
image data to the data lines for writing on a selected
scanning line, a selector which selects a length for a cycle of
writing a frame from a first frame length and a second frame
length which is longer than the first frame length, and a
controller which controls at least the scanning line driver to
carry out writing at cycles of the selected frame length.

[0029] The first frame length is selected in an ordinary
driving mode. In this mode, writing of a frame is completed
in the first frame length, and on completion of writing of a
frame, writing of the next frame is started. In writing of a
frame, the scanning lines are selected serially at uniform
time intervals. The second frame length is selected in a
power-saving mode, and the second frame length is longer
than the first frame length. In this mode, the number of
scanning lines which are subjected to writing per a unit
length is reduced, that is, the rate of writing is reduced. The
scanning line driver consumes relatively great electric power
to output the selection signal; however, in the power-saving
mode, the number of outputting the selection signal per a
unit length is reduced. Consequently, the cycle of writing a
frame is longer, and/or part of an image is omitted; however,
writing in this mode greatly contributes to energy saving.

[0030] The cycle of writing a frame can be lengthened by
various ways. For example, the cycle of selecting a scanning
line may be lengthened, or break times may be inserted
among writing times of frames.

[0031] The display device may further comprise a receiver
for receiving an input from outside and a controller for
controlling the drivers to start an interlace scanning drive in
response to reception of an input at the receiver. The receiver
is, for example, a signal receiving device which receives a
signal sent from outside or an operating member to be
operated by an operator.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and other objects and features of the present
invention will be apparent from the following description
with reference to the accompanying drawings, in which:

[0033] FIG.1is an exemplary liquid crystal display which
is employed in a display device according to the present
invention;

[0034] FIG. 2 is a block diagram which shows a driving
circuit of the liquid crystal display;

[0035] FIG. 3 is an illustration which shows the principle
of a first method of driving the liquid crystal display;

[0036] FIG. 4 is a chart which shows fundamental driving
waveforms according to the first driving method;

[0037] FIG. 5 is a chart which shows driving waveforms
in a first example of driving;

[0038] FIG. 6 is a chart which shows driving waveforms
in a second example of driving;

[0039] FIG. 7 is a chart which shows driving waveforms
in a third example of driving;

[0040] FIG. 8 is a chart which shows fundamental driving
waveforms according to a second method of driving the
liquid crystal display;

[0041] FIG. 9 is a chart which shows driving waveforms
according to the second driving method;

[0042] FIG. 10 is a chart which shows a first example of
scanning (interlace scanning);

[0043] FIG. 11 is a chart which shows steps of writing on
a pixel.
[0044] FIG. 12 is a chart which shows a second example

of scanning (interlace scanning);

[0045] FIG. 13 is a chart which shows a third example of
scanning (interlace scanning);

[0046] FIG. 14 is a chart which shows a fourth example
of scanning (interlace scanning);

[0047] FIG. 15 is a chart which shows a modification of
the fourth example of scanning (interlace scanning);

[0048] FIG. 16 is a chart which shows a fifth example of
scanning (interlace scanning);

[0049] FIG. 17 is a chart which shows a sixth example of
scanning (interlace scanning);

[0050] FIG. 18 is a chart which shows a seventh example
of scanning (interlace scanning);

[0051] FIG. 19 is a chart which shows an eighth example
of scanning (interlace scanning);

[0052] FIG. 20 is a chart which shows a ninth example of
scanning (interlace scanning);

[0053] FIG. 21 is a chart which shows a tenth example of
scanning (interlace scanning);

[0054] FIG. 22 is a chart which shows an eleventh
example of scanning (interlace scanning);

[0055] FIG. 23 is a chart which shows a twelfth example
of scanning (interlace scanning);
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[0056] FIG. 24 is a chart which shows a thirteenth
example of scanning (interlace scanning);

[0057] FIG. 25 is a chart which shows a fourteenth
example of scanning (sequential scanning);

[0058] FIG. 26 is a chart which shows a fifteenth example
of scanning (sequential scanning);

[0059] FIG. 27 is a chart which shows a sixteenth example
of scanning (interlace scanning);

[0060] FIG. 28 is a chart which shows a first way, a
second way and a third way of providing frame data;

[0061] FIG. 29 is an illustration which shows a first
example of providing frame data according to the first way;

[0062] FIG. 30 is an illustration which shows a second
example of providing frame data according to the second
way;

[0063] FIG. 31 is an illustration which shows a third
example of providing frame data according to the third way;

[0064] FIG. 32 is an illustration which shows a fourth
way, a fifth way and a sixth way of providing data;

[0065] FIG. 33 is an illustration which shows a seventh
way, an eighth way and a ninth way of providing data;

[0066] FIG. 34 is a flowchart which shows a procedure of
selecting a driving method,

[0067] FIG. 35 is a block diagram which shows an inter-
nal circuit of a scan electrode driving IC;

[0068] FIG. 36 is a chart which shows an ordinary mode
and power-saving modes in a sequential scanning mode;

[0069] FIG. 37 is a chart which shows an ordinary mode
and power-saving modes in an interlace scanning mode;

[0070] FIG. 38 is a chart which shows another ordinary
mode and other power-saving modes in the interlace scan-
ning mode;

[0071] FIG. 39 is a front view of a mobile telephone;
[0072] FIG. 40 is a front view of a display of the mobile
telephone;

[0073] FIG. 41 is a block diagram which shows a first

exemplary control circuit for the mobile telephone;

[0074] FIGS. 424 through 42d are illustrations which
show a way of displaying information on the display of the
mobile telephone;

[0075] FIG. 43a through 43d are illustrations which
shows another way of displaying information on the display
of the mobile telephone;

[0076] FIG. 44a and 44b are illustrations which shows
another way of displaying information on the display of the
mobile telephone;

[0077] FIG. 450 and 45b are illustrations which shows
another way of displaying information on the display of the
mobile telephone;

[0078] FIG. 46a and 46b are illustrations which shows
another way of displaying information on the display of the
mobile telephone;
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[0079] FIG. 47a and 47b are illustrations which shows
another way of displaying information on the display of the
mobile telephone;

[0080] FIG. 48z through 48c¢ are illustrations which
shows another way of displaying information on the display
of the mobile telephone;

[0081] FIG. 49a through 494 are illustrations which
shows another way of displaying information on the display
of the mobile telephone;

[0082] FIG. 50 is a block diagram which shows a second
exemplary control circuit for the mobile telephone;

[0083] FIG. 51 is a flowchart which shows a first exem-
plary procedure of driving the display of the mobile tele-
phone by interlace scanning when the mobile telephone is
controlled by the second exemplary control circuit;

[0084] FIG. 52 is a flowchart which shows a second
exemplary procedure of driving the display of the mobile
telephone by interlace scanning when the mobile telephone
is controlled by the second exemplary control circuit;

[0085] FIG. 53 is a block diagram which shows a third
exemplary control circuit for the mobile telephone;

[0086] FIG. 54 is a flowchart which shows an exemplary
procedure of driving the display of the mobile telephone by
interlace scanning when the mobile telephone is controlled
by the third exemplary control circuit:

[0087] FIG. 55 is a block diagram which shows a fourth
exemplary control circuit for the mobile telephone;

[0088] FIG. 56 is a flowchart which shows an exemplary
procedure of driving the display of the mobile telephone by
interlace scanning when the mobile telephone is controlled
by the fourth exemplary control circuit;

[0089] FIG. 57 is a front view of PDA;

[0090] FIG. 58 is a block diagram which shows the
control circuit of the PDA;

[0091] FIG. 59 is a sectional view of a touch panel and a
liquid crystal display which are employed in the PDA;

[0092] FIGS. 60z and 60b are illustrations which show a
way of displaying information on the display of the PDA,

[0093] FIGS. 61a and 61b are illustrations which show
another way of displaying information on the display of the
PDA;

[0094] FIGS. 62a and 62b are illustrations which show
another way of displaying information on the display of the
PDA,

[0095] FIG. 63 is a front view of a GPS;

[0096] FIG. 64a and 64b are illustrations which show a
way of displaying information on a display of the GPS; and

[0097] FIG. 65 is an illustration of another GPS.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
[0098] Embodiments of a display device according to the

present invention are described with reference to the accom-
panying drawings.
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Liquid Crystal Display; See FIG. 1

[0099] First, a liquid crystal display which is suited to be
employed in a display device according to the present
invention is described. The liquid crystal display comprises
liquid crystal which exhibits a cholesteric phase.

[0100] FIG. 1 shows a reflective type full-color liquid
crystal display which is driven by a simple matrix driving
method. In this liquid crystal display 100, on a light absorb-
ing layer 121, a red display layer 111R, a green display layer
111G and a blue display layer 111B are laminated. The red
display layer 111R makes a display by switching between a
red selective reflection state and a transparent state. The
green display layer 111G makes a display by switching
between a green selective reflection state and a transparent
state. The blue display layer 111B makes a display by
switching between a blue selective reflection state and a
transparent state.

[0101] Each of the display layers 111R, 111G and 111B
has, between transparent substrates 112 on which transpar-
ent electrodes 113 and 114 are formed, resin columnar
nodules 115, liquid crystal 116 and spacers 117. On the
transparent electrodes 113 and 114, an insulating layer 118
and an alignment controlling layer 119 are provided if
necessary. Around the substrates 112 (out of a displaying
area), a sealant 120 is provided to seal the liquid crystal 116
therein.

[0102] The transparent electrodes 113 and 114 are con-
nected to driving [Cs 131 and 132 respectively (see FIG. 2),
and specified pulse voltages are applied between the trans-
parent electrodes 113 and 114. In response to the voltages
applied, the liquid crystal 116 switches between a transpar-
ent state to transmit visible light and a selective reflection
state to selectively reflect light of a specified wavelength.

[0103] Ineach of the display layers 111R, 111G and 111B,
the transparent clectrodes 113 and 114, respectively, are
composed of a plurality of strip-like electrodes which are
arranged in parallel at fine intervals. The extending direction
of the strip-like electrodes 113 and the extending direction of
the strip-like electrodes 114 are perpendicular to each other,
and the electrodes 113 and the electrodes 114 face cach
other. Electric power is applied between these upper elec-
trodes and lower electrodes serially, that is, voltages are
applied to the liquid crystal 116 serially in a matrix, so that
the liquid crystal 116 makes a display. This is referred to as
matrix driving. The intersections between the electrodes 113
and 114 function as pixels. By carrying out this matrix
driving toward the display layers 111R, 111G and 111B
serially or simultaneously, a full-color image is displayed on
the liquid crystal display 100.

