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(57) ABSTRACT

An active matrix type liquid crystal display apparatus
includes a display pixel unit including a plurality of pixels
arranged in a matrix; a data signal driving circuit for
outputting a gray-scale voltage control signal to the pixels
and having a pulse width in accordance with gray-scale
information of display data, a scan signal driving circuit for
outputting at least one of an active voltage and inactive
voltage to the pixels, and a gray-scale voltage selecting
circuit for outputting a gray-scale voltage to the pixels. The
gray-scale voltage in increased and decreased in accordance
with time. Each of the pixels includes a liquid crystal cell
and a switching element having a drain terminal, a common
terminal and a gate terminal. The gate terminal is connected
to the data signal driving circuit through a gate electrode, the
common terminal is connected to the scan signal driving
circuit through a common electrode, and the drain terminal
is connected to the gray-scale voltage selecting circuit
through a drain electrode.
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LIQUID CRYSTAL DISPLAY APPARATUS AND
LIQUID CRYSTAL DISPLAY DRIVING METHOD

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an active matrix
type liquid crystal display apparatus and a driving method
therefor.

[0003]

[0004] The active matrix type liquid crystal display appa-
ratus controls a transmittance (luminance) of each pixel by
a RMS value of a voltage applied thereto. In this liquid
crystal display apparatus, as illustrated in FIG. 2, one pixel
includes one MOS type transistor. Moreover, the gate is
connected to a gate electrode that the pixels in a transverse
direction include in common, and the drain is connected to
a drain electrode that the pixels in a longitudinal direction
include in common. Also, the source is connected to a
common electrode that all the pixels include in common and
that is positioned on the side opposite to the source with a
liquid crystal cell located in between. As illustrated in FIG.
3, the driving method for the display apparatus is as follows:
An active state (in FIG. 3, “high”) of a scan line signal,
which indicates a scan line to be scanned, is applied to each
of the gate electrodes in time-division. In accordance with
gray-scale information of display data on the line the scan
line signal of which is switched into the active state, a
one-level gray-scale voltage is selected out of a plurality of
levels, then being applied to the drain electrode. Also, a
voltage becoming the reference is applied to the common
electrode. This procedure holds, in the respective liquid
crystal cells in the line sequence, a gray-scale voltage to be
applied at the end of a gate-on state. Namely, it becomes
possible to control the applied RMS voltage (luminance) to
each pixel in correspondence with display data.

[0005] Also, as another driving method, there exists a
method disclosed in JP-A-10-54998. In this method, as
illustrated in FIG. 4, one pixel includes two MOS transis-
tors. For example, in the first MOS transistor, the gate is
connected to the first gate electrode that the pixels in a
longitudinal direction include in common, and the drain is
connected to a drain electrode that all the pixels include in
common, and the source is connected to a drain of the
second MOS transistor. Also, in the second MOS transistor,
the gate is connected to the second gate electrode that the
pixels in a transverse direction include in common, and the
source is connected to a common electrode that all the pixels
include in common and that is positioned on the side
opposite to the source with a liquid crystal cell located in
between. As illustrated in FIG. §, the driving method is as
follows: An active state (in FIG. 5, “high”) of a scan line
signal, which indicates a scan line to be scanned, is applied
to each of the second gate electrodes in time-division. In
accordance with gray-scale information of display data on
the scan line, a gray-scale voltage control signal with a
pulse-width corresponding to the gray-scale information is
applied to the first gate electrode. Furthermore, a gray-scale
voltage, which is in synchronization with a scanning time-
period for one line and has, for example, a ramp waveform,
is applied to the drain electrode. Also, a voltage becoming
the reference is applied to the common electrode. This
procedure holds, in the respective liquid crystal cells in the

1. Field of the Invention

2. Description of the Related Art
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line sequence, a gray-scale voltage level to be reached at the
end of a state where the first and the second gates becomes
gate-on simultancously. Accordingly, as is the case with the
former method, it becomes possible to control the applied
RMS voltage to each pixel in correspondence with display
data.

[0006] In the method described earlier, as the number of
gray-scales (the number of colors) to be displayed is
increased, the number of levels of a gray-scale voltage to be
prepared is increased. This condition has resulted in
increases in the numbers of gray-scale voltage generating
output amplifiers and of gray-scale voltage selecting
switches, thereby bringing about a problem of a rising in the
COst.

[0007] Also, for example, if the above-described method
is applied to the liquid crystal display apparatus where
peripheral driving circuits and the pixels are formed inte-
grally, it turns out that the above-described output amplifiers
and selecting switches are also formed in portions of the
peripheral driving circuits. This has resulted in a problem
that a variation in the characteristics of these elements gives
rise to a deterioration in the picture quality.

[0008] Also, in the method described later, the pulse-width
of the gray-scale voltage control signal makes it possible to
control the transmittance of each liquid crystal cell. This
brings about an advantage that, even if the number of
gray-scales is increased, there is little increase in the circuit
scale. Moreover, since all the peripheral circuits can be
configured using digital circuits, there exists an effect of
suppressing the above-described variation. In this method,
however, two MOS transistors are located within one pixel.
This condition causes new problems to occur, such as a
decrease in the pixel transmittance and a decrease in the
yield.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to provide
the active matrix type liquid crystal display apparatus and
the driving method therefor, the liquid crystal display appa-
ratus making it possible to prevent the deterioration in the
picture quality caused by the inconsistency in the charac-
teristics of the circuit elements.

[0010] In solving the above-described problems, at first,
let’s consider the operation of the MOS transistor in the
pixel: In the case where the MOS transistor is of, for
example, N type, if an electric potential of the gate is higher
than that of the source by the amount of a fixed value or
more, the gate is switched into the ON state and thus an
electric current is caused to flow between the drain and the
source. As a result, a voltage between the drain electrode and
the common electrode is applied to the liquid crystal cell.
Meanwhile, if the electric potential of the gate is lower than
those of the source and the drain, the gate is switched into
the OFF state and thus no electric current is caused to flow
between the drain and the source. As a result, the voltage that
has been applied to the liquid crystal cell at the time of the
gate-on is held thereto.

[0011] Taking advantage of this operational characteristic
in the present invention, gates in pixels on a scan line to be
scanned are switched ON and gates in pixels existing on
non-scan lines other than the scan line are switched OFF,
thereby allowing the line sequence scanning to be executed.
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[0012] Meanwhile, in the above-described method dis-
closed in JP-A-10-54998 as well where the gray-scale
voltage control signal with the pulse-width in accordance
with the gray-scale information is applied to the gate elec-
trode, it is required to perform the control of applying the
gray-scale voltage only to the pixels existing on the scan line
to be scanned. For this purpose, the second MOS transistor
is employed, which allows this control to be implemented.

[0013] However, even if the second MOS transistor is not
employed, in the following manner for example, it is pos-
sible to apply the gray-scale voltage only to the pixels
existing on the scan line: The common electrodes are
separated in such a manner that they correspond to each of
the transverse lines. Then, an electric potential at which the
gray-scale voltage control signal is “high” and the gates are
switched into the ON state is provided to the common
electrodes existing on the scan line to be scanned. Moreover,
an electric potential that is higher than the electric potential
at which the gray-scale voltage control signal is “high” is
provided to the drain electrodes and the common electrodes
existing on the non-scan lines other than the scan line.

