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(57) ABSTRACT

In implementation of driving a liquid-crystal display device
with a frame period T divided into a scanning period T1 and
a hold period immediately following the scanning period,
each data line in the liquid-crystal display device experi-
ences a positive-polarity frame period and a negative-polar-
ity frame period, which are repeated alternately. In addition,
when a frame period T is stretched over positive-polarity and
negative polarity data lines provided repeatedly on alternate
columns of the liquid-crystal display device, an electric
potential Vsigm appearing on a positive-polarity data line in
a hold period is always higher than an electric potential
Vcom appearing on an opposite electrode of each pixel in
the liquid-crystal display device, but an electric potential
Vsigm appearing on a negative-polarity data line in a hold
period is always lower than the electric potential Vcom. As
a result, it is possible to eliminate flickers, which will be
otherwise generated if a driving frequency of the liquid-
crystal display device is lowered.
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LIQUID-CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING LIQUID-CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] In general, the present invention relates to a
method of driving a liquid-crystal display device and the
liquid-crystal display device driven by the method. More
particularly, the present invention relates to an active-matrix
liquid-crystal display device having a driving frequency
decreased to lower its power consumption and a method of
driving the liquid-crystal display device.

[0002] Japanese Patent Laid-open No. 2002-182619 dis-
closes a method of driving an active-matrix type liquid-
crystal display device in order to reduce its power consump-
tion. The method disclosed in this reference has a scanning
period and a break period longer than the scanning period.
The scanning period is a period during which a screen is
scanned. The break period is a period in which all gate lines
are put in an off state. In addition, in accordance with this
method, by setting the electric potential of data lines at a
predetermined signal-line break level during the break
period, the frame frequency can be reduced from the present
frequency of 60 Hz to decrease the power consumption.

[0003] In general, if the frame frequency is reduced,
extremely small screen changes, which cannot be sensed at
a frequency of 60 Hz so far, becomes noticeable by the sense
of sight as the so-called flickers. The extremely small screen
changes are caused by changes in transmittance for trans-
mission and transflective types and changes in reflectance
for reflection and transflective types. There exist flickers
generated by a variety of causes according to various kinds
of driving. Flickers generated by leakage currents synchro-
nously with the frame frequency exist in the so-called
driving method using an active device. The leakage currents
include a leakage current flowing in an off state of the active
device and a leakage current of a liquid-crystal layer. The
leakage current flowing in an off state of the active device is
referred to hereafter as an off-state leakage current. The
more the frame frequency is reduced, the more easily the
flickers are sensed. In addition, flickers caused by a dc
element also exist. When the electric potential of a data line
changes, the electric potential of the pixel electrode of a
pixel connected to the data line in an off state changes due
to capacitive coupling between the data line and the pixel
electrode of the pixel. In turn, the changes in electric
potential appearing on the pixel electrode cause such flick-
ers.

[0004] The conventional driving method does not
adequately cope with flickers caused by a leakage current of
a liquid-crystal layer and an off-state leakage current of an
active device. Flickers caused by a leakage current of a
liquid-crystal layer and an off-state leakage current of an
active device cannot be made unnoticeable by the sense of
sight of a human being by making the transmittances or the
reflectances of adjacent pixels cancel each other. That is to
say, it is impossible to make the transmittances or the
reflectances of adjacent pixels cancel each other by carrying
out operations such as column inversion driving, row inver-
sion driving or dot inversion driving as is the case with
flickers caused by a dc element. Thus, flickers caused by a
leakage current of a liquid-crystal layer and an off-state

Jun. 17, 2004

leakage current of an active device are flickers existing for
all driving methods independently of the types of the driving
methods as flickers generated synchronously with frame
periods.

[0005] For the reasons described above, reduction of
screen changes caused by transmittance and reflectance
changes due to a leakage current of a liquid-crystal layer and
an off-state leakage current of an active device can be
considered to be a requirement indispensable to driving at a
low frequency while sustaining a high picture quality. It is
to be noted that the scope of the present invention is not
limited to a liquid-crystal display device using a liquid-
crystal panel of the so-called vertical electric-field type
wherein a pair of substrates is used. On one of the substrates,
gate lines, data lines and active devices are created whereas,
on the other substrate, opposite electrodes are created. An
example of the vertical electric-field type is a TN mode. For
example, the present invention can also be applied in the
same way to a liquid-crystal display device using a liquid-
crystal panel of the so-called horizontal electric-field type
(or an IPS mode) also using a pair of substrates and a
liquid-crystal display device of another known active-matrix
type. In the liquid-crystal display device using a liquid-
crystal panel of the so-called horizontal electric-field type,
opposite electrodes are created also on one of the substrates,
which is used for creating gate lines, data lines and active
devices. Thus, the phrase stating: “holding a liquid-crystal
layer in a state of being sandwiched by pixel electrodes and
opposite electrodes” in this specification means that a liquid-
crystal layer exists between pixel and opposite electrodes on
one of a pair of substrates for the IPS mode.

[0006] In addition, the present invention can also be
applied to a liquid-crystal display device using a transmis-
sion-type liquid-crystal panel in which an illumination light
beam incoming from a source outside one of a pair of
substrates is radiated out from the other substrate. Further-
more, the present invention can also be applied to a liquid-
crystal display device using a reflection-type liquid-crystal
panel in which an illumination light beam incoming from a
source outside one of a pair of substrates is radiated out from
the same substrate. Moreover, the present invention can also
be applied to a liquid-crystal display device using a trans-
flective-type liquid-crystal panel in which both a reflection
display unit and a transmission display unit are employed.

SUMMARY OF THE INVENTION

[0007] Tt is an object of the present invention to provide a
method of driving a liquid-crystal display device as a
method capable of reducing transmittance and reflectance
changes caused by a liquid current of a liquid crystal and an
off-state leakage current of an active device so as to provide
a picture having a good picture quality and no flickers even
at a driving frequency sufficiently lower than 60 Hz as well
as capable of reducing a power consumption by decreasing
the driving frequency, and to provide the liquid-crystal
display device adopting the driving method.

[0008] In order to achieve the object described above, in
accordance with an aspect of the present invention, there is
provided a method of driving an active-matrix liquid-crystal
display device wherein a frame period of a picture displayed
on a liquid-crystal panel is divided into a scanning period
and a hold period longer than the scanning period; in the
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scanning period, image data of an amount corresponding to
a frame is written into the liquid-crystal panel; in the hold
period following the scanning period, an off state is sus-
tained; each data line repeatedly experiences a positive-
polarity frame period and a negative-polarity frame period,
which are arranged alternately along the time axis. In
addition, in a frame period, an electric potential appearing
on a positive-polarity data line in the hold period is increased
to a level higher than an electric potential appearing on an
opposite electrode where the positive-polarity data line is
defined as the data line, on which an electric potential
appears at a level higher than an electric potential appearing
on the opposite electrode when an electric potential appear-
ing on a gate line changes from an on-state level to an
off-state level in the scanning period of the frame period; and
an electric potential appearing on a negative-polarity data
line in the hold period is decreased to a level lower than the
electric potential appearing on the opposite electrode where
the negative-polarity data line is defined as the data line
provided on a row adjacent to the positive-polarity data line
as the data line, on which an electric potential appears at a
level lower than an electric potential appearing on the
opposite electrode when an electric potential appearing on a
gate line changes from an on-state level to an off-state level
in the scanning period of the frame period.

[0009] In addition, in accordance with another aspect of
the present invention, there is provided an active-matrix
liquid-crystal display device including a liquid-crystal panel
comprising;

[0010] a pair of substrates, at least one of which is a
transparent substrate;

[0011] a plurality of data lines, which are cach
extended in a row direction on a specific one of the
substrates and are arranged in a column direction
perpendicularly intersecting the row direction,

[0012] a plurality of gate lines, which are each
extended in the column direction and are arranged in
the row direction;

[0013] an active device connected at an intersection
of each of the data lines and each of the gate lines;

[0014]

[0015] an opposite electrode provided on the specific
substrate or the other one of the substrates as an
electrode sandwiching a liquid-crystal layer between
the opposite electrode and the pixel electrode; and

[0016] astorage capacitor connected in parallel to the
liquid-crystal layer;

a pixel electrode driven by the active device;

[0017] wherein:

[0018] a frame period of an image displayed on the
liquid-crystal panel is divided into a scanning period
and a hold period longer than the scanning period;

[0019] in the scanning period, image data of an
amount corresponding to a frame is written into the
liquid-crystal panel,

[0020] in the hold period following the scanning
period, an off state is sustained; and

[0021] the liquid-crystal display device includes a
scanning-period electric-potential control means for
controlling an electric potential in the hold period,
and
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[0022]

[0023] the scanning-period electric-potential control
means increases an electric potential appearing on a
positive-polarity data line in the hold period to a
level higher than an electric potential appearing on
the opposite electrode where the positive-polarity
data line is defined as the data line, on which an
electric potential appears at a level higher than an
electric potential appearing on the opposite electrode
when an electric potential appearing on the gate line
changes from an on-state level to an off-state level in
the scanning period; and

[0024] the scanning-period electric-potential control
means decreases an electric potential appearing on a
negative-polarity data line in the hold period to a
level lower than the electric potential appearing on
the opposite electrode where the negative-polarity
data line is defined as the data line provided on a row
adjacent to the positive-polarity data line as the data
line, on which an electric potential appears at a level
lower than an electric potential appearing on the
opposite electrode when an electric potential appear-
ing on the gate line changes from an on-state level to
an off-state level in the scanning period.

wherein:

[0025] Thus, it is possible to reduce the power consump-
tion while sustaining a high picture quality by preventing
flickers from being generated in an image displayed at a low
driving frequency.

[0026] It is to be noted that the scope of the present
invention is not limited to configurations described in claims
appended to this specification and configurations disclosed
in embodiments described later. Instead, it is needless to say
that a variety of changes can be made without departing
from technological concepts provided by the present inven-
tion.

[0027] As described above, in accordance with the present
invention, it is possible to provide a liquid-crystal display
device capable of reducing the power consumption while
sustaining a high picture quality by preventing flickers from
being generated in an image displayed at a low driving
frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Other objects and advantages of the invention will
become apparent from the following description of embodi-
ments with reference to the accompanying drawings in
which:

[0029] FIG. 1 is an explanatory block diagram referred to
in describing the system configuration of a liquid-crystal
display device according to the present invention;

[0030] FIG. 2 is an explanatory diagram showing the top
view of the structure of the vicinity of a pixel created on a
lower substrate of a liquid-crystal panel,

[0031] FIG. 3 is a diagram showing a cross section of the
pixel taken along line A-A' shown in FIG. 2;

[0032] FIG. 4 is a diagram referred to in describing a
model of typical wiring of the liquid-crystal panel compos-
ing the liquid-crystal display device implemented by the
embodiment of the present invention;
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[0033] FIG. 5 is an explanatory diagram referred to in
describing a method of transferring image data to each data
line in a scanning period in the embodiment of the present
invention;

[0034] FIG. 6 is an explanatory diagram referred to in
describing an equivalent circuit of a pixel located at the
intersection of the nth row and the mth column of a pixel
matrix of the liquid-crystal panel composing the liquid-
crystal display device implemented by the embodiment of
the present invention;

[0035] FIG. 7 is an explanatory diagram referred to in
describing an equivalent circuit for an off-state period of a
pixel on the liquid-crystal panel according to the embodi-
ment of the present invention;

[0036] FIG. 8 shows an explanatory diagram showing
changes in reflectance with the lapse of time as a diagram to
be referred to in describing the definition of a flicker
intensity;

[0037] FIG. 9 is a diagram showing dependence of the
flicker intensity serving as a detection threshold on the
frequency;

[0038] FIG. 10 shows timing charts referred to in explain-
ing a concrete driving method adopted by the liquid-crystal
display device as a method according to an embodiment of
the present invention;

[0039] FIG. 11 is an explanatory diagram showing an
equivalent circuit of a pixel located at the intersection of the
nth row and the mth column in an off-state period;

[0040] FIG. 12 is an explanatory diagram showing an
equivalent circuit of a pixel located at the intersection of the
nth row and the mth column for a case in which the electric
potential appearing on a data line connected to the pixel does
not change;

[0041] FIG. 13 is an explanatory diagram showing an
equivalent circuit of a pixel located at the intersection of the
nth row and the mth column for a case in which the electric
potential appearing on a data line connected to the pixel
changes;

[0042] FIG. 14 is an explanatory diagram showing a
graph representing the dependence of the reflectance of the
liquid-crystal panel on the voltage appearing on a liquid
crystal;

[0043] FIG. 15 shows timing charts referred to in explain-
ing a concrete driving method adopted by the liquid-crystal
display device implemented by the embodiment of the
present invention,

[0044] FIG. 16 is an explanatory diagram referred to in
describing a method of controlling gate lines in the liquid-
crystal display device implemented by the embodiment of
the present invention;

[0045] FIG. 17 is an explanatory diagram referred to in
describing a control method of driving the liquid-crystal
display device implemented by an embodiment of the
present invention,

[0046] FIG. 18 is an explanatory diagram referred to in
describing a control method of driving the liquid-crystal
display device implemented by the embodiment of the
present invention in a hold period;
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[0047] FIG. 19 is an explanatory diagram referred to in
describing a control method of driving the liquid-crystal
display device implemented by the embodiment of the
present invention in a hold period;

[0048] FIG. 20 shows timing charts referred to in explain-
ing another concrete driving method of the liquid-crystal
display device implemented by the embodiment of the
present invention;

[0049] FIGS. 21A and 21B are explanatory diagrams
referred to in describing a control method for driving the
liquid-crystal display device provided by the present inven-
tion;

[0050] FIG. 22 is an explanatory diagram referred to in
describing a control method for driving gate lines in the
liquid-crystal display device according to the present inven-
tion;

[0051] FIG. 23 is an explanatory diagram referred to in
describing a control method for driving gate lines in the
liquid-crystal display device according to the present inven-
tion;

[0052] FIG. 24 is an explanatory diagram used in describ-
ing a control method for driving the liquid-crystal display
device according to the present invention;

[0053] FIG. 25 shows timing charts referred to in explain-
ing a driving method adopted by the liquid-crystal display
device implemented by the embodiment of the present
invention;

[0054] FIG. 26 shows timing charts referred to in explain-
ing a driving method adopted by the liquid-crystal display
device implemented by the embodiment of the present
invention;

[0055] FIG. 27 is a diagram showing an equivalent circuit
of a pixel in the liquid-crystal display device implemented
by the embodiment of the present invention;

[0056] FIG. 28 shows timing charts referred to in explain-
ing a driving method adopted by the liquid-crystal display
device implemented by the embodiment of the present
invention;

[0057] FIG. 29 shows timing charts referred to in explain-
ing a driving method adopted by the liquid-crystal display
device implemented by the embodiment of the present
invention;

[0058] FIG. 30 shows timing charts referred to in explain-
ing a driving method adopted by the liquid-crystal display
device implemented by the embodiment of the present
invention;

[0059] FIG. 31 shows timing charts referred to in explain-
ing a driving method adopted by the liquid-crystal display
device implemented by the embodiment of the present
invention;

[0060] FIGS.32A,32B and 32C are explanatory diagrams
referred to in describing a method of evaluating a flicker
quantity in a hold period of the liquid-crystal display device
implemented by the embodiment of the present invention;
and

[0061] FIG. 33 is a diagram showing a graph representing
dependence of flickers described above on the electric
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potential appearing on the data line in a hold period of the
liquid-crystal display device implemented by the embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0062] Preferred embodiments of the present invention
will below be described by referring to the drawings. The
embodiments described below implement a typical active-
matrix liquid-crystal display device adopting a reflection-
type liquid-crystal display method as a display method
requiring only a small power consumption. However, the
scope of the present invention is not limited to such an
active-matrix liquid-crystal display device. That is to say,
the present invention can also be applied to other display
devices such as transmission-type and reflection-type liquid-
crystal display devices, which employ active devices, as
well as organic EL or inorganic EL display devices. Active
devices employed in the active-matrix liquid-crystal display
device implemented by the embodiments described below
are each a thin-film transistor (TFT). The number of pixels
arranged to form a matrix in the active-matrix liquid-crystal
display device is NxM where N and M are each an integer
at least equal to 2. However, the scope of the present
invention is not limited to such an active-matrix liquid-
crystal display device. That is to say, the active devices can
each be another field-effect transistor device such as an
MIM. In addition, the shape of pixels arranged to form a
matrix is not specially determined. Furthermore, in describ-
ing the configuration of a liquid-crystal panel, the liquid-
crystal panel may be referred to as a liquid-crystal display
device in some cases.

[0063] FIG. 1 is an explanatory block diagram showing
the system configuration of a liquid-crystal display device
128 according to the present invention. The liquid-crystal
display device 128 explained below is a reflection-type
liquid-crystal display device. The liquid-crystal display
device 128 comprises a liquid-crystal panel 124, a gate-line-
driving circuit 126, a data-line-driving circuit 125, a timing
controller 129 and a graphic memory 127. The liquid-crystal
panel 124 is a panel on which pixels are arranged to form a
matrix. Referred to hereafter simply as a gate driver, the
gate-line-driving circuit 126 is a circuit for driving gate
lines. Referred to hereafter simply as a source driver, the
data-line-driving circuit 125 is a circuit for driving data
lines. The timing controller 129 is a control means. The
graphic memory 127 is a storage device for storing image
data. An electrode serving as a counterpart of the electrode
of each pixel is referred to as an opposite electrode. The
electric potential of an opposite electrode is referred to as an
electric potential appearing on the opposite electrode. A
substrate on which devices such as thin-film transistors are
created is referred to as a lower substrate or one of the
substrates. On the other hand, a substrate having opposite
electrodes created thereon is referred to as an upper substrate
or the other substrate.

[0064] FIG. 2 is an explanatory diagram showing the top
view of the structure of the vicinity of a pixel created on the
lower substrate of the liquid-crystal panel. As shown in FIG.
2, a thin-film transistor (TFT) 101 is provided at the inter-
section of a data line 109 and a gate line 108. The thin-film
transistor 101 is connected to an upper-side capacitor pad
114. The upper-side capacitor pad 114 forms a storage
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capacitor in conjunction with a lower-side capacitor pad 113
connected to a storage line 106 having the same electric
potential as the electric potential appearing on the opposite
electrode. A pixel electrode 111 is connected to the upper-
side capacitor pad 114 through a through hole 112. Also
referred to hereafter as a reflective electrode, the pixel
electrode 111 is made of a reflection member having typi-
cally Al electro-conductivity. A liquid-crystal layer sand-
wiched by the pixel electrode 111 and an opposite ¢lectrode
created as an electrode facing the pixel electrode 111. A
voltage representing pixel data is applied to the liquid-
crystal layer for each pixel to control the reflectance. In the
system shown in the figure, the pixel electrode 111 overlaps
on the upper-side capacitor pad 114 in a stretching direction
of the data line 109. However, the liquid-crystal display
device is not limited to this configuration. It is to be noted
that, in order to make this configuration easy to understand,
the pixel electrode 111 of the observed pixel is not shown in
the figure.

[0065] The pixel electrode 111 is positioned at such a
location that the thin-film transistor 101 is located exactly at
the center of the pixel electrode 111. By positioning the pixel
electrode 111 at such a location, a light beam incoming from
a gap between pixel electrodes 111 is attenuated before the
light beam reaches the thin-film transistor 101 so that
generation of a leakage current due to a photocurrent can be
avoided. In addition, as shown in FIG. 2, the thin-film
transistor 101 provided for a pixel is positioned at the center
between the data line 109 connected to a source 131 of the
thin-film transistor 101 and another data line 109 on the
pixel side opposite to the data line 109 connected to the
source 131. That is to say, the thin-film transistor 101 is in
a middle position between the data line 109 connected to the
source 131 and the other data line 109, which sandwich the
pixel. By positioning the thin-film transistor 101 in this way,
it is possible to place the thin-film transistor 101 at the center
of the pixel electrode 111 and, at the same time, prevent the
pixel electrode 111 from overlapping the data line 109. It is
thus possible to suppress the leakage current due to a
photocurrent of the thin-film transistor 101 while getting rid
of an effect of the data line 109 on the pixel electrode 111.
Since this embodiment implements a reflection-type liquid-
crystal display device, the pixel electrode is made of an
electro-conductible reflection member. In the case of a
transmission-type liquid-crystal display device, on the other
hand, the pixel electrode is made of a member with trans-
parent electro-conductivity. Since such a pixel electrode
transmits a light beam, generation of a leakage current due
to a photocurrent cannot be avoided even if the electrode
made of a member with transparent electro-conductivity is
provided at such a location that the thin-film transistor 101
is positioned at the center of the electrode made of a member
with transparent electro-conductivity. In a liquid-crystal
display device of the transflective type, the pixel electrode is
made of a member with transparent electro-conductivity and
a reflection member exhibiting electro-conductivity. In this
case, by providing an electrode portion made of a reflection
member exhibiting electro-conductivity at such a location
that the thin-film transistor 101 is just positioned at the
center of the electrode portion made of a reflection member
exhibiting electro-conductivity, generation of a leakage cur-
rent due to a photocurrent can be avoided as described
above.
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[0066] FIG. 3 is a diagram showing a cross section of the
pixel along line A-A' shown in FIG. 2. As shown in FIG. 3,
the lower substrate comprises a thin-film transistor 101, an
inter-layer insulation film 122 and a pixel electrode 111. The
thin-film transistor 101 has a gate 130, an a-Si semiconduc-
tor layer 115, a source 131, a drain 132 and a gate insulation
film 123. The gate 130 is connected to the gate line 108
created on a transparent-glass substrate 119A, which is a
substrate made of transparent glass. The source 131 is
connected to the data line 109. The drain 132 is connected
to the upper-side capacitor pad 114. The pixel electrode 111
serves as a reflective electrode created on the inter-layer
insulation film 122, which is created on the thin-film tran-
sistor 101. The storage line 106 and the lower-side capacitor
pad 113 are on the same layer as the gate 130 and created on
the transparent-glass substrate 119. The upper-side capacitor
pad 114 is on the same layer as the data line 109.