[0104] A liquid crystal display which has liquid crystal
which exhibits a cholesteric phase between two substrates
makes a display by switching the liquid crystal between a
planar state and a focal-conic state. When the liquid crystal
is in the planar state, the liquid crystal selectively reflects
light of a wavelength A=Pn (P: helical pitch of the choles-
teric liquid crystal, n: average refractive index). When the
liquid crystal display is in the focal-conic state, if the
wavelength of light selectively reflected by the liquid crystal
is in the infrared spectrum, the liquid crystal scatters light,
and if the wavelength of light selectively reflected by the
liquid crystal is shorter than the infrared spectrum, the liquid
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crystal transmits visible light. Accordingly, if the wave-
length of light selectively reflected by the liquid crystal is set
within the visible spectrum 1 and if a light absorbing layer
is provided in the side opposite the observing side of the
display, the liquid crystal display makes displays as follows:
when the liquid crystal is in the planar state, the liquid
crystal display makes a display of the color determined by
the selectively reflected light; and when the liquid crystal is
in the focal-conic state, the liquid crystal display makes a
display of black. Also, if the wavelength of light selectively
reflected by the liquid crystal is set within the infrared
spectrum and if a light absorbing layer is provided in the side
opposite the observing side of the display, the liquid crystal
display makes displays as follows: when the liquid crystal is
in the planar state, the liquid crystal reflects infrared light but
transmits visible light, and accordingly, the liquid crystal
display makes a display of black; and when the liquid crystal
display is in the focal-conic state, the liquid crystal scatters
light, and accordingly, the liquid crystal display makes a
display of white.

[0105] In the liquid crystal display 100 in which the
display layers 111R, 111G and 111B are laminated, when the
liquid crystal of the blue display layer 111B and the liquid
crystal of the green display layer 111G are in the focal-conic
state (transparent state) and when the liquid crystal of the red
display layer 111R is in the planar state (selective reflection
state), a display of red is made. When the liquid crystal
display of the blue display layer 111B is in the focal-conic
state (transparent state) and when the liquid crystal of the
green display layer 111G and the liquid crystal of the red
display layer 111R are in the planar state (selective reflection
state), a display of yellow is made. Thus, by setting the
display layers 111R, 111G and 111B in the transparent state
or in the selective reflection state appropriately, displays of
red, green, blue, white, cyan, magenta, yellow and black are
possible. Further, by setting the display layers 111R, 111G
and 111B in intermediate states, displays of intermediate
colors are possible, and thus, the liquid crystal display 21
can be used as a full-color display.

[0106] The liquid crystal 116 preferably exhibits a cho-
lesteric phase at room temperature. Especially chiral nem-
atic liquid crystal which is produced by adding a chiral agent
to nematic liquid crystal is suited.

[0107] A chiral agent is an additive which, when it is
added to nematic liquid crystal, twists molecules of the
nematic liquid crystal. When a chiral agent is added to
nematic liquid crystal, the liquid crystal molecules form a
helical structure with uniform twist intervals, and thereby,
the liquid crystal exhibits a cholesteric phase.

[0108] However, the liquid crystal display with a memory
effect is not necessarily of this structure. It is possible to
structure the liquid crystal display layer to be a conventional
polymer-dispersed type composite layer in which liquid
crystal is dispersed in a three-dimensional polymer net or in
which a three-dimensional polymer net is formed in liquid
crystal.

Driving Circuit; See FIG. 2

[0109] As FIG. 2 shows, the pixels of the liquid crystal
display 100 are structured into a matrix which is composed
of a plurality of scan electrodes R1, R2, . . . Rm and a
plurality of data electrodes C1, C2, . .. Cn (n, m: natural
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numbers). The scan electrodes R1,R2 . . . Rm are connected
to output terminals of a scan electrode driving IC 131, and
the data electrodes C1, C2, .. . Cn are connected to output
terminals of a data electrode driving IC 132.

[0110] The scan electrode driving IC 131 outputs a selec-
tive signal to a specified one of the scan electrodes R1,
R2, . . . Rm while outputting a non-selective signal to the
other scan electrodes R1, R2, . . . Rm. The scan electrode
driving IC 131 outputs the selective signal to the scan
electrodes R1, R2, . . . Rm one by one at specified time
intervals. In the meantime, the data electrode driving IC 132
outputs signals to the data electrodes C1, C2, . . . Cn
simultaneously in accordance with image data to write the
pixels on the selected scan electrode. For example, while a
scan electrode Ra (a=m, a: natural number) is selected, the
pixels LRa-C1 through LRa-Cn on the intersections of the
scan electrode Ra and the data electrodes C1, C2, . .. Cn are
written simultaneously. In each pixel, the voltage difference
between the scan electrode and the data electrode is a
voltage for writing the pixel (writing voltage), and each
pixel is written in accordance with this writing voltage.

[0111] The driving circuit of the liquid crystal display 100
comprises a CPU 135, an image processing device 136, an
image memory 137, controllers 133 and 134, and the driving
ICs (drivers) 131 and 132. In accordance with image data
stored in the image memory 137, the controllers 133 and 134
control the driving ICs 131 and 132. Thereby, voltages are
applied between the scan electrodes and the data electrodes
of the liquid crystal display 100 serially, so that an image is
written on the liquid crystal display 100.

[0112] Further, a preset key 138 is connected to the driving
circuit. This key 138 is to preset a driving method selected
from a plurality of methods, which will be described later, by
the user or by the maker at the delivery of the display device
from the factory. Also, a selection key 139 is provided so
that the user can select a driving method freely from the
plurality of kinds and can set the selected method indepen-
dently of the preset method.

[0113] In this embodiment, as will be described later,
driving methods according to interlace scanning and driving
methods according to sequential scanning are selectable.
The selection of a driving method from these methods
depends on the kind of data to be displayed. When a motion
picture or inputted letters are to be displayed, it is preferred
to select a driving method according to interlace scanning.
Also, for scroll, a method according to interlace scanning is
preferable.

[0114] Suppose the threshold voltage (first threshold volt-
age) to untwist liquid crystal which exhibits a cholesteric
phase to be Vthl, when the first threshold voltage Vthl is
applied to the liquid crystal for a sufficiently long time and
thereafter, the voltage is lowered under a second threshold
voltage Vth2 which is lower than Vthl, the liquid crystal
comes to a planar state. When a voltage which is higher than
Vth2 and lower than Vth1 is applied to the liquid crystal for
a sufficiently long time, the liquid crystal comes to a
focal-conic state. These two states are maintained even after
stoppage of application of voltage. Also, by applying volt-
ages between Vthl and Vth2 to the liquid crystal, it is
possible to display intermediate tones, that is, gray levels.

[0115] Further, when writing part of the liquid crystal
display, only specified scan electrodes including the part
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shall be selected. In this way, writing is carried out on only
necessary part of the liquid crystal display, which requires a
shorter time.

Principle of First Driving Method; See FIGS. 3 and
4

[0116] A first driving method to be adaptable for the
present invention is described. First, the driving principle of
the method is described. Although specific examples which
use alternated pulse waveforms will be described in the
following paragraphs, the driving method adaptable for the
present invention does not necessarily use such waveforms.
As FIG. 3 shows, the driving method generally comprises a
reset step Tr, a selection step Ts, an evolution step Te and a
display step Td.

[0117] Inthe upper section of FIG. 3, a driving waveform
which is applied to liquid crystal (LCD1) corresponding to
a pixel is shown, and in the lower section, the state of the
liquid crystal in each of the steps is schematically illustrated.
As FIG., 3 shows, in the first driving method, the reset step
Tr is twice as long as that of the selection step Ts, and the
evolution step Te is thrice as long as that of the selection step
Ts. Accordingly, for writing of one line, it takes a time which
is equal to six times as long as the selection step Ts, and
when sequential scanning is carried out, a dark strip is seen
in a part corresponding to six lines.

[0118] In the reset step Tr, first, a voltage with an absolute
value of VR is applied to the pixels on a scanning line to be
written, and thereby, the pixels on the scanning line are reset
to a homeotropic state (see “a” in FIG. 3).

[0119] The selection step Ts is composed of three steps (a
pre-selection step Ts1, a selection pulse application step Ts2
and a post-selection step Ts3). In the pre-selection step Tsl,
the voltage applied to the pixels on the scanning line to be
written is made zero. Thereby, the liquid crystal of the pixels
on the scanning line are untwisted a little (to come to a first
transient state, see “b” in FIG. 3). Next, in the selection
pulse application step Ts2, a selection pulse in accordance
with the image to be displayed is applied to each of the
pixels on the scanning line. In the selection pulse application
step Ts2, the pulse waveform applied to pixels which are
desired to finally come to a planar state is different from the
pulse waveform applied to pixels which are desired to finally
come to a focal-conic state. Therefore, the steps after the
selection pulse application step Ts2 will be described with
respect to a pixel which is desired to finally come to a planar
state and with respect to a pixel which is desired to finally
come to a focal-conic state separately.

[0120] In selecting a planar state as the final state of a
pixel, in the selection pulse application step Ts2, a selection
pulse with an absolute value of Vsel is applied to the pixel,
and thereby, the liquid crystal of the pixel comes to a
homeotropic state again (sce “cl” in FIG. 3). Thereafter, in
the post-selection step Ts3, the voltage applied to the pixel
is made zero, and thereby, the liquid crystal is untwisted a
little (see “D1” in FIG. 3). This state is almost equal to the
first transition state.

[0121] In the evolution step Te, first, a pulse voltage with
an absolute value of Ve is applied to the pixels on the
scanning line to be written. The liquid crystal of the pixel,
which has been untwisted a little in the selection step Ts, is
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completely untwisted by the application of the pulse voltage
Ve, and the liquid crystal comes to a homeotropic state (see
“e1” in FIG. 3).

[0122] In the display step Td, the voltage applied to the
liquid crystal section of the pixel is made zero. Thereby, the
liquid crystal in a homeotropic state comes to a planar state
(see “f1” in FIG. 3). In this way, selection/evolution of a
pixel to a planar state is carried out.

[0123] In selecting a focal-conic state as the final state of
a pixel, in the selection pulse application step Ts2, the
voltage applied to the liquid crystal section of the pixel is
made zero, and thereby, the liquid crystal is untwisted
further (comes to a second transient state, see “c2” in FIG.
3). In the post-sclection step Ts3, as in the case of selecting
a planar state, the voltage applied to the liquid crystal section
is made zero. Thereby, the liquid crystal is untwisted and
comes to a state in which the helical pitch is widened
approximately double (comes to a third transient state, see
“D2” in FIG. 3). This state is considered to be almost equal
to the transient planar state taught by U.S. Pat. No. 5,748,
277.

[0124] Next, in the evolution step Te, as in the case of
selecting a planar state, a pulse voltage with an absolute
value of Ve is applied to the pixels on the scanning line to
be written. The liquid crystal of the pixel, which has been
untwisted a little in the selection step Ts, comes to a
focal-conic state by the application of the pulse voltage Ve
(comes to a fourth transient state, see “e2” in FIG. 3).