[0014] In view of the above-described points, the present
invention implements an active matrix type liquid crystal
display apparatus utilizing the pulse-width, and a driving
method therefor.

[0015] Namely, the liquid crystal display apparatus
according to the present invention is characterized by the
following: One pixel includes one MOS type transistor of,
for example, N type. Morcover, the gate is connected to a
gate electrode that the pixels in a longitudinal direction
include in common, and the drain is connected to a drain
electrode that the pixels in a transverse direction include in
common. Also, the source is connected to a common elec-
trode that the pixels in the transverse direction include in
common and that is positioned on the side opposite to the
source with a liquid crystal cell located in between.

[0016] The driving method for the liquid crystal display
apparatus according to the present invention is as follows:
An active state of a scan line signal, which indicates a scan
line to be scanned, is applied to each of the common
electrodes in time-division. In accordance with gray-scale
information of display data on the scan line, a gray-scale
voltage control signal with a pulse-width corresponding to
the gray-scale information is applied to the gate electrode.

[0017] Here, in the case where the MOS transistor is of N
type, the active state of the scan line signal 1s “low” and the
electric potential thereof is equal to an electric potential at
which the gray-scale voltage control signal is “high” and the
gate in the MOS transistor is switched into the ON state.
Also, a non-active state of the scan line signal is “high” and
the electric potential thereof is higher than the electric
potential at which the gray-scale voltage control signal is
“high”.

[0018] Meanwhile, in the case where the MOS transistor
is of P type, the active state of the scan line signal is “high”
and the electric potential thereof is equal to an electric
potential at which the gray-scale voltage control signal is
“low” and the gate in the MOS transistor is switched into the
ON state. Also, the non-active state of the scan line signal is
“low” and the electric potential thereof is lower than the
electric potential at which the gray-scale voltage control
signal is “low”.
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[0019] Furthermore, the same electric potential as those of
the “high” and the “low” states of the scan line signal which
are applied to the same pixel is defined as a reference electric
potential of a gray-scale voltage applied to the above-
described drain electrode.

[0020] As described above, according to the active matrix
type liquid crystal display apparatus in the present invention
and the driving method therefor, one MOS transistor is
located within one pixel, and the pulse-width of the gray-
scale voltage control signal makes it possible to control the
transmittance of each liquid crystal cell.

[0021] Further, the present invention is characterized by
an active matrix type liquid crystal display apparatus includ-
ing, on an inner surface of one of two substrates that are
oppositely located with a liquid crystal layer placed ther-
ebetween, a plurality of common electrodes and a plurality
of gate electrodes intersecting to each other, and a plurality
of drain electrodes arranged in parallel to the common
electrodes, and a display pixel unit having a plurality of
pixels, each of the plurality of pixels including a three-
terminal switching element and a liquid crystal cell at each
of intersection points of the plurality of common electrodes
and the plurality of gate electrodes. Herein, the first terminal
of each switching element is connected to each drain elec-
trode, the second terminal of each switching element being
connected to each liquid crystal cell the opposite side of
which is connected to each common electrode, the third
terminal of each switching element being connected to each
gate electrode. In the active matrix type liquid crystal
display apparatus, each switching element is switched into
the ON state when an electric potential difference between
a voltage applied to each gate electrode and a voltage
applied to each common electrode becomes equal to a
specific defined value. Moreover, in the ON state of each
switching element, an electric potential difference between
a voltage applied to each drain electrode and the voltage
applied to each common electrode is applied to each liquid
crystal cell. Furthermore, an electric potential difference
applied at the end of the ON state is held until the next ON
state.

[0022] Here, the above-described active matrix type liquid
crystal display apparatus further includes a peripheral cir-
cuit. Here, the peripheral circuit includes a scan signal
driving circuit for applying an active state of a scan line
signal to each common electrode in sequence on one scan-
ning time-period basis, the scan line signal indicating a scan
line to be scanned, a gray-scale voltage circuit for applying
a gray-scale voltage to each drain electrode, and a data
signal driving circuit for applying a gray-scale voltage
control signal with a pulse-width corresponding to the
gray-scale information of display data of a pixel applied by
an active state of scanning line signal to the gate electrode.
Moreover, it is preferable that the gray-scale voltage circuit
includes a voltage waveform generating circuit for generat-
ing a voltage the waveform of which is varied with a lapse
of time with a predetermined characteristic, and a plurality
of gray-scale voltage selecting circuits located for each scan
line for applying, to each drain electrode, the voltage wave-
form generated by the voltage waveform generating circuit,
the gray-scale voltage selecting circuits applying the voltage
waveform only for a time-period corresponding to the
pulse-width of the gray-scale voltage control signal in the
case where the scan line to be scanned has been selected.
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[0023] Further, it is preferable that the above-described
display pixel unit and the above-described peripheral circuit
be formed integrally on one and the same substrate of the
two substrates.

[0024] Still further, the present invention is characterized
by a driving method of driving an active matrix type liquid
crystal display apparatus, the active matrix type liquid
crystal display apparatus including, on an inner surface of
one of two substrates that are oppositely located with a
liquid crystal layer placed therebetween, a plurality of
common electrodes and a plurality of gate electrodes inter-
secting to each other, and a plurality of drain electrodes
arranged in parallel to the common electrodes, and a plu-
rality of pixels, each of the plurality of pixels including a
three-terminal switching element and a liquid crystal cell at
each of intersection points of the plurality of common
electrodes and the plurality of gate electrodes. Here, the
driving method including the steps of connecting the first
terminal of each switching element to each drain electrode,
connecting the second terminal of each switching element to
each liquid crystal cell the opposite side of which is con-
nected to each common electrode, connecting the third
terminal of each switching element to each gate electrode,
applying an active state of a scan line signal to each common
electrode in sequence on one scanning time-period basis, the
scan line signal indicating a scan line to be scanned, apply-
ing a gray-scale voltage to each drain electrode, a reference
electric potential of the gray-scale voltage being defined as
an electric potential that is the same as electric potentials of
the active state and a non-active state of the scan line signal
which are applied to one and the same pixel, and complying
with gray-scale information of display data of a pixel so as
to apply, to each gate electrode, a gray-scale voltage control
signal with a pulse-width corresponding to the gray-scale
information, the active state of the scan line signal being
applied to the pixel.

[0025] Here, the following configuration may be allow-
able: The gray-scale voltage applied to each drain electrode
exhibits a polarity with reference to the reference electric
potential, the polarity in the first half of the one scanning
time-period being different from that in the second half of
the one scanning time-period. In addition, the driving
method further includes a step of generating, with a time-
period employed as a target, the pulse-width of the gray-
scale voltage control signal applied to each gate electrode,
the time-period being either the first half or the second half
of the one scanning time-period, the time-period employed
as the target differing between the gate electrodes adjacent
to each other.

[0026] Further, the following configuration may be allow-
able: The driving method further includes the steps of
providing electric potentials of active states of two types as
the scan line signal applied to each common electrode, and
applying the electric potentials of the two types for each line
alternately.

[0027] Further, it is preferable that the above-described
gray-scale voltage be of either a ramp waveform or a
waveform, the waveform having a preset characteristic
curve that corresponds to characteristics such as an applied
voltage-transmittance characteristic (y characteristic) of the
liquid crystal cell.