[0067] The surface on the side of the pixel electrode 111
created on the inter-layer insulation film 122 is an uneven
surface for controlling a light beam reflected by the pixel
electrode. The upper substrate comprises a color filter 118,
a transparent electrode 117, a transparent-glass substrate
119B, a phase plate 120 and a polarizer 121. The color filter
118 is created on the surface of the transparent-glass sub-
strate 119B. The surface of the transparent-glass substrate
119B on which the color filter 118 is created faces the
transparent-glass substrate 119A having the thin-film tran-
sistor 101. The transparent electrode 117 is created on the
color filter 118. On the other surface of the transparent-glass
substrate 119B, the phase plate 120 and the polarizer 121 are
created. The other surface is a surface on the opposite side
of the surface of the transparent-glass substrate 119B on
which the color filter 118 is created.

[0068] FIG. 4 is a diagram showing a model of typical
wiring of a liquid-crystal panel composing the liquid-crystal
display device implemented by the embodiment. In the
wiring model shown in FIG. 4, the top gate line of the gate
driver 126 is referred to as the first gate line. A gate line
below the first gate line is referred to as a second gate line,
a gate line below the second gate line is referred to as a third
gate line and so on. Similarly, a data line at the left end of
the source driver 125 is referred to as a first data line. A data
line on the right side of the first data line is referred to as a
second data line, a data line on the right side of the second
data line is referred to as a third data line and so on. Pixel
(1, 1) is a pixel 135 having a pixel electrode connected to the
drain of a thin-film transistor located at the intersection of
the first gate line and the first data line. In general, pixel (n,
m) is a pixel having a pixel electrode connected to the drain
of a thin-film transistor located at the intersection of the nth
gate line and the mth data line, which are provided on
respectively the nth row and the mth column of the pixel
matrix, where n is an integer in the range 1 to N whereas m
is an integer in the range 1 to M. In this configuration,
however, (M+1) data lines are provided. The first to Mth
data lines are connected to the source driver 125 and the
(M+1)th data line is connected to the first data line. On the
other hand, the number of gate lines is N. All the gate lines
are connected to the gate driver 126. The source of a
thin-film transistor provided at pixel (n, m) where n is an odd
integer is connected to all the first to Mth data lines. On the
other hand, the source of a thin-film transistor provided at
pixel (n, m) where n is an even integer is connected to all the
second to (M+1)th data lines.
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[0069] Some technical terms to be used in later descrip-
tions are to be defined here.

[0070] One frame period comprises a scanning period to
be defined later and a hold period following the scanning
period. To put it in detail, one frame period of a picture
displayed on a liquid-crystal panel comprises a scanning
period, during which image data of one frame of a picture to
be displayed on a liquid-crystal panel is written into the
liquid-crystal panel, and a hold period defined as an off-state
period following the scanning period. The hold period is
longer than the scanning period.

[0071] That is to say, a scanning period is defined as a
period, during which an electric potential representing
desired image data is given to all pixel electrodes provided
on the liquid-crystal panel. On the other hand, the hold
period is a period immediately succeeding a scanning period
as a period during which all gate lines provided in the
liquid-crystal panel are put in an off state.

[0072] Observe one of the data lines provided in the
liquid-crystal panel. For this observed data line, frame
periods are repeated consecutively. In one of the frame
periods, in a scanning period, an electric potential appearing
on the pixel electrode of each pixel connected to the
observed data line right after an on-state period is always
higher than an electric potential appearing on the opposite
electrode. Such frame period is referred to as a positive-
polarity frame period. A positive-polarity frame period is
also defined as a frame period comprising a scanning period
and a hold period following the scanning period. During the
scanning period, an electric potential appears on a data line
at a level higher than an electric potential appearing on the
opposite electrode when the electric potential of the gate line
associated with the data line changes from an on-state
electric potential to an off-state electric potential.

[0073] Observe one of the data lines provided in the
liquid-crystal panel. Similarly, for this observed data line,
frame periods are repeated consecutively. In one of the
frame periods, in a scanning period, an electric potential
appearing on the pixel electrode of each pixel connected to
the observed data line right after an on-state period is always
lower than an electric potential appearing on the opposite
electrode. Such frame period is referred to as a negative-
polarity frame period. A negative-polarity frame period is
also defined as a frame period comprising a scanning period
and a hold period following the scanning period. During the
scanning period, an electric potential appears on a data line
at a level lower than the electric potential appearing on the
opposite electrode when the electric potential of the gate line
associated with the data line changes from an on-state
electric potential to an off-state electric potential.

[0074] A positive-polarity data line is defined as a data line
experiencing driving in a positive-polarity frame period
observed as one of frame periods repeated consecutively. On
the other hand, a negative-polarity data line is defined as a
data line experiencing driving in a negative-polarity frame
period observed as one of frame periods repeated consecu-
tively.

[0075] A voltage appearing on the liquid crystal is defined
as a difference in electric potential between the ends of a
liquid-crystal layer sandwiched by a pixel electrode and an
opposite electrode in a pixel provided on a liquid-crystal
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panel. A positive-polarity liquid-crystal voltage is defined as
a difference in electric potential between the ends of a
liquid-crystal layer sandwiched by a pixel electrode and an
opposite electrode for an electric potential appearing on the
pixel electrode at a level higher than the electric potential
appearing on the opposite electrode. A positive-polarity
liquid-crystal voltage is also defined as a voltage appearing
on the liquid crystal of a pixel in a frame for a case in which
an electric potential appears on a data line connected to the
pixel at a level higher than the electric potential appearing on
the opposite electrode when the electric potential of a gate
line connected to the pixel changes from an on-state electric
potential to an off-state electric potential.

[0076] Similarly, a negative-polarity voltage appearing on
the liquid crystal is defined as a difference in electric
potential between the ends of a liquid-crystal layer sand-
wiched by a pixel electrode and an opposite electrode for an
electric potential appearing on the pixel electrode lower than
the electric potential appearing on the opposite electrode. A
negative-polarity voltage appearing on the liquid crystal is
also defined as a voltage appearing on the liquid crystal of
a pixel in a frame for a case in which an electric potential
appears on a data line connected to the pixel at a level lower
than the electric potential appearing on the opposite elec-
trode right before the electric potential of a gate line con-
nected to the pixel changes from an on-state electric poten-
tial to an off-state electric potential.

[0077] In the wiring model shown in FIG. 4, a data line
marked with a “+” symbol is a positive-polarity data line. On
the other hand, a data line marked with a “=” symbol is a
negative-polarity data line. A liquid-crystal voltage written
into a pixel marked with a “+” symbol has a positive
polarity. On the other hand, a liquid-crystal voltage written
into a pixel marked with a “~” symbol has a negative
polarity. If positive-polarity data lines and negative-polarity
data lines are wired repeatedly in an alternate manner as data
lines in the liquid-crystal panel 124 having a wiring model
described above by referring to FIG. 4, the polarity of the
liquid-crystal voltage written into pixels is inverted alter-
nately for each of the pixels. Thus, by adopting the wiring
and the driving, which are described above, the number of
polarity inversions per scanning period of the voltage
appearing on the liquid crystal remains the same as it is,
being equal to that for a case of execution of frame inversion
driving. Accordingly, dot inversion driving can be carried
out in a pseudo manner. By execution of frame inversion
driving in a pseudo manner in this way, flickers spatially
distributed as flickers caused by a dc element can be made
unnoticeable by the sense of sight.

[0078] FIG. 5 is an explanatory diagram showing a
method of transferring image data to each data line in a
scanning period in the embodiment of the present invention.
Assume that pieces of image data are to be written into
pixels on a row of the wiring described above from the first
column to the Mth column. To be more specific, let symbols
D1, D2, D3, - - - and Dm denote pieces of image data to be
written sequentially into pixels on the first column to the
Mth column respectively. Symbols S1, 82, 83, - - - and Sm
denote M memory cells provided for the source driver 125.
An electric potential representing image data stored in
memory cell Sj is applied to a data line of the jth column
where subscript j is an integer in the range 1 to M.
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[0079] When a gate line of an odd-numbered row is
selected, image data Dj is stored in memory cell Sj where
subscript j is an integer in the range 1 to M. When a gate line
of an even-numbered row is selected, on the other hand,
image data DM is stored in memory cell S1. In this case, the
timing controller 129 controls transfers of image data to
store image data Dj-1 in memory cell Sj where subscript j is
an integer in the range 2 to M.

[0080] In the typical wiring described earlier, the first to
Mth data lines are connected to the source driver 125. In this
typical wiring, on the other hand, the second to (M+1)th data
lines are connected to the source driver 125 but, since the
(M+1)th data line is connected to the first data line, dot
inversion driving can be carried out in a pseudo manner if
the timing controller 129 controls transfers of image data to
the memory cells.

[0081] In addition, the source of the thin-film transistor
provided at each pixel is connected to data lines as follows:
The source of the thin-film transistor provided at each pixel
on an even-numbered row is connected to all the first to Mth
data lines. On the other hand, the source of the thin-film
transistor provided at each pixel on an odd-numbered row is
connected to all the second to (M+1)th data lines. Even with
such wiring, if the (M+1)th data line is connected to the first
data line, dot inversion driving can be carried out in a pseudo
manner if the timing controller 129 controls transfers of
image data to the memory cells.

[0082] FIG. 6 is an explanatory diagram showing an
equivalent circuit of a pixel located at the intersection of the
nth row and the mth column of the pixel matrix of a
liquid-crystal panel composing a liquid-crystal display
device implemented by the embodiment of the present
invention. That is to say, the figure shows the configuration
of a pixel located at the intersection of the nth row and the
mth column of the pixel matrix in the liquid-crystal panel
124 provided by the embodiment. In the equivalent circuit
shown in FIG. 6, the thin-film transistor 101 is placed at the
intersection of a gate line 108 and a data line 109, being
connected to the gate line 108 and the data line 109.
Composed of a liquid-crystal resistor 102 and a liquid-
crystal capacitor 103 connected to each other in parallel, a
parallel circuit represents a liquid crystal sandwiched by the
opposite electrode 105 and a pixel electrode driven by the
thin-film transistor 101. Reference numeral 104 denotes a
storage capacitor, reference numeral 110 denotes a parasitic
capacitor between the data line 109 and the pixel electrode,
and reference numeral 106 denotes a capacitor line. FIG. 7
is an explanatory diagram showing an equivalent circuit
valid during an off-state period of the pixel on the liquid-
crystal panel provided by the embodiment of the present
invention. The figure is also a diagram showing the circuit
of a pixel located at the intersection of the nth row and the
mth column of a pixel matrix in an off-state period as well
as a diagram showing a leakage current 134 of the liquid
crystal and a leakage current 133 of the thin-film transistor
101 in a simple manner.

[0083] The circuit shown in FIG. 7 is put in a state in
which a gate-line electric potential Vgn on the nth row is
turned off. In this state, a resistor having a resistance of
about 1x10™ € serves as an equivalent circuit of the
thin-film transistor 101. This resistor is an off-state resistor
107 of the thin-film transistor 101. Right after a transition
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from an on-state period to an off-state period, a liquid-crystal
voltage representing image data is applied to a liquid-crystal
layer sandwiched by the pixel electrode of the pixel and the
opposite electrode 105. A voltage equal to the voltage
appearing on the liquid crystal is applied to the storage
capacitor 104. The voltages applied to the liquid-crystal
layer and the storage capacitor 104 change with the lapse of
time in accordance with an electric potential Vcom appear-
ing on the opposite electrode and an electric potential Vsigm
appearing on the data line.

[0084] Concrete methods of driving the liquid-crystal dis-
play device described above will be explained in detail
below. There are three concrete driving methods described
below.

[0085]

[0086] In order to quantitatively represent the quantity of
flickers mentioned in the following explanation of embodi-
ments, a flicker intensity is defined. Used for explaining the
definition of the flicker intensity, a diagram of FIG. 8 is an
explanatory diagram showing changes in reflectance with
the lapse of time. To be more specific, the figure shows
changes in reflectance in driving at a frame frequency of 15
Hz for a still image display. In the diagram of FIG. 8, a
horizontal axis represents the lapse of time (s) and a vertical
axis represents the reflectance (%). As shown in FIG. 8,
symbol Rmax denotes a maximum reflectance in 1 frame
period of image data. On the other hand, symbol Rmin
denotes a minimum reflectance in 1 frame period of image
data. The flicker intensity ?I is defined as a quantity
expressed in terms of Rmax and Rmin as follows:

(1) First Typical Example

Ruax = Ruin ©®)
Al= —— %100
Rmax

[0087] Table 1 shows frame frequencies and average val-
ues of flicker intensities. The frame frequencies and the
average values of flicker intensities have been obtained as
results of subjective evaluation. Each average value is an
average of flicker intensities each serving as a detection
threshold.

TABLE 1

Frame frequency

45 Hz 30 Hz 15Hz 10Hz

Average value of flicker 83 17 35 2.8
intensities serving as detection

thresholds

[0088] FIG. 9 is a diagram showing dependence of the

flicker intensity serving as the detection threshold on the
frequency for an intensity per frame of 50 ¢d. In the diagram
of FIG. 9, a horizontal axis represents the frequency (Hz)
and a vertical frequency represents the flicker intensity (%).
The subjective evaluation of the dependence was conducted
on six persons of 24 to 55 years old. The flicker intensity
serving as a detection threshold varies from person to
person. Every black circle shown in FIG. 9 represents an
average value of flicker intensities serving as detection
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thresholds of the 6 persons. The upper end of an error bar
represented by a vertical line passing through each black
circle is the upper limit of flicker intensities each serving as
a detection threshold. On the other hand, the lower end of the
error bar is the lower limit of flicker intensities each serving
as a detection threshold. As is obvious from FIG. 9, the
upper and lower limits all but coincide with each other for
frame frequencies equal to or lower than 15 Hz. If changes
in reflectance for a still image display on the liquid-crystal
display device represent a flicker intensity at least equal to
a detection threshold, the flickers are perceived (that is,
noticed by the sense of sight) on the still image display of the
liquid-crystal display device.

[0089] In addition, the relation between the frame fre-
quency and the average value of flicker intensities each
serving as a detection threshold indicates that the average
value of flicker intensities each serving as a detection
threshold is 3.5 for a frame frequency of 15 Hz and the
average value of flicker intensities each serving as a detec-
tion threshold is 83 for a frame frequency of 45 Hz. Thus,
the average value for a frame frequency of 15 MHz is much
smaller than the average value for a frame frequency of 45
Hz. Accordingly, the lower the frame frequency, the greater
the necessity to suppress reflectance changes of the pixel.
However, there are more technological relative difficulties in
comparison with the driving at the frame frequency of 60
Hz. In accordance with the driving method implemented by
this embodiment, driving is carried out at a frame frequency
lower than 60 Hz. For example, driving is carried out at
frame frequencies of 30 Hz, 15 Hz and 10 Hz. In this case,
the flicker intensity of a still image display on the liquid-
crystal display device at each of the frame frequencies is
smaller than the detection threshold for the frame frequency
so that, even if the driving is carried out at a low frame
frequency, it is possible to obtain a good display free of
flickers.

[0090] FIG. 10 shows timing charts used for explaining a
concrete driving method adopted by a liquid-crystal display
device as a method according to the embodiment of the
present invention. To be more specific, the figure shows
timings during consecutive positive-polarity and negative-
polarity frame periods of an electric potential Vsigm appear-
ing on a data line connected to a pixel located at the
intersection of the nth row and the mth column. Moreover,
the figure also shows timings of electric potentials Vgl, Vgn
and VgN appearing on gate lines. The electric potential Vgl
is an electric potential appearing on a first gate line. The first
gate line is a gate line from which the scanning during frame
periods of the liquid-crystal display device is started. A
second gate line is a gate line to be scanned after the first
gate line. Thereafter, the scanning is carried out from one
gate line to the next gate line in this way, and the ith gate line
is a gate line to be scanned in the ith scanning where
subscript i1s an integer in the range 1 to (N-1). The last gate
line or the Nth gate line is a gate line to be scanned in the
last scanning. The electric potential Vgn is an electric
potential appearing on an nth gate line and the electric
potential VgN is an electric potential appearing on the last
gate line. In addition, the figure also shows timings of an
electric potential Vnm appearing on the pixel electrode of a
pixel located at the intersection of the nth row and the mth
column. Furthermore, the figure also shows timings of the
waveform of an optical response given by the pixel located
at the intersection of the nth row and the mth column. It is
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to be noted that the electric potential Vcom appearing on the
opposite electrode is fixed all the time.

[0091] In order to simplify the explanation, the gate line
on the first row is the first gate line and the gate line on the
nth row is the nth gate line in this embodiment. However, the
gate line on the nth row is not necessarily the nth gate line.

[0092] In the driving method to invert the polarity in
accordance with this embodiment, the number of polarity
inversions per scanning period is minimized so that driving
can be carried out at a low power consumption. In addition,
since a data line is driven so that the voltage appearing on
the liquid crystal of a pixel connected to the data line always
has the same polarity during the scanning period, the
changes of the voltage appearing on the liquid crystal of the
pixel connected to the data line are small in comparison with
those for the 1H inversion driving. Thus, since the changes
of the voltage appearing on the liquid crystal of the pixel
connected to the data line are small in comparison with those
for the 1H inversion driving, column inversion driving, in
which the voltage appearing on the liquid crystal of the pixel
connected to the data line is inverted, is carried out for each
column. The number of polarity inversions per scanning
period for the column inversion driving is 1, which is equal
to the number of polarity inversions per scanning period for
frame inversion driving. However, the number of polarity
inversions per scanning period for the column inversion
driving is very small in comparison with the number of
polarity inversions per scanning period for line inversion
driving for inverting the polarity for each horizontal period.
The number of polarity inversions per scanning period for
the line inversion driving is N, which is the number of all
gate lines. In the case of a liquid-crystal panel for the
contemporary hand phone, N is at least 100. Since the
column inversion driving is carried out, a difference (Vnm-
Veom) between the electric potential Vecom appearing on the
opposite electrode and the electric potential Vnm appearing
on the pixel electrode located at the intersection of the nth
row and the mth column during the scanning period shown
in FIG. 10 is positive after the on-state period of the nth gate
line in a positive-polarity frame period, but negative after the
on-state period of the nth gate line in a negative-polarity
frame period.

[0093] In the scanning period shown in FIG. 10, gate lines
are selected sequentially. In this period, the electric potential
appearing on a data line changes for every horizontal period
in accordance with image data of a selected pixel. Changes
in data-line electric potential affect the pixel electrode
connected to the data line. For this reason, changes of the
electric potential Vsigm of the data line connected to the
pixel located at the intersection of the nth row and the mth
column affect the electric potential Vnm appearing on the
pixel electrode located at the intersection of the nth row and
the mth column, causing the electric potential Vnm to
change even in an off-state period as shown in FIG. 10. If
the scanning period is longer than Y45 seconds, flickers are
generated due to the aforementioned changes in electric
potential appearing on the pixel electrode Vnm in some
cases. However, effects of the changes in electric potential
appearing on the pixel electrode Vnm in a specific state on
the optical response are almost not observed during a short
period of desirably shorter than %50 seconds. In the specific
state, the changes in data-line electric potential affect the
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pixel electrode through the thin-film transistor 101 put in an
off state and capacitive coupling between the data line and
the pixel electrode.

[0094] Next, driving in a hold period shown in FIG. 10 is
explained. In order to lower the power consumption without
degrading the picture quality, it is desirable to prolong the
frame period. In order to prolong the frame period, it is
necessary to make the hold period longer than the scanning
period during which the electric potential appearing on the
data line must be changed. By considering that the current
number of moving-picture frames per second is 15, let the
frame frequency be set at, for example, 15 Hz. In this case,
the scanning period is set at %0 seconds, being the same as
the current frame period and the hold period is set at 3/60
seconds. In this way, it is possible to reduce the power
consumption while keeping a request for an operation to
write image data into all pixels as it is. In this case, the length
of the hold period is three times the length of the scanning
period. Thus, the electric potential appearing on the pixel
electrode in the hold period greatly changes due to a leakage
current of the liquid crystal and an off-state leakage current
of the thin-film transistor 101. As a result, the reflectance
changes and the changes in reflectance are perceived as
flickers in some cases. Accordingly, it is necessary to cope
with the changes in electric potential appearing on the pixel
electrode, which are caused by the leakage current of the
liquid crystal and the off-state leakage current of the thin-
film transistor.

[0095] By referring to FIGS. 11 to 13 showing circuits of
a pixel located at the intersection of the nth row and the mth
column in an off-state period, the following description
explains changes of the electric potential appearing on a
pixel electrode of the pixel located at the intersection of the
nth row and the mth column in detail as changes caused by
the leakage current of the liquid crystal and the off-state
leakage current of the thin-film transistor.

[0096] FIG. 11 is an explanatory diagram showing an
equivalent circuit of a pixel located at the intersection of the
nth row and the mth column in an off-state period. The
electric potential appearing at one terminal point of this
equivalent circuit is the electric potential Vsigm appearing
on a data line connected to the pixel located at the intersec-
tion of the nth row and the mth column. The electric
potential appearing at the other terminal point of this equiva-
lent circuit is the electric potential Vcom appearing at the
opposite electrode.

[0097] FIG. 12 is an explanatory diagram showing an
equivalent circuit of a pixel located at the intersection of the
nth row and the mth column for a case in which the electric
potential appearing on a data line connected to the pixel does
not change. On the other hand, FIG. 13 is an explanatory
diagram showing an equivalent circuit of a pixel located at
the intersection of the nth row and the mth column for a case
in which the electric potential appearing on a data line
connected to the pixel changes.