[0125] In the display step Td, as in the case of selecting a
planar state, the voltage applied to the liquid crystal is made
zero. The liquid crystal in a focal-conic state stays in the
focal-conic state even after the voltage is made zero. In this
way, selection/evolution of a pixel to a focal-conic state is
carried out (see “f2” in FIG. 3).

[0126] Thus, depending on the selection pulse applied to
liquid crystal in the middle short period of the selection step
Ts, that is, in the selection pulse application step Ts2, the
final state of the pixel is selected. Further, by adjusting the
pulse width of the selection pulse and more specifically by
changing the form of the pulse applied to the data electrode
in accordance with image data, intermediate tones can be
displayed.

[0127] Making the voltage applied to the liquid crystal
zero in the pre-selection step Tsl and in the post-selection
step Ts3, that is, setting break times permits use of a simple
driver structure as will be described later, which contributes
to reduction of cost. Needless to say, the voltage is not
necessarily made zero but may be set to a voltage which is
almost zero and is not actually effective.

[0128] FIG. 4 shows the waveform of a voltage which is
applied to one of a plurality of pixels arranged in a matrix
and exemplary waveforms applied to the scan electrode
(row) and the data electrode (column) to obtain the voltage
waveform acting on the pixel. On the contrary, in FIG. 4,
“ROW” means a scanning line on a scan electrode, “COL-
UMN” means a data line on a data electrode, and “LCD”
means the liquid crystal corresponding to the pixel which is
the intersection between the ROW and the COLUMN.

[0129] As FIG. 4 shows, in the matrix driving method,
after the evolution step Te of a scanning line, data are written
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on the pixels on other scanning lines, and the pixels on
which writing has been done are influenced by a specified
voltage as a crosstalk voltage through the data electrodes.
The step in which the crosstalk voltage is applied is referred
to as a crosstalk step Td'. The pulse width and the energy of
the crosstalk voltage are too narrow and too small to
influence the liquid crystal.

[0130] All the scan electrodes have been selected, and
when the evolution step Te of the last selected scan electrode
is over, the other scan electrodes has gone through the
crosstalk step Td". Then, the voltages applied to all the scan
electrodes and the data electrodes are made zero, and the
whole liquid crystal comes to the display step Td. This state
is maintained until the next writing is started.

[0131] In FIG. 4, for simplification, the lengths of the
reset step Tr, the selection step Ts, the evolution step Te and
the crosstalk step Td' are illustrated to be equal to one
another. For the same reason, the signal sent to the COL-
UMN is shown as a waveform to select all the pixels to come
to a planar state.

Specific Examples of First Driving Method

[0132] In the following, specific examples of the first
driving method are described. In the following first through
third examples, “ROW1”, “ROW2” and “ROW3” mean
three scan electrodes which are serially selected, “COL-
UMN” means a data electrode which crosses the three scan
electrodes (ROWS 1-3), and “L.CD1”, “LCD2” and “LCD3”
mean liquid crystal corresponding to the pixels on the
intersections between the ROWS 1-3 and the COLUMN.

First Example of Matrix Driving; See FIG. 5

[0133] According to the first driving method, as described
above, there are a reset step, a selection step, an evolution
step and a crosstalk step. Further, the selection step has a
pre-selection step, a selection pulse application step and a
post-selection step, and a selection pulse is applied to the
pixel only in part of the selection step.

[0134] The form of the selection pulse must be changed
according to image data to be written on the pixel, and
selection pulses of different forms in accordance with image
data must be applied to the column. On the other hand, at the
pre-selection step and at the post-selection step of every
pixel, the voltage applied thereto is zero, and a combination
of specified pulse waveforms to be applied to the rows and
the columns to cause application of 0 volt to the pixels can
be used. In the first example shown by FIG. 5, by using this,
reset, evolution and display are carried out simultaneously
on the pixels on a plurality of scan electrodes.

[0135] For example, while the LCD 2 is in the pre-
selection step, pulses of a voltage +V1 which are out of
phase with each other are applied to the ROW2 and ROW3,
and a voltage +V1/2 is applied to the ROW1. At this time,
if a pulse of +V1 which is out of phase with the pulse applied
to the ROW3 is applied to the COLUMN, a reset pulse of
+VR=+V1 is applied to the LCD3, 0 volt is applied to the
LCD2, and an evolution pulse +Ve=+V1/2 is applied to the
LCD1.

[0136] While the LCD2 is in the selection pulse applica-
tion step, a data pulse of a form in accordance with image
data (of a voltage +V1) is applied to the COLUMN. Accord-
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ingly, a voltage of +V1/2 is applied to the ROW1 and the
ROW2 so that a voltage of +V1/2 can be applied to the
LCD1 and the LCD3. A pulse of a voltage +V1 is applied to
the ROW2, so that the voltage difference (V1 or 0) between
the voltage applied to the ROW2 and the data pulse applied
to the COLUMN is applied to the LCD2 as a selection pulse
of a voltage +Vsel. By changing the form of the data pulse
applied to the COLUMN, the pulse width of the selection
pulse can be changed.

[0137] In the post-selection step, the same process as in
the pre-selection step is carried out. Specifically, pulses
which are of a voltage +V1 but are out of phase are applied
to the ROW2 and the ROW3, and a pulse of a voltage +V1,2
is applied to the ROW1. At this time, a pulse of a voltage
+V1 which is out of phase with the pulse applied to the
ROW3 is applied to the COLUMN. Thereby, a reset pulse of
+Vr=£V1 is applied to the LCD3, 0 volt is applied to the
LCD2, and an evolution pulse +Ve=+V1/2 is applied to the
LCD1.

[0138] In the steps other than the reset step, the selection
step and the evolution step, pulses in phase with the data
pulses applied to the data electrode in the pre-selection step
and in the post-selection step are applied, and while any of
the other scan electrodes is in the selection pulse application
step, a pulse of a voltage +V1/2 is applied. Thereby, to the
part of the liquid crystal corresponding to this pixel, a
crosstalk voltage +V1/2 with the same pulse width as that of
the selection pulse is applied. The pulse width of this
crosstalk voltage is too narrow to change the state of the
liquid crystal.

[0139] By applying the above-described pulses to the scan
electrodes repeatedly, an image is displayed on the liquid
crystal display. The selection of the scan electrodes may be
performed by interlace scanning or by sequential scanning.
Also, because it is possible to apply the reset pulse, the
selection pulse and the evolution pulse to any desired scan
electrodes, partial writing of the liquid crystal display is
possible.

[0140] In the first example, the driving IC for the rows
(scan electrodes) has three output levels (V1, V12 and
GND), and the driving IC for the columns (data electrodes)
has two output levels (V1 and GND). Thus, merely a
three-value driver and a two-value driver can be used for the
scan electrode driving IC and for the data electrode driving
IC, respectively, which results in a reduction in the cost for
the driving ICs.

Second Example of Matrix Driving; See FIG. 6

[0141] In the first example, the scan electrodes are reset
serially. The second example, however, adopts a total reset
method in which all the scan ¢lectrodes in the area to be
written are reset at one time. FIG. 6 shows driving wave-
forms in the second example. In this example, merely
two-value drivers can be used for the scan electrode driving
IC and for the data electrode driving IC by providing voltage
switching means in each of the driving ICs.

[0142] First, all the screen is once reset (initial reset). At
this time, the reset pulses +VR outputted from the driving
ICs are of a voltage V1. Because this voltage is applied to
the entire screen simultaneously, the voltages supplied to the
driving ICs are set to V1. Then, for serial selection of the
scan electrodes, the voltages supplied to the driving ICs are
switched to V1/2.
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[0143] While the LCD2 is in the pre-selection step, pulses
which are of a voltage +V1/2 and are in phase with each
other are applied to the ROW1 and the ROW3, and to the
ROW2, a pulse of +V1/2 which is out of phase with the
pulses applied to the ROW1 and the ROW3 is applied. At
this time, a pulse which is of a voltage +V1/2 and is in phase
with the pulse applied to the ROW2 is applied to the
COLUMN. Thereby, 0 volt is applied to the LCD2, and an
evolution pulse of a voltage +Ve=+V1/2 is applied to the
LCD1 and the LCD3.

[0144] While the LCD2 is in the selection pulse applica-
tion step, a pulse of a voltage +V1,2 is applied to the ROW1,
the ROW2 and the ROW3. The voltage difference between
a data pulse applied to the COLUMN and the voltage (xV1/2
or 0) is applied to the LCD2 as a selection pulse of a voltage
+Vsel. By changing the form of the data pulse applied to the
COLUMN, the pulse width of the selection pulse can be
changed.

[0145] In the post-selection step, application of pulses to
the ROWS 1-3 and the COLUMN is carried out in the same
way as in the pre-selection step.

[0146] In the steps other than the reset step, the selection
step and the evolution step, pulses in phase with the data
pulse applied to the data electrode in the pre-selection step
and in the post-selection step are applied, and while any of
the other scan electrodes is in the selection pulse application
step, a pulse of a voltage +V1/2 is applied. Thereby, to the
part of the liquid crystal corresponding to this pixel, a
crosstalk voltage +V1/2 with the same pulse width as that of
the selection pulse is applied. The pulse width of this
crosstalk voltage is too narrow to change the state of the
liquid crystal.

[0147] By applying the pulses after the initial reset to the
scan electrodes repeatedly, an image can be displayed on the
liquid crystal display. Off course, partial writing on the
liquid crystal display is possible, and in this case, only the
scanning lines to be written are subjected to the initial reset
and application of the subsequent pulses.

[0148] In the second example, the driving IC for the rows
(scan electrodes) has three output levels (V1, V1/2 and
GND), and the driving IC for the columns (data electrodes)
has three output levels (V1, V1/2 and GND). The voltage V1
is necessary only for the reset of all the screen. Therefore, by
using voltage switching means, e.g., an analog switch, it
becomes possible to switch the voltage supplied from a
power source in the reset step and in the other steps.
Thereby, in the reset step, the driving IC for the rows must
have merely two output levels (V1 and GND), and the
driving IC for the columns must have merely two output
levels (V1/2 and GND). In the selection step, the driving IC
for the rows must have merely two output levels (V1/2 and
GND), and the driving IC for the columns must have merely
two output levels (V1/2 and GND). Then, the cost for the
drivers can be reduced more.

Third Example of Matrix Driving; See FIG. 7

[0149] In the first example, scanning is carried out by
using the length of the whole selection step as a reference.
In the third example, however, scanning is carried out by
using the length of the selection pulse application step as a
reference. The pulse width of the selection pulse is adjusted
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by using the maximum pulse width to achieve the maximum
reflectance as a reference. Here, to the data electrode, a
signal to select “transmission”, “intermediate tone” and

“total reflection” in order is inputted.

[0150] In the third example, the selection step is composed
of a selection pulse application step, and a pre-selection step
and a post-selection step which are before and after the
selection pulse application step. The pre-selection step and
the post-selection step have a length which is a multiple of
the pulse width of a selection pulse (the application time of
a selection pulse). In FIG. 7, the length of the pre-selection
step and the post-selection step is equal to the pulse width of
a selection pulse.