[0028] Still further, the following configuration may be
allowable: The driving method further includes the steps of
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providing, as the gray-scale voltage, two types of symmetri-
cal waveforms that vary from the reference electric potential
into a direction of a positive polarity and that of a negative
polarity, outputting the two types of waveforms every one
scanning time-period alternately, and when an attention is
focused on a certain one scanning time-period in one frame,
outputting the two types of waveforms every one frame
alternately, the electric potential being maintained to be
constant in the beginning time-period and the ending time-
period of the one scanning time-period.

[0029] Further, it is preferable to set an electric potential
in advance so that the transmittance of the liquid crystal cell
becomes its maximum or minimum, the above-described
gray-scale voltage attaining to the electric potential at the
end of the one scanning time-period from the reference
electric potential.

[0030] Still further, the present invention is characterized
by a data signal driving circuit for receiving, as inputs,
display data, a signal in synchronization with the display
data, a signal in synchronization with one scanning time-
period, and a signal for indicating an effective time-period of
the display data, and for converting gray-scale information
of the display data into pulse-width information so as to
output the pulse-width information toward a plurality of
channels, the data signal driving circuit including a latch
circuit for fetching the display data by the amount of one
line, a data pulse generating circuit for generating different
types of pulse-width signals the number of which corre-
sponds to the number of gray-scales of the display data, a
reference clock generating circuit for generating a reference
clock of the pulse-width signals, a data pulse selector for
selecting a single pulse-width signal from the pulse-width
signal group by the number of the gray-scales in accordance
with the gray-scale information of the display data to output
the single pulse-width therefrom, and an output buffer for
converting electric potentials of “high” and “low” of the
pulse-width signal into predetermined electric potentials so
as to output the predetermined electric potentials as gray-
scale voltage control signals, the pulse-width signal being
outputted by the data pulse selector.

[0031] Further, the following configuration may be allow-
able: The above-described data signal driving circuit
includes a latch circuit for fetching the display data by the
amount of one line, a data pulse generating circuit for
generating, for each odd number channel or even number
channel, different types of pulse-width signals the number of
which corresponds to the number of gray-scales of the
display data, a reference clock generating circuit for gener-
ating a reference clock of the pulse-width signals, a data
pulse selector for the odd number channels for selecting a
single pulse-width signal from the pulse-width signal group
for the odd number channels by the number of the gray-
scales in accordance with the gray-scale information of the
display data to output the single pulse-width signal there-
from, a data pulse selector for the even number channels for
selecting a single pulse-width signal from the pulse-width
signal group for the even channels by the number of the
gray-scales in accordance with the gray-scale information of
the display data to output the single pulse-width signal
therefrom, and an output buffer for converting electric
potentials of “high” and “low” of the pulse-width signal into
desired electric potentials so as to output the desired electric
potentials as gray-scale voltage control signals, the pulse-
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width signal being outputted by the data pulse selector for
the odd number channels or the data pulse selector for the
even number channels. Here, the data signal driving circuit
is characterized by the following condition: The pulse-width
signal for the odd number channels is generated with the
second half of the one scanning time-period employed as a
target, and the pulse-width signal for the even number
channels is generated with the first half of the one scanning
time-period employed as the target. Otherwise, the condition
providing the inverse relationship is presented.

[0032] Still further, the following configuration may be
allowable: The above-described data signal driving circuit
includes an output channel selector for specifying a channel
receiving the output, a data pulse converting circuit for
converting in sequence the display data into the pulse-width
signal, a reference clock generating circuit for generating a
reference clock of the pulse-width signal, an output control
circuit for outputting the pulse-width signal to the channel
specified by the output channel selector, and an output buffer
for converting electric potentials of “high” and “low” of the
pulse-width signal into desired electric potentials so as to
output the desired electric potentials as gray-scale voltage
control signals, the pulse-width signal being outputted by
the output control circuit.

[0033] Here, it is preferable that the above-described
pulse-width of the pulse-width signal be set in compliance
with the applied voltage-transmittance characteristic of the
liquid crystal cell as well as with the gray-scale information
of the display data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a block diagram for illustrating the pixel
configuration of a liquid crystal display apparatus related to
the first embodiment according to the present invention;

[0035] FIG. 2 is a block diagram for illustrating the pixel
configuration of a liquid crystal display apparatus according
to a related art;

[0036] FIG. 3 is a timing chart for illustrating a driving
method for the liquid crystal display apparatus according to
the related art;

[0037] FIG. 4 is a block diagram for illustrating the pixel
configuration of a liquid crystal display apparatus according
to the related art;

[0038] FIG. 5 is a timing chart for illustrating a driving
method for the liquid crystal display apparatus according to
the related art;

[0039] FIG. 6 is a timing chart for illustrating a driving
method for the liquid crystal display apparatus related to the
first embodiment according to the present invention;

[0040] FIG. 7 is a block diagram for illustrating the
configuration of a data signal driving circuit related to the
first embodiment according to the present invention;

[0041] FIG. 8 is a timing chart for illustrating the opera-
tion of the data signal driving circuit related to the first
embodiment according to the present invention;

[0042] FIG. 9 is a timing chart for illustrating a driving
method for a liquid crystal display apparatus related to the
second embodiment according to the present invention;
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[0043] FIG. 10 is a block diagram for illustrating the
configuration of a data signal driving circuit related to the
second embodiment according to the present invention,

[0044] FIG. 11 is a timing chart for illustrating the opera-
tion of the data signal driving circuit related to the second
embodiment according to the present invention;

[0045] FIG. 12 is a timing chart for illustrating a driving
method for a liquid crystal display apparatus related to the
third embodiment according to the present invention;

[0046] FIG. 13 is a block diagram for illustrating the
configuration of a data signal driving circuit related to the
fourth embodiment according to the present invention; and

[0047] FIG. 14 is a timing chart for illustrating the opera-
tion of the data signal driving circuit related to the fourth
embodiment according to the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0048] Hereinafter, referring to FIG. 1 and FIGS. 6 to 8,
the explanation will be given concerning the first embodi-
ment according to the present invention. FIG. 1 is a diagram
for illustrating the configuration of an active matrix type
liquid crystal display apparatus related to the first embodi-
ment according to the present invention.

[0049] Each pixel in the present embodiment includes one
MOS transistor of, for example, N type. Moreover, each gate
is connected to a gate electrode that the pixels in a longi-
tudinal direction include in common, and each drain is
connected to a drain electrode that the pixels in a transverse
direction include in common. Also, each source 1s connected
to a common electrode that the pixels in the transverse
direction include in common and that is positioned on the
side opposite to each source with each liquid crystal cell
located in between.

[0050] Gray-scale voltage control signals (Vx1, Vx2, . . .
) outputted by a data signal driving circuit 101 are applied
to the gate electrodes. Gray-scale voltages (Vdl, Vd2, .. .)
outputted by a gray-scale voltage selecting circuit 102 are
applied to the drain electrodes. Scan line signals (Vy1, Vy2,
... ) outputted by a scan signal driving circuit 103 are
applied to the common electrodes.

[0051] Incidentally, in FIG. 1, a capacitor is provided in
parallel to each liquid crystal cell. This is intended to
stabilize an applied voltage to each liquid crystal cell.