[0098] The equivalent circuit shown in FIG. 11 includes a
parallel circuit consisting of an off-state resistor Roff 107 of
the thin-film transistor 101 and a parasitic capacitor Csd 110
between the data line and the pixel electrode. The resistor
Roff 107 is connected in series to the data line connected to
the pixel located at the intersection of the nth row and the
mth column. The circuit consisting the resistor Roff 107 and
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the parasitic capacitor Csd 110, which are connected to each
other in parallel, is connected in series to another parallel
circuit. The other parallel circuit comprises a liquid crystal
resistor Rl 102, a liquid crystal capacitor Cl 103 and a
storage capacitor Cstg 104, which are connected to each
other in parallel. The aforementioned other terminal point of
this equivalent circuit is on a side of the other parallel circuit
opposite to the parallel circuit consisting of the resistor Roff
107 and the parasitic capacitor Csd 110. As described above,
the electric potential appearing at the other terminal point of
this equivalent circuit is the electric potential Vcom appear-
ing at the opposite electrode. A liquid-crystal voltage Vic
applied to a liquid-crystal layer sandwiched by the opposite
electrode and the pixel located at the intersection of the nth
row and the mth column is equal to a difference in electric
potential between the two terminals of the liquid crystal
capacitor C1103. Thus, if the difference in electric potential
between the two terminals of the liquid crystal capacitor Cl
103 can be prevented from changing, the reflectance does
not change too.

[0099] If the pixel is put in an off state, the equivalent
circuit shown in FIG. 11 is generally equivalent to a circuit
having a voltage source varying in the range of an electric
potential difference (Vsigm-Vcom) as shown in FIG. 13. If
the electric potential Vsigm appearing on a data line con-
nected to the pixel located at the intersection of the nth row
and the mth column is a fixed electric potential assumed to
be higher than the electric potential Vcom appearing on the
opposite electrode, the equivalent circuit shown in FIG. 11
is equivalent to a circuit having a de voltage source gener-
ating a voltage equal to the electric potential difference
(Vsigm-Vcom) as shown in FIG. 12. If the electric potential
Vsigm appearing on the data line is lower than the electric
potential Vcom appearing on the opposite electrode, on the
other hand, the equivalent circuit shown in FIG. 11 is
equivalent to a circuit having a dc voltage source generating
a voltage equal to the negative electric potential difference
(Vsigm-Vcom) as shown in FIG. 12.

[0100] Asis obvious from the circuit diagrams of FIGS. 11
to 13, the liquid-crystal voltage Vlc varies in dependence on
the off-state resistor Roff of the thin-film transistor 101, the
liquid crystal resistor Rl, the liquid crystal capacitor Cl, the
storage capacitor Cstg and the electric-potential difference
(Vsigm-Vcom). Thus, even if the liquid crystal resistance of
one of the components composing the circuit system
described above is increased independently of other com-
ponents, the liquid-crystal voltage Vic does vary in depen-
dence on the other components (particularly the off-state
resistor Roff 107 of the thin-film transistor 101) and the
electric-potential difference (Vsigm-Vcom). Thus, in order
to suppress the changes in liquid-crystal voltage Vlc, it is
necessary to take the entire circuit system into consideration.

[0101] The following description explains a result of an
analysis of changes in liquid-crystal voltage Vlc, which
accompany driving in a frame period of the pixel located at
the intersection of the nth row and the mth column. First of
all, an electric potential representing image data in the pixel
located at the intersection of the nth row and the mth column
is applied to the pixel electrode. At the same time, the pixel
located at the intersection of the nth row and the mth column
enters an off-state period. Right after that, the equivalent
circuit shown in FIG. 11 can be used as a circuit model of
the pixel. Let symbol VIcO denote the voltage appearing on
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the liquid crystal right after the on-state period. If the pixel
located at the intersection of the nth row and the mth column
is not connected to the last gate line, the data-line electric
potential Vsigm varies to supply image data to the remaining
pixels till the scanning of the all gate lines remaining even
after the on-state period is completed. Thus, the equivalent
circuit shown in FIG. 11 becomes equal to the equivalent
circuit shown in FIG. 13. The changes in liquid-crystal
voltage Vlc with the lapse of time are expressed by Eq. (7)
as follows:

dvlc __ E Vsigm - Vcom " (7)
di ~ T Ryp(Cr +Cyp +Cyy)
Coa d(Vsigm = Yeom)
Cr+ erg +Cy dr ’
_ R[ 'Rof]‘

- Ci+Cy +C,
R1+R0ff(1 g T Caat)

[0102] Asis obvious from Eq. (7), in order to suppress the
changes in liquid-crystal voltage Vic with the lapse of time,
it is necessary to have the first and second terms of the
expression on the right-hand side of the equation cancel each
other. In addition, the absolute value of the third term needs
to be reduced. It is thus necessary to make the positive/
negative polarity of the electric-potential difference
(Vsigm-Vcom) between the data line and the opposite
electrode after the on-state period the same as the polarity of
the liquid-crystal voltage VIcO cited above. In order to
reduce the absolute value of the third term on the right-hand
side of the equation, it is necessary to decrease the amplitude
of the electric-potential difference (Vsigm-Vcom) during
the scanning period. Thus, Eq. (7) indicates that changes of
the electric voltage of the liquid crystal in the pixel for the
column inversion driving are smaller than changes of the
electric voltage of the liquid crystal in the pixel for the line
inversion driving. In the column inversion driving, through-
out the entire scanning period, the data-line electric potential
Vsigm is all but equal to the electric potential Vcom
appearing on the opposite electrode for all tones and the
maximum amplitude of the electric-potential difference
(Vsigm-Vcom) is all but equal to the maximum of the
absolute value of a liquid-crystal voltage used in a display.
In the line inversion driving, the electric potential appearing
on a data line connected to the pixel located at the intersec-
tion of the nth row and the mth column is the inverted value
of the electric potential appearing on the opposite electrode
for each line period.

[0103] In a scanning period, the liquid crystal electric
voltage Vlc changes in accordance with Eq. (7). Thinking of
the fact that the column inversion driving is carried out and
the fact that the scanning period is a period shorter than %30
seconds, however, it is probable that there are no changes in
liquid-crystal voltage Vlc, which are large enough for gen-
erating flickers in the scanning period.

[0104] Next, driving carried out in a hold period is
explained. If the electric potential appearing on a data line
varies arbitrarily, changes in liquid-crystal voltage Vlc with
the lapse of time are expressed by Eq. (7). Thus, the polarity
of the electric-potential difference (Vsigm-Vcom) for sup-
pressing the changes in liquid-crystal voltage Vlc with the
lapse of time is the same as the polarity of the liquid-crystal
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voltage VIcO right after the on-state period as described
above. The electric-potential difference (Vsigm-Vcom) is a
difference in electric potential between the data line and the
opposite electrode during a hold period immediately follow-
ing an on-state period. In addition, in order to suppress the
changes in liquid-crystal voltage Vlc with the lapse of time,
it is necessary to make the difference (Vsigm-Vcom) in
electric potential between the data line and the opposite
electrode fixed independently of time as is obvious from the
third term of the expression on the right-hand side of Eq. (7).
In this embodiment, since the electric potential appearing on
the opposite electrode is fixed, by making the electric
potential appearing on the data line constant during the hold
period, it is possible to suppress the effect of the third term
of the expression on the right-hand side of Eq. (7), that is,
the effect exhibited by the data line as an effect caused by the
capacitive coupling. Thus, the electric potential appearing
on the data line needs to be made constant during the hold
period.

[0105] With the electric potential appearing on the data
line made constant during the hold period, the equivalent
circuit shown in FIG. 12 can be used as a circuit model of
the pixel located at the intersection of the nth row and the
mth column. In this case, changes in liquid-crystal voltage
Vlc with the lapse of time are expressed by Eq. (8) as
follows:

dVy, Ry ( Vv &37"/1 8)
= —_— (V.. - | — .
T Rt R\ cim ™ Veom) Lo

p
Ry - Rog
Ry +R0jf

(C1 + Cgg + Csg)

[0106] Strictly speaking, symbol Vicl used in Eq. (8)
denotes a value of the liquid-crystal voltage Vlc appearing
on the liquid crystal in the pixel located at the intersection
of the nth row and the mth column right after completion of
the scanning period. It is probable, however, that the voltage
appearing on the liquid crystal does not change greatly
during the scanning period. Thus, the liquid-crystal voltage
Vel appearing right after completion of the scanning period
is considered to be the same as the liquid-crystal voltage
Vl1e0 appearing during the scanning period or (Vie1=Vlc0)
in the following description.

[0107] In accordance with Eq. (8), by setting the electric
potential Vsigm appearing on the data line connected to the
pixel located at the intersection of the nth row and the mth
column at a proper value, it is possible to completely nullify
changes of the liquid-crystal voltage Vlc appearing in the
pixel located at the intersection of the nth row and the mth
column in the hold period. At that time, the value of the
electric potential Vsigm appearing on the data line can be
expressed by Eq. (9) as follows:

Rop
ingm = VYeom + [1 + R_] X Vico

[0108] As is obvious from Eq. (9), during a hold period
immediately following an on-state period, the polarity of the
difference (Vsigm-Vcom) between the electric potential
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Vcom appearing on the opposite electrode and the data-line
electric potential Vsigm completely nullifying changes of
the liquid-crystal voltage Vlc appearing on the pixel located
at the intersection of the nth row and the mth column in the
hold period is the same as the polarity of the liquid-crystal
voltage VIcO right after the on-state period.

[0109] The following description explains details of
physical phenomena dealt with in this driving method. In
accordance with the conventional driving method for reduc-
ing changes exhibited by the electric potential appearing on
the pixel electrode as changes caused by a leakage current of
the liquid crystal and an off-state leakage current of a
thin-film transistor, assuming that there is no correlation
between the leakage current of the liquid crystal and the
off-state leakage current of a thin-film transistor, the leakage
current of the liquid crystal and the off-state leakage current
of a thin-film transistor are dealt with separately. In order to
reduce the leakage current of the liquid crystal, for example,
a liquid-crystal material having a higher resistivity is
employed. By improving the liquid-crystal material in this
way, the leakage current of the liquid crystal can be
decreased.

[0110] As for a solution to the problem raised by the
off-state leakage current of a thin-film transistor, there are
adopted a driving method of optimizing the electric potential
appearing on the gate line during the off-state period so as
to maximize the off-state resistor of the thin-film transistor
and a driving method of increasing the off-state resistor of
the thin-film transistor by setting the electric potentials
appearing on the data line and the pixel electrode at about
the same level. By adoption of the methods described above,
however, the problem raised by the leakage current of the
liquid crystal and the problem raised by the off-state leakage
current of the thin-film transistor are merely solved indi-
vidually. These methods of solving the problems individu-
ally cannot be said to be a solution optimum for the system
comprising the thin-film transistor and the liquid-crystal
layer.

[0111] Adriving method provided by the present invention
is an optimum driving method of suppressing changes of the
electric potential appearing on the pixel electrode by con-
sidering development of the liquid-crystal voltage with the
lapse of time in a system comprising the thin-film transistor,
the liquid-crystal layer and the storage capacitor. A root
cause of changes in liquid-crystal voltage is changes of
electric charges stored in the liquid-crystal capacitor and the
storage capacitor. As shown in FIG. 12, the off-state resistor
Roff 107 of the thin-film transistor 101 is connected in series
to the liquid-crystal layer. Thus, if the absolute value of the
off-state leakage current of the thin-film transistor 101 and
the flowing direction of the off-state leakage current of the
thin-film transistor 101 can be made the same as respectively
the absolute value of the leakage current of the liquid-crystal
and the flowing direction of the leakage current of the
liquid-crystal, the amounts of electric charges stored in the
liquid-crystal capacitor C1 103 and the storage capacitor
Cstg 104 can be kept constant, causing the voltage appearing
on the liquid crystal to remain at a fixed level. As a matter
of fact, for the pixel located at the intersection of the nth row
and the mth column, if the electric potential Vsigm appear-
ing on a data line connected to the pixel located at the
intersection of the nth row and the mth column has a value
expressed by Eq. (9), in accordance with the pixel circuit
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model shown in FIG. 12, the absolute value and direction of
a current flowing through the off-state resistor Roff of the
thin-film transistor 101 are the same as respectively the
absolute value and direction of a current flowing through the
liquid-crystal resistor R1. Thus, the amount of electric charge
stored in the liquid-crystal capacitor C1 103 remains constant
all the time.

[0112] The above description has explained the value of
the electric potential appearing on a data line connected to
a pixel located at the intersection of the nth row and the mth
column during a hold period, in which the liquid-crystal
voltage Vlc of the pixel is fixed, and a method of driving the
data line for the pixel. As is obvious from Eq. (8), however,
the value of the electric potential appearing on a data line
connected to the pixel during a hold period, in which the
liquid-crystal voltage Vlc of the pixel is fixed, is dependent
on image data written into the pixel in a scanning period
immediately preceding a transition to the hold period. It is
thus impossible to set the voltage appearing on the liquid
crystals of all pixels connected to a data line at constant
levels during a hold period for holding the electric potential
appearing on the data line except for the case in which the
same image data is stored in all the pixels connected to the
data line all the time. Considering the non-linear reflectance
characteristic for the liquid-crystal voltage of the liquid-
crystal panel, however, if the data line is driven to make the
liquid-crystal voltage constant only for image data corre-
sponding o a tone showing a transmittance approximately
equal to half the maximum transmittance or a reflectance
approximately equal to half the maximum reflectance, it is
possible to suppress changes in liquid-crystal voltage for all
pieces of image data and to obtain a good display charac-
teristic free of flickers even for a hold period longer than %o
seconds.

[0113] The following description explains details of a
reason why a liquid-crystal voltage Vlc corresponding to a
tone showing a transmittance approximately equal to half
the maximum transmittance or a reflectance approximately
equal to half the maximum reflectance is selected as a
liquid-crystal voltage Vlc subjected to driving to make the
liquid crystal-voltage Vlc of the pixel constant. The descrip-
tion begins with an explanation of a method adopted by this
embodiment to measure the dependence of the reflectance of
the liquid-crystal panel on the voltage appearing on the
liquid crystal. Gate lines connected to all pixels on the
liquid-crystal panel or all pixels included in a reflectance
measurement area are put in an on state throughout the entire
measurement period. A signal having a square waveform
with the center of its amplitude coinciding with the electric
potential appearing on the opposite electrode is applied to
the data lines. At that time, during a period in which the
electric potential appearing on the data line is higher than the
electric potential appearing on the pixel electrode, the dif-
ference between the electric potential appearing on the data
line and the electric potential appearing on the pixel elec-
trode is used as the positive-polarity liquid-crystal voltage of
the pixel connected to the data line. Then, the dependence of
the reflectance of the liquid-crystal panel on the voltage
appearing on the liquid crystal is measured for the period in
which the electric potential appearing on the data line is
higher than the electric potential appearing on the pixel
electrode. The measured dependence of the reflectance of
the liquid-crystal panel on the voltage appearing on the
liquid crystal is considered to be dependence of the reflec-
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tance on the voltage appearing on the liquid crystal for a
positive-polarity frame period. During a period in which the
electric potential appearing on the data line is lower than the
electric potential appearing on the pixel electrode, the dif-
ference between the electric potential appearing on the data
line and the electric potential appearing on the pixel elec-
trode is used as the negative-polarity liquid-crystal voltage
of the pixel connected to the data line. Then, the dependence
of the reflectance of the liquid-crystal panel on the voltage
appearing on the liquid crystal is measured for the period in
which the electric potential appearing on the data line is
lower than the electric potential appearing on the pixel
electrode. The measured dependence of the reflectance of
the liquid-crystal panel on the voltage appearing on the
liquid crystal is considered to be dependence of the reflec-
tance on the voltage appearing on the liquid crystal for a
negative-polarity frame period.

[0114] FIG. 14 is an explanatory diagram showing a graph
representing the dependence of the reflectance of the liquid-
crystal panel on the voltage appearing on the liquid crystal.
The dependence is measured by adopting the method
described above as dependence of the reflectance on the
liquid-crystal voltage for a positive-polarity frame period. In
FIG. 14, symbol V10 denotes a positive-polarity liquid-
crystal voltage for a reflectance equal to about 10% of the
maximum reflectance. Symbol V50 denotes a positive-
polarity liquid-crystal voltage for a reflectance equal to
about 50% of the maximum reflectance. Symbol V90
denotes a positive-polarity liquid-crystal voltage for a reflec-
tance equal to about 90% of the maximum reflectance. Let
symbol T (Vlcp) represent the reflectance as a function of
positive-polarity liquid-crystal voltage Vlep. In this case,
symbol dT(Vlep)/dVicp represents the rate of change in
reflectance with respect to the positive-polarity liquid-crys-
tal voltage Vlcp.

[0115] Asis obvious from FIG. 14, at the positive-polarity
liquid-crystal voltage Vlcp equal to V10, di(Vicp)/dViep
starts increasing abruptly. In the vicinity of V50, dt(Vlcp)/
dVlcp approximately approaches a maximum. At V90, dt(V-
lep)/dVlep starts decreasing abruptly. Thus, positive-polar-
ity liquid-crystal voltages in the vicinity of V50 are positive-
polarity liquid-crystal voltages at which changes in voltage
most likely cause flickers. Similarly, it is possible to draw a
graph representing the dependence measured by adopting
the method described above as dependence of the reflectance
of the liquid-crystal panel on the voltage appearing on the
liquid crystal for a negative-polarity frame period. Such a
graph will indicate that negative-polarity liquid-crystal volt-
ages in the vicinity of a negative-polarity liquid-crystal
voltage for areflectance equal to about 50% of the maximum
reflectance are negative-polarity liquid-crystal voltages at
which changes in voltage most likely cause flickers. It is thus
important to carry out most effective driving by suppressing
flickers generated at tones in the vicinity of a tone showing
a transmittance approximately equal to half the maximum
transmittance or a reflectance approximately equal to half
the maximum reflectance.

[0116] In the dependence of the reflectance on the voltage
appearing on the liquid crystal in a positive-polarity frame
period, a liquid-crystal voltage showing a reflectance equal
to about 50% of the maximum reflectance in the positive-
polarity frame period is a middle value between a liquid-
crystal voltage showing a reflectance equal to about 10% of
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the maximum reflectance in the positive-polarity frame
period and a liquid-crystal voltage showing a reflectance
equal to about 90% of the maximum reflectance in the
positive-polarity frame period. Similarly, in the dependence
of the reflectance in a negative-polarity frame period on the
voltage appearing on the liquid crystal, a liquid-crystal
voltage showing a reflectance equal to about 50% of the
maximum reflectance in the negative-polarity frame period
is a middle value between a liquid-crystal voltage showing
a reflectance equal to about 10% of the maximum reflec-
tance in the negative-polarity frame period and a liquid-
crystal voltage showing a reflectance equal to about 90% of
the maximum reflectance in the negative-polarity frame
period. Thus, for a pixel holding image data of a tone
showing a reflectance equal to about half the maximum
reflectance or a transmittance equal to about half the maxi-
mum transmittance, a data-line electric potential at which
the voltage appearing on the liquid crystal of the pixel
becomes constant is not much different from a data-line
electric potential firmly sustaining the voltage appearing on
the liquid crystal of a pixel holding image data showing a
reflectance equal to about 10% of the maximum reflectance
and not much different from a data-line electric potential
firmly sustaining the voltage appearing on the liquid crystal
of a pixel holding image data showing a reflectance equal to
about 90% of the maximum reflectance. Thus, by carrying
out driving to make the voltage appearing on the liquid
crystal of the pixel constant for every pixel holding image
data of a tone showing a reflectance equal to about half the
maximum reflectance or a transmittance equal to about half
the maximum transmittance, it is possible to reduce changes
in liquid-crystal voltage in the hold period of all pixels on
the liquid-crystal panel.

[0117] As shown in FIG. 10, the above descriptions
indicate that, in a driving method to invert the polarity of a
data line in a scanning period, the number of polarity
inversions per scanning period is smallest, allowing driving
to be carried out at a low power consumption. In addition,
by carrying out column inversion driving entailing small
changes of an electric potential appearing on the pixel
electrode of a pixel connected to the data line in the scanning
period, it is possible to give a desired electric potential to the
pixel electrode of the pixel connected to the data line as a
result of the driving. Next, the electric potential appearing
on the data line in a hold period is fixed at a level making
the voltage appearing on the liquid crystal of a pixel con-
stant. In this case, the pixel is a pixel holding image data of
a gray level. That is to say, in the case of a positive-polarity
data line, an electric potential Vsp of the positive-polarity
data line has a value expressed by Eq. (10) as follows:

(10)

R
Vi = Vo + [1 + R;'ff]xvp
1

[0118] where symbol Vsp denotes an electric potential of
a positive-polarity data line and symbol Vp denotes the
absolute value of the positive-polarity liquid-crystal voltage
for a reflectance equal to about 50% of the maximum
reflectance of the liquid-crystal display device.
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[0119] In the case of a negative-polarity data line, an
electric potential Vsm of the negative-polarity data line has
a value expressed by Eq. (11) as follows:

Ry (11

szvcom—[1+R—l]me

[0120] where symbol Vsm denotes an electric potential of
a negative-polarity data line and symbol Vm denotes the
absolute value of the negative-polarity liquid-crystal voltage
for a reflectance equal to about 50% of the maximum
reflectance of the liquid-crystal display device.

[0121] The operation to set the electric potentials appear-
ing on positive-polarity and negative-polarity data lines in a
hold line as described above can be carried out for each data
line or each portion of the liquid-crystal panel. Alternatively,
the operation can be carried out at the same time for all data
lines. By carrying out the driving described above, it is
possible to obtain an optical response waveform like the one
shown in FIG. 10 and obtain a high-quality display free of
flickers.

[0122] FIG. 15 shows timing charts used for explaining a
concrete driving method adopted by the liquid-crystal dis-
play device implemented by an embodiment of the present
invention. To be more specific, FIG. 15 shows timings of the
electric potential appearing on a pixel electrode located at
the intersection of the nth row and the mth column, an
optical response waveform of a pixel having the pixel
electrode and a variety of driving signals, in a positive-
polarity frame period and a negative-polarity frame period.
By the way, in the hold period described above, if the
electric potential appearing on a data line is greatly different
from the optimum value Vsp or Vsm described earlier, the
optical response waveform of a pixel connected to the data
line exhibits changes in reflectance, which are synchronous
with frame periods as shown in FIG. 15. In FIG. 15, the
same symbol as any particular symbol shown in FIG. 10
represents the waveform of the same timings denoted by the
particular symbol shown in FIG. 10.