[0151] To the ROWI, the ROW2 and the ROW3, a reset
voltage V1, a selection voltage +V2 and an evolution
voltage £V3 are applied, respectively. The reset step and the
evolution step have a length which is a multiple (in FIG. 7,
twice) of the application time of a selection pulse. In the
display (crosstalk) step, 0 volt is applied. In the meantime,
to the data electrode (COLUMN), a pulse waveform which
is of a voltage +V4 and has a phase in accordance with
image data is applied.

[0152] Inthe third example, the form of the selection pulse
applied to each pixel depends on the phase and the value of
the voltage +V4 applied to the COLUMN and the selection
voltage +V2. When the voltage +V4 is in phase with the
voltage +V2, a selection pulse of a voltage +(V2-V4) is
applied to the pixel to select a transparent (focal-conic) state.
When the voltage +V4 is completely out of phase with the
voltage V2, a selection pulse of a voltage +(V2+V4) is
applied to the pixel to select a selective reflection (planar)
state. The voltages V2 and V4 are optimal values to select
a transparent state and a reflection state. The voltage V4
which acts as crosstalk is a value under the threshold to
change the state of the liquid crystal.

[0153] In the third example, the lines are scanned at
intervals of the application time of a selection pulse, that is,
the scanning time is equal to the application time of a
selection pulse. If a pre-selection step and a post-selection
step are provided, however, it is possible to scan the lines at
intervals of the length of the selection step including the
pre-selection step and the post-selection step. In this case,
the scanning time is equal to the length of the selection step.

Second Driving Method; See 8

[0154] In the second driving method, the liquid crystal on
all the scan electrodes in the area to be written is wholly reset
to a focal-conic state and thereafter, the pixels on the scan
electrodes are selected to finally come to a focal-conic state
or a planar state serially.

[0155] As FIG. 8 shows, in the reset step, a pulse voltage
with an absolute value +V1 is applied to reset the liquid
crystal to a focal-conic state, and in the selection step, a
pulse voltage with two stages (with absolute values
V3+V4,2 and V3-V4/2) is applied to permit reproduction of
gray levels. In the evolution step, a pulse voltage with an
absolute value V4/2 is applied.

[0156] InFIG. 8, the section indicated with “LCD” shows
a pulse waveform which is applied to the liquid crystal of a
pixel. The other waveforms are exemplary waveforms
which are applied to the scan electrode and the data elec-
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trode to achieve the waveform applied to the pixel. “ROW
CONTROLLER” indicates a waveform outputted from the
controller 133, “ROW VH” indicates the voltage of the
power source of the scan electrode driving IC 131, and
“ROW OUTPUT” indicates a waveform outputted from the
driving IC 131 to the scan electrode. “COLUMN CON-
TROLLER” indicates a waveform outputted from the con-
troller 134, “COLUMN GND” indicates the voltage of the
power supply of the data electrode driving IC 132, and
“COLUMN OUTPUT” indicates a waveform outputted
from the driving IC 132 to the data electrode.

Fourth Example of Matrix Driving; See FIG. 9

[0157] FIG. 9 shows a fourth example of matrix driving
according to the second driving method. As FIG. 9 shows,
first, all the pixels in a displaying area are reset to a
focal-conic state at one time, and thereafter, the scanning
lines are subjected to writing serially. In the fourth example,
although it takes a relatively long time for reset, a quality
image can be displayed.

Interlace Scanning

[0158] Driving methods according to interlace scanning
are described referring to the following first through thir-
teenth and sixteenth examples. Interlace scanning, in con-
trast with sequential scanning, is to scan every two or more
lines in writing one frame. The following fourteenth and
fifteenth examples are driving methods according to sequen-
tial scanning,

First Example of Scanning; See FIG. 10

[0159] In the first example of scanning, one frame is
divided into an odd-number field and an even-number field.
First, writing on scanning lines of odd numbers is carried
out, and writing on scanning lines of even numbers is carried
out. Writing on each scanning line is carried out, in the same
way shown by FIGS. 3 and 4, by following the reset step Tr,
the selection step Ts and the evolution step Te. During these
three steps, the liquid crystal display is in a blackout state in
which the observer sees the light absorbing layer on the
backside (see FIG. 11). Thereafter, the liquid crystal stays in
the display state Td.

[0160] Further, in a case of matrix driving, even after
writing of a scanning line is completed, the scanning line is
influenced by the pulses applied to the data electrodes for
writing on other scanning lines. These pulses are crosstalk
pulses, and the display step Td shown in FIG. 11 is actually
a crosstalk step Td' in which crosstalk pulses are applied.

[0161] Depending on the kind of liquid crystal, it is
probable that an image is not displayed thereon immediately
after the evolution step. In this case, the delay from the end
of the evolution step to the appearance of the image is
expected beforehand, and this delay time is considered in
actually driving the liquid crystal display. This is the same
as in the following examples.

[0162] In the first example, in each of the fields, writing on
each scanning line (reset, selection and evolution) is started
at uniform intervals, and when the evolution step of the last
scanning line in a field is completed, writing on the first
scanning line in the next field is started. Then, after writing
of a frame is completed, writing of the next frame is started,
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and therefore, it takes a long time to write one frame.
However, since at least either all the scanning lines in the
odd-number field or all the scanning lines in the even-
number field are in the display step at all times, the screen
is bright. This first example is suited to be carried out in
switching a still picture to a motion picture.

Second Example of Scanning; See FIG. 12

[0163] In the second example, one frame is divided into
two fields, namely, an odd-number field and an even-number
field. First, all the scanning lines are reset at one time, and
scanning lines in the odd-number field are sequentially
subjected to writing. Thereafter, scanning lines in the even-
number field are sequentially subjected to writing without
reset. (Reset of the scanning lines in the even-number field
has been already carried out.) In this way, a first frame is
written.

[0164] In this second example, at the start of writing of the
first frame, all the scanning lines are reset at one time (initial
reset), and in the even-number field of the first frame, the
reset step can be omitted. As was described referring to the
waveform in FIG. 6, by applying the reset pulse to all the
scanning lines for initial reset and subsequently applying the
evolution pulse to the second and subsequent scanning lines
in the odd-number field and the scanning lines in the
even-number field, the liquid crystal in these parts can stay
in the reset state.

[0165] In the second example, because of the initial reset,
composition of the image before writing and the image to be
written can be prevented. If this second example is adopted
in switching a still picture to a display of inputted letters, the
display becomes easy to see. In and after the even-number
field of the first frame, as in the first example, the screen is
bright.

Third Example of Scanning; See FIG. 13

[0166] The third example is suited to be carried out in
switching a still picture to another still picture. Writing
according to the third example is carried out basically in the
same way as in the first example. Writing of one frame is
divided into two fields, and interlace scanning is carried out.

Fourth Example of Scanning; See FIG. 14

[0167] In the fourth example, as in the first and third
examples, writing of one frame is divided into two fields,
namely, an odd-number field and an even-number field, and
interlace scanning is carried out without performing initial
reset. In this fourth example, however, based on the time of
completion of the reset step of the last scanning line in a
field, writing of the first scanning line in the next filed is
started.

[0168] Specifically, on the condition that the selection step
* A of the last scanning line in the odd-number field does not
overlap the selection step *B of the first scanning line in the
even-number field, writing on the scanning lines in the
odd-number field and writing on the scanning lines in the
even-number field overlap each other.

[0169] As FIG. 14 shows, if each scanning line switches
between a blackout state and a display state alternately and
repeatedly at uniform time intervals, the whole frame is seen
as an image with even brightness, that is, a flicker can be
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prevented. In order to achieve this, if the number of scanning
lines in the area to be written is not so large compared with
the time length of the blackout state of each scanning line,
when the blackout of the first scanning line in a field ends,
writing in the next field is started. If the number of scanning
lines in the area to be written is large compared with the time
length of the blackout of each scanning line, the length of the
evolution step in the first field may be adjusted. The adjust-
ment of the length of the evolution step will be described in
connection with a modification of the fourth example and
the sixth example.

Maodification of Fourth Example; See FIG. 15

[0170] FIG. 15 shows a modification of the fourth
example. As in the fourth example, based on the time of
completion of the reset step of the last scanning line in a first
field, writing in a second field is started. According to the
fourth example, however, if the number of scanning lines is
large, a flicker occurs. In order to avoid the flicker, the
evolution step of each scanning line in the first field is
extended to the start of writing on each scanning line in the
second field. With this extension, the ratio of the pixels in a
blackout state to the pixels in a display state is almost
constant, and the brightness of the screen is almost constant.

Fifth Example of Scanning; See FIG. 16

[0171] In the fifth example, one frame is divided into a
first, field, a second field and a third field. Writing in the first
field, writing in the second field and writing in the third field
are carried out sequentially, and thus, an image of one frame
is displayed. In the other points, writing according to the
fifth example is the same as writing according to the first
example.

Sixth Example of Scanning; See FIG. 17

[0172] The sixth example is mainly to avoid a flicker as
the fourth example. One frame is divided into three fields,
and the evolution step of each scanning line in a field is
extended to the start of writing on each scanning line in the
next field. With this extension, the ratio of the pixels in a
blackout state to the pixels in a display state is almost
constant, and the brightness of the screen is almost constant.

Seventh Example of Scanning; See FIG. 18

[0173] In the seventh example, one frame is divided into
four fields (m=4). Scanning lines in a first field are serially
subjected to writing, and next, scanning lines in a second
field are serially subjected to writing. In the same way,
scanning lines in a third field and scanning lines in a fourth
field are serially subjected to writing. Thus, an image of one
frame is displayed. Writing on each scanning line is carried
out in the way shown by FIGS. 3 and 4, by following the
reset step Tr, the selection step Ts and the evolution step Te.
In these steps, the part subjected to writing is in a blackout
state in which the observer sees the light absorbing layer on
the backside of the liquid crystal display (see FIG. 11).
Thereafter, the liquid crystal stays in a display state Td.

[0174] The length of the reset step is equal to the total
length of the selection step and the evolution step (n=1). In
this case, serial four scanning lines are in the following
states: one of them is in the reset step; another is in the
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evolution step; and the other two are in the display step. The
average luminosity of the scanning lines is constant, and a
flicker is prevented.

[0175] Further, in a case of matrix driving, even after
writing on a scanning line is completed, the scanning line is
influenced by the pulses applied to the data electrodes for
writing on other scanning lines. These pulses are crosstalk
pulses, and the display step Td shown in FIG. 11 is actually
a crosstalk step Td' in which crosstalk pulses are applied.

Eighth Example of Scanning; See FIG. 19

[0176] In the eighth example, one frame is divided into
seven fields (m=7). Scanning lines in a first field are serially
subjected to writing, and scanning lines in a second field,
scanning lines in a third field, scanning lines in a fourth field,
scanning lines in a fifth field, scanning lines in a sixth field
and scanning lines in a seventh field are serially subjected to
writing. Thus, an image of one frame is displayed.