[0052] A peripheral circuit includes the following compo-
nents: The data signal driving circuit 101 for outputting the
gray-scale voltage control signals (Vx1, Vx2, . . .), the
gray-scale voltage selecting circuit 102 for outputting the
gray-scale voltages (Vd1, Vd2, . . ), the scan signal driving
circuit 103 for outputting the scan line signals (Vy1, Vy2, .
.. ), and a voltage waveform generating circuit 104 for
generating a voltage waveform (Vramp) becoming the ref-
erence.

[0053] Here, the gray-scale voltage sclecting circuit 102 is
divided into blocks the number of which is equal to the
number of the scan lines. The respective inputs thereto are
Vramp and the scan line signals (Vyl, V§2, . . . ) corre-
sponding to the respective scan lines. The scan line signals
(Vyl, Vy2, . . ) are used as select signals.
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[0054] Also, the liquid crystal display apparatus including
the above-described pixels and peripheral circuit in the
present embodiment may preferably be a lateral electric field
type liquid crystal display apparatus having a plurality of
common electrodes and gate electrodes, both of which are
intersected respectively, and a plurality of drain electrodes in
parallel with the common electrodes, formed on one of
in-planes of two substrates oppositely located through a
liquid crystal layer.

[0055] Also, it is preferable that the above-described pix-
els and peripheral circuit be formed integrally on one and the
same substrate of the two substrates.

[0056] Next, referring to FIG. 6, the explanation will be
given below concerning the operations of the data signal
driving circuit 101, the gray-scale voltage selecting circuit
102, the scan signal driving circuit 103, and the voltage
waveform generating circuit 104.

[0057] The scan signal driving circuit 103 outputs the scan
line signals (Vyl, V§2, . . . ) to the respective common
electrodes. Each scan line signal becomes “low” one time in
one frame time-period for one scanning time-period. Its
output timing is equal to a timing with which a scan line to
be scanned in the line sequence scanning is specified. For
example, next to a scan line signal Vy1, Vy2 becomes “low”
and further, next to Vy2, Vy3 becomes “low”.

[0058] The data signal driving circuit 101 outputs the
gray-scale voltage control signals (Vx1, VX2, . . .) to the
respective gate electrodes. Each gray-scale voltage control
signal becomes “high” during a time-period corresponding
to gray-scale information of display data on the scan line.

[0059] As an example, focusing an attention on a liquid
crystal cell 11 in FIG, 1, let’s consider the case where the
gray-scale information of this pixel is that the degree of the
luminance is equal to, for example, 40% (in an arbitrary
unit). In this case, during a time-period in which Wyl is
“low”, Vx1 becomes “high” only in a time-period of t 40 that
corresponds to the gray-scale information of the 40% lumi-
nance. Also, focusing an attention on a liquid crystal cell 22,
let’s consider the case where the gray-scale information is
that the luminance of this pixel is equal to 80%. In this case,
during a time-period in which Vy2 is “low”, Vx2 becomes
“high” only in a time-period of t 80 that corresponds to the
gray-scale information of the 80% luminance. Incidentally,
in the above-described respective occasions when the
respective scan line signals (Vyl, Vy2, . . . ) are “low”
(VeomS) and the respective gray-scale voltage control sig-
nals (Vx1, Vx2, . . .) are “high”, the gate in cach of the N
type MOS transistors is switched into the ON state. Also,
“high” electric potentials of the respective scan line signals
and “high” electric potentials of the respective gray-scale
voltage control signals are set in advance so that the former
“high” electric potentials become higher than the latter
“high” electric potentials.

[0060] The voltage waveform generating circuit 104 gen-
erates Vramp, ie., the voltage waveform becoming the
reference, to the gray-scale voltage selecting circuit 102.
This voltage waveform has, for example, a ramp waveform.
An electric potential that is equal to an electric potential of
the “low” of the above-described respective scan line signals
is defined as a reference electric potential (VcomS) of this
ramp waveform. Moreover, this ramp waveform has two

Aug. 28, 2003

types of inclinations that vary from the reference electric
potential in a direction of a positive polarity and that of a
negative polarity. These two types of ramp waveforms, i.e.,
Vramp, are outputted every one scanning time-period alter-
nately. Also, when an attention is focused on a certain one
scanning time-period (i.e., for example, the time-period in
which Wyl is “low”) in one frame, the two types of ramp
waveforms are outputted every one frame alternately.

[0061] Incidentally, in the present embodiment, a wave-
form in which the voltage is monotonously increased or
decreased with a lapse of time is employed as the ramp
waveform. However, the ramp waveform Vramp that is
usable in the present invention is not limited thereto. Thus,
the configuration is also allowable where a curve-shaped or
a step-shaped waveform is used as long as it is varied with
an inclination known beforehand.

[0062] When the scan line signals as the select signals are
“high”, the gray-scale voltage selecting circuit 102 outputs
the “high” of the respective scan line signals (Vyl, Vy2, . .
. ) just as it is. Meanwhile, when the scan line signals are
“low”, the selecting circuit 102 selects and outputs Vramp.

[0063] The use of the above-described operations allows
the following process to be implemented: When the respec-
tive scan line signals (Vy1, Vy2, . . . ) are “low” and the
respective gray-scale voltage control signals (Vx1, Vx2, . .
.) are “high”, the gate in each MOS transistor in each liquid
crystal cell is switched into the ON state. At this time, an
electric potential difference between each of the gray-scale
voltages (Vdl, Vd2, . . .) and each of the scan line signals
(W1, Vy2, . . .) is applied to each liquid crystal cell.
Moreover, electric potential differences to which the respec-
tive gray-scale voltages attain at the end of the “high”
time-periods of the respective gray-scale voltage control
signals are held, becoming applied voltages (V40, V80) to
cach liquid crystal cell until the next frame.

[0064] Explaining the above-described process with an
example employed, consider the case of the liquid crystal
cell 11: When the scan line signal Vyl is “low” and the
gray-scale voltage control signal Vx1 is “high”, the gate is
switched into the ON state. The gray-scale voltage (Vd1) at
this time is applied to the liquid crystal cell. Moreover, the
electric potential (which turns out to be V40) to which the
gray-scale voltage Vdl attains at the end of the “high”
time-period of the gray-scale voltage control signal Vx1 is
held, becoming the applied voltage (V40) to the liquid
crystal cell until the next frame. This shows that the gray-
scale information 40 about the pixel including the liquid
crystal cell 11 is transformed into the liquid-crystal applied
voltage V40. Consequently, it is possible to implement the
active matrix type liquid crystal display apparatus that
allows the applied RMS voltage to each pixel to be con-
trolled in correspondence with the display data.

[0065] Additionally, the reason why the two types of ramp
waveforms (Vramp) are provided every one scanning time-
period alternately is to implement what is called a line
inversion driving. The line inversion driving causes a polar-
ity of the liquid-crystal applied voltage to differ between on
a line and on a line next thereto. Also, the reason why the
two types of ramp waveforms are provided every one frame
alternately is to invert the polarity of the liquid-crystal
applied voltage for each frame.

[0066] Furthermore, as illustrated in FIG. 6, the gray-
scale voltages Vdl, Vd2 are maintained to be constant in the
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beginning time-period and the ending time-period of the one
scanning time-period. In compliance with this, the gray-
scale voltage control signals (Vx1, Vx2, . . . ) are “high”
regardless of the gray-scale information of the display data
at the beginning of the one scanning time-period, and the
control signals are “low” at the end of the one scanning
time-period. The reason for this is that providing a time
allowance before and after the one scanning time-period
prevents mistakes that occurs due to a delay in the signal and
so on. An example of such mistakes is applying the gray-
scale voltages Vd1, Vd2 in the beginning time-period and
the ending time-period of the one scanning time-period.