[0123] The following description explains a method of
setting the electric potential on a data line during a hold
period in the liquid-crystal display device more concretely.
Let symbol AV(f) denote the absolute value of an electric-
potential change observed on a pixel electrode in a frame
period corresponding to a frame frequency of fHz where
symbol f denotes the frame frequency. Let symbol Vfst
denote an electric potential appearing on the pixel electrode
right after a specific on-state period for a pixel with the
frame frequency f and symbol Vlist denote an electric
potential appearing on the pixel electrode right before the
next on-state period following the specific on-state period
for the same pixel. In this case, the equation AV(f)=|Vfst-
Vist| holds true. If AV(f) exceeds a predetermined value in
a still-image display, changes in reflectance show a flicker
intensity at least equal to a detection threshold. Let symbol
AVc(f) denote a critical electric-potential change quantity,
which is AV(f) directly before the indication of the flicker
intensity at least equal to a detection threshold.

[0124] In accordance with a method of determining
AVc(f), first of all, the dependence of the reflectance of the
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liquid-crystal panel on the voltage appearing on the liquid
crystal is measured. Then, from the flicker intensity Alc(f)
serving as a detection threshold for the frame frequency fHz,
a reflectance change ATc(f) corresponding to the flicker
intensity Alce(f) is found. ATe(f) at the reflectance Rmax is
given as follows:

ATe(f)=(Rmax—Rmin)=Alc(f)xRmax/100

[0125] From a result obtained from the measurement of
the dependence of the reflectance of the liquid-crystal panel
on the voltage appearing on the liquid crystal, a slope
AVIc/AT of the reflectance with respect to the voltage
appearing on the liquid crystal at the reflectance Rmax is
found. From the slope AVIc/AT, the change AVcl(f) in
liquid-crystal voltage with respect to the change ATc(f) in
reflectance at the reflectance Rmax is found as follows:

AVel(H=(AVIc/AT)XATc(f)

[0126] The method described above is a method of deter-
mining the change AVel(f) in liquid-crystal voltage as a
critical electric-potential change AVc(f).

[0127] The value of the change AVcl(f) in liquid-crystal
voltage found from the dependence of the reflectance of the
liquid-crystal panel on the voltage appearing on the liquid
crystal as shown in FIG. 14 and from a reflectance of 23%
is 15 mV. The reflectance of 23% is found from the flicker
intensity of 3.5 serving as the detection threshold at a frame
frequency of 15 Hz as shown in Table 1.

[0128] In a scanning period, the data line is almost not
changed and, during an entire off-state period in a frame
period, the electric potential appearing on the data line is
fixed. Let symbol Vsig denote an electric potential appearing
on the data line. In this case, the change in liquid-crystal
voltage Vic with the lapse of time is expressed by Eq. (12)
as follows:

g (12)
Vielt = g Vg = Veon)(1 =€) &7 (Vi = Veom)
_ Ri-Ry
= R, +R0ﬁ-(C1 +erg +Cy)
[0129] In this case, the equations Vist=Vcom+Vlc (t=1/f)

and AV(f)=|vfst-Veom-Vic (t=1/f)| hold true.

[0130] An optimum electric potential Vopt for sustaining
the voltage Vist appearing on the pixel electrode as it is in
an off-state period is defined by Eq. (13) for the explanation
given below as follows:

R, 13
Vopr = com+(1+ I;ﬁ- (1

\ 1

](vfx, Vo)

[0131] If driving is carried out so as to satisfy the follow-
ing condition:

AVe(hZAV()=|vfst=Veom-Vic (t=1/f)),

[0132] at a frame frequency f, flickers synchronous with
frame periods are unnoticeable by the sense of sight.

[0133] For an electric potential Vsig appearing on the data
line as an electric potential at least equal to the optimum
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electric potential Vopt, the range of the data-line electric
potential Vsig for which flickers are unnoticeable by the
sense of sight is expressed by Eq. (14) as follows:

. Ropr | AVelS) (14)
Vop,svx;gs\/op,+[1+ 1;1 ] Cﬁf
1-eft
R R
r= 20+ Cyy + Cp)
R1+Rof]'

[0134] In the case of the electric potential Vsig appearing
on the data line as an electric potential lower than the
optimum electric potential Vopt, on the other hand, the range
of the data-line electric potential Vsig for which flickers are
unnoticeable by the sense of sight is expressed by Eq. (15)
as follows:

R 1AVL(f 15
vop,—[u R’] ({; € Vigg < Vo =
el
_ RiRyg
T= Ri+ Ry (C1 + Cyg + Cat)
[0135] Consider both the ranges of the data-line electric

potential Vsig. If the electric potential appearing on the pixel
electrode of a pixel on a liquid-crystal panel driven at a
frame frequency in an off-state period right after an on-state
period of a frame period is Vist, the range of the electric
potential Vsig appearing on the data line in the off-state
period right after the on-state period can be set in accordance
with Eq. (16) below so that the changes in reflectance on a
still-image display of the pixel represent a flicker intensity
not exceeding a detection threshold and are thus unnotice-
able by the sense of sight.

Rogr 1AV (f) R 1aVe(f)  (16)
Vop,—[l+ Rff] =) sVS;gsvop,+[1+ R{] =)
1-eft 1-elt
Ri +Rog
T2 g G G+ G
[0136] In finding the range expressed by Eq. (16), it is

assumed that the data line is almost not changed during a
scanning period and, during an entire off-state period in a
frame period, the electric potential appearing on the data line
is fixed. In the scanning period, however, the electric poten-
tial appearing on the data line has an arbitrary value and, in
order to accurately examine the range of values, which the
electric potential appearing on the data line can have, it is
necessary to carry out a simulation. If the scanning period is
shorter than about %40 seconds, however, it is probable that
there are no large changes in electric potential appearing on
the pixel electrode in the scanning period. Thus, by setting
the electric potential appearing on the data line during the
hold period at a value in the range expressed by Eq. (16),
reflection changes of a pixel holding image data, for which
the electric potential appearing on the pixel electrode right
after the on-state period is Vfst, exhibit a flicker intensity not
exceeding the detection threshold.
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[0137] The range of data-line electric potentials, for which
changes in reflection exhibit a flicker intensity not exceeding
the detection threshold, is dependent on the image data. If
the non-linear characteristic of the reflectance with respect
to the voltage appearing on the liquid crystal is taken into
consideration, however, by taking the value of the electric
potential Vfst and the value of the critical electric-potential
change AVe (f) as values corresponding to a gray level in
determination of the range of values and by using Eq. (16),
the liquid-crystal display device can be made capable of
outputting a good display free of flickers. As described
before, the electric potential Vfst is an electric voltage
appearing on the pixel electrode right after the on-state
period and the critical electric-potential change AVc (f) is a
change corresponding to the electric potential Vfst. The
determined range of values includes values, which the
electric potential appearing on the data line in the on-state
period should have. Note that it is desirable to set the electric
potential appearing on the data line in the hold period at the
optimum electric potential Vsp or Vsm described earlier in
dependence on whether the data line is a positive-polarity
data line or a negative-polarity data line respectively.

[0138] In addition, in the liquid-crystal panel, it is difficult
to directly measure and determine the pixel-electrode elec-
tric potential Vst appearing right after the on-state period as
an electric potential corresponding to the gray level. From a
measurement provided by the method of measuring the
dependence of the reflectance of the liquid-crystal panel on
the voltage appearing on the liquid crystal, however, it is
possible to determine the pixel-electrode electric potential
Vist appearing right after the on-state period. If the flicker
intensity at a still-image display time of a liquid-crystal
display device driven at a driving frequency lower than 60
Hz does not exceed the detection threshold, in a frame
period, the electric potential appearing on the pixel electrode
does not change as much as the tone varies. Thus, the
method of measuring the dependence of the reflectance of
the liquid-crystal panel on the voltage appearing on the
liquid crystal can be executed to find dependence of the
reflectance of the liquid-crystal panel on the voltage appear-
ing on the liquid crystal. The dependence of the reflectance
of the liquid-crystal panel on the voltage appearing on the
liquid crystal can also be obtained from actual driving. The
dependence obtained as a result of the measurement method
is about the same as the dependence obtained from the actual
driving. Thus, the value of the pixel-electrode electric poten-
tial Vfst appearing right after the on-state period as an
electric potential corresponding to the gray level is Veom+
Vp for a pixel connected to a positive-polarity data line or
Veom-Vm for a pixel connected to a negative-polarity data
line. In this case, symbol Vp denotes the absolute value of
the positive-polarity liquid-crystal voltage at a reflectance
equal to about 50% of the maximum reflectance of the
liquid-crystal panel in the dependence characteristic
obtained as a result of the measurement method as the
dependence of the reflectance of the liquid-crystal panel on
the voltage appearing on the liquid crystal. On the other
hand, symbol Vm denotes the absolute value of the negative-
polarity liquid-crystal voltage at a reflectance equal to about
50% of the maximum reflectance of the liquid-crystal panel
in the dependence characteristic obtained as a result of the
measurement method as the dependence of the reflectance of
the liquid-crystal panel on the voltage appearing on the
liquid crystal.
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[0139] The following description explains typical concrete
numbers for the range of values, which the electric potential
appearing on a positive-polarity data line in a hold period
should have. As shown in FIG. 14, the positive-polarity
liquid-crystal voliage at a reflectance equal to 100% of the
maximum reflectance is 3.2 V, V10 is about 1.4 V, V50 is
about 1.9 V and V90 is about 2.4 V. Design parameters are
given as follows: The electric potential appearing on the
opposite electrode is 3.2 V. The off-state resistance of the
thin-film transistor is 1x10*> Q. The liquid-crystal resistivity
is 1x10™ Qm. The number of pixels per inch on the
liquid-crystal panel is 200. The area of the pixel electrode is
4,636 em>. The thickness of the liquid-crystal layer is 5 gm.
The total capacitance of a pixel is 0.38 pF for a liquid-crystal
voltage of 1.4 V, 0.41 pF for a liquid-crystal voltage of 1.9
V and 0.42 pF for a liquid-crystal voltage of 2.4 V. In the
case of these numerical values, a further explanation is given
for a frame frequency of 15 Hz.

[0140] Symbol AVc(f=15) denotes AVc found from the
curve shown in FIG. 14 to represent the dependence of the
reflectance on the voltage appearing on the liquid crystal and
from a flicker intensity for a frame frequency of 15 Hz. The
value of AVe (f=15) is about 27 mV for a liquid-crystal
voltage of 1.4V, about 56 mV for a liquid-crystal voltage of
2.4V and about 15 mV for a liquid-crystal voltage of 1.9 V.
At that time, for a pixel connected to a positive-polarity data
line, the value of the pixel-electrode electric potential Vst
appearing right after the on-state period is (Vcom+1.4) for
a positive-polarity liquid-crystal voltage of 1.4 V, (Vcom+
1.9) for a positive-polarity liquid-crystal voltage of 1.9 V or
(Vecom+2.4) for a positive-polarity liquid-crystal voltage of
2.4 V. Table 2 shows ranges of values that the electric
potential Vsig appearing on the positive-polarity data line in
an off-state period right after an on-state period should have
under such conditions. The unit of numbers shown in the
table is the volt.

TABLE 2
Vie Range
1.4 319 < Vg, < 627
1.9 4.36 < Vg < 6.20
2.4 225 « Vg, <9.40

sig

[0141] Asis obvious from Table 2, the range of values that
the electric potential Vsig appearing on the positive-polarity
data line should have for a liquid-crystal voltage of 1.9 V is
narrower than each of the ranges of values that the electric
potential Vsig appearing on the positive-polarity data line
should have for liquid-crystal voltages of 1.4 Vand 2.4 V. As
a matter of fact, the range of values that the electric potential
Vsig appearing on the positive-polarity data line should have
for a liquid-crystal voltage of 1.9 V is included in each of the
ranges of values that the electric potential Vsig appearing on
the positive-polarity data line should have for liquid-crystal
voltages of 1.4 V and 2.4 V. This is because the values of
AVe(f=15) for the liquid-crystal voltage V50 are smaller
than those for other tones. The values of AVc (f=15) for the
liquid-crystal voltage V50 are the changes in critical electric
potential for a tone showing a transmittance equal to about
50% of the maximum transmittance or a remittance equal to
about 50% of the maximum remittance.
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[0142] While the above description has explained concrete
numbers of the ranges of values that the electric potential
Vsig appearing on the positive-polarity data line should have
in a hold period, ranges of values that the electric potential
Vsig appearing on the negative-polarity data line should
have in a hold period can be found in the same way.

[0143] The off-state resistance Roff [€] used in Egs. (10)
and (11) as the off-state resistance of the thin-film transistor
is dependent on the design of the thin-film transistor but can
be set at a value in a range to a certain degree. The following
description explains details of a method to determine the
value of the off-state resistance Roff of a thin-film transistor.
If driving a liquid-crystal display device at a low power
consumption and proof pressure of a driver for generating an
electric voltage on a data line is taken into consideration, it
is desirable to generate an electric voltage not higher than an
upper level of about 10 V on the data line. The upper limit
is dependent on the material of the liquid crystal or varies
from material to material. However, the following descrip-
tion applies to any material of the liquid crystal. That is to
say, a setting method described below is applicable to any
material of the liquid crystal or holds true as it is even if the
material of the liquid crystal is changed.

[0144] Table 3 shows the absolute value of each optimum
liquid-crystal voltage, which is defined as a difference
between the electric voltage appearing on the opposite
electrode and the optimum electric voltage appearing on the
data line in a hold period as expressed by Egs. (10) and (11)
for Vp=Vm=1.9. The unit of the absolute value [Vsig—Vcom|
of the optimum voltage appearing on the liquid crystal is the
volt.

TABLE 3
Ry/Ry 01 s 1 15 2 25
Ve - Veoml 209 285 38 475 57 665
[0145] In this case, if the upper limit of the electric voltage

appearing on the data line is set at 10V, the positive-polarity
maximum and negative-polarity minimum of the voltage
appearing on the liquid crystal are +5 V and -5 V respec-
tively. Thus, in a liquid-crystal display device for which the
upper limit of the electric voltage appearing on the data line
can be assumed to be 10V, the absolute value [Vsig—Veom|
of the usable optimum liquid crystal voltage is 5 V or
smaller.

[0146] If hold characteristics of voltages for tones other
than the tone showing a transmittance equal to about half the
maximum transmittance or a reflectance equal to about half
the maximum reflectance are taken into consideration, the
off-state resistance Roff of the thin-film transistor had better
be set at a large value. Thus, if the upper limit of the electric
voltage appearing on the data line is 10 V and the absolute
value of the liquid-crystal voltage of the tone showing a
transmittance equal to about half the maximum transmit-
tance or a reflectance equal to about half the maximum
reflectance is 1.9 V, it is desirable to set the off-state
resistance Roff of the thin-film transistor at a value 0.1, 0.5,
1.0 or 1.5 times the liquid-crystal resistance Rl.

[0147] The following description explains a control
method executed in carrying out the driving in the first
embodiment. A vertical synchronization signal Vsyn is a
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pulse generated for every frame period. A gate-driving signal
¢g generates a pulse with a width equal to or shorter than a
gate sclection period and starts generation of pulses with a
start point coinciding with the vertical synchronization sig-
nal Vsyn.

[0148] FIG. 16 is an explanatory diagram used for
describing a method of controlling gate lines in the liquid-
crystal display device implemented by the embodiment of
the present invention. To be more specific, FIG. 16 is a
block diagram showing the configuration of a gate driver
126 shown in FIG. 1 as the gate-line-driving circuit. A shift
register 143 shown in FIG. 16 is used for storing ‘0’or ‘1’
information as a Boolean value or an electric potential
corresponding to the ‘0’ or ‘1’ information. In a scanning
period, the ‘1’ information is stored in only one register of
the shift register 143 and shifted to the next register every
time a pulse of the gate-driving signal ¢g is supplied to the
shift register 143. In the case of a liquid-crystal panel having
N gate lines on N rows, the number of registers in the shift
register 143 is also N. The N gate lines connect the registers
in the shift register 143 to an output amplifier 144. The N
gate lines connected to the output amplifier 144 are associ-
ated with the registers in the shift register 143 on a one-to-
one basis. When the ‘1° information is stored in a register,
the electric potential appearing on the gate line associated
with the register is put in an on state. When ‘0’ information
is stored in a register, on the other hand, the electric potential
appearing on the gate line associated with the register is put
in an off state.

[0149] FIG. 17 is a diagram showing a relation between
pulses of the gate-driving signal ¢g and the registers for
storing ‘1’ information in the shift register 143. FIG. 17 is
an explanatory diagram used for describing a control method
of driving a liquid-crystal display device implemented by
the embodiment of the present invention. As an example, the
figure shows a case in which the liquid-crystal panel has 6
gate lines. A pulse of the gate-driving signal ¢g is supplied
in every on-state period. Every time a pulse of the gate-
driving signal ¢g is supplied to the shift register 143, the ‘1’
information is shifted to a register associated with a gate
line, which is then put in an on state, in a scanning operation.
The ‘1° information is shifted through the registers in the
shift register 143 and, as the seventh pulse of the gate-
driving signal ¢g counted from the beginning of a frame is
supplied to the shift register 143, the ‘1’ information is
shifted out from the shift register 143. After the ‘1’ infor-
mation is shifted out from the shift register 143, all the gate
lines are put in an off state and a hold period is started.

[0150] Generation of pulses of the gate-driving signal ¢g
is started with a start point coinciding with the vertical
synchronization signal Vsyn. The ‘1’ information is stored in
a register associated with the first gate line, a scanning
operation is started and a hold period is ended. The typical
configuration described above can be extended with ease to
a configuration including N gate lines. As the N gate lines
have been scanned, the (N+1)th pulse of the gate-driving
signal ¢g counted from the beginning of a frame is supplied
to the shift register 143, the ‘1’ information is shifted out
from the shift register 143, the ‘1’ information disappears
and a hold period is started. Then, generation of pulses of the
gate-driving signal ¢g is started with the next vertical
synchronization signal Vsyn used as a start point, ‘1’ infor-
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mation is stored in a register associated with the first gate
line and a scanning operation is started.

[0151] A source-driving signal ¢s starts generation of
pulses with a start point coinciding with the vertical syn-
chronization signal Vsyn. A pulse of the source-driving
signal ¢s drives the timing controller 129 shown in FIG. 1
to start a transfer of image data of an amount corresponding
to pixels on a line to the source driver 125. In this embodi-
ment, the number of pixels on a line is M. In a scanning
period, the source driver 125 outputs an electric potential
corresponding to tone data. After the scanning period is
completed, the following two typical operations are carried
out as a method of applying a data-line electric potential to
a data line in a hold period.

[0152] First of all, a first operation is explained by refer-
ring to FIG. 18. FIG. 18 is an explanatory diagram used for
describing a control method of driving of the liquid-crystal
display device implemented by the embodiment of the
present invention in a hold period. Symbols “V+” and “V-"
shown in FIG. 18 denote memories each used for storing
data corresponding to an electric potential in a hold period
of the positive-polarity and negative-polarity data lines
respectively. After the timing controller 129 transfers image
data of a pixel connected to the last gate line to the source
driver 125, the timing controller 129 references the memo-
ries “V+” and “V-"to create data corresponding to electric
potentials of all data lines in a hold period so as to apply an
electric potential representing the data stored in the memory
“V+” to a positive-polarity data line and an electric potential
representing the data stored in the memory “V-" to a
negative-polarity data line. The electric potentials are
applied to the data lines on the basis of the source-driving
signal ¢s. Then, right after that, the source-driving signal ¢s
is halted and the source driver 125 stops operations of
circuits except an output amplifier applying the electric
potentials to the data lines.

[0153] FIG. 19 is an explanatory diagram used for
describing a control method of driving the liquid-crystal
display device implemented by the embodiment of the
present invention in a hold period. Symbols “Va+” and
“Va-" shown in FIG. 19 denote voltage sources for gener-
ating electric potentials on positive-polarity and negative-
polarity data lines respectively in a hold period. A hold-
period electric-potential control circuit 139 is connected to
the voltage sources “Va+” and “Va-". Line A 140 and line
B 141 are connected to data lines of respectively an odd-
numbered column and an even-numbered column of the
liquid-crystal panel 124 through a selection switch 142.

[0154] In a scanning period, the selection switch 142
disconnects the line A 140 and line B 141 from the data lines
of the liquid-crystal panel 124. Right after the scanning of all
gate lines has been finished, a signal informing a transition
from a scanning period to a hold period is transmitted from
the timing controller 129 or the gate driver 126 to the source
driver 125, the selection switch 142 and the hold-period
electric-potential control circuit 139. The signal causes the
source driver 125 to stop the driving and the selection switch
142 to connect the line A 140 and line B 141 to the data line
of the liquid-crystal panel 124 and the hold-period electric-
potential control circuit 139 to start control. The hold-period
electric-potential control circuit 139 uses the voltage sources
“Va+” and “Va-" to generate an electric potential for a hold
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period of positive-polarity and negative-polarity data signals
respectively. If a data line connected to the line A 140 is a
positive-polarity data line, an electric potential for a hold
period of a positive-polarity data signal is supplied to the
line A 140 and an electric potential for a hold period of a
negative-polarity data signal is supplied to the line B 141.

[0155] If a data line connected to the line A 140 is a
negative-polarity data line, on the other hand, an electric
potential for a hold period of a negative-polarity data signal
is supplied to the line A 140 and an electric potential for a
hold period of a positive-polarity data signal is supplied to
the line B 141. When a signal reporting a transition from a
hold period 1o a scanning period is received, the line A 140
and line B 141 are again disconnected from the data lines by
the selection switch 142, stopping the operation carried out
by the hold-period electric-potential control circuit 139.