[0177] The total length of the selection step and the
evolution step is twice the length of the reset step (n=2). In
this case, serial seven scanning lines are in the following
states: one of them is in the reset step; other two lines are in
the evolution step; and the other four are in the display step.
Therefore, the average luminosity of the scanning lines is
constant, and a flicker is prevented.

Ninth Example of Scanning; See FIG. 20

[0178] In the ninth example of scanning, one frame is
divided into five fields (m=>5). Scanning lines in a first field
are serially subjected to writing, and scanning lines in a
second field, scanning lines in a third field, scanning lines in
a fourth field and scanning lines in a fifth field are serially
subjected to writing. Thus, an image of one frame is dis-
played.

[0179] The total length of the reset step and the selection
step is twice the length of the evolution step (n=2). In this
case, serial five scanning lines are in the following states:
two of them are in the reset step; another is in the evolution
step; and the other two are in the display step. Therefore, the
average luminosity of the scanning lines is constant, and a
flicker is prevented.

Tenth Example of Scanning; See FIG. 21

[0180] In the tenth example of scanning, one frame is
divided into five fields (m=>5). Scanning lines in a first field
are serially subjected to writing, and scanning lines in a
second field, scanning lines in a third field, scanning lines in
a fourth field and scanning lines in a fifth field are serially
subjected to writing. Thus, an image of one frame is dis-
played.

[0181] The length of the reset step is twice the total length
of the sclection step and the evolution step (n=2). In this
case, serial five scanning lines are in the following states:
two of them are in the reset step; another is in the evolution
step; and the other two are in the display step. Therefore, the
average luminosity of the scanning lines is constant, and a
flicker is prevented.

Eleventh Example of Scanning; See FIG. 22

[0182] In the eleventh example of scanning, one frame is
divided into seven fields (m=7). Scanning lines in a first field
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are serially subjected to writing, and scanning lines in a
second field, scanning lines in a third field, scanning lines in
a fourth field, scanning lines in a fifth field, scanning lines
in a sixth field and scanning lines in a seventh field are
serially subjected to writing. Thus, an image of one frame is
displayed.

[0183] The length of the evolution step is twice the total
length of the reset step and the selection step (n=2). In this
case, serial seven scanning lines are in the following states:
one of them is in the reset step; other two lines are in the
evolution step; and the other four are in the display step.
Therefore, the average luminosity of the scanning lines is
constant, and a flicker is prevented.

Twelfth Example of Scanning; See FIG. 23

[0184] In the twelfth example, one frame is divided into
two fields, namely, an odd-number field and an even-number
field. As in the second example, first, all the scanning lines
are reset at one time, and thereafter, scanning lines of odd
numbers are serially subjected to writing. Then, scanning
lines of even numbers are serially subjected to writing. Thus,
an image of one frame is displayed. The time to start writing
in the next field is similar to that in the fourth example.

[0185] In this twelfth example, at the start of writing in the
first frame, all the scanning lines are reset at one time (initial
reset), and in the even-number field of the first frame, the
reset step can be omitted. As was described referring to the
waveform in FIG. 6, by applying the reset pulse to all the
scanning lines for initial reset and subsequently applying the
evolution pulse to the second and subsequent scanning lines
in the odd-number fleld and the scanning lines in the
even-number field, the liquid crystal in these parts can stay
in the reset state.

[0186] In the twelfth example, because of the initial reset,
composition of the image before writing and the image to be
written can be prevented. If this twelfth example is adopted
in switching a still picture to a display of inputted letters, the
display becomes easy to see. As in the second example, the
brightness of the screen is guaranteed during and after
writing in the even-number field of the first frame.

Thirteenth Example of Scanning; See FIG. 24

[0187] In the thirteenth example, as in the fourth and
twelfth examples, one frame is divided into two fields,
namely, an odd-number field and an even-number field, and
interlace scanning is carried out. In this example, however,
at the start of writing of every frame, initial reset is carried
out. Writing according to the thirteenth example is suited to
display page-turns.

Fourteenth Example of Scanning; See FIG. 25

[0188] The fourteenth example is not an example of
interlace scanning but an example of sequential scanning
from the first scanning line.

Fifteenth Example of Scanning; See FIG. 26

[0189] The fifteenth example is an example of sequential
scanning in the same way as in the fourteenth example. In
the fifteenth example, when the evolution step of a scanning
line is completed, writing on the next scanning line is
started.
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Sixteenth Example of Scanning; See FIG. 27

[0190] In the sixteenth example, interlace scanning is
carried out without dividing one frame into fields. When
writing on a scanning line is completed, which means that
the scanning line comes to the display step, writing on the
next scanning line is started.

Ways of Providing Frame Data; See FIG. 28

[0191] Next, in interlace scanning, exemplary ways of
providing frame data are described with reference to FIG.
28 and Tables 1-3. The ways of providing frame data
described herewith are to carry out the fifth example (see
FIG. 16) in which one frame is divided into three ficlds.

TABLE 1
Field Frame Data No.
No. 1%frame 2™ frame 3" frame 4™ frame m™ frame
n 1 4 7 10 . 3m-2
n+1 2 5 8 11 3m-1
n+2 3 6 9 12 3m
[0192]
TABLE 2
Frame Data No.
Field 1%
No. frame 2°9frame 3™ frame 4% frame m™ frame
n 1 3 7 9 6m-5 (m = O.N.)
. 6m-3 (m=EN)
N+1 1 5 7 1 .. 6m4(m=ON)
.. 6m-2(m=EN)
N+2 3 5 9 1 .. 6m3(m=ON)
6m-1 (m = EN.)

“O.N.” means an odd number, and “E.N.” means an even number.

[0193]
TABLE 3
Field Frame Data No.
No. 1%frame 2™ frame 3"frame 47 frame m™ frame
n 1 4 7 10 3m-2
n+1 1 4 7 10 3m-2
n+2 1 4 7 10 3m-2

[0194] In the case of Table 1, for writing in each field, new
frame data are provided. Since new data are displayed in
cach field, the way of providing frame data is suited to
display a dynamic and rapid motion picture. In the case of
Table 2, new frame data are provided for writing in every
other field. In the case of Table 3, the same frame data are
provided for writing in three fields composing one frame. In
the way shown by Table 3, after one frame data are wholly
displayed, writing of next frame data is started. Therefore,
the displayed data are easy to recognize, and this is suited to
scroll.
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First through Third Examples of Providing Data;
See FIGS. 29-31

[0195] Referring to FIGS. 29 to 31, specific examples
(first through third examples) of providing data in an inter-
lace scanning drive are described. FIG. 29 shows a first
example of providing frame data in the way shown by Table
1 to carry out writing according to the first example or the
fourth example of scanning (see FIGS. 10 and 14) in which
one frame is divided into two fields. FIG. 29 shows a case
of switching a still picture to a motion picture. FIG. 30
shows a second example of providing frame data in the way
shown by Table 1 to carry out writing according to the
second example of scanning (see FIG. 12) in which one
frame is divided into two fields. FIG. 30 shows a case of
switching a still picture to a display of inputted letters. FIG.
31 shows a third example of providing frame data in the way
shown by Table 3 to carry out writing according to the fifth
example or the sixth example of scanning (see FIGS. 16 and
17) in which one frame is divided into three fields. FIG. 31
shows a case of scrolling. In FIGS. 29 through 31, the
solidly drawn images are images which are being written,
and the thinly drawn images are images which have been
written.

Fourth through Sixth Ways of Providing Data; See
FIG. 32

[0196] FIG. 32 shows a fourth, a fifth and a sixth way of
providing data to carry out writing according to the fourth
example of scanning shown by FIG. 14. In the fourth
example of providing data, new field data are provided for
writing in each field. Since new data are displayed in each
field, the way of providing frame data is suited to display a
dynamic and rapid motion picture. In the fifth example of
providing data, new frame data are provided for writing in
every other field. In the sixth example of providing data, the
same frame data are provided for writing in two fields
composing one frame. In the sixth example, after one frame
data are wholly displayed, writing of next frame data is
started. Therefore, the displayed data are easy to recognize,
and this is suited for scroll display.

Seventh through Ninth Ways of Providing Data;
See FIG. 33

[0197] FIG. 33 shows a seventh, an eighth and a ninth way
of providing data to carry out writing according to the first
example of scanning shown by FIG. 10. The seventh
through ninth ways are the same as the fourth through sixth
ways shown in FIG. 32, respectively.

Procedure of Selecting a Driving Method; See FIG.
34

[0198] FIG. 34 is a flowchart which shows a procedure of
selecting a driving method in the display device shown by
FIGS. 1 and 2.

[0199] First, it is judged at step S1 whether there are any
inputs for preset. Preset is carried out by use of the preset
key 138 at the time of delivering the display device from the
factory or carried out by the user. At the preset, default is set
by setting the following factors: a way of selecting a driving
methods from driving methods according to interlace scan-
ning and driving methods according to sequential scanning
depending on the kind of data to be displayed; the number
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of fields in performing interlace scanning; the necessity of
carrying out initial reset, etc. When inputs about these
factors for preset are done, preset is executed at step S2.

[0200] When there are no inputs for preset, it is judged at
step S3 whether the user has made an input for selection of
a driving method by use of the selection key 139. With this
arrangement, the user’s selection on the spot is prior to the
selection in accordance with the default by the preset.
Therefore, when there is an input through the key 139, at
step S4, a driving method is set in accordance with the user’s
selection by use of the key 139.

[0201] If there are no inputs from the user through the key
139, the kind of data to be displayed (a still picture, a motion
picture, inputted letters, scroll, ete.) is detected at step S5.
Then, at step S6, a driving method is selected depending on
the kind of data and the default by the preset.

Structure of Scan Electrode Driving IC; See FIG.
a5

[0202] The scan electrode driving IC 131 employed in the
driving circuit shown by FIG. 2 is of the structure shown by
FIG. 35. The scan electrode driving IC 131 comprises a shift
register 341, a latch circuit 342, and a driving signal pro-
ducing circuit 343.

[0203] In accordance with key operation of the display
device, the CPU 135 takes into an image from an external
device or reads an image from a storage medium and stores
the image in the image memory 137. The CPU 135 further
sends a writing start signal and a driving mode signal (a
combination of an ordinary mode or a power-saving mode
and a sequential scanning mode or an interlace scanning
mode) to the controllers 133 and 134. The driving mode
signal will be described in detail later.

[0204] The scan electrode controller 133 produces line
selection data to designate scanning electrodes to be driven
for writing and sends the line selection data to the shift
register 341. The controller 133 also produces a control
clock signal and sends it to the shift register 341. The control
clock signal is used when the shift register 341 takes in the
line selection data. The length of the cycle of sending the
line selection data corresponds to the length of the cycle of
selecting a scanning electrode (writing on one line). The data
electrode controller 134, in synchronization with sending of
the line selection data, image data are sent from the image
memory 137 to the data electrode driving I1C 132.