[0067] Next, referring to FIGS. 7 to 8, the detailed expla-
nation will be given below concerning the configuration and
the operation of the data signal driving circuit 101 related to
the first embodiment according to the present invention.

[0068] At first, FIG. 7 is a block diagram for illustrating
the configuration of the data signal driving circuit 101
related to the 1st embodiment according to the present
invention. As illustrated in FIG. 7, the input signals into the
data signal driving circuit 101 are as follows: DCLK (Dot
Clock) in synchronization with transfer of display data,
DTMG (Display Timing) for indicating an effective time-
period of the display data, HSYNC (Horizontal Sync.) in
synchronization with one scanning time-period, and the
display data DATA. The display data is assumed to have
6-bit (64 types) gray-scale information. Meanwhile, the
outputs therefrom are the above-described gray-scale volt-
age control signals (Vx1, Vx2, . . . ). In the present
embodiment, there exist channels corresponding Vx1 to Vxn
in response to the resolution in a transverse direction of the
liquid crystal display apparatus.

[0069] Next, the data signal driving circuit 101 includes
the following blocks: A latch channel selector 701 for
indicating a channel to latch DATA, a latch circuit (1) 702
and a latch circuit (2) 703 for latching DATA corresponding
to Vxl to Vxn, a data pulse generating circuit 704 for
generating 64 types of pulse-width signals PO to P63 cor-
responding to the gray-scale information, a reference clock
generating circuit 705 for generating a reference clock of the
pulse-width signals P0 to P63, a data pulse selector 706 for
selecting one pulse-width signal from the 64 types of
pulse-width signals PO to P63, and an output buffer 707.

[0070] Next, the explanation will be given below concern-
ing the operations of the respective blocks.

[0071] The latch channel selector 701 is reset during a
time-period where HSYNC is in an active state, and outputs
a channel select signal in synchronization with DCLK
during a time-period where DTMG is in an active state. At
that time, the latch channel selector 701 operates so that the
“high” is shifted in sequence in a direction heading from
Vx1 to Vxn.

[0072] The latch circuit (1) 702 latches DATA during a
time-period where the channel select signal 1s “high”. Based
on this operation, the latch circuit (1) 702 latches, over a
desired channel, DATA corresponding to Vx1 to Vxn.

[0073] The latch circuit (2) 703 latches again an output
from the latch circuit (1) 702 during the time-period where
HSYNC is in the active state. Based on this operation, the
latch circuit (2) 703 simultaneously outputs DATA over all
the channels.
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[0074] The data pulse generating circuit 704 includes a
counter and a decoder for generating the pulse-width signals
PO to P63. As illustrated in FIG. 8, the counter is reset
during the time-period where HSYNC is in the active state.
Moreover, during the time-period where DTMG is in the
active state, the counter counts clocks PCLK that are out-
putted from the reference clock generating circuit 705. Here,
the clock frequency of PCLK is set in advance so that the
counted value becomes equal to “64” at the end of the
time-period where DTMG is in the active state. Based on the
counted value of PCLK, the decoder sets the time-period of
“high”. For example, the counted value 0 in P0, the counted
value O to 1 in P1, and the counted value O to 63 in P63 are
set to be “high”, respectively.

[0075] The data pulse selector 706 selects and outputs one
pulse-width signal from the pulse-width signals PO to P63,
depending on the values of DATA over the respective
channels outputted by the latch circuit (2) 703. For example,
if the DATA value over a certain channel is 100001 (=33),
the selector 706 selects and outputs P33 to the channel. Also,
if the DATA value over another channel is 000100 (=4), the
selector 706 selects and outputs P4 to the channel.

[0076] The output buffer 707 converts, into predetermined
electric potentials, electric potentials of “high” and “low” of
the pulse-width signal outputted by the data pulse selector
706, the predetermined electric potentials satisfying the
previously described relation with the electric potentials of
the respective scan line signals. Then, the output buffer 707
outputs the predetermined electric potentials as the respec-
tive gray-scale voltage control signals.

[0077] The above-explained configuration and the opera-
tion of the data signal driving circuit 101 makes it possible
to implement the waveforms of the gray-scale voltage
control signals illustrated in FIG. 6.

[0078] Incidentally, the scan signal driving circuit 103 for
outputting the scan line signals (Vy1, Vy2, . . . ) is reset
during a time-period where VSYNC (Vertical Sync.) is in an
active state, and outputs a scan line signal in synchronization
with HSYNC during the time-period where DTMG is in the
active state. At that time, the scan signal driving circuit 103
operates so that the “low” is shifted in sequence in a
direction heading from Vyl to Vyn.

[0079] Also, in order to implement the feature described
carlier, i.e., the control of maintaining the electric potentials
of the respective gray-scale voltages to be constant in the
beginning time-period and the ending time-period of the one
scanning time-period, the voltage waveform generating cir-
cuit 104 generates the ramp waveform Vramp with the
inclination only during the time-period where the above-
described counter included in the data pulse generating
circuit 704 operates (i.e., in the present embodiment, the
time-period where DTMG is in the active state). Further-
more, electric potentials to which the respective gray-scale
voltages attain at the end of the time-period where DTMG
is in the active state are set in advance so that the transmit-
tance of each liquid crystal cell substantially becomes its
maximum (or minimum). Setting the electric potentials in
this way makes it possible to maximize a dynamic range in
the contrast.

[0080] As having been described so far, according to the
first embodiment in the present invention, the pulse-width of
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the gray-scale voltage control signal makes it possible to
control the transmittance of each liquid crystal cell. Conse-
quently, as compared with the prior art, even if the number
of gray-scales is increased, there is less increase in the
circuit scale.

[0081] Further, according to the first embodiment in the
present invention, all the peripheral circuits can be config-
ured using digital circuits. This condition makes it possible
to suppress a deterioration in the picture quality caused by
a variation in the characteristics of the elements.

[0082] Even further, according to the first embodiment in
the present invention, the configuration is such that one
MOS transistor is located within one pixel. This condition
prevents the pixel transmittance and the yield from being
decreased.

[0083] Next, referring to FIGS. 9 to 11, the explanation
will be given below concerning the second embodiment
according to the present invention.

[0084] The second embodiment according to the present
invention provides a method of implementing what is called
a dot inversion driving. The dot inversion driving causes a
polarity of each of the liquid-crystal applied voltages V40,
V80 to differ between in adjacent pixels. The basic concept
of the dot inversion driving is as follows: As illustrated in
FIG. 9, if a ramp waveform (Vramp) is provided in such a
manner that the ramp waveform passes through the refer-
ence voltage at an intermediate point in time of one scanning
time-period, a polarity of each of the gray-scale voltages
Vdl, Vd2 with reference to the reference voltage is inverted
between in the first half and in the second half of the one
scanning time-period. Moreover, by causing the pulse-width
of each of the gray-scale voltage control signals (Vx1, Vx2,
...) to correspond to which of the first half and the second
half of the one scanning time-period, it becomes possible to
determine which polarity of each of the gray-scale voltages
Vdl, Vd2 is selected out of the mutually inverted polarities.
Namely, the way of providing the pulse-width of each of the
gray-scale voltage control signals (Vx1, Vx2, .. .) is caused
to differ between in the adjacent pixels. This processing
makes it possible to implement the dot inversion driving.