[0156]

[0157] As a second example implementing the embodi-
ment of the present invention, a driving method is explained
by referring to FIG. 20. FIG. 20 shows timing charts used
for explaining another concrete driving method of the liquid-
crystal display device implemented by the embodiment of
the present invention. To be more specific, the figure shows
timings during consecutive positive-polarity and negative-
polarity frame periods of an electric potential Vsigm appear-
ing on a data line connected to a pixel located at the
intersection of the nth row and the mth column. Moreover,
the figure also shows timings of electric potentials Vgl, Vgn
and VgN appearing on gate lines. As described before, the
electric potential Vgl is an electric potential appearing on a
first gate line, the electric potential Vgn is an electric
potential appearing on an nth gate line and the electric
potential VgN is an electric potential appearing on the Nth
gate line serving as the last gate line. The electric potential
Vcom appearing on the opposite electrode is fixed indepen-
dently of time.

[0158] Like the first typical example described above, a
frame period is divided into a scanning period and a hold
period. Each data line is driven in such a way that the frame
period is switched repeatedly in an alternating manner from
a positive-polarity frame period to a negative-polarity frame
period and vice versa. The data lines forming the columns of
the matrix are arranged repeatedly in an alternating manner
as positive-polarity and negative-polarity data lines. The
driving method according to the second typical example
during a hold period is exactly the same as the driving
method according to the first typical example during a hold
period. That is to say, positive-polarity and negative-polarity
data lines are driven to electric potentials optimum for the
positive-polarity and negative-polarity data lines during a
hold period. The value of an electric potential applied to a
data line during a hold period is determined in accordance
with the first typical example. In accordance with the first
typical example, the electric potentials applied to positive-
polarity and negative-polarity data lines during a hold period
are Vsp and Vsm respectively as described earlier.

[0159] For the driving method during a scanning period,
pay attention to a pixel located at the intersection of the nth
row and the mth column. In order to write an electric
potential representing image data into the pixel electrode of
the pixel located at the intersection of the nth row and the
mth column, the nth gate line is selected and the data line

(2) Second Typical Example
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connected to the pixel is set to an electric potential repre-
senting the image data. Right after that, all the gate lines are
put in an off state. If the data line is a positive-polarity data
line, the data line is set at an electric potential symmetrical
with respect to an electric potential appearing on the data
line during an on-state period immediately preceding a
period in which all the gate lines are put in the off state. The
electric potentials are symmetrical with an electric potential
in the vicinity of Vsp taken as the center of symmetry. If the
data line is a negative-polarity data line, on the other hand,
the data line is set at an electric potential symmetrical with
respect to an electric potential appearing on the data line
during an on-state period immediately preceding the period
in which all the gate lines are put in the off state. In this case,
the electric potentials are symmetrical with an electric
potential in the vicinity of Vsm taken as the center of
symmetry.

[0160] While the on-state period and the period in which
all the gate lines are put in the off state are being repeated
as described above, pieces of desired image data are written
into all pixels in a scanning period. At that time, while the
length of the period in which all the gate lines are put in the
off state is not prescribed in particular, it is desirable to set
the length at a value equal to about the length of an on-state
period. By carrying out such driving, effectively, an electric
potential optimum for the hold period of a positive-polarity
data line can be applied to a pixel connected to the positive-
polarity data line as a pixel put in an off state. On the other
hand, an electric potential optimum for the hold period of a
negative-polarity data line can be effectively applied to a
pixel connected to the negative-polarity data line as a pixel
put in an off state.

[0161] The following description explains a typical con-
trol method adopted in carrying out driving in accordance
with the second typical example. In a liquid-crystal panel
comprising gate lines arranged to form N rows of a matrix
of the panel, a gate-driving signal ¢g generates pulses each
having a duration equal to or shorter than a on-state period
of a gate, starting generation of the pulses with the next
vertical synchronization signal Vsyn used as a start point.

[0162] Typical control of a gate line is explained by
referring to FIGS. 21A and 21B. FIGS. 21A and 21B are
explanatory diagrams used in describing a control method
for driving the liquid-crystal display device according to the
present invention. FIG. 21A shows timing charts and FIG.
21B is a diagram showing the configuration of the gate
driver 126. A spare register 202 in the shift register 143 is
defined as a ‘don’t-care’ register. That is to say, all gate lines
are put in an off state without regard to whether the infor-
mation stored in the spare register 202 is ‘0’or ‘1°. That is
to say, a spare register 202 is not connected to the output
amplifier 144 or, even if a spare register 202 is connected to
the output amplifier 144, there is no gate line connected to
the spare register 202 as a gate line, which is put in an on or
off state in dependence on whether the information stored in
the spare register 202 is ‘0’or ‘1°. A hatched block in the
shift register 143 shown FIG. 21 indicates the position of a
spare register.

[0163] Every time a pulse of the gate-driving signal ¢g is
supplied to the shift register 143 in an on-state period, the ‘1’
information is shifted to the next register in the shift register
143. Assume that the number of registers included in the
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shift register 143 employed in the gate driver 126 is 2N. As
shown in FIG. 21, a spare register 202 is placed between
two adjacent registers in the shift register 143. In such a
configuration of the shift register 143, an on-state period and
a period in which all the gate lines are put in an off state are
repeated alternately for every other register, making the
driving according to the second typical example easy to
carry out. At that time, as a method of making a transition
from a scanning period to a hold period, it is possible to
adopt a technique whereby ‘1’ information disappears from
the shift register 143 due to the arrival of the (2N+1)th pulse
of the gate-driving signal ¢g as is the case with the first
typical example. Alternatively, it is also possible to adopt a
method of using a spare register for storing ‘1’ information
at the end of the scanning period. By keeping ‘1’ information
in the spare register for storing ‘1’ information at the end of
the scanning period for any period of time, for example, it
is possible to set the length of the hold period at any value.
As the next vertical synchronization signal Vsyn is received
and generation of pulses of the gate-driving signal ¢g is
started, ‘1" information is stored in a register associated with
the first gate line and a scanning operation is commenced.

[0164] As a conceivable technique of notifying a compo-
nent such as the timing controller 129 or the source driver
125 of a transition from a scanning period to a hold period
and a transition from a hold period to a scanning period, the
spare register for storing ‘1° information at the end of the
scanning period for any period of time is examined to
determine whether or not ‘1° information has been stored in
the spare register.

[0165] Another typical configuration is explained by refer-
ring to FIG. 22. FIG. 22 is an explanatory diagram used in
describing a control method for driving gate lines in the
liquid-crystal display device according to the embodiment of
the present invention. As shown in FIG. 22, the shift register
143 comprises N registers. The output of each of the
registers and a signal ¢g1 generated by a source are supplied
to one of N AND circuits 145. The outputs of the AND
circuits 145 are supplied to the output amplifier 144. The
outputs of the N AND circuits 145 are associated with N gate
lines on a one-with-one basis. Thus, the output of an AND
circuit 145 sets a gate line associated with the AND circuit
145 at an on-state or off-state electric potential.

[0166] The signal ¢pgl conveys ‘1’or ‘0” information and
supplies the information to the AND circuits 143. In this
typical configuration, when the signal ¢gl conveys ‘1’
information and ‘1’ information is stored in a register of the
shift register 143, the AND circuit 145 connected to the
register outputs a signal putting a gate line associated with
the AND circuit 145 in an on state to the output amplifier
144. That is to say, the nth gate line is put in an on state
during a period in which the register associated with the nth
gate line contains the ‘1” information and the signal ¢gl
conveys the ‘1’ information. If the register associated with
the nth gate line does not contain ‘1’ information or the
signal ¢gl does not convey ‘1’ information, on the other
hand, the AND circuit 145 for the register outputs a signal
putting the nth gate line associated with the AND circuit 145
in an off state to the output amplifier 144. That is to say,
during a period in which the register associated with the nth
gate line contains information other than the ‘1’ information
or the signal ¢gl conveys information other than the ‘1’
information, the nth gate line is put in an off state.
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[0167] The above driving method is explained concretely
by referring to FIG. 23. FIG. 23 is an explanatory diagram
used in describing a control method for driving gate lines in
the liquid-crystal display device according to the embodi-
ment of the present invention. By supplying the gate signal
¢g and the signal ¢gl as shown in FIG. 23, for example,
driving similar to that of the typical implementation
described above can be implemented with ease. A high
electric potential appearing on the signal gl indicates that
the signal ¢gl conveys the ‘1’ information. On the other
hand, a low electric potential appearing on the signal ¢pgl
indicates that the signal ¢gl conveys the ‘0’ information.

[0168] FIG. 24 is an explanatory diagram used in describ-
ing a control method for driving the liquid-crystal display
device provided by the present invention. A transfer of data
to the source driver 125 in a scanning period is explained by
referring to FIG. 24. An operation circuit 147 shown in FIG.
24 processes input tone data and outputs data corresponding
to an electric potential applied to a data line when all gate
lines are put in an off state right after an on-state period. A
memory 148 is used for storing data output by the operation
circuit 147. A image-data transfer control means 146 alter-
nately transfers incoming tone data and data stored in the
memory 148 to the source driver 125. By carrying out the
driving described above, it is possible to obtain a display
characteristic having a high image quality free of flickers
even for a frame period longer than Yo seconds.

[0169] (3) Third Typical Example

[0170] A third typical example of the driving method
according to the embodiment of the present invention is
explained by referring to FIGS. 25 and 26. FIG. 25 shows
timing charts referred to in explaining the driving method
adopted by the liquid-crystal display device implemented by
the embodiment of the present invention. To be more
specific, the figure shows timings of driving signals in
positive-polarity and negative-polarity frame periods. FIG.
26 also shows timing charts referred to in explaining the
driving method adopted by the liquid-crystal display device
implemented by the embodiment of the present invention.
To be more specific, the figure also shows timings of driving
signals in positive-polarity and negative-polarity frame peri-
ods.

[0171] To put it in detail, FIGS. 25 and 26 show timings
during consecutive positive-polarity and negative-polarity
frame periods of an electric potential Vsigm appearing on a
data line connected to a pixel located at the intersection of
the nth row and the mth column. Moreover, the figures also
show timings of electric potentials Vgl, Vgn and VgN
appearing on gate lines. As described before, the electric
potential Vgl is an electric potential appearing on a first gate
line, the electric potential Vgn is an electric potential appear-
ing on an nth gate line and the electric potential VgN is an
electric potential appearing on the Nth gate line serving as
the last gate line. The electric potential Vcom appearing on
the opposite electrode is fixed independently of time.

[0172] Like the typical examples described before, a
frame period is divided into a scanning period and a hold
period. Each data line is driven in such a way that the frame
period is switched repeatedly in an alternating manner from
a positive-polarity frame period to a negative-polarity frame
period and vice versa. The data lines forming the columns of
the matrix are arranged repeatedly in an alternating manner
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as positive-polarity and negative-polarity data lines. The
driving method according to the third typical example
during a hold period is exactly the same as the driving
method according to the first and second typical examples
during a hold period. That is to say, positive-polarity and
negative-polarity data lines are driven to electric potentials
optimum for the positive-polarity and negative-polarity data
lines during a hold period. The value of an electric potential
applied to a data line during a hold period is determined in
accordance with the first typical example.

[0173] A driving method executed during a scanning
period is explained by referring to timing charts shown in
FIGS. 25 and 26 below. k gate lines are driven by putting
the gate lines in an on state, setting the electric potential
appearing on the data line at a level for writing desired
image data into the pixels and writing the desired picture
data into the pixels. In this case, k is an integer in the range
2 to N. Right after that, all the gate lines are put in an off
state. With all the gate lines put in an off state, if the data line
is a positive-polarity data line, the data line is set at an
electric potential symmetrical with respect to each of k
electric potentials appearing on the k respective data lines as
electric potentials representing k pieces of image data during
a period of scanning the k data lines as shown in the timing
charts of FIG. 25 for the length of each on-state period. In
this case, an electric potential in the vicinity of Vsp is taken
as the center of symmetry. If the data line is a negative-
polarity data line, on the other hand, an electric potential in
the vicinity of Vsm is taken as the center of symmetry.
Alternatively, as shown in the timing charts of FIG. 26,
while carrying out driving to apply an electric potential
symmetrical with respect to the average value of k electric
potentials appearing on the k respective data lines as electric
potentials representing k pieces of picture data to the data
line for each of the k gate lines repeatedly, desired image
data is written into all pixels in the scanning period. The
length of a period in which all gate lines are put in an off
state is not prescribed in particular. However, it is desirable
to set the length of a period in which all gate lines are put
in an off state at the same value as the period to scan the k
gate lines. When the k electric potentials are applied to their
respective data lines as shown in FIG. 25, the length of a
period in which each of the electric potentials is applied to
its data line is not prescribed in particular. However, it is
desirable to apply one of the k electric potentials to its data
line for each time duration equal to an on-state period.

[0174] By carrying out such driving, effectively, an elec-
tric potential optimum for the hold period of a positive-
polarity data line can be applied to a pixel connected to the
positive-polarity data line as a pixel put in an off state. On
the other hand, an electric potential optimum for the hold
period of a negative-polarity data line can be effectively
applied to a pixel connected to the negative-polarity data
line as a pixel put in an off state.

[0175] As a technique of controlling gate lines, a method
according to the second typical example has been explained.
To be more specific, in order to execute the control of gate
lines, spare registers are properly included as registers
composing the shift register 143 as shown in FIG. 21, or the
gate signal ¢g and the signal ¢gl are supplied to the
configuration of the gate driver 126 as shown in FIG. 22.

[0176] Data is transferred to the source driver 125 during
a scanning period in such a manner described below. That is
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to say, in the block diagram of FIG. 24, the operation circuit
147 processes data for an off state of all gate lines and stores
a result of processing in the memory 148. Then, the image-
data transfer control means 146 transfers incoming tone data
to the source driver 125 with a timing adjusted to an on-state
period. A desired result of processing is transferred from the
memory 148 to the source driver 125 with a timing adjusted
to an off-state period of all the gate lines.

[0177] The following description explains further details
of the methods to determine data-line electric potentials Vsp
and Vsm in accordance with the first to third typical expla-
nations. The data-line electric potential Vsp is taken as an
electric potential at which a change in reflectance at a gray
level in a positive-polarity frame period of a pixel connected
to the last gate line or a gate line in the vicinity of the last
gate line reaches a minimum. On the other hand, the
data-line electric potential Vsm is taken as an electric
potential at which a change in reflectance at a gray level in
a negative-polarity frame period of a pixel connected to the
last gate line or a gate line in the vicinity of the last gate line
reaches a minimum.

[0178] In addition, as is obvious from Eq. (10), the dif-
ference (Vsp-Veom) between the proper electric potential
Vsp in a hold period of a positive-polarity data line and the
electric potential Vcom appearing on the opposite electrode
is greater than the absolute value Vp of the liquid-crystal
voltage. The absolute value Vp of the liquid-crystal voltage
is a liquid-crystal voltage having a positive polarity. A
leakage current of a pixel holding the liquid-crystal voltage
having a positive polarity causes changes in liquid-crystal
voltage. The changes in liquid-crystal voltage can be sup-
pressed by setting the electric potential appearing on the
positive-polarity data line in a hold period at a value greater
than the sum (Vcom+Vp). This is because the electric
potential appearing on the data line changes to a level close
to the proper electric potential Vsp. Also in a case of
considering suppression of changes in liquid-crystal voltage,
which are caused by the leakage current, for a display of
another reflection, the electric potential appearing on the
positive-polarity data line in a hold period had rather be set
at a value greater than the sum (Veom+Vp). The following
description explains a method of evaluating the quantity of
flickers generated in a hold period by referring to FIGS. 32A
to 32C. FIG. 32A is a diagram showing a curve representing
dependence of the reflectance of a liquid-crystal panel on the
voltage appearing on the liquid crystal. In this case, the
liquid-crystal panel is a reflection-type liquid-crystal panel
adopting a normally white display method. The liquid-
crystal panel is a panel used in the measurement. FIG. 32B
is a diagram showing a frame response measured at a
reflectance of 25%. As shown in FIG. 32A, the reflectance
of 25% corresponds to a liquid-crystal voltage 2.32 V. In the
measurement, the frame period was set at about 66.6 ms and
the scanning period was set at about 16.6 ms. The horizontal
axis of FIG. 32B represents the lapse of time expressed in
terms of ms. The 0-ms time corresponds to the start or the
frame period and the 66.6-ms time corresponds to the end or
the frame period. The vertical axis represents the normalized
reflectance observed at each time over the frame period. The
normalized reflectance is the reflectance normalized with
respect to the average of values of the reflectance. In order
to evaluate the quantity of flickers generated in a hold
period, a portion of the hold period between a 16.6-ms time
and a 66.6-ms time is extracted from the data shown in FIG.
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32B. The extracted portion is shown in FIG. 32C. In FIG.
32C, a thin line represents measured data and a thick line is
an approximation straight line found by linear expression of
the measured data. As a quantity representing the magnitude
of flickers observed during the hold period, the slope of this
approximation straight line is used. This is because the slope
is a quantity representing how much the normalized reflec-
tance changes in each unit time. That is to say, the greater the
slope, the larger the flickers. FIG. 33 is a diagram showing
a graph representing dependence of the slope described
above on the electric potential appearing on the data line in
a hold period. At the measurement time, driving was carried
out to make the absolute value of the difference between the
electric potential appearing on the opposite electrode and the
electric potential appearing on the positive-polarity data line
in a hold period equal to the absolute value of the difference
between the electric potential appearing on the opposite
electrode and the electric potential appearing on the nega-
tive-polarity data line in the hold period. The vertical axis of
FIG. 33 represents the slope. On the other hand, the hori-
zontal axis represents the absolute value of the difference
between the electric potential appearing on the opposite
electrode and the electric potential appearing on the data line
in a hold period. The absolute value is expressed in terms of
volts (V). Triangular marks each represent data measured for
a reflectance of 25%, which corresponds to a liquid-crystal
voltage of 2.32 V. A solid straight line passing through the
vicinities of the triangular marks is an approximation
straight line. On the other hand, rectangular marks each
represent data measured for a reflectance of 74%, which
corresponds to a liquid-crystal voltage of 1.69 V. Similarly,
a broken straight line passing through the vicinities of the
rectangular marks is an approximation straight line.

[0179] Asis obvious from FIG. 33, the quantity of flickers
of the frame response for the reflectance of 25% in a hold
period is greater than the quantity of flickers of the frame
response for the reflectance of 74% in the hold period. In
addition, the dependence of the flickers on the electric
voltage of the data line in a hold period for the reflectance
of 25% is more striking than that for the reflectance of 74%.
That is to say, in a range of positive-polarity liquid-crystal
voltages used in a display, a case of exhibiting a reflectance
corresponding to voltage range 2 has more flickers in a hold
period and more dependence of the flickers on the electric
voltage of the data line in the hold period than a case of
exhibiting a reflectance corresponding to voltage range 1. In
this case, voltage range 2 is a voltage range starting from a
positive-polarity liquid-crystal voltage having an absolute
value of Vp and ending at a positive-polarity liquid-crystal
voltage having an absolute value equal to about the maxi-
mum. On the other hand, voltage range 1 is a voltage range
starting from a positive-polarity liquid-crystal voltage hav-
ing an absolute value equal to about the minimum and
ending at a positive-polarity liquid-crystal voltage having an
absolute value of Vp. Thus, since the case of exhibiting a
reflectance corresponding to voltage range 1 has few flickers
in a hold period and little dependence of the flickers on the
electric voltage appearing on the data line in the hold period,
an electric potential appearing on the data line had rather be
set so as to control the case of exhibiting a reflectance
corresponding to voltage range 2. By setting an electric
potential appearing on the data line in this way, the flicker
intensity can be made equal to or smaller than a detection
threshold with ease for the reflectance of all the ranges. By



US 2004/0113879 Al

setting the electric potential appearing on the positive-
polarity data line in a hold period at a value greater than the
sum (Vcom+Vp) rather than a value smaller than the sum,
it is possible to further control changes in liquid-crystal
voltage for the case of exhibiting a reflectance correspond-
ing to voltage range 2.

[0180] Thus, by setting the electric potential appearing on
the positive-polarity data line in a hold period at a value
greater than the sum (Vecom+Vp), an effect of controlling
changes in liquid-crystal voltage, which are caused by a
leakage current, works for a pixel holding a positive-polarity
liquid-crystal voltage having an absolute value of Vp. In
addition, changes of the voltage appearing on the liquid
crystal of a pixel exhibiting a reflectance corresponding to
voltage range 2 can be better controlled. Thus, the flicker
intensity can be made equal to or smaller than a detection
threshold for all reflectance values.

[0181] In addition, for a positive-polarity frame, Vop is the
absolute value of a positive-polarity liquid-crystal voltage
for which the transmittance or reflectance change observed
on the liquid-crystal display panel as a change caused by a
change in liquid-crystal voltage is largest among voltages
appearing on the liquid crystal in a range for use in a display.
In the case of a liquid-crystal display device of an ordinary
active matrix type, the absolute value Vop is a value in the
vicinity of the absolute value Vp of the voltage appearing on
the liquid crystal. To put it concretely, the absolute value Vop
is a value in a range of approximately Vp+0.3 [V]. Thus,
since the liquid-crystal voltage corresponding to image data
to be most subjected to flicker control is in the range Vp+0.3
[V], the electric potential appearing on the positive-polarity
data line in a hold period may be set at a value greater than
an electric potential of (Veom+Vp-0.3) [V] in some cases.

[0182] From Egq. (11) and the experiment, the same thing
can be said also with regard to the electric potential appear-
ing on a negative-polarity data line in a hold period. That is
to say, by setting the electric potential appearing on a
negative-polarity data line in a hold period at a value smaller
than the difference (Vcom-Vm), an effect of controlling
changes in liquid-crystal voltage, which are caused by a
leakage current, works for a pixel holding a negative-
polarity liquid-crystal voltage having an absolute value of
Vm. In addition, changes of the voltage appearing on the
liquid crystal of a pixel exhibiting a reflectance correspond-
ing to voltage range 2 can be better controlled. Thus, the
flicker intensity can be made equal to or smaller than a
detection threshold for all reflectance values. Furthermore,
the electric potential appearing on the negative-polarity data
line in a hold period may be set at a value greater than an
electric potential of (Vcom-Vm+0.3) [V] in some cases. In
this case, voltage range 2 is a voltage range starting from a
negative-polarity liquid-crystal voltage having an absolute
value of Vm and ending at a negative-polarity liquid-crystal
voltage having an absolute value equal to about the maxi-
mum as described earlier.