[0205] Tt is possible to shift the selected line from a scan
electrode to another serially by, after sending the line
selection data to select the first line, shifting the line selec-
tion data serially in the shift register 341. In this case, the
intervals between the control clocks correspond to the length
of the cycle of selecting a scan electrode.

Driving Mode; See FIGS. 36-38

[0206] A driving mode which is a combination of a
sequential scanning mode and an ordinary mode 1, a power-
saving mode 1 or a power-saving mode 2 (see FIG. 36), a
driving mode which is a combination of an interlace scan-
ning mode and an ordinary mode 2, a power-saving mode
2-1 or a power-saving mode 2-2 (see FIG. 37) and a driving
mode which is a combination of an interlace scanning mode
and an ordinary mode 3 or a power-saving mode 3-1 (see
FIG. 38) are selectable.
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[0207] 1In asequential scanning/ordinary 1 mode shown in
FIG. 36, a first frame, a second frame and subsequent
frames are written serially. The cycle of writing a frame in
this driving mode are of a conventional length, and this time
length is referred to as a first frame length.

[0208] In a sequential scanning/power-saving 1-1 mode,
the cycle of writing a frame are lengthened, for example, are
1.5 times of the cycle of writing a frame in the sequential
scanning/ordinary 1 mode. Such a longer length of the cycle
of writing a frame is referred to as a second frame length.
Here, by lengthening the cycle of selecting a line, the cycle
of writing a frame is lengthened.

[0209] In a sequential scanning/power-saving 1-2 mode,
the time for writing a frame is equal to that in the sequential
scanning/ordinary 1 mode, that is, the length of the cycle of
selecting a line is equal to that in the sequential scanning/
ordinary 1 mode; however, break times are inserted among
writing times of frames. Consequently, the cycle of writing
a frame is lengthened as in the sequential scanning/power-
saving 1-1 mode.

[0210] In an interlace scanning/ordinary 2 mode shown in
FIG. 37, one frame is divided into two fields, namely, an
odd-number field and an even-number field, and interlace
scanning is carried out. In this driving mode, the cycle of
writing a frame is of the first frame length, and frames are
written continuously (see the first through fourth examples
of scanning).

[0211] On the other hand, in an interlace scanning/power-
saving 2-1 mode, the time for writing a frame is equal to that
in the interlace scanning/ordinary 2 mode, that is, the length
of the cycle of selecting a line is equal to that in the interlace
scanning/ordinary 2 mode; however, break times are
inserted among writing times of frames. Consequently, the
cycle of writing a frame is lengthened.

[0212] In an interlace scanning/power-saving 2-2 mode,
the length of the time for writing in a field is equal to that
in the interlace scanning/ordinary 2 mode, that is, the length
of the cycle of selecting a line is equal to that in the interlace
scanning/ordinary 2 mode; however, break times are
inserted among writing times in fields. Consequently, the
cycle of writing a frame is lengthened.

[0213] When the power-saving 2-2 mode is adopted, in the
break time after writing in the odd-number field, a composite
image of the previous image left in the even-number field
and the newly written image in the odd-number field is
displayed. When the power-saving 2-1 mode is adopted,
such display of a composite image does not occur. There-
fore, the power-saving 2-1 mode is suited to write an image
which is totally different from the previous image. On the
other hand, in the power-saving 2-2 mode, the break times
are shorter than those in the power-saving 2-1 mode and are
scattered. In the power-saving 2-2 mode, therefore, the
existences of the break times are not obstructive to display.

[0214] In an interlace scanning/ordinary 3 mode shown in
FIG. 38, only either data for the odd-number field or data for
the even-number field are provided for writing of one frame.
Thus, interlace scanning is carried out for fast forward
display.

[0215] Inaninterlace scanning/power-saving 3-1 mode, as
in the ordinary 3 mode, only either data for the odd-number
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field or data for the even-number field are provided for
writing of one frame, and the time for writing in a field (i.e.,
writing of a frame) is equal to that in the interlace scanning/
ordinary 3 mode, that is, the length of the cycle of selecting
a line is equal to that in the interlace scanning/ordinary 3
mode; however, break times are inserted among writing
times in fields (i.c., writing times of frames). Consequently,
the cycle of writing a frame is lengthened.

[0216] The selection between the ordinary mode and the
power-saving mode is done by operation of mode selection
keys. When the user wishes to save power consumption of
the battery, the user shall select the power-saving mode, and
when the user wishes picture quality, the user shall select the
ordinary mode.

[0217] The display device may be so structured that the
mode selection is automatically carried out depending on the
type of display. For example, when inputted letters are to be
serially displayed, the picture quality is not a matter of great
significance, and the power-saving mode is automatically
selected. When a motion picture is to be displayed, the
ordinary mode is automatically selected.

[0218] It is also possible that the display device is so
structured to automatically cancel the power-saving mode
and to set the ordinary mode while the display device is
being used connected to an AC adapter.

[0219] In the above paragraphs, the interlace scanning
mode has been described as a mode to carry out writing
according to the first through fourth examples of scanning in
which one frame is divided into two fields; however, the
interlace scanning mode can be adapted to carry out writing
in which one frame is divided into three fields as in the fifth
and the sixth examples of scanning or into more fields.

[0220] In this embodiment, as described above, by length-
ening the cycle of selecting a line (power-saving 1-1) or by
inserting break times (power-saving 1-2, 2-1, 2-2 and 3-1),
the number of lines which are subjected to writing per a unit
time (the rate of writing) is reduced, and the power con-
sumption of the scan electrode driving IC 131 can be
reduced, which contributes to power saving.

[0221] Also, in this embodiment, since a liquid crystal
display with a memory effect is used, an image is displayed
continuously even after the supply of electric power thereto
is stopped. Therefore, there are no possibilities that the
insertion of break times may cause a flicker.

Mobile Communication Terminal, Mobile
Telephone; See FIGS. 39-56

[0222] FIG. 39 shows an example of application of the
present invention to a mobile telephone. The mobile tele-
phone 10 comprises a display 11 which is the above-
described liquid crystal display 100, an antenna 12, a
speaker 13, a cursor key 14, a directory key 15, a menu
switch key 16, a call key 17, a clear key 18, a power key 19,
a ten-key 20, a record key 21, a manner mode key 22 and a
microphone 23. The functions of these keys are well known.

[0223] FIG. 40 shows the display 11. The display 11 has
a status display area 11a which is a narrow area in the upper
part and an information display area 11b which is the other
large part. In the status display area 1la, for example,
symbol marks such as a mark indicating the strength of radio
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waves received, a mark indicating the remainder of the
battery, the current date and time, the communication time,
etc. are displayed. In the information display area 11b, the
telephone number, the name, the date and time of commu-
nication, the contents of a mail, information about the mail,
various kinds of messages, etc. are displayed.

[0224] Next, referring to FIG. 41, a first exemplary con-
trol circuit for the mobile telephone 10 is described. This
control circuit 50 is basically of the same structure as that of
a conventional mobile telephone. The main component of
the circuit 50 is the CPU 135 shown in FIG. 2. To the CPU
135, further, an operation section 51 composed of various
keys, the microphone 23, the speaker 13, a light emitting
element 52, e.g., an LED which is turned on during com-
munication, a memory 53 stored with a telephone directory,
etc. are connected, and the antenna 12 is connected to the
CPU 135 via a wireless communication circuit 54.

[0225] Abattery 55 is provided in the circuit 50 to supply
electric power to the CPU 135, the LCD driving circuit 130
and the wireless communication circuit 54 via a power
circuit 56. The remainder of the battery 55 is monitored by
a monitoring circuit 57 which is controlled by the CPU 135.

[0226] Next, various ways of displaying information on
the display 11 of the mobile telephone 10 are described.

[0227] FIGS. 42a through 424 show a case of displaying
numerals (a telephone number) inputted through the ten-key
20 in a strip-like area of the information display area 11b.
Writing according to the fourth example of scanning and the
fifth or sixth way of providing data (see FIG. 32) is suited
for this display.

[0228] FIGS. 43a through 434 show a case of displaying
letters which are being inputted to write a mail in a strip-like
area of the information display area 11b. Writing according
to the fourth example of scanning and the fifth or sixth way
of providing data (see FIG. 32) is suited for this display.

[0229] FIGS. 44a and 44b show a case of scrolling the
information display area 11b, for example, to look into the
address note, to write a new address in the address note, to
write a mail, to read a mail, etc. Writing according to the
fourth example of scanning and the fifth or sixth way of
providing data (see FIG. 32) is suited for this display.

[0230] FIGS. 454 and 45b show a case of scrolling the
strip-like area of the information display area 115 letter by
letter. Writing according to the fourth example of scanning
and the fifth or sixth way of providing data (see FIG. 32) is
suited for this display.

[0231] FIGS. 46a and 46b show a case of displaying the
text of a mail page by page. For this display, writing
according to the fourth example of scanning and the fourth,
fifth or sixth way of providing data (see FIG. 32) and writing
according to the thirteenth example of scanning (see FIG.
24) are suited for this display.

[0232] FIGS. 47a and 47b show a case of displaying a
menu selection picture in the information display area 11b.
In the menu selection picture, reversal display of a selected
menu is carried out by partial writing. For this display,
writing according to the fourth example of scanning and the
fourth, fifth or sixth way of providing data (see FIG. 32) and
writing according to the first example of scanning and the
seventh, eighth or ninth way of providing data (see FIG. 33)
are suited.
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[0233] FIGS. 48a through 48c show a case of displaying
a warning of use-up of the battery in the status display area
11a. For this display, writing according to the first example
of scanning and the seventh example of providing data (see
FIG. 33), writing according to the fifteenth example of
scanning (see FIG. 26), writing according to the sixteenth
example of scanning (see FIG. 27) and writing by the
second driving method (see FIG. 9) are suited.

[0234] FIGS. 494 through 494 show a case of displaying
the strength of eradio waves received. For this display,
writing according to the first example of scanning and the
seventh way of providing data (see FIG. 33), writing
according to the fifteenth example of scanning (see FIG.
26), the sixteenth example of scanning (see FIG. 27) and
writing by the second driving method 2 (see FIG. 9) are
suited.

[0235] FIG. 50 shows a second exemplary control circuit
for the mobile telephone 10. This control circuit 200 com-
prises a RISC (reduced instruction set computer) 231 pro-
vided with an EEPROM 232, a DSP (digital signal proces-
sor) 233, an SRAM 234, a flash ROM 235, and an RF (radio
frequency) section 236, a modem 237 provided with an
analog I/F 238, a TDMA (time division multiple access)
circuit 241 provided with a control channel I/F 239 and an
audio channel I/F 240.