[0085] Next, the detailed explanation will be given below
concerning the configuration and the operation of the second
embodiment according to the present invention.

[0086] The fundamental configuration of the second
embodiment according to the present invention is the same
as the configuration of the first embodiment according to the
present invention illustrated in FIG. 1. In particular, since
the configurations and the operations of the respective
pixels, a gray-scale voltage selecting circuit 102, and a scan
signal driving circuit 103 are the same as those of the first
embodiment according to the present invention, the expla-
nation thereof will be omitted here. Instead, the explanation
will be given below mainly concerning a data signal driving
circuit 1001 performing a different operation and illustrated
in FIG. 10.

[0087] FIG. 10 is a block diagram for illustrating the
configuration of the data signal driving circuit 1001 related
to the second embodiment according to the present inven-
tion.

[0088] The input signals into the data signal driving circuit
1001 are the same as those into the data signal driving circuit
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101 related to the 1st embodiment according to the present
invention. Also, in the configuration as well, the following
blocks are the same as those of the data signal driving circuit
101 and perform the same operations: A latch channel
selector 701 for indicating a channel to latch DATA, a latch
circuit (1) 702 and a latch circuit (2) 703 for latching DATA
corresponding to the gray-scale voltage control signals Vx1
to Vxn, and an output buffer 707.

[0089] The blocks that are different from those of the first
embodiment according to the present invention are as fol-
low: A data pulse generating circuit 1002 for generating both
of 64 types of pulse-width signals, i.e., PAO to PA63 and
PB0 to PB63 corresponding to the gray-scale information
and odd number or even number output channels, a refer-
ence clock generating circuit 1003 for generating reference
clocks of the pulse-width signals, a data pulse selector 1004
for odd number progression for selecting one pulse-width
signal from the 64 types of pulse-width signals PAO to PA63,
and a data pulse selector 1005 for even number progression
for selecting one pulse-width signal from the 64 types of
pulse-width signals PBO to PB63.

[0090] The data pulse generating circuit 1002 includes a
counter and a decoder for generating the pulse-width signals
PAO to PA63 and PB0 to PB63. As illustrated in FIG. 11, the
counter is set to be, for example, “64” during the time-period
where HSYNC is in the active state. Moreover, during the
time-period where DTMG is in the active state, the counter
down-counts clocks PCLK (Pulse Clock) outputted from the
reference clock generating circuit 1003. In addition, when
the counted value becomes equal to “0”, the counter
switches the counting operation of PCLK into up-count.

[0091] Here, the clock frequency of PCLK is set in
advance in the following manner: The counted value
becomes equal to “0” at a point in time (an intermediate
point in time of one scanning time-period) when each of the
gray-scale voltages Vd1, Vd2 (FIG. 9) passes through the
reference voltage, and the counted value becomes equal to
“64” at the end of the time-period where DTMG is in the
active state.

[0092] Based on the counted value of PCLK, the decoder
sets the time-period of “high”. For example, the counted
value O at the time of the up-count in the pulse-width signal
PAO, the counted value 0 to 1 in the pulse-width signal PAL,
and the counted value 0 to 63 in the pulse-width signal PA63
are set to be “high”, respectively. Also, the counted value 1
to 64 at the time of the down-count in the pulse-width signal
PBO, the counted value 2 to 64 in the pulse-width signal
PB1, and the counted value 64 in the pulse-width signal
PB63 are sct to be “high”, respectively.

[0093] The data pulse selector 1004 for odd number
progression selects and outputs one pulse-width signal from
the pulse-width signals PAO to PA63, depending on the
values of DATA over the odd number channels outputted by
the latch circuit (2) 703. For example, if the DATA value
over a certain odd number channel is 100001 (=33), the
selector 1004 selects and outputs PA33 to the channel. Also,
if the DATA value over another odd number channel is
000100 (=4), the selector 1004 sclects and outputs PA4 to
the channel. Meanwhile, the data pulse selector 1005 for
even number progression operates in a similar manner: The
selector 1005 selects and outputs one pulse-width signal
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from the pulse-width signals PB0 to PB63, depending on the
values of DATA over the even number channels outputted by
the latch circuit (2) 703.

[0094] The above-explained configuration and the opera-
tion of the data signal driving circuit 1001 makes it possible
to implement the waveforms of the gray-scale voltage
control signals Vx1, Vx2 illustrated in FIG. 9.

[0095] Incidentally, in much the same way as in the
voltage waveform generating circuit 104 related to the first
embodiment according to the present invention, a voltage
waveform generating circuit related to the second embodi-
ment according to the present invention generates the ramp
waveform Vramp with the inclination only during the time-
period where the counter included in the data pulse gener-
ating circuit 1002 operates (i.e., in the present embodiment,
the time-period where DTMG is in the active state). Fur-
thermore, electric potentials of the respective gray-scale
voltages Vdl, Vd2, to which the ramp waveform Vramp
attains at the end of the above-described time-period, are set
in advance so that the transmittance of each liquid crystal
cell becomes its maximum (or minimum).

[0096] As having been described so far, according to the
second embodiment in the present invention, in addition to
the effects similar to those in the first embodiment in the
present invention, what is called a dot inversion driving can
be implemented. The dot inversion driving causes a polarity
of the liquid-crystal applied voltage to differ between in
adjacent pixels. This condition makes it possible to enhance
the picture quality and to lower the power consumption even
further.

[0097] Hereinafter, referring to FIG. 12, the explanation
will be given concerning the third embodiment according to
the present invention.

[0098] The third embodiment according to the present
invention provides a method of making the amplitude of the
Vramp waveform smaller and causing a polarity of the
liquid-crystal applied voltage to differ for each line.

[0099] In order to implement this, as illustrated in FIG.
12, there are provided two types (VcomSA, VeomSB) of
“low” electric potentials of each scan line signal. These two
types of “low” electric potentials are applied for each line
alternately. At this time, the electric potential of VeomSA is
equal to the reference electric potential VcomS of the ramp
waveform Vramp illustrated in FIG. 6. The electric potential
of VcomSB is set in advance so that it becomes equal to the
electric potential to which the ramp waveform Vramp attains
when varying from the reference electric potential into a
direction of a positive polarity.

[0100] In addition, Vramp is assumed to be a ramp wave-
form that varies from the reference electric potential
VeomSA to VeomSB at a timing with which each scan line
signal outputs VcomSA and that, meanwhile, varies from the
reference electric potential VeomSB to VeomSA at a timing
with which each scan line signal outputs VcomSB.

[0101] On account of this operation, VcomSA becomes
the reference of a liquid crystal cell in a pixel on a line on
which a scan line signal outputs VcomSA. Accordingly, a
voltage of a positive polarity (V11) is applied to the liquid
crystal cell. In the meantime, VcomSB becomes the refer-
ence of a liquid crystal cell in a pixel on a line on which a
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scan line signal outputs VecomSB. Accordingly, a voltage of
a negative polarity (V22) is applied to the liquid crystal cell.
The waveforms of these voltages are identical to those of the
liquid-crystal applied voltages illustrated in FIG. 6 in the
first embodiment according to the present invention.