[0183] Let symbol K50 denote a tone exhibiting a trans-
mittance and/or a reflectance equal to about half the maxi-
mum transmittance and/or the maximum reflectance respec-
tively in a range of liquid-crystal voltages used in a display.
Let symbol Vsp50 denote an electric potential appearing on
a positive-polarity data line as an electric potential corre-
sponding to the tone K50. Similarly, let symbol Vsm50
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denote an electric potential appearing on a negative-polarity
data line as an electric potential corresponding to the tone
K50. In addition, let symbol AVft denote a difference in
electric potential as follows:

AVft=(Vsp50+Vsm50)/2-Veom

[0184] In this case, by setting the electric potential appear-
ing on the positive-polarity data line in a hold period at a
value greater than (Vsp50-AVft) and by setting the electric
potential appearing on the negative-polarity data line in a
hold period at a value smaller than (Vsm50-AVHt), an effect
of controlling changes in negative-polarity data-line electric
potential, which are caused by a leakage current, is made
powerful in reduction of the operating flicker intensity to a
value not exceeding the detection threshold. In addition, in
order to make the problem even simpler, the value of AVft
is generally assumed to be equal to or smaller than 0.5 V.
Thus, the value of AVft can be assumed to be close to O (that
is, AV{t~0). In this case, the electric potential appearing on
the positive-polarity data line in a hold period can be set at
a value greater than Vsp50 and the electric potential appear-
ing on the negative-polarity data line in a hold period can be
set at a value smaller than VsmS50.

[0185] A further explanation with reference to FIG. 31 is
given as follows. FIG. 31 shows timing charts of an electric
potential appearing on a data line provided as the mth
column, an electric potential appearing on a gate line pro-
vided as the nth row and an electric potential appearing on
a pixel located on the nth row as a pixel connected to the data
line provided as the mth column with the pixel displaying
the tone K50. The timing charts are drawn by particularly
paying attention to an on-state period of the pixel in a
positive-polarity frame period and a negative-polarity frame
period. A thick line shown in the figure represents the timing
chart of the electric potential appearing on the pixel. As is
obvious from FIG. 31, the electric potential appearing on
the pixel electrode of the pixel in the on-state period is
almost equal to the electric potential appearing on the data
line. Right after the on-state period, however, the electric
potential appearing on the pixel electrode of the pixel drops
from the electric potential in the on-state period by a
difference Avfto due to a variety of effects. The principal
effect causing the drop in electric potential is capacitive
coupling of the parasitic capacitor Cgs 201 between the
pixel electrode and the gate line. This capacitive coupling
causes the drop on the trailing edge of the electric potential
appearing on the gate line provided as the nth column. The
other effects include an effect of impurity 1ons or the like.
The electric-potential drop Avfto causes non-symmetry with
regard to the absolute value of the electric potential appear-
ing on the pixel electrode right after the on-state period
between the positive-polarity and negative-polarity frame
periods. In order to compensate the electric potential appear-
ing on the pixel electrode for the non-symmetry, in general,
the electric potential appearing on the opposite electrode is
made different from a middle electric potential (Vsp50+
Vsm50)/2, where symbol Vsp50 denotes an electric poten-
tial appearing on the positive-polarity data line and symbol
Vsm50 denotes an electric potential appearing on the nega-
tive-polarity data line. By making the electric potential
appearing on the opposite electrode different from a middle
electric potential, the degree of non-symmetry can be low-
ered. When the relation Avft =Avfto is reached, the degree
of non-symmetry approximately attains its lowest level. In
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addition, for Avft>0, the electric-potential drop Avfto is
corrected even if electric potentials are not set to establish
the relation Avft=Avfto in a strict manner. Thus, it is possible
to think that the relation Avft~Avfto holds true in the
liquid-crystal display device. Accordingly, the voltage abso-
lute value |Vsp50-Avfti—Vcom| becomes approximately
equal to the voltage value Vp and the voltage absolute value
|Vsm50-Av{i—Vcom| becomes approximately equal to the
voltage value Vm. Thus, by setting the electric potential
appearing on the positive-polarity data line in a hold period
at a level higher than the electric-potential difference
(Vsp50-AVit) and setting the electric potential appearing on
the negative-polarity data line in a hold period at a level
lower than the electric-potential difference (Vsm50-AVft),
the effect of suppressing changes in liquid-crystal voltage,
which are caused by a leakage current, is made powerful in
reduction of the operating flicker intensity to a value not
exceeding the detection threshold. In addition, in order to
make the problem even simpler, the value of AVft can be
assumed to be close to 0 (that is, AVft~0). In this case, the
electric potential appearing on the positive-polarity data line
in a hold period can be set at a value greater than the electric
potential Vsp50 and the electric potential appearing on the
negative-polarity data line in a hold period can be set at a
value smaller than the electric potential Vsm50.

[0186] In addition, a pixel holding the liquid-crystal volt-
age Vp is driven by vibrating the electric potential appearing
on the positive-polarity data line at a center of vibration
coinciding with a value greater than a sum (Vcom+Vp)
where symbol Vcom denotes the electric potential appearing
on the opposite electrode and symbol Vp denotes the voltage
appearing on the liquid crystal. Similarly, a pixel holding the
liquid-crystal voltage Vm is driven by vibrating the electric
potential appearing on the negative-polarity data line vibrate
at a center of vibration coinciding with a value smaller than
a difference (Vcom-Vm) where symbol Vm denotes the
voltage appearing on the liquid crystal. Even if the pixels are
driven in this way, the effect of suppressing the leakage
current works.

[0187] In addition, the electric potential appearing on the
positive-polarity data line in a hold period can be driven to
vibrate at a center of vibration coinciding with a value
greater than an electric-potential difference (VspS50-AVIt).
Similarly, the electric potential appearing on the negative-
polarity data line in a hold period can be driven to vibrate at
a center of vibration coinciding with a value smaller than an
electric-potential difference (Vsm50-AVft). Even by driving
the electric potentials in this way, the effect of suppressing
changes in liquid-crystal voltage, which are caused by the
leakage current, works. In addition, in order to make the
problem even simpler, the value of AVft can be assumed to
be close to O (that is, AVft-0). In this case, the electric
potential appearing on the positive-polarity data line in a
hold period can be driven to vibrate at a center of vibration
coinciding with a value greater than the electric potential
Vsp50. Similarly, the electric potential appearing on the
negative-polarity data line in a hold period can be driven to
vibrate at a center of vibration coinciding with a value
smaller than the electric potential Vsm50.

[0188] At that time, an electric potential appearing on a
data line is determined as an electric potential minimizing
the reflectance change of a gray level in positive-polarity
and negative-polarity frame periods by rule of thumb. To put
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it in detail, Egs. (1), (10) and (11) explained in the first
typical example are used to determine an approximate
electric potential appearing on a data line as an electric
potential minimizing the reflectance change of the gray level
showing a reflectance equal to about half the maximum
reflectance or a transmittance equal to about half the maxi-
mum transmittance in the positive-polarity and negative-
polarity frame periods. By carrying out the driving described
above, it is possible to obtain a display characteristic having
a high image quality free of flickers even for a frame period
longer than Y60 seconds.

[0189]

[0190] A fourth typical example of the driving method
according to the embodiment of the present invention is
explained. FIG. 27 is a circuit diagram showing a pixel
located at the intersection of the nth row and the mth column
with parasitic capacitors shown in detail. Changes in data-
line electric potentials Vsigm and Vsigm+1 cause changes in
electric potential appearing on the pixel electrode through
parasitic capacitors Csd1 and Csd2, which are denoted by
reference numerals 110A and 110B respectively. Let sym-
bols AVsigm and Avsigm+1 denote changes in data-line
electric potential for the mth and (m+1)th columns respec-
tively whereas symbol Ctot denote the total capacitance of
all capacitors connected to the pixel electrode. In the case of
the circuit shown in FIG. 27, the total capacitance is
expressed by the following relation: Ctot=C1+Cstg+Csd1+
Csd2+Cgs. In addition, let symbol a1 denote the ratio
Csd1/Ctot and a2 denote the ratio Csd2/Ctot. In this case, a
liquid-crystal-voltage change AV1c of the pixel is expressed
by Eq. (17) as follows:

W,.=a, 7,

g
[0191] At a frame transition time, the electric potential
appearing on the positive-polarity data line changes from a
fixed electric potential Vspl appearing on a hold period to
an electric potential for applying a negative-polarity liquid-
crystal voltage in a scanning period of the next frame
whereas the electric potential appearing on the negative-
polarity data line changes from a fixed electric potential
Vsm1 appearing on a hold period to an electric potential for
applying a positive-polarity liquid-crystal voltage in a scan-
ning period of the next frame. If the value of a1 is different
from the value of 0.2, at the frame transition time, the voltage
appearing on the liquid crystal of the pixel causes a change
in liquid-crystal voltage in a scanning period. The magnitude
of the change in liquid-crystal voltage is several times the
magnitude of a data-line originated change in liquid-crystal
voltage. The data-line originated change in liquid-crystal
voltage is a change in liquid-crystal voltage originated from
the data line as a change experienced by the pixel. For this
reason, the effective value of the liquid-crystal voltage
appearing on the pixel prior to the transition from a frame to
another inevitably differs from the effective value of the
liquid-crystal voltage appearing on the pixel in a scanning
period right after the frame transition, generating flickers.

[0192] Pay attention to an effect of changes in data-line
electric potentials Vsigm and Vsigm+1 on the electric poten-
tial appearing on the pixel electrode through the parasitic
capacitors Csdl and Csd2, which are denoted by reference
numerals 110A and 110B respectively. FIG. 28 shows a
timing chart of the electric potential Vsigm appearing on the
data line provided on the mth column as a data line con-

(4) Fourth Typical Example

+057Viigm an
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nected to a pixel located at the intersection of the nth row
and the mth column. The figure also shows a timing chart of
changes in pixel electrode, which accompany changes in
electric potential Vsigm in the pixel. In addition, the figure
also shows a timing chart of the electric potential Vgn
appearing on a gate line provided on the nth row. A frame
period T is divided into a scanning period T1 and a hold
period Thld. A horizontal period is a period denoted by
symbol Th. The first frame period shown in the figure is a
positive-polarity frame period followed by a negative-po-
larity frame period. A pixel adjacent to the observed pixel
has frame periods with polarities opposite to the polarities of
the frame periods of the observed pixel.

[0193] A pixel on the nth row is selected and image data
is stored in the selected pixel. After the pixel is selected, on
a falling edge of the electric potential appearing on the gate
line, the parasitic capacitor Cgs 201 between the pixel
electrode and the gate line causes the electric potential
appearing on the pixel electrode to drop. As an electric-
potential change caused by the falling edge of the electric
potential appearing on the gate line, the change in electric
potential appearing on the pixel electrode is uniform for all
gate lines. Thus, by adjusting the electric potential Vcom
appearing on the opposite electrode, it is possible to elimi-
nate the effect of the falling edge of the electric potential
appearing on the gate line. The electric potential appearing
on the pixel electrode as an electric potential contributing to
an actual display is the electric potential Vfst appearing on
the pixel electrode after completion of the on-state period.
With a still image displayed, a large difference between the
electric potential Vfst and an electric potential Vlst generates
flickers with an intensity at least equal to the detection
threshold due to the fact that there is a difference in effective
value between the liquid-crystal voltages appearing on the
pixel before and after the on-state period. In this case, the
electric potential Vist is an electric potential appearing on
the pixel electrode immediately before the next on-state
period following the present on-state period of the pixel.

[0194] In this typical implementation, in a hold period,
electric potentials Vspl and Vsm1 for suppressing electric-
potential changes resulting from a leak current in the pixel
electrode are applied to the positive-polarity and negative-
polarity data lines respectively. It is thus possible to think
that almost no changes in electric potential appearing on the
pixel electrode exist in the hold period. Accordingly, this
typical implementation raises a problem of how to control
changes in pixel-electrode electric potential, which occur at
a frame transition time due to capacitive coupling. The
magnitude of the change in pixel-electrode electric potential
is expressed by Eq. (17). In actuality, Eq. (17) expresses the
change in liquid-crystal voltage. Since the electric potential
appearing on the opposite electrode is fixed in this typical
implementation, however, the change in liquid-crystal volt-
age is equal to the change in pixel-electrode electric poten-
tial. If the dependence of the reflectance on the voltage
appearing on the liquid crystal in a positive-polarity frame
period is the same as the dependence of the reflectance on
the voltage appearing on the liquid crystal in a negative-
polarity frame period, the amplitude of changes in data-line
electric potential in a scanning period is 2.2 V at the most for
a range of approximately 1 V to 3.2 V shown in FIG. 14 as
a range of the effective value of the liquid-crystal voltage
used in a display. As a matter of fact, the dependence of the
reflectance on the voltage appearing on the liquid crystal in
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a positive-polarity frame period is generally the same as the
dependence of the reflectance on the voltage appearing on
the liquid crystal in a negative-polarity frame period. At a
frame-transition time P1 between a positive-polarity frame
period and a negative-polarity frame period, however, the
electric potential appearing on the data line changes by a
maximum of about 6.2 V in dependence also on the image
data for |Vspl-veom|=|Vsm1-Vcom|=about 3 V. Thus, the
electric potential appearing on the data line changes more at
a frame-transition time P1 between a positive-polarity frame
period and a negative-polarity frame period than the electric
potential appearing on the data line does in a scanning
period. In dependence also on the design of al and a2,
nevertheless, in most cases, the effective value of the voltage
appearing on the liquid crystal prior to a frame transition
time is different from the effective value of the voltage
appearing on the liquid crystal after the frame transition time
due to the fact that the electric potential appearing on the
pixel electrode changes at the frame transition time. For this
reason, flickers with an intensity exceeding the detection
threshold may be generated in the scanning period in some
cases. In addition, the change in data-line electric potential
at the frame transition time P1 is greater, generating more
flickers for a case of displaying an image corresponding to
a liquid-crystal voltage of 3.2 V than for a case of displaying
an image corresponding to a liquid-crystal voltage of 1 V.
That is to say, the higher the liquid-crystal voltage corre-
sponding to a display, that is, the whiter the normally black
display or the blacker the normally white display, the greater
the flicker intensity. Symbol AVIpl is used for denoting the
change in electric potential appearing on the pixel electrode
at a frame transition time.

[0195] One of the methods of solving the problem is that
Vspl and Vsm1 are set at values satisfying the equation
[Vspl-Veom|=|Vsm1-Veom|. Egs. (10) and (11) express
data-line electric potentials optimum for control of a leakage
current in a hold period for the positive and negative
polarities respectively. In general, the values of Vp and Vi
used in Egs. (10) and (11) respectively are all but equal to
each other. Thus, the leakage current is suppressed
adequately even if Vspl and Vsml are set at values satis-
fying the equation [Vspl-Vcom|qVsm1-Vcom|.

[0196] In most cases, at a frame transition time, the
electric potentials appearing on the positive-polarity and
negative-polarity data lines intersect the electric potential
appearing on the opposite electrode, becoming an electric
potential corresponding to image data of the next frame. In
the case of a low-tone display adopting a normally-black
display method and in the case a high-tone display adopting
a normally-white display method, however, the electric
potentials appearing on the positive-polarity and negative-
polarity data lines may not intersect the electric potential
appearing on the opposite electrode. If Vspl and Vsm1 are
set at values satisfying the equation |Vspl-Veom|=|Vsm1-
Veom|, it is possible to suppress an effect on the voltage
appearing on the liquid crystal due to the fact that the electric
potential appearing on the positive-polarity data line
changes from Vspl to Vcom and the electric potential
appearing on the negative-polarity data line changes from
Vsml to Vcom at a frame transition time. If Vspl and Vsm1
are set at such values that both the equations [Vsp1-Vcom|=
Ep and |[Vsm1-Vcom|=Em hold true, it is possible to obtain
a display satisfying both the equations Vspl=Vcom+Ep and
Vsml=Vcom-Em. From Eq. (17), the change of the voltage
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appearing on the liquid crystal in the pixel holding a
positive-polarity liquid-crystal voltage for a case in which
the electric potential appearing on the positive-polarity data
line changes from Vspl to Vcom and the electric potential
appearing on the negative-polarity data line changes from
Vsml to Vcom at a frame transition time is found to be:

al(Veom—Vspl)+a2(Veom-Vsm1)=—alEp+a2Em

[0197] Similarly, from Eq. (17), the change of the voltage
appearing on the liquid crystal in the pixel holding a
negative-polarity liquid-crystal voltage for a case in which
the electric potential appearing on the positive-polarity data
line changes from Vspl to Vcom and the electric potential
appearing on the negative-polarity data line changes from
Vsm1 to Vcom at a frame transition time is found to be:

al(Veom—Vsml)+a2(Veom-Vspl)=alEm-a2Ep

[0198] In order to suppress the changes of the voltage
appearing on the liquid crystal in both the pixels holding
positive-polarity and negative-polarity liquid-crystal volt-
ages, it is desirable to set Ep=Em. Furthermore, since the
equation al(Vecom-Vspl)+a2(Veom-Vsm1)=(a2-a1)Ep
holds true in this case, by setting the capacitance of the
capacitor Csdl at a value equal to the capacitance of the
capacitor Csd2 (or Csd1=Csd2), the changes in liquid-
crystal voltage can be eliminated completely.

[0199] In most cases, at a frame transition time, the
electric potentials appearing on the positive-polarity and
negative-polarity data lines intersect a center electric poten-
tial Veen of the data lines, becoming an electric potential
corresponding to image data of the next frame. Thus, by
setting the fixed electric potential appearing on the positive-
polarity data line in the hold period and the fixed electric
potential appearing on the negative-polarity data line in the
hold period at such levels that the absolute value of a
difference between the electric potential appearing on the
positive-polarity data line and the center electric potential
Vcen of the data lines becomes approximately equal to the
absolute value of a difference between the electric potential
appearing on the negative-polarity data line and the center
electric potential Veen of the data lines, it is possible to
suppress an effect on the voltage appearing on the liquid
crystal due to the fact that the electric potential appearing on
the positive-polarity data line changes from Vspl to Vcen
and the electric potential appearing on the negative-polarity
data line changes from Vsml to Vcen at a frame transition
time. Furthermore, by setting the capacitance of the capaci-
tor Csdl at a value equal to the capacitance of the capacitor
Csd2 (or Csd1=Csd2), the changes in liquid-crystal voltage
can be eliminated completely.

[0200] TLet symbol Varb denote any arbitrary electric
potential between the center electric potential Veen of the
data lines and the electric potential Vcom appearing on the
opposite electrode. By setting the fixed electric potential
appearing on the positive-polarity data line in a hold period
and the fixed electric potential appearing on the negative-
polarity data line in the hold period at such values that the
absolute value of a difference between the electric potential
appearing on the positive-polarity data line and the electric
potential Varb is approximately equal to the absolute value
of a difference between the electric potential appearing on
the negative-polarity data line and the electric potential
Varb, it is possible to suppress an effect on the voltage
appearing on the liquid crystal at a frame transition time.
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Furthermore, by setting the capacitance of the capacitor
Csdl at a value equal to the capacitance of the capacitor
Csd2 (or Csd1=Csd2), the changes in liquid-crystal voltage
can be eliminated completely.

[0201] In addition, in accordance with another method of
solving the problem raised by this typical embodiment,
driving is carried out to make the effective value of the
voltage appearing on the liquid crystal in a specific scanning
period equal to the effective value of the voltage appearing
on the liquid crystal in a hold period of a frame period
preceding the specific scanning period. Thus, in a certain
horizontal period of the scanning period of a frame, it is
conceivable to provide a period Te in addition to a period
Twt. The period Twt is a period during which the electric
potential appearing on the data line is set at an electric
potential corresponding to desired image data. On the other
hand, the period Te is a period in which the electric potential
appearing on the data line is set at any electric potential. In
this case, the effective value of the voltage appearing on the
liquid crystal in the horizontal period is expressed by a sum
of the effective value of the voltage appearing on the liquid
crystal in the period Twt and the effective value of the
voltage appearing on the liquid crystal in the period Te.
Thus, by controlling the effective value in the period Te so
as to get rid of the change AVIp1 of the electric potential
appearing on the pixel electrode at a frame transition time,
flickers can be suppressed. In particular, in a display with a
high voltage appearing on the liquid crystal, flickers seen as
a problem of this typical example increase. In order to make
the explanation simple, let symbol Vsmax denote the maxi-
mum value of the electric potential appearing on the data
line and symbol Vsmin denote the minimum value of the
electric potential appearing on the data line. Then, consider
a case in which the change in data-line electric potential at
a frame transition time reaches a maximum. Also consider a
case in which the entire liquid-crystal panel displays picture
data with the electric potentials appearing on the positive-
polarity data lines at a level equal to Vsmax and the electric
potentials appearing on the negative-polarity data lines at a
level equal to Vsmin. In this case, by setting the electric
potential appearing on a data line at a level lower than the
electric potential Vsmax in the period Te if the data line is
a positive-polarity data line and by setting the electric
potential appearing on a data line at a level higher than the
electric potential Vsmin in the period Te if the data line is a
negative-polarity data line, it is possible to obtain an effect
of suppressing flickers. That is to say, by setting the electric
potentials appearing on the data lines at any arbitrary levels
in a range used in a display in the period Te, an effect of
reducing flickers can be obtained.