[0236] The keys 14 through 22 and the display 11 (liquid
crystal display 100) are connected to the RISC 231, and the
speaker 13 and the microphone 23 are connected to the
analog 1/F 238.

[0237] FIG. 51 shows a first exemplary procedure of
controlling the display 11 when the mobile telephone 10 is
controlled by the control circuit 200. An input through either
of the keys 14 to 22 (interruption) is waited at step S11, and
when any key input is detected (“YES” at step S12), an
interlace scanning drive of the display 11 is started at step
S13.

[0238] Then, an input through either of the keys 14 to 22
(interruption) is waited at step S14, and a process in accor-
dance with the input is performed at step S15. When
completion of a series of key inputs is confirmed (“YES” at
step S16), the interlace scanning drive is stopped at step S17,
and the program returns to step S11.

[0239] FIG. 52 shows a second exemplary procedure of
controlling the display 11 when the mobile telephone 10 is
controlled by the control circuit 200 shown by FIG. 50. This
control procedure is basically the same as the control
procedure shown by FIG. 51; however, if a specified time
has passed since the start of an interlace scanning drive
(“YES” at step S14a), the interlace scanning drive is stopped
at step S17.

[0240] 1In the first and second exemplary procedures, it is
possible to impart a function of selecting interlace scanning
on the menu switch key 16. In this case, the judgments about
execution of a key input at steps S12 and S16 are replaced
with a judgement whether or not the interlace scanning is
selected and a judgment whether or not the interlace scan-
ning is cancelled.

[0241] FIG. 53 shows a third exemplary control circuit for
the mobile telephone 10. This control circuit 210 is basically
of the same structure as the second exemplary control circuit
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200 shown by FIG. 50. What is different from the second
exemplary circuit 200 is that an interruption signal is input-
ted from the control channel I/F 239 to the RISC 231.

[0242] FIG. 54 shows an exemplary procedure of control-
ling the display 11 when the mobile telephone 10 is con-
trolled by the control circuit 210 shown by FIG. 33. An
input of an interruption signal from the control channel I/F
239 is waited at step S21, and when an input of the
interruption signal is detected (“YES” at step S22), an
interlace scanning drive of the display 11 is started at step
S23.

[0243] Next, an interruption of an input through the keys
14 to 22 or an interruption from the timer is waited at step
S24. When a specified time has passed since the start of the
interlace scanning drive (“YES” at step S24a), the interlace
scanning drive is stopped immediately at step S27. Then, the
program returns to step S21.

[0244] When any input through either of the keys 14 to 22
is detected within the specified time, (“NO” at step S244), a
process in accordance with the input is performed at step
S25. Further, when completion of a series of key inputs is
judged (“YES” at step S26), the interlace scanning drive is
stopped at step S27. Then, the program returns to step S21.

[0245] FIG. 55 shows a fourth exemplary control circuit
for the mobile telephone 10. In this case, the mobile tele-
phone 10 has a lock switch 24 which sends an interruption
signal to the RISC 231. In the other points, the fourth
exemplary control circuit is of the same structure as that of
the second exemplary control circuit shown by FIG. 50.

[0246] The lock switch 24 is to detect that the mobile
telephone 10 is unlocked. If the mobile telephone 10 is of a
foldable structure, the lock switch 24 is an electrical contact
point which is capable of detecting that the mobile telephone
10 is opened from a folded state. If the mobile telephone 10
is of a slidable structure in which a lid is capable of sliding,
the lock switch 24 is an electrical contact point which is
capable of detecting that the lid is opened from a closed
state.

[0247] FIG. 56 shows an exemplary procedure of control-
ling the display 11 when the mobile telephone 10 is con-
trolled by the control circuit 220 shown by FIG. 55. An
interruption of an input from the lock switch 24 is waited at
step S31, and when the interruption is detected (“YES” at
step S32), an interlace scanning drive of the display 11 is
started at step S33.

[0248] Next, an interruption of an input through the keys
14 to 22 or an interruption from the timer is waited at step
$34. When a specified time has passed since the start of the
interlace scanning drive (“YES” at step S34a), the interlace
scanning drive is stopped immediately at step S27. Then, the
program returns to step S31.

[0249] When any input through either of the keys 14 to 22
is detected within the specified time, (“NO” at step S34a), a
process in accordance with the input is performed at step
S35. Further, when completion of a series of key inputs is
judged (“YES” at step S36), the interlace scanning drive is
stopped at step S37. Then, the program returns to step S31.

Mobile Information Terminal, PDA; See FIGS.
57-62
[0250] FIG. 57 shows an example of application of the
present invention to PDA. The PDA 60 have an upper door
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62 which is opened and closed from and to a base casing 61
via a hinge (not shown). A display 63 which is the liquid
crystal display 100 is provided in the upper door 62. The
base casing 61 is structured as a keyboard with various keys
arranged thereon, and a pen 64 is encased in the casing 61.
Further, a connecting terminal 65 to a mobile telephone is
attached to the casing 61.

[0251] FIG. 58 shows the control circuit 60 of the PDA
60. This control circuit 60 is basically of the same structure
as the control circuit 50 (sce FIG. 41) of the mobile
telephone 10. In FIG. 58, the same parts and members are
provided with the same reference symbols as in FIG. 41. In
FIG. 58, however, a touch panel 140 and a memory card 150
are added.

[0252] FIG. 59 shows a state in which the touch panel 140
is placed on the liquid crystal display 100. The touch panel
140 is placed on the liquid crystal display 100 with a
preventive layer 148 made of rigid resin in-between. The
preventive layer 148 is to prevent pressure from acting on
part of the liquid crystal display 100. The touch panel 140 is
of a conventional structure. On the mutually opposite sur-
faces of transparent substrates 141 and 142, strip-like elec-
trodes 143 and 144 are arranged, so that a matrix-type sensor
is formed. By providing spacer particles 146 between the
substrates 141 and 142 and by providing a sealant 147
therearound, the gap between the substrates 141 and 142 is
kept in a specified value, and an air layer 145 is sealed in the
gap. The intersections between the strip-like electrodes 134
and 144 are sensing sections, and these sensing sections
correspond to the pixels of the display layers 111R, 111G
and 111B.

[0253] Next, various ways of displaying information on
the display 63 of the PDA 60 are described. The screen of the
display 63 is divided into three areas 63a, 63b, and 63c, and
mutually different kinds of information can be displayed in
these arcas 63a, 63b and 63c.

[0254] FIGS. 60a and 60b show a case of displaying
literal information in the lower strip-like display area 63c.
The literal information is displayed as a motion picture, and
writing according to the fourth example of scanning and the
fourth, fifth or sixth way of providing data (see FIG. 32) and
writing according to the first example of scanning and the
seventh, eighth or ninth way of providing data (sce FIG. 33)
are suited for this display.

[0255] FIGS. 61a and 16b show a case of displaying a
ten-key almost in the entire area of the display 63 to permit
use of the touch panel 140 and of performing reversal
display of the touched key. For this display, writing accord-
ing to the fourth example of scanning and the fourth, fifth or
sixth way of providing data (see FIG. 32) and writing
according to the first example of scanning and the seventh,
eighth or ninth way of providing data are suited.

[0256] FIGS. 62a and 62b show a case of changing the
date in the upper strip-like display area 63a. For this display,
writing according to the first example of scanning and the
seventh way of providing data (sece FIG. 33), writing
according to the fifteenth example (see FIG. 26), writing
according to the sixteenth example and writing by the
second driving method (see FIG. 9) are suited.
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Mobile Information Terminal, GPS; See FIGS. 63
and 64

[0257] FIG. 63 shows an example of application of the
present invention to a GPS (global positioning system). A
GPS is a mobile information terminal which shows the
geographical position by use of the conventional satellite
positioning method. The GPS 70 comprises a display which
is the liquid crystal display 100, an antenna 72, a scroll key
73, keys 74 exclusively used for displaying an address, etc.,
a power switch 75 and a mode key 86. The functions of these
keys are well known. The GPS 70 is capable of displayving
the geographical position and a map which shows a route to
the destination.

[0258] The screen of the display 71 is divided into an
upper large display area 71a and a lower strip-like display
area 71b, and mutually different kinds of information can be
displayed in the areas 71a and 71b.

[0259] FIG. 64a and 64b shows a case of displaying a map
of the neighborhood and a mark A indicating the current
position in the display area 71a of the display 71. When the
user inputs the address of the destination by use of the keys,
the inputted address is immediately displayed in the display
area 71b. Simultaneously, in the map displayed in the area
71a, the destination is indicated by a mark B, and a route C
is displayed. For this display, writing according to the fourth
example of scanning and the fourth, fifth or sixth way of
providing data (see FIG. 32) and writing according to the
first example of scanning and the seventh, eighth or ninth
way of providing data (see FIG. 33) are suited.

Mobile Information Terminal, GPS; See FIG. 65

[0260] FIG. 65 shows an example of application of the
present invention to a watch-type GPS. This GPS 80 com-
prises a display 81 which is the liquid crystal display 100, an
antenna 82, keys 83 for exclusive use, a power switch 84,
etc. The functions of these keys are well known.

[0261] The screen of the display 81 is divided into an
upper large display area 81a and a lower strip-like display
area 815, and mutually different kinds of information can be
displayed in the areas 81a and 81b. Information can be
displayed on the display 81 in similar ways to the case
described in connection with the GPS 70.

Other Embodiments

[0262] With respect to the liquid crystal display, the struc-
ture, the materials, the producing method and the structure
of the driving circuit are arbitrary. The shape of the display
device and the structure of the operation panel, etc. are
arbitrary. With respect to the driving modes which were
described with reference to FIGS. 36 through 38, how
much the second frame length (the length of the cycle of
writing a frame in each power-saving mode) is longer than
the first frame length is arbitrary.

[0263] Inthe embodiments above, the number of scanning
lines (scanning electrodes), the number of data lines (data
electrodes), the number of fields are merely examples.

[0264] Although the present invention has been described
in connection with the preferred embodiments above, it is to
be noted that various changes and modifications are possible
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to those who are skilled in the art. Such changes and
modifications are to be understood as being within the scope
of the present invention.

What is claimed is:
1. A display device comprising:

a liquid crystal display comprising a plurality of scanning
lines, a plurality of data lines which cross the scanning
lines, and liquid crystal provided between the scanning
lines and the data lines, the scanning lines and the data
lines defining a plurality of pixels arranged in a matrix;
and

a driver which are connected to the scanning lines and the
data lines and which drives the liquid crystal display
following a specified procedure, the specified proce-
dure comprising a reset step of resetting the liquid
crystal, a selection step of selecting a final state of the
liquid crystal, and an evolution step of stabling the
liquid crystal into the selected state;

wherein:

cither one of the reset step or a total of the selection step
and the evolution step has a length which is n times as
long as the other, in which n is a natural number; or

cither one of a total of the reset step and the selection step
or the evolution step has a length which is n times as
long as the other, in which n is a natural number.