[0102] Incidentally, in the third embodiment according to
the present invention, as illustrated in FIG. 12, the output
line of the respective reference electric potentials VcomSA,
VeomSB is changed for each frame. This is intended to
invert the polarity of the liquid-crystal applied voltage.

[0103] Also a scan signal driving circuit for outputting
each scan line signal, in its fundamental operation, is the
same as the scan signal driving circuit 103 in the first
embodiment according to the present invention. These scan
signal driving circuits 103 differ from each other in the
points that, as described earlier, there exists the two types of
“low” electric potentials and the two types of “low” electric
potentials are switched for each line so as to be outputted.

[0104] As having been described so far, according to the
third embodiment in the present invention, there are pro-
vided the two types of “low” electric potentials of each of
the scan line signals (Vyl, Vy2, . . . ). This condition, in
addition to the effects similar to those in the first embodi-
ment in the present invention, makes it possible to reduce the
amplitude of Vramp down to its one-half.

[0105] Hereinafter, referring to FIGS. 13 to 14, the expla-
nation will be given concerning the fourth embodiment
according to the present invention.

[0106] The fourth embodiment according to the present
invention provides a method of making it possible to reduce
the circuit scale of the data signal driving circuit even further
in the liquid crystal display apparatus having a compara-
tively low resolution.

[0107] First, in the above-described data signal driving
circuit 101 related to the first embodiment according to the
present invention, the display data DATA by the amount of
one line are fetched once by the latch circuits 702, 703, then
being converted into the gray-scale voltage control signals
(Vx1, Vx2, . . . ) simultancously. In contrast to this, the
fourth embodiment according to the present invention is
characterized by a processing that the conversion into the
gray-scale voltage control signals is performed in serial
processing every time DATA is transferred.

[0108] FIG. 13 is a block diagram for illustrating the
configuration of a data signal driving circuit 1301 related to
the fourth embodiment according to the present invention.
As illustrated in FIG. 13, the input signals into the data
signal driving circuit 1301 are the same as those illustrated
in the 1st embodiment according to the present invention.

[0109] Next, the data signal driving circuit 1301 includes
the following blocks: An output channel selector 1302 for
indicating a channel to convert DATA into the gray-scale
voltage control signals (Vx1, Vx2, . . . ), a data pulse
converting circuit 1303 for converting the inputted 6-bit
DATA into pulse-width signals P, a reference clock gener-
ating circuit 1304 for generating a reference clock of the
pulse-width signals P, an output control circuit 1305 for
determining an output channel of a pulse-width signal, and
an output buffer 1306.
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[0110] Next, referring to FIG. 14, the explanation will be
given below concerning the operations of the respective
blocks.

[0111] The output channel selector 1302 is reset during the
time-period where HSYNC is in the active state, and outputs
channel select signals Al to An in synchronization with
DCLK during the time-period where DTMG is in the active
state. At that time, the output channel selector 1302 operates
so that the “high” is shifted in sequence in the direction
heading from VxI1 to Vxn.

[0112] The data pulse converting circuit 1303 includes a
counter and a decoder for generating the pulse-width signals
P. The counter is reset on the rising edge of DCLK, then
counting clocks PCLK that are outputted from the reference
clock generating circuit 1304. Here, the counter performs no
counting operation for several clocks after the reset. Also,
the counter operates so that it stops the counting operation
when the counted value becomes equal to “64”.

[0113] Also, the clock frequency of PCLK is set in
advance so that the above-described counted value becomes
equal to “64” several clocks before from the end of the one
scanning time-period. Based on the counted value of PCLK,
the decoder sets the time-period of “high” of the pulse-width
signals P. For example, the counted value 0 to 3 when DATA
is “3”, and the counted value 0 to 62 when DATA is “62” are
set to be “high”, respectively.

[0114] When the channel select signals outputted by the
output channel selector 1302 are “low”, the output control
circuit 1305 outputs the “low”. Meanwhile, when the chan-
nel select signals are “high”, the circuit 1305 outputs the
pulse-width signals P.

[0115] In much the same manner as the output buffers
related to the first and the second embodiments according to
the present invention, the output buffer 1306 converts elec-
tric potentials of “high” and “low” of the signals outputted
by the output control circuit 1305 into desired electric
potentials as is the case with the first embodiment according
to the present invention, then outputting the desired electric
potentials as the gray-scale voltage control signals (VxI,
Vx2,...).

[0116] Summarizing the above-explained operations, the
data signal driving circuit 1301 converts the display data
DATA into the gray-scale voltage control signals during the
time-period equivalent to one period of DCLK, then out-
putting the gray-scale voltage control signals to the channels
(Vxl, Vx2, . . . Vxn) caused to correspond to display
positions of the display data DATA.

[0117] Additionally, the configuration and the operation of
a scan signal driving circuit related to the fourth embodi-
ment according to the present invention are the same as the
scan signal driving circuits 102 related to the first and the
second embodiments according to the present invention. The
scan signal driving circuit 102 is reset during the time-period
where VSYNC is in the active state, and outputs a scan line
signal in synchronization with HSYNC during the time-
period where DTMG is in the active state. At that time, the
scan signal driving circuit 102 operates so that the “low” is
shifted in sequence in a direction heading from the scan line
signal Vy1 to the scan line signal Vyn.

[0118] Also, in much the same way as the voltage wave-
form generating circuit 104 related to the first embodiment
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according to the present invention, a voltage waveform
generating circuit related to the fourth embodiment accord-
ing to the present invention generates the ramp waveform
Vramp with the inclination only during the time-period
where the counter included in the data pulse generating
circuit 1303 operates. Furthermore, electric potentials of the
respective gray-scale voltages Vd1, Vd2, to which the ramp
waveform Vramp attains at the end of the above-described
time-period, are set in advance so that the transmittance of
each liquid crystal cell becomes its maximum (or mini-
mum).

[0119] Here, an electric potential that is equal to the
electric potential of the “low” (VcomS) of the above-
described scan line signals (Vyl, V§2, . .. ) and gray-scale
voltage control signals (Vx1, Vx2, . . . ) is defined as a
reference electric potential of the ramp waveform Vramp.
Moreover, the ramp waveform has two types of inclinations
that vary from the reference electric potential into a direction
of a positive polarity and that of a negative polarity. These
two types of ramp waveforms Vramp are outputted every
one period of DCLK alternately. Also, when an attention is
focused on a certain one period of DCLK alone, the two
types of ramp waveforms Vramp are outputted every one
frame alternately. This operation makes it possible to imple-
ment the dot inversion driving explained in the second
embodiment according to the present invention and to
convert the liquid-crystal applied voltage every one frame
into an alternating voltage.

[0120] According to the above-explained fourth embodi-
ment in the present invention, during the time-period where
the respective scan line signals are “low”, the “high” is
outputted in sequence in the direction heading from the
gray-scale voltage control signal Vx1 to Vxn. In response to
this, the gate in each MOS transistor in each liquid crystal
cell is switched into the ON state. At this time, an electric
potential difference between each of the gray-scale voltages
(Vdl1,Vvd2, .. .) and each of the scan line signals (Vy1, Vy2,
... ) is applied to each liquid crystal cell. Moreover, electric
potential differences to which the respective gray-scale
voltages attain at the end of the “high” time-period of each
of the gray-scale voltage control signals (Vx1, Vx2,...)
over each channel are held, becoming applied voltages
(V40, V80) to each liquid crystal cell until the next frame.
Consequently, it is possible to implement the active matrix
type liquid crystal display apparatus that allows the applied
RMS voltage to each pixel to be controlled in correspon-
dence with the display data.