[0202] 1In this typical example, it is assumed that the
relation al>02 holds true. In this case, the difference in
effective value between the voltages appearing on the liquid
crystal before and after the frame transition time for driving
with no period Te provided as shown in FIG. 28 is equal to
the change AVIp1 of the electric potential appearing on the
pixel electrode at the frame transition time. The effective
value of the voltage appearing on the liquid crystal after the
frame transition time is represented by the following expres-
sion:

Vpl+al (Vsmin-Vspl)+a2(Vsmax—-Vsml)

[0203] where symbol Vpl denotes a voltage appearing on
the liquid crystal of the pixel prior to the frame transition
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time. Since the liquid-crystal voltage Vpl is a voltage
appearing on the liquid crystal in a frame period, the value
of Vpl is equal to the effective value of the voltage appear-
ing on the liquid crystal of the pixel immediately before the
frame transition time. For the sake of convenience, let Vpb
be defined as follows:

Vpb=Vp1+al(Vsmin-Vspl +a2(Vsmax-Vsm1)

[0204] 1In addition, since the maximum value Vsmax and
the minimum value Vsmin are electric potentials appearing
on the data line as electric potentials for displaying the same
tone in this typical example, on the assumption that the
relations  |Vsmax-vcom|~{Vsmin-Vcom| and |Vspl-
Veom|={Vsm1-Vcom| hold true, the relation Vpb<Vp1 also
holds true due to the fact that the relation a1>a2 holds true.

[0205] 1t is conceivable to get rid of the difference in
effective value by short-circuiting the positive-polarity data
line and the negative-polarity data line in the period Te. This
technique is explained by referring to FIG. 29. In the timing
charts shown in FIG. 29, the horizontal period is divided
into the period Te and the period Twt. By short-circuiting the
positive-polarity data line and the negative-polarity data line
at a frame transition time P1, the electric potential appearing
on the data lines becomes equal to the average of the electric
potentials appearing on all the short-circuited data lines. In
particular, FIG. 29 is a diagram showing a conceivable
specific case in which two adjacent data lines are short-
circuited. In this case, the electric potential appearing on the
data lines is (Vspl+Vsm1)/2. The voltage appearing on the
liquid crystal in the period Te right after the frame transition
time Pl is Vpl#(o2-al)(Vspl-Vsm1)/2. The voltage
appearing on the liquid crystal in the period Twt right after
the period Te is Vpb. After the period Twt, the voltage
appearing on the liquid crystal is Vpb+(al-a2)(Vsmax—
Vsmin)/2 in the period Te and Vpb in the period Twt. Taking
the above assumption into consideration, the relation
Vpb<Vpb+(al-a2)(Vsmax-Vsmin)/2<Vpl holds true. If
the positive-polarity data line and the negative-polarity data
line are short-circuited in the period Te as described above,
the effective value of the voltage appearing on the liquid
crystal in the scanning period is closer to Vpl than the
effective value Vpb for a case with no period Te provided.
Thus, the difference in effective value between the voltage
applied to the liquid crystal before the frame transition time
and the voltage applied to liquid crystal after the frame
transition time is reduced. In addition, since the positive-
polarity data line and the negative-polarity data line are
short-circuited in the period Te as described above, no
electric power is required for generating an electric poten-
tial. As a result, flickers can be decreased at a low power
consumption.

[0206] In addition, by short-circuiting the positive-polar-
ity data line, the negative-polarity data line, the opposite
electrode and the storage line in the period Te, the difference
in effective value between the voltage applied to the liquid
crystal before the frame transition time and the voltage
applied to liquid crystal after the frame transition time can
also be reduced. If the positive-polarity data line, the nega-
tive-polarity data line, the opposite electrode and the storage
line are short-circuited, in the period Te, the electric poten-
tial appearing on the data lines is always equal to the electric
potential appearing on the opposite electrode. During a
period Te in a horizontal period corresponding to an on-state
period of the second gate line and every subsequent hori-
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zontal period, the voltage appearing on the liquid crystal is
represented by the following expression:

Vpb+al (Veom-Vsmin)+a2(Veom-Vsmax).

[0207] 1In the period Twt, the voltage appearing on the
liquid crystal is Vpb. On the assumption that the relations
|Vsmax-Vcom|=|Vsmin-Vcom| and al>a2 hold true, the
relation Vpb<Vpb+al(Veom-Vsmin)+o2(Veom-
Vsmax)<Vpl also holds true as well. Since the effective
value of the voltage appearing on the liquid crystal in the
scanning period is closer to Vp1 than the effective value Vpb
for a case with no period Te provided, the difference in
effective value between the voltage applied to the liquid
crystal before the frame transition time and the voltage
applied to liquid crystal after the frame transition time is
reduced. In addition, since the positive-polarity data line and
the negative-polarity data line are short-circuited in the
period Te as described above, no electric power is required
for generating an electric potential. As a result, flickers can
be decreased at a low power consumption. Furthermore,
even if the positive-polarity data line, the negative-polarity
data line and the opposite electrode only are short-circuited
or even if the positive-polarity data line, the negative-
polarity data line and the storage line only are short-
circuited, the same effect can be obtained.

[0208] Moreover, in the period Te, if the data line is a
positive-polarity data line, the electric potential appearing
on the data line is set at a level not exceeding the electric
potential appearing on the opposite electrode. If the data line
is a negative-polarity data line, on the other hand, the electric
potential appearing on the data line is set at a level at least
equal to the electric potential appearing on the opposite
electrode. If the data line is a positive-polarity data line in
the period Te, the data line was a negative-polarity data line
prior to the frame transition. Thus, at the frame transition
time, the electric potential appearing on the data line
changes from the electric potential Vsm1 to an electric
potential corresponding to positive-polarity image data. If
the data line is a negative-polarity data line in the period Te,
on the other hand, the data line was a positive-polarity data
line prior to the frame transition. Thus, at the frame transi-
tion time, the electric potential appearing on the data line
changes from the electric potential Vspl to an electric
potential corresponding to negative-polarity image data.
Accordingly, since the electric potentials appearing on the
data lines are changed in directions opposite to the direc-
tions, in which the electric potentials change at the frame
transition time, in the scanning period as described above, it
is possible to compensate for an effect caused by changes in
liquid-crystal voltage. The changes in liquid-crystal voltage
are changes, which result at the frame transition time.

[0209] If the absolute value of a difference between an
electric potential appearing on the positive-polarity data line
and an electric potential appearing on the opposite electrode
is much different from a difference between an electric
potential appearing on the negative-polarity data line and an
electric potential appearing on the opposite electrode during
the period Te, from Eq. (17), for a specific pixel, the
compensation for the effect caused by changes in liquid-
crystal voltage at the frame transition time gives an effective
result. This is because the positive-polarity and negative-
polarity data lines are each arranged on alternate columns.
For another pixel adjacent to the specific pixel, on the other
hand, the compensation does not give an effective result in
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some cases. It is thus desirable to have about the same
absolute value of a difference between an electric potential
appearing on the positive-polarity data line and an electric
potential appearing on the opposite electrode as the absolute
value of a difference between an electric potential appearing
on the negative-polarity data line and an electric potential
appearing on the opposite electrode during the period Te. Let
symbol Varb denote any arbitrary electric potential between
the center electric potential Veen of the data lines and the
electric potential Vcom appearing on the opposite electrode.
In this case, the absolute value of a difference between the
electric potential appearing on the positive-polarity data line
and the electric potential Varb can also be made approxi-
mately equal to the absolute value of a difference between
the electric potential appearing on the negative-polarity data
line and the electric potential Varb during the period Te.

[0210] In addition, in the period Te, the electric potential
appearing on the data line is set at the electric potential
appearing on the negative-polarity data line in the hold
period in a case where the data line is a positive-polarity data
line and the electric potential appearing on the data line is set
at the electric potential appearing on the positive-polarity
data line in the hold period in a case where the data line is
a negative-polarity data line in order to compensate for an
effect caused by a change occurring at a frame transition
time as a change in liquid-crystal voltage and in order to
suppress changes of the electric potential appearing on the
pixel electrode, which are caused by leakage currents of the
TFT (thin-film transistor) and the liquid crystal during a
scanning period of a pixel in the vicinity of the last gate line.
In addition, by using an electric potential appearing on a
hold period, the liquid-crystal display device can function
without a circuit for generating an electric potential to be
applied to a data line in the period Te. Thus, the circuit scale
can be prevented from increasing.

[0211] In addition, in the period Te, the electric potential
appearing on the data line is set at the minimum of data-line
electric potentials used in a display in a case where the data
line is a positive-polarity data line, and the electric potential
appearing on the data line is set at the maximum of the
data-line electric potentials used in a display in a case where
the data line is a negative-polarity data line in order to
shorten the period Te while compensating for an effect
caused by a change occurring at a frame transition time as
a change in liquid-crystal voltage. Thus, it is possible to
lengthen time it takes to write image data into a pixel and
reduce demands for high performances of the TFT and the
source drain.

[0212]

[0213] A fifth typical example of the driving method
according to the embodiment of the present invention is
explained. This typical example also raises a problem of
how to control changes in pixel-electrode electric potential,
which occur at a frame transition time due to capacitive
coupling. A pixel connected to a gate line in the vicinity of
the last gate line is most affected by the changes in liquid-
crystal voltage, which occur at a frame transition time. In
accordance with a method provided for such a pixel to
reduce the effect of the changes in liquid-crystal voltage,
which occur at a frame transition time, there are provided a
period Tea in addition to a period Twa in a scanning period.
The periods Tea and Twa are provided before desired image

(5) Fifth Typical Example
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data is written into the pixel connected to a gate line in the
vicinity of the last gate line. The period Twa is a period in
which driving is carried out to set the electric potential
appearing on a gate line at an on-state electric potential, set
the electric potential appearing on a data line at an electric
potential for writing the desired image data and apply an
electric potential corresponding to the desired image data
into the pixel electrode. On the other hand, the period Tea is
a period in which all gate lines are put in an off state and the
electric potential appearing on the data line is set at any
arbitrary fixed level. By providing the periods Tea and Twa
in this way, the effective value of the liquid-crystal voltage
applied to the liquid-crystal layer of the pixel is the sum of
the effective values of the voltages appearing on the liquid
crystal in the periods Tea and Twa. Thus, by controlling the
effective value in the period Tea to compensate for the effect
of the changes in liquid-crystal voltage, which occur at a
frame transition time, flickers can be suppressed.

[0214] 1In particular, in a display with a high voltage
appearing on the liquid crystal, flickers seen as a problem of
this typical example increase. In order to make the expla-
nation simple, let symbol Vsmax denote the maximum value
of the electric potential appearing on the data line and
symbol Vsmin denote the minimum value of the electric
potential appearing on the data line. Consider a case in
which the change in data-line electric potential at a frame
transition time reaches a maximum. Also consider a case in
which the entire liquid-crystal panel displays picture data
with the electric potentials appearing on the positive-polarity
data lines at a level equal to Vsmax and the electric
potentials appearing on the negative-polarity data lines at a
level equal to Vsmin. In this case, in the period Tea, by
setting the electric potential appearing on a data line at a
level lower than the electric potential Vsmax if the data line
is a positive-polarity data line and by setting the electric
potential appearing on a data line at a level higher than the
electric potential Vsmin if the data line is a negative-polarity
data line, it is possible to obtain an effect of suppressing
flickers. That is to say, by setting the electric potentials
appearing on the data lines at any arbitrary levels in a range
used in a display in the period Tea, an effect of reducing
flickers can be obtained.

[0215] In addition, if the electric potential appearing on
the data line is set at a level not exceeding the electric
potential appearing on the opposite electrode in a case where
the data line is a positive-polarity data line or a level at least
equal to the electric potential appearing on the opposite
electrode in a case where the data line is a negative-polarity
data line in the period Tea, in which all gate lines are put in
an off state, the flickers can be suppressed.

[0216] A further explanation with reference to FIG. 30 is
given below. Much like the assumption explained earlier by
referring to FIG. 29, assume that the relations [Vsmax-
Veom|~|Vsmin-Vcom|, [Vspl-Vcom|=Vsm1-Vcom and
al>02 hold true. FIG. 30 shows a timing chart of the
electric potential Vsigm appearing on the data line provided
on the mth column as a data line connected to a pixel located
at the intersection of the nth row and the mth column. The
figure also shows a timing chart of changes in pixel elec-
trode, which accompany changes in electric potential Vsigm
in the pixel. In addition, the figure also shows a timing chart
of the electric potential Vgn occurring on a gate line
provided on the nth row. The first frame period shown in the
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figure is a positive-polarity frame period followed by a
negative-polarity frame period. A pixel adjacent to the
observed pixel has frame periods with polarities opposite to
the polarities of the frame periods of the observed pixel.

[0217] At a frame transition time P1, the electric potential
appearing on a pixel electrode varies by a change AVipl,
becoming equal to the liquid-crystal voltage Vpb. In the
period Tea described above, all the gate lines are put in an
off state and, if the data line is a positive-polarity data line,
the electric potential appearing on the data line is set at a
level not exceeding the electric potential appearing on the
opposite electrode but, if the data line is a negative-polarity
data line, on the other hand, the electric potential appearing
on the data line is set at a level at least equal to the electric
potential appearing on the opposite electrode. By setting the
electric potentials at such levels, in the period Tea, the
voltage appearing on the liquid crystal increases to a level
higher than Vpb and the difference in effective value
between the voltages applied to the liquid crystal before and
after the frame transition is reduced. In addition, in accor-
dance with this driving method, by merely providing 1 to
about 4 periods Tea per scanning period, flickers can be
reduced adequately. Thus, the amounts of electric power
charged and discharged due to changes in data-line electric
potential increase by only several tens of microwatts over
the amounts of electric power for a case with no period Tea
provided. As a result, flickers can be suppressed at a low
power consumption.

[0218] In addition, if the absolute value of a difference
between an electric potential appearing on the positive-
polarity data line and an electric potential appearing on the
opposite electrode is much different from a difference
between an electric potential appearing on the negative-
polarity data line and an electric potential appearing on the
opposite electrode during the period Tea, from Eq. (17), for
a specific pixel, the compensation for the effect caused by
changes in liquid-crystal voltage at the frame transition time
gives an effective result. This is because the positive-polarity
and negative-polarity data lines are each arranged on alter-
nate columns. For another pixel adjacent to the specific
pixel, on the other hand, the compensation does not give an
effective result in some cases. It is thus desirable to have
about the same absolute value of a difference between an
electric potential appearing on the positive-polarity data line
and an electric potential appearing on the opposite electrode
as the absolute value of a difference between an electric
potential appearing on the negative-polarity data line and an
electric potential appearing on the opposite electrode during
the period Tea. Let symbol Varb denote any arbitrary electric
potential between the center electric potential Veen of the
data lines and the electric potential Vcom appearing on the
opposite electrode. In this case, the absolute value of a
difference between the electric potential appearing on the
positive-polarity data line and the electric potential Varb can
also be made approximately equal to the absolute value of a
difference between the electric potential appearing on the
negative-polarity data line and the electric potential Varb
during the period Tea.

[0219] In addition, in the period Tea, the electric potential
appearing on the data line is set at the electric potential
appearing on the negative-polarity data line in the hold
period in case the data line is a positive-polarity data line and
the electric potential appearing on the data line is set at the
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electric potential appearing on the positive-polarity data line
in the hold period in case the data line is a negative-polarity
data line in order to increase the voltage appearing on the
liquid crystal to a level higher than Vpb. Thus, the difference
in effective value between the voltages applied to the liquid
crystal before and after the frame transition can be reduced.
In addition, it is possible to suppress changes of the electric
potential appearing on the pixel electrode, which are caused
by leakage currents of the TFT and the liquid crystal during
a scanning period of a pixel in the vicinity of the last gate
line. In addition, by using an electric potential appearing on
a hold period, the liquid-crystal display device is capable of
functioning without a circuit for generating an electric
potential to be applied to a data line in the period Tea. Thus,
an increase in circuit scale can be avoided.

[0220] In addition, by short-circuiting the positive-polar-
ity data line and the negative-polarity data line in the period
Tea where all the gate lines are put in an off state, the voltage
appearing on the liquid crystal in this period can be raised to
a level higher than Vpb. Thus, the difference in effective
value between the voltages applied to the liquid crystal
before and after the frame transition can be reduced. In
addition, the driving can be carried out at a low power
consumption.

[0221] Furthermore, also by short-circuiting the positive-
polarity data line, the negative-polarity data line, the oppo-
site electrode and the storage line in the period Tea where all
the gate lines are put in an off state, the voltage appearing on
the liquid crystal in this period can be raised to a level higher
than Vpb. Thus, the difference in effective value between the
voltages applied to the liquid crystal before and after the
frame transition can be reduced. In addition, the driving can
be carried out at a low power consumption. Moreover, by
short-circuiting the positive-polarity data line, the negative-
polarity data line and the opposite electrode only, it is
possible to obtain the same effect as that obtained by
short-circuiting the positive-polarity data line, the negative-
polarity data line and the storage line.

[0222] In accordance with the above descriptions, the
embodiment implements a reflection-type liquid-crystal dis-
play device. It is to be noted, however, that the present
invention can of course be applied to transmission-type and
transflective-type liquid-crystal display devices as well.

What is claimed is:
1. A method of driving an active-matrix liquid-crystal
display device including a liquid-crystal panel comprising:

a pair of substrates, at least one of which is a transparent
substrate;

a plurality of data lines, which are each extended in a row
direction on a specific one of said substrates and are
arranged in a column direction perpendicularly inter-
secting said row direction;

a plurality of gate lines, which are each extended in said
column direction and are arranged in said row direc-
tion;

an active device connected at an intersection of each of
said data lines and each of said gate lines;

a pixel electrode driven by said active device;
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an opposite electrode provided on said specific substrate
or the other one of said substrates as an electrode
sandwiching a liquid-crystal layer between said oppo-
site electrode and said pixel electrode; and

a storage capacitor connected in parallel to said liquid-
crystal layer;

wherein:

a frame period of an image displayed on said liquid-
crystal panel is divided into a scanning period and a
hold period longer than said scanning period;

in said scanning period, image data of an amount corre-
sponding to a frame is written into said liquid-crystal
panel;

in said hold period following said scanning period, an off
state is sustained,

an electric potential appearing on a positive-polarity data
line in said hold period is increased to a level higher
than an electric potential appearing on said opposite
clectrode where said positive-polarity data line is
defined as said data line, on which an electric potential
appears at a level higher than an electric potential
appearing on said opposite electrode when an electric
potential appearing on said gate line changes from an
on-state level to an off-state level in said scanning
period; and

an electric potential appearing on a negative-polarity data
line in said hold period is decreased to a level lower
than said electric potential appearing on said opposite
electrode where said negative-polarity data line is
defined as said data line provided on a row adjacent to
said positive-polarity data line as said data line, on
which an electric potential appears at a level lower than
an electric potential appearing on said opposite elec-
trode when an electric potential appearing on said gate
line changes from an on-state level to an off-state level
in said scanning period.

2. A method of driving an active-matrix liquid-crystal
display device according to claim 1 wherein said electric
potential appearing on said positive-polarity data line in said
hold period is set at a fixed level higher than said electric
potential appearing on said opposite electrode and said
electric potential appearing on said negative-polarity data
line in said hold period is set at a fixed level lower than said
electric potential appearing on said opposite electrode.

3. A method of driving an active-matrix liquid-crystal
display device according to claim 1 wherein said electric
potential Vsig [V] appearing on said positive-polarity data
line in said hold period has a value in a range expressed in
an MKSA unit system by relation (1) as follows:

Vop: —
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where symbol T denotes a quantity expressed by the follow-
ing equation:

e Ry Roy
- R1+Rof]'

(C1 + Cig + Csa),

symbol Vopt denotes an electric potential expressed by
Eq. (2) as follows:

R,
Vopr = Voom + (1 + ;jf

; ](for = Veom)

symbol Roff denotes a resistance [Q] exhibited by said
active device when said active device is put in an off
state;

symbol Rl denotes a resistance [Q] exhibited by said
liquid-crystal layer sandwiched by said pixel electrodes
and said opposite electrode as a resistance expessed by
the following equation:

symbol S denotes the area [m?] of said pixel electrode;

symbol d denotes the thickness [m] of said liquid-crystal
layer;

symbol ple denotes the resistivity [€2m] of a liquid crystal
composing said liquid-crystal layer;

symbol Vcom denotes said electric potential [ V] appear-
ing on said opposite electrode;

symbol f denotes a frame frequency [Hz];

symbol Cl denotes the capacitance [F] of said liquid
crystal of said liquid-crystal layer;

symbol Cstg denotes the capacitance [F] of said storage
capacitor;

symbol Csd denotes the capacitance [F] of a parasitic
capacitor existing between said pixel electrode and said
data line for said pixel electrode;

symbol Vist denotes an electric potential [V] appearing
on said pixel electrode right after an on-state period in
said frame period of said pixel,

symbol AVe(f) denotes a change [V] in critical electric
potential for said frame frequency f and said electric
potential Vfst appearing on said pixel electrode right
after said on-state period,

symbol Vopt denotes an optimum electric potential [V]
with said electric potential Vist of said pixel electrode
held as it is; and

symbol Vsig denotes an electric potential Vsig [V]
appearing on said positive-polarity data line in said
hold period.
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4. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 3 wherein a value
of Vfst used in said Eq. (2) is set at (Vcom+Vop) in
determining a range of possible values for said electric
potential appearing on said positive-polarity data line or
(Vcom-Vom) in determining a range of possible values for
said electric potential appearing on said negative-polarity
data line where:

symbol Vop denotes an absolute value of an electric
potential, which appears on said positive-polarity data
line when a change of a transmittance or a reflectance
of said liquid-crystal panel reaches a maximum accom-
panying a change of said voltage appearing on said
liquid crystal in a range of voltages appearing on said
liquid crystal as voltages used in a display; and

symbol Vom denotes an absolute value of an electric
potential, which appears on said negative-polarity data
line when a change of said transmittance or said
reflectance of said liquid-crystal panel reaches a maxi-
mum accompanying a change of said voltage appearing
on said liquid crystal in said range of voltages appear-
ing on said liquid crystal as voltages used in a display.

5. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 3 wherein:

in determining a range of possible values for said electric
potential appearing on said positive-polarity data line,
the value of Vist used in Eq. (2) is set at said electric
potential appearing on said pixel electrode right after
said on-state period as an electric potential correspond-
ing to image data of a tone adjacent to a tone showing
a transmittance or a reflectance equal to about half a
maximum transmittance or a maximum reflectance
respectively in a positive-polarity frame period com-
prising a specific one of said scanning periods and said
hold period following said specific scanning period
where said specific scanning period is a period in which
said electric potential appearing on said data line is set
at a level higher than said electric potential appearing
on said opposite electrode when an electric potential
appearing on said gate line changes from an on-state
level to an off-state level in said scanning period; and

in determining a range of possible values for said electric
potential appearing on said negative-polarity data line,
the value of Vist used in Eq. (2) is set at said electric
potential appearing on said pixel electrode right after
said on-state period as an electric potential correspond-
ing to image data of a tone adjacent to a tone showing
a transmittance or a reflectance equal to about half a
maximum transmittance or a maximum reflectance
respectively in a negative-polarity frame period com-
prising a specific one of said scanning periods and said
hold period following said specific scanning period
where said specific scanning period is a period in which
said electric potential appearing on said data line is set
at a level lower than said electric potential appearing on
said opposite electrode when an electric potential
appearing on said gate line changes from an on-state
level to an off-state level in said scanning period.

6. A method of driving an active-matrix liquid-crystal
display device according to claim 1 wherein:
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said electric potential Vsig [ V] appearing on said positive-
polarity data line in said hold period is set at approxi-
mately a value expressed in an MKSA unit system by
Eq. (3) as follows:

v &)
0]]'d xVy

ple—
K

Viig = Veom + |1 +

and said electric potential Vsig [V] appearing on said
negative-polarity data line in said hold period is set at
approximately a value expressed in an MKSA unit
system by Eq. (4) as follows:

“

Vsig =Vem— L+

where symbol Vo denotes an absolute value [V] of a
voltage appearing on said liquid crystal as a voltage
corresponding to any arbitrary image data.

7. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 6 wherein, when an
electric potential appearing on a gate line in a scanning
period of a frame period has been set at an on-state level,
said electric potential appearing on said data line has been
set at a level for writing desired image data and, right after
that, all said gate lines have been put in an off state,

desired image data is written into all said pixels by
carrying out driving repeatedly on each of said gate
lines to:

set said electric potential appearing on said data line,
which serves as said positive-polarity data line, at a
level symmetrical with respect to an electric potential
appearing on said positive-polarity data line in said
on-state period with its center of symmetry coinciding
with a data-line electric potential approximately equal
to a quantity expressed by said Eq. (3); and

set said electric potential appearing on said data line,
which serves as said negative-polarity data line, at a
level symmetrical with respect to an electric potential
appearing on said negative-polarity data line in said
on-state period with its center of symmetry coinciding
with a data-line electric potential approximately equal
to a quantity expressed by said Eq. (4).

8. A method of driving an active-matrix liquid-crystal

display device in accordance with claim 6 wherein:

driving is carried out on k gate lines of said gate lines to
set said electric potentials appearing on said k gate lines
in said scanning period of said frame period at an
on-state level, set said electric potential appearing on
said data line at levels for writing pieces of desired
picture data and write said electric potentials corre-
sponding to said pieces of desired image data into said
pixel electrodes;

right after that, all said gate lines are put in an off state;
and
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desired picture data is written into all said pixels by
carrying out driving repeatedly on each of said k gate
lines to:

set each of k electric potentials appearing on said data
line, which serves as said positive-polarity data line, at
a level approximately symmetrical with respect to an
electric potential appearing on said positive-polarity
data line in a period of scanning said k gate lines as one
of k electric potentials each corresponding to one of
said k pieces of desired image data for an arbitrary
period length with its center of symmetry coinciding
with a data-line electric potential equal to a quantity
expressed by said Eq. (3); and

set each of k electric potentials appearing on said data
line, which serves as said negative-polarity data line, at
a level approximately symmetrical with respect to an
electric potential appearing on said negative-polarity
data line in a period of scanning said k gate lines as one
of k electric potentials each corresponding to one of
said k pieces of desired image data for an arbitrary
period length with its center of symmetry coinciding
with a data-line electric potential equal to a quantity
expressed by said Eq. (4).

9. A method of driving an active-matrix liquid-crystal

display device in accordance with claim 6 wherein:

driving is carried out on k gate lines of said gate lines to
set said electric potentials appearing on said k gate lines
in said scanning period of said frame period at an
on-state level, set said electric potential appearing on
said data line at levels for writing pieces of desired
image data and write said electric potentials corre-
sponding to said pieces of desired data into said pixel
electrodes;

right after that, all said gate lines are put in an off state;
and

desired image data is written into all said pixels by
carrying out driving repeatedly on each of said k gate
lines to:

set said electric potential appearing on said data line,
which serves as said positive-polarity data line, at a
level approximately symmetrical with respect to an
average of electric potentials appearing on said posi-
tive-polarity data line in a period of scanning said k
gate lines as k electric potentials each corresponding to
one of said k pieces of desired data with its center of
symmetry coinciding with a data-line electric potential
equal to a quantity expressed by said Eq. (3); and

set said electric potential appearing on said data line,
which serves as said negative-polarity data line, at a
level approximately symmetrical with respect to an
average of electric potentials appearing on said nega-
tive-polarity data line in a period of scanning said k
gate lines as k electric potentials each corresponding to
one of said k pieces of desired image data with its
center of symmetry coinciding with a data-line electric
potential equal to a quantity expressed by said Eq. (4).
10. A method of driving an active-matrix liquid-crystal
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of said liquid-crystal voltage for which a change in trans-
mittance or reflectance reaches a maximum accompanying a
change of said voltage appearing on said liquid crystal as a
voltage used in a display.

11. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 6 wherein:

a quantity represented by symbol Vo in Eq. (3) as the
absolute value of said voltage appearing on said liquid
crystal is set at the absolute value of said voltage
appearing on said liquid crystal for a positive polarity
for which a transmittance or a reflectance of said
liquid-crystal display device is equal to about half a
maximum transmittance or a maximum reflectance
respectively in a positive-polarity frame period; and

a quantity represented by symbol Vo in Eq. (4) as the
absolute value of said voltage appearing on said liquid
crystal is set at the absolute value of said voltage
appearing on said liquid crystal for a negative polarity
for which said transmittance or said reflectance of said
liquid-crystal display device is equal to about half said
maximum transmittance or said maximum reflectance
respectively in a negative-polarity frame period.

12. A method of driving an active-matrix liquid-crystal

display device according to claim 1 wherein, as said electric
potential appearing on said data line in said hold period:

said electric potential appearing on said positive-polarity
data line in said hold period is set at a level minimizing
a change of a transmittance or a reflectance of a tone
showing a transmittance or a reflectance equal to about
half a maximum transmittance or a maximum reflec-
tance respectively in a positive-polarity frame period of
said pixel connected to a specific one of said scanning
lines, which is close to the last one of said gate lines;
and

said electric potential appearing on said negative-polarity
data line in said hold period is set at a level minimizing
a change of a transmittance or a reflectance of a tone
showing a transmittance or a reflectance equal to about
half a maximum transmittance or a maximum reflec-
tance respectively in a negative-polarity frame period
of said pixel connected to a specific one of said
scanning lines, which 1s close to the last one of said gate
lines.

13. An active-matrix liquid-crystal display device includ-

ing a liquid-crystal panel comprising:

a pair of substrates, at least one of which is a transparent
substrate;

a plurality of data lines, which are each extended in a row
direction on a specific one of said substrates and are
arranged in a column direction perpendicularly inter-
secting said row direction;

a plurality of gate lines, which are each extended in said
column direction and are arranged in said row direc-
tion;

an active device connected at an intersection of each of
said data lines and each of said gate lines;

display device in accordance with claim 6 wherein a quan-
tity represented by symbol Vo in Egs. (3) and (4) as the
absolute value of said voltage appearing on said liquid
crystal is set at a magnitude equal to about an effective value

a pixel electrode driven by said active device;

an opposite electrode provided on said specific substrate
or the other one of said substrates as an electrode
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sandwiching a liquid-crystal layer between said oppo-
site electrode and said pixel electrode; and

a storage capacitor connected in parallel to said liquid-
crystal layer;

wherein:

a frame period of an image displayed on said liquid-
crystal panel is divided into a scanning period and a
hold period longer than said scanning period;

in said scanning period, image data of an amount corre-
sponding to a frame is written into said liquid-crystal
panel;

in said hold period following said scanning period, an off
state is sustained; and

said liquid-crystal display device includes a scanning-
period electric-potential control means for controlling
an electric potential in said hold period; and

wherein:

said scanning-period electric-potential control means
increases an electric potential appearing on a positive-
polarity data line in said hold period to a level higher
than an electric potential appearing on said opposite
clectrode where said positive-polarity data line is
defined as said data line, on which an electric potential
appears at a level higher than an electric potential
appearing on said opposite electrode when an electric
potential appearing on said gate line changes from an
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opposite to said specific data line to sandwich said pixel
between said adjacent data line and said specific data
line.

16. A liquid-crystal display device according to claim 13

wherein:

said active device is a thin-film transistor; and

in said pixel electrode for a pixel, an electrode portion
made of a reflective material having electro conductiv-
ity is provided at such a location that said thin-film
transistor for said pixel is positioned at a center of said
electrode portion made of a reflective material having
electro conductivity.

17. A liquid-crystal display device according to claim 13

wherein:

said active device is a thin film transistor;

pixels are arranged to form an NxM matrix comprising N
rows and M columns; and

said matrix includes a portion in which, if a source of said
thin-film transistor provided for a specific pixel located
at an intersection of the nth row and mth column of said
matrix is connected to one of two data lines adjacent to
said pixel where n is an integer in the range 1 to (N-1)
and m is an integer in the range 1 to M, a source of a
thin-film transistor provided for a pixel located at an
intersection of the (n+1)th row and said mth column is
connected to one of said two adjacent data lines, which
is not connected to said source of said thin-film tran-
sistor provided for said specific pixel.

18. A liquid-crystal display device according to claim 17

on-state level to an off-state level in said scanning
period; and

wherein, if the number of said data lines is (M+1), said data
line on the first column is connected to said data line on the
(M+1)th column.

said scanning-period electric-potential control means
decreases an electric potential appearing on a negative-
polarity data line in said hold period to a level lower
than said electric potential appearing on said opposite
electrode where said negative-polarity data line is
defined as said data line provided on a row adjacent to
said positive-polarity data line as said data line, on
which an electric potential appears at a level lower than
an electric potential appearing on said opposite elec-
trode when an electric potential appearing on said gate
line changes from an on-state level to an off-state level
in said scanning period.

14. A liquid-crystal display device according to claim 13,

further comprising a gate-line-scanning circuit for scanning

said gate lines; wherein:

said gate-line-scanning circuit includes a shift register for
selecting any of said gate lines, and said shift register
includes a spare register for putting all said gate lines
in an off state.

15. A liquid-crystal display device according to claim 13

wherein:

said active device provided is a thin-film transistor; and

said thin-film transistor provided for a pixel is located in
a middle location between a specific one of said data
lines and an adjacent one of said data lines where said
specific data line is defined as a data line connected to
a source of said thin-film transistor and said adjacent
data line is defined as a data line located on a pixel side

19. A method of driving an active-matrix liquid-crystal

display device in accordance with claim 2 wherein:

said fixed electric potential appearing on said positive-
polarity data line in said hold period is set at a level
higher than a sum (Vcom+Vp) of an electric potential
Veom appearing on said opposite electrode and an
absolute value Vp of a voltage appearing on said crystal
liquid for a positive polarity defined as a polarity for
which an electric potential appearing on said pixel
electrode is higher than an electric potential appearing
on said opposite electrode facing said pixel electrode to
provide a gap for sandwiching said liquid-crystal layer
with a tone showing a transmittance or a reflectance
equal to about half a maximum transmittance or a
maximum reflectance respectively among transmit-
tance or reflectance values in a range of voltages
appearing on said liquid crystal as voltages used in a
display; and

said fixed electric potential appearing on said negative-
polarity data line in said hold period is set at a level
lower than a sum (Vcom-Vm) of said electric potential
Veom and an absolute value Vm of a voltage appearing
on said crystal liquid for a negative polarity defined as
a polarity for which an electric potential appearing on
said pixel electrode is lower than an electric potential
appearing on said opposite electrode facing said pixel
electrode to provide a gap for sandwiching said liquid-
crystal layer with a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
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tance or a maximum reflectance respectively among
transmittance or reflectance values in said range of
voltages appearing on said liquid crystal as voltages
used in a display.
20. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 2 wherein:

said fixed electric potential appearing on said positive-
polarity data line in said hold period is set at a level
higher than (Vsp50-AVft) and said fixed electric poten-
tial appearing on said negative-polarity data line in said
hold period is set at a level lower than (Vsm50-AVft),

where:

symbol Vsp50 denotes an electric potential appearing on
said positive-polarity data line as an electric potential
corresponding to a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in a range of volt-
ages appearing on said liquid crystal as voltages used in
a display;

symbol Vsm50 denotes an electric potential appearing on
said negative-polarity data line as an electric potential
corresponding to a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in said range of
voltages appearing on said liquid crystal as voltages
used in a display; and

symbol AVft denotes a quantity expressed by Eq. (5) as
follows:

Vsp30 + V5m50)] iy 5)
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21. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 2 wherein:

said fixed electric potential appearing on said positive-
polarity data line in said hold period is set at a level
higher than Vsp50 and said fixed electric potential
appearing on said negative-polarity data line in said
hold period is set at a level lower than Vsm50,

where:

symbol Vsp50 denotes an electric potential appearing on
said positive-polarity data line as an electric potential
corresponding to a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in a range of volt-
ages appearing on said liquid crystal as voltages used in
a display; and

symbol Vsm50 denotes an electric potential appearing on
said negative-polarity data line as an electric potential
corresponding to a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in said range of
voltages appearing on said liquid crystal as voltages
used in a display.
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22. A method of driving an active-matrix liquid-crystal

display device according to claim 1 wherein:

said electric potential appearing on said positive-polarity
data line in said hold period is driven to vibrate with a
vibration center coinciding with a level higher than a
sum (Vcom+Vp) of an electric potential Vecom appear-
ing on said opposite electrode and an absolute value Vp
of a voltage appearing on said crystal liquid for a
positive polarity defined as a polarity for which an
electric potential appearing on said pixel electrode is
higher than an electric potential appearing on said
opposite electrode facing said pixel electrode to pro-
vide a gap for sandwiching said liquid-crystal layer
with a tone showing a transmittance or a reflectance
equal to about half a maximum transmittance or a
maximum reflectance respectively among transmit-
tance or reflectance values in a range of voltages
appearing on said liquid crystal as voltages used in a
display; and

said electric potential appearing on said negative-polarity
data line in said hold period is driven to vibrate with a
vibration center coinciding with a level lower than a
sum (Vcom-Vm) of said electric potential Veom and
an absolute value Vm of a voltage appearing on said
crystal liquid for a negative polarity defined as a
polarity for which an electric potential appearing on
said pixel electrode is lower than an electric potential
appearing on said opposite electrode facing said pixel
electrode to provide a gap for sandwiching said liquid-
crystal layer with a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in said range of
voltages appearing on said liquid crystal as voltages
used in a display.

23. A method of driving an active-matrix liquid-crystal

display device according to claim 1 wherein:

said electric potential appearing on said positive-polarity
data line in said hold period is driven to vibrate with a
vibration center coinciding with a level higher than
(Vsp50-AVTt) and said electric potential appearing on
said negative-polarity data line in said hold period is
driven to vibrate with a vibration center coinciding with
a level lower than (Vsm50-AVit),

where:

symbol Vsp50 denotes an electric potential appearing on
said positive-polarity data line as an electric potential
corresponding to a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in a range of volt-
ages appearing on said liquid crystal as voltages used in
a display;

symbol Vsm50 denotes an electric potential appearing on
said negative-polarity data line as an electric potential
corresponding to a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in said range of
voltages appearing on said liquid crystal as voltages
used in a display; and
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symbol AVft denotes a quantity expressed by Eq. (5) as
follows:

Vsp30 + Vsm50)
2
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24. A method of driving an active-matrix liquid-crystal
display device according to claim 1 wherein:

said electric potential appearing on said positive-polarity
data line in said hold period is driven to vibrate with a
vibration center coinciding with a level higher than
Vsp50 and said electric potential appearing on said
negative-polarity data line in said hold period is driven
to vibrate with a vibration center coinciding with a
level lower than Vsm50,

where:

symbol Vsp50 denotes an electric potential appearing on
said positive-polarity data line as an electric potential
corresponding to a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in a range of volt-
ages appearing on said liquid crystal as voltages used in
a display; and

symbol Vsm50 denotes an electric potential appearing on
said negative-polarity data line as an electric potential
corresponding to a tone showing a transmittance or a
reflectance equal to about half a maximum transmit-
tance or a maximum reflectance respectively among
transmittance or reflectance values in said range of
voltages appearing on said liquid crystal as voltages
used in a display.

25. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 2 wherein said fixed
electric potential appearing on said positive-polarity data
line in said hold period and said fixed electric potential
appearing on said negative-polarity data line in said hold
period are set at such values that an absolute value of a
difference between said fixed electric potential appearing on
said positive-polarity data line and an electric potential
appearing on said opposite electrode is approximately equal
to an absolute value of a difference between said fixed
electric potential appearing on said negative-polarity data
line and said electric potential appearing on said opposite
electrode.

26. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 2 wherein said fixed
electric potential appearing on said positive-polarity data
line in said hold period and said fixed electric potential
appearing on said negative-polarity data line in said hold
period are set at such values that an absolute value of a
difference between said fixed electric potential appearing on
said positive-polarity data line and a data-line center electric
potential is approximately equal to an absolute value of a
difference between said fixed electric potential appearing on
said negative-polarity data line and said data-line center
electric potential where said data-line center electric poten-
tial is defined as a center electric potential between maxi-
mum and minimum values of electric potentials each
appearing on said data lines as an electric potential used in
a display.

32

Jun. 17, 2004

27. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 26 wherein a
parasite capacitance between said pixel electrode and one of
two data lines adjacent to said pixel electrode is approxi-
mately equal to a parasite capacitance between said pixel
electrode and the other one of said data lines adjacent to said
pixel electrode.

28. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 2 wherein a hori-
zontal period of a scanning period of a frame includes a
period for setting said electric potential appearing on said
data line at any arbitrary level in addition to a period for
setting said electric potential appearing on said data line at
a level corresponding to desired image data.

29. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 28 wherein said
period for setting said electric potential appearing on said
data line at any arbitrary level is a period during which said
positive-polarity data line is short-circuited to said negative-
polarity data line.

30. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 28 wherein said
period for setting said electric potential appearing on said
data line at any arbitrary level is a period during which said
positive-polarity data line, said negative-polarity data line,
said opposite electrode and said storage line are short-
circuited to each other.

31. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 28 wherein said
period for setting said electric potential appearing on said
data line at any arbitrary level is a period during which said
electric potential appearing on said data line is set at a level
equal to or lower than said electric potential appearing on
said opposite electrode in a case where said data line is said
positive-polarity data line or a level equal to or higher than
said electric potential appearing on said opposite electrode
in a case where said data line is said negative-polarity data
line.

32. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 28 wherein said
period for setting said electric potential appearing on said
data line at any arbitrary level is a period during which said
electric potential appearing on said data line is set at said
electric potential appearing on said negative-polarity data
line in said hold period in a case where said data line is said
positive-polarity data line or at said electric potential appear-
ing on said positive-polarity data line in said hold period in
a case where said data line is said negative-polarity data line.

33. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 28 wherein said
period for setting said electric potential appearing on said
data line at any arbitrary level is a period during which said
electric potential appearing on said data line is set at a
minimum value of said electric potentials each appearing on
said data line as an electric potential used in a display in a
case where said data line is said positive-polarity data line or
at a maximum value of said electric potentials each appear-
ing on said data line as an electric potential used in a display
in a case where said data line is said negative-polarity data
line.

34. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 2 wherein:

a horizontal period of a scanning period of a frame
includes a specific period for setting all said gate lines
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in an off state and setting said electric potential appear-
ing on said data line at any arbitrary level in addition to
a period for setting said electric potential appearing on
said gate line at an on-state level, setting said electric
potential appearing on said data line at a level for
writing desired image data and applying an electric
potential for writing said desired image data to said
pixel electrode; and

one or more said specific periods are provided in said
scanning period before said image data is written into
a pixel connected to a last gate line.

35. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 34 wherein said
specific period for setting said electric potential appearing
on said data line at any arbitrary level is a period during
which said electric potential appearing on said data line is set
at a level equal to or lower than said electric potential
appearing on said opposite electrode in a case where said
data line is said positive-polarity data line or a level equal to
or higher than said electric potential appearing on said
opposite electrode in a case where said data line is said
negative-polarity data line.

36. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 34 wherein said
specific period for setting said electric potential appearing
on said data line at any arbitrary level is a period during
which an absolute value of a difference between said fixed
electric potential appearing on said positive-polarity data
line and an electric potential appearing on said opposite
electrode is approximately equal to an absolute value of a
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difference between said fixed electric potential appearing on
said negative-polarity data line and said electric potential
appearing on said opposite electrode.

37. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 34 wherein said
specific period for setting said electric potential appearing
on said data line at any arbitrary level is a period during
which said electric potential appearing on said data line is set
at said electric potential appearing on said negative-polarity
data line in said hold period in a case where said data line
is said positive-polarity data line or at said electric potential
appearing on said positive-polarity data line in said hold
period in a case where said data line is said negative-polarity
data line.

38. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 34 wherein said
specific period for setting said electric potential appearing
on said data line at any arbitrary level is a period during
which said positive-polarity data line is short-circuited to
said negative-polarity data line.

39. A method of driving an active-matrix liquid-crystal
display device in accordance with claim 34 wherein said
specific period for setting said electric potential appearing
on said data line at any arbitrary level is a period during
which said positive-polarity data line, said negative-polarity
data line, said opposite electrode and said storage line are
short-circuited to each other.
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