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

the driver uses the length of the reset step, the total length
of the selection step and the evolution step, the total
length of the reset step and the selection step or the
length of the evolution step as a unit length; and

when a time which is k times the unit length has passed
since start of the selection step of a scanning line, the
driver starts selection of a next scanning line for
writing, in which k is a natural number.

3. The display device according to claim 1, wherein the
driver carries out writing by interlace scanning by dividing
a frame into a plurality of fields.

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

the driver uses the length of the reset step, the total length
of the selection step and the evolution step, the total
length of the reset step and the selection or the length
of the evolution step as a unit length; and

when a time which is k times the unit length has passed
since start of the selection step of a scanning line, the
driver starts selection of a next scanning line for
writing, in which k is a natural number.

5. The display device according to claim 1, wherein:

the driver carries out writing by interlace scanning by
dividing a frame into m fields, in which m is a natural
number larger than n;

the length of the reset step is n times the total length of the
selection step and the evolution step; and

the writing comprises a moment when in serial m scan-
ning lines, n scanning lines of them are in the reset step,
one of them is in the selection step or in the evolution
step, and the other m-n-1 scanning lines are in a
display step.
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6. The display device according to claim 1, wherein:

the driver carries out writing by interlace scanning by
dividing a frame into m fields, in which m is a natural
number larger than n;

the total length of the selection step and the evolution step
is n times the length of the reset step; and

the writing comprises a moment when in serial m scan-
ning lines, one of them is in the reset step, n scanning
lines of them are in the selection step or in the evolution
step, and the other m-n-1 scanning lines are in a
display step.

7. The display device according to claim 1, wherein:

the driver carries out writing by interlace scanning by
dividing a frame into m fields, in which m is a natural
number larger than n;

the total length of the reset step and the selection step is
n times the length of the evolution step; and

the writing comprises a moment when in serial m scan-
ning lines, n scanning lines of them is in the reset step
or in the selection step, one of them is in the evolution
step, and the other m-n-1 scanning lines are in a
display step.

8. The display device according to claim 1, wherein:

the driver carries out writing by interlace scanning by
dividing a frame into m fields, in which m is a natural
number larger than n;

the length of the evolution step is n times the total length
of the reset step and the selection step; and

the writing comprises a moment when in serial m scan-
ning lines, one of them is in the reset step or in the
selection step, n scanning lines of them are in the
evolution step, and the other m-n-1 scanning lines are
in a display step.

9. The display device according to claim 3, wherein when
a blackout state of a specified scanning line in a field ends,
the driver starts selection of a first scanning line in a next
field for writing.

10. The display device according to claim 9, wherein the
specified scanning line in a field is a first scanning line which
is selected for writing first in the field.

11. The display device according to claim 10, wherein the
driver carries out writing by interlace scanning by dividing
a frame into two fields.

12. The display device according to claim 3, wherein the
driver extends the evolution step of each scanning line in a
field at least to start of writing on each scanning line in a next
field so as to keep the liquid crystal of each scanning line in
a blackout state at least until the start of writing in the next
field.

13. The display device according to claim 3, further
comprising a controller which controls the driver to write a
new piece of frame data in every field.

14. The display device according to claim 3, further
comprising a controller which, when writing is carried out
by dividing a frame into m fields, controls the driver to write
a new piece of frame data in every m fields.

15. The display device according to claim 3, further
comprising:

17
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a selector for selecting a length for a cycle of writing a
frame from a first frame length and a second frame
length which is longer than the first frame length; and

a controller for controlling the driver to carry out writing
at cycles of the selected frame length.
16. The display device according to claim 3, further
comprising:

a receiver for receiving an input from outside; and

a controller for controlling the driver to start writing by
interlace scanning in response to reception of an input
at the receiver;

17. The display device according to claim 3, further
comprising a selector for selecting a driving method from a
plurality of driving methods including a method according
to interlace scanning.

18. The display device according to claim 3, wherein:

the display device is operable in a mode wherein writing
in a first display area of the liquid crystal display and
writing in a second display area of the liquid crystal
display are carried out independently of each other, the
first display area and the second display area being
separated with a specified scanning line as a border;
and

in the mode, the driver carries out writing by interlace

scanning at least in the first display area.

19. The display device according to claim 1, wherein the
liquid crystal display is capable of displaying an image
thereon continuously under a state of no voltages applied
thereto.

20. The display device according to claim 1, wherein the
liquid crystal display makes a display of an image by using
selective reflection of the liquid crystal in a cholesteric
phase.

21. A display device comprising:

a liquid crystal display comprising a plurality of scanning
lines, a plurality of data lines which cross the scanning
lines, and liquid crystal provided between the scanning
lines and the data lines, the liquid crystal performing
selective reflection in a cholestric phase and the scan-
ning lines and the data lines defining a plurality of
pixels arranged in a matrix; and

a driver which are connected to the scanning lines and the
data lines to drive the liquid crystal display, the driver
carrying out interlace scanning repeatedly in a plurality
of fields into which each frame is divided so that a
motion picture can be displayed on the liquid crystal
display.

22. A display device comprising:

a liquid crystal display comprising a plurality of scanning
lines, a plurality of data lines which cross the scanning
lines, and liquid crystal provided between the scanning
lines and the data lines, the liquid crystal performing
selective reflection in a cholestric phase and the scan-
ning lines and the data lines defining a plurality of
pixels arranged in a matrix; and

a driver which are connected to the scanning lines and the
data lines to drive the liquid crystal display, the driver
carrying out interlace scanning repeatedly in a plurality
of flelds into which each frame is divided so that
writing of letters, additional writing, erasure of an
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image and/or movement of an image can be carried out
on the liquid crystal display.
23. A display device comprising:

a liquid crystal display comprising a plurality of scanning
lines, a plurality of data lines which cross the scanning
lines, and liquid crystal provided between the scanning
lines and the data lines, the liquid crystal performing
selective reflection in a cholestric phase and the scan-
ning lines and the data lines defining a plurality of
pixels arranged in a matrix; and

a driver which are connected to the scanning lines and the
data lines to drive the liquid crystal display, the driver
carrying out interlace scanning repeatedly in a plurality
of fields into which each frame is divided so that a
scroll display can be carried out on the liquid crystal
display.

24. The display device according to claim 21, wherein the
driver selectively carries out a mode to display a motion
picture by performing interlace scanning or a mode to
display a still picture by performing sequential scanning.

25. A display device comprising:

a liquid crystal display comprising a plurality of scanning
lines, a plurality of data lines which cross the scanning
lines, and liquid crystal provided between the scanning
lines and the data lines, the scanning lines and the data
lines defining a plurality of pixels arranged in a matrix;
and

a driver which are connected to the scanning lines and the
data lines to drive the liquid crystal display, the driver
carrying out interlace scanning repeatedly in a plurality
of fields into which each frame is divided;

a receiver for receiving an input from outside; and

a controller for controlling the driver to start an interlace
scanning drive in response to reception of an input at
the receiver.

26. The display device according to claim 25, wherein the
liquid crystal display is capable of displaying an image
thereon continuously under a state of no voltages applied
thereto.

27. The display device according to claim 25, wherein the
controller controls the driver to continue the interlace scan-
ning drive for a specified time after the reception of an input
at the receiver.

28. The display device according to claim 27, wherein the
controller controls the driver to stop the interlace scanning
drive when the specified time has passed since the reception
of an input at the receiver.

29. The display device according to claim 25, wherein the
controller controls the driver to continue the interlace scan-
ning drive while the receiver is receiving a series of inputs.

30. The display device according to claim 25, wherein,

the receiver comprises an operation member to be used by
an operator; and

the controller controls the driver to start an interlace
scanning drive in response to operation of the operation
member.

31. The display device according to claim 25, wherein:

the receiver comprises a signal receiving device which
receives a signal sent from outside; and
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the controller controls the driver to start an interlace
scanning drive in response to the signal received by the
signal receiving device.

32. A display device comprising:

a liquid crystal display comprising a plurality of scanning
lines, a plurality of the data lines which cross the
scanning lines, and liquid crystal provided between the
scanning lines and the data lines, the scanning lines and
the data lines defining a plurality of pixels arranged in
a matrix and the liquid crystal being capable of dis-
playing an image thereon continuously while no volt-
ages are applied to the scanning lines and the data lines;

a scanning line driver which is connected to the scanning
lines and which selects the scanning lines serially;

a data line driver which is connected to the data lines and
which gives image data to the data lines for writing on
a selected scanning line;

a selector which selects a length for a cycle of writing a
frame from a first frame length and a second frame
length which is longer than the first frame length; and

a controller which controls at least the scanning line
driver to carry out writing at cycles of the selected
frame length.

33. The display device according to claim 33, wherein
when the selector selects the second frame length, the
controller sets a longer length for a cycle of selecting a
scanning line by the scanning line driver.

34. The display device according to claim 32, wherein the
selector selects the second frame length, the controller stops
at least the scanning line driver for a specified time during
writing of a frame.

35. The display device according to claim 17, wherein the
driving method according to interlace scanning includes a
plurality of driving methods according to interlace scanning
which are different from each other in at least one of the
number of fields or the time of starting writing in a next field.

36. The display device according to claim 17, wherein the
driving method according to interlace scanning includes a
plurality of driving methods according to interlace scanning
which are different from each other in at least one of the
length of the reset step, the length of the selection step and
the length of the evolution step.

37. The display device according to claim 17, wherein the
selector selects a driving method depending on a way of
displaying.

38. The display device according to claim 17, wherein the
selector selects a driving method depending on a kind of data
to be displayed.

39. The display device according to claim 17, wherein the
selector selects a driving method in accordance with an input
from an operator.

40. The display device according to claim 17, wherein the
plurality of displaying methods include a driving method
according to sequential scanning.

41. The display device according to claim 3, wherein the
driver drives the liquid crystal display in such a way that a
first field and a subsequent second field fulfill one of the
following conditions a)-¢):

a) on completion of the reset step or at start of the
selection step of a specified scanning line in the first
field, the selection step of a specified scanning line in
the second field is started,
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b) on completion of the selection step or at start of the
evolution step of a specified scanning line in the first
field, the selection step of a specified scanning line in
the second field is started;

¢) on completion of the evolution step of a specified
scanning line in the first field, the selection step of a
specified scanning line in the second field is started;

d) the selection step of a specified scanning line in the
second field is started at such a time that the selection
step of the specified scanning line in the second field is
started on completion of the evolution step of a speci-
fied scanning line in the first field; and
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¢) the selection step of a specified scanning line in the
second field is started at such a time that the selection
step of the specified scanning line in the second field is
completed on completion of the evolution step of a
specified scanning line in the first field.

42.The display device according to claim 18, wherein the

specified scanning line is changeable.
43. The display device according to claim 1, wherein:

the liquid crystal display comprises a plurality of liquid
crystal layers which are laminated together; and

the driver drives the liquid crystal layers separately.
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