[0121] Here, in the fourth embodiment according to the
present invention, it is required to change the ramp wave-
form of the respective gray-scale voltages Vd1, Vd2 at a
high-speed with the period of DCLK, and PCLK the fre-
quency of which is higher than that of DCLK becomes
necessary. For this reason, the fourth embodiment according
to the present invention can be said to be suitable for a liquid
crystal display apparatus having a low resolution the DCLK
frequency of which is comparatively low. However, there
can also be considered a method of performing the division
driving with the use of, for example, a plurality of the data
signal driving circuits 1301 related to the fourth embodiment
according to the present invention. In this case, since the
PCLK frequency can be decreased, it becomes possible to
apply the fourth embodiment to a liquid crystal display
apparatus having a higher resolution. consequently, it is
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preferable to utilize the above-described method, depending
on the resolution and the driving frequency of the liquid
crystal display apparatus provided.

[0122] As having been described so far, according to the
fourth embodiment in the present invention, in addition to
the effects similar to those in the first embodiment in the
present invention, there can be obtained an exceedingly
valuable effect of making it possible to reduce the circuit
scale of the data signal driving circuit 1301 even further.

[0123] In the above-described first to the fourth embodi-
ments according to the present invention, although the
waveform of each of the respective gray-scale voltages Vdl,
Va2 is defined as the ramp waveform, the waveform of Vdl,
Vd2 is not limited thereto. Thus, the configuration is also
allowable where an inclination such as the one of a curve
except for a straight line is provided in correspondence with
the applied voltage-transmittance characteristic of each lig-
uid crystal cell. Also, in order to present the effect similar to
this, the configuration is also allowable where the pulse-
width of each of the gray-scale voltage control signals (VxI,
Vx2, . ..) is not determined linearly by the counted value
of PCLK but is set by taking into consideration character-
istics such as the y characteristic as well.

[0124] Also, when providing a color liquid crystal display
apparatus to which the present invention has been applied,
it is preferable to set the waveform of each of the gray-scale
voltages Vdl1, Vd2 or the pulse-width of each of the gray-
scale voltage control signals (Vx1, Vx2, ) that is different for
each of R(red), G(green), and B(blue).

[0125] Also, the liquid crystal display apparatus and the
driving method therefor according to the present invention
are applicable to an amorphous silicon TFT liquid crystal
used widely at present. In order to enhance the effects of the
present invention, however, it is desirable to apply them to
a low temperature polysilicon TFT liquid crystal that allows
the peripheral circuit and the pixels to be formed integrally.

[0126] Also, the configuration of the liquid crystal display
apparatus according to the present invention is that the
common electrodes are separated for each scan line. This
configuration is provided with a characteristic constitution
that is common to the common electrode configuration in the
IPS LCD (i.¢., in-plane switching type liquid crystal display
apparatus) described in Asia Display "95 Digest, pp. 707-
710 published by Society for Information Display (SID).
Accordingly, the present invention exhibits an advantageous
effect that it is applicable to the IPS LCD easily.

[0127] According to the present invention, in the active
matrix type liquid crystal display apparatus that controls the
transmittance (luminance) of each pixel by the RMS voltage
applied thereto, the pulse-width of the gray-scale voltage
control signal makes it possible to control the transmittance
of each liquid crystal cell. Consequently, even if the number
of gray-scales is increased, there is little increase in the
circuit scale.

[0128] Further, according to the present invention, all the
peripheral circuits in the liquid crystal display apparatus can
be configured using digital circuits. This condition makes it
possible to suppress a deterioration in the picture quality
caused by a variation in the characteristics of the elements.

[0129] Even further, according to the present invention,
the configuration is such that one MOS transistor is located
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within one pixel. This condition prevents the pixel trans-
mittance and the yield from being decreased.

[0130] Also, according to the present invention, what is
called a dot inversion driving can be implemented. The dot
inversion driving causes a polarity of the liquid-crystal
applied voltage to differ between in adjacent pixels. This
condition makes it possible to enhance the picture quality
and to lower the power consumption.

[0131] Further, according to the present invention, in the
liquid crystal display apparatus having a comparatively low
resolution, it is possible to reduce the circuit scale of the data
signal driving circuit.

What is claimed is:
1. An active matrix type liquid crystal display apparatus
comprising;

a display pixel unit including a plurality of pixels
arranged in a matrix;

a data signal driving circuit for outputting a gray-scale
voltage control signal to said pixels, the gray-scale
voltage control signal having a pulse width in accor-
dance with gray-scale information of display data;

a scan signal driving circuit for outputting at least one of
an active voltage and inactive voltage to said pixels;
and

a gray-scale voltage selecting circuit for outputting a
gray-scale voltage to said pixels, the gray-scale voltage
being increased and decreased in accordance with time;

wherein each of said pixels includes a liquid crystal cell
and a switching element having a drain terminal, a
common terminal and a gate terminal, said gate termi-
nal is connected to said data signal driving circuit
through a gate electrode, said common terminal is
connected to said scan signal driving circuit through a
common electrode, and said drain terminal is connected
to said gray-scale voltage selecting circuit through a
drain electrode.

2. The apparatus according to claim 1, wherein said gate
terminal receives the gray-scale voltage control signal out-
put from said data signal driving circuit, and wherein the
gray-scale voltage control signal becomes a high signal
during a time-period corresponding to gray-scale informa-
tion of display data on a scan line.

3. The apparatus according to claim 1, wherein said drain
terminal receives the gray-scale voltage output from said
gray-scale voltage selecting circuit.

4. The apparatus according to claim 1, wherein said
common terminal receives a scan line signal output from
said scan signal driving circuit, and wherein the scan line
signal becomes a low signal one time in one frame time-
period for one scanning time-period.

5. The apparatus according to claim 1, wherein said gate
terminal becomes to an ON state when a scan line signal is
a low signal and the gray-scale voltage control signal is a
high signal, the scan line signal becoming a high signal
higher than at a potential which is a potential of the high
signal of the gray-scale voltage control signal, and a poten-
tial difference between a gray-scale voltage of the gray-scale
voltage control signal and a voltage scan line signal being
applied to said liquid crystal cell.
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6. The apparatus according to claim 5, wherein the
potential difference related to the gray-scale voltage at an
end of the high signal time-period of the gray-scale voltage
control signal is held, which becomes a voltage to be applied
to the liquid crystal cell until a next frame.

7. The apparatus according to claim 2, wherein said drain
terminal receives the gray-scale voltage output from said
gray-scale voltage selecting circuit.

8. The apparatus according to claim 2, wherein said
common terminal receives a scan line signal output from
said scan signal driving circuit, and wherein the scan line
signal becomes a low signal one time in one frame time-
period for one scanning time-period.

9. The apparatus according to claim 8, wherein said gate
terminal becomes to an ON state when a scan line signal is
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a low signal and the gray-scale voltage control signal is a
high signal, the scan line signal becoming a high signal
higher than at a potential which is a potential of the high
signal of the gray-scale voltage control signal, and a poten-
tial difference between a gray-scale voltage of the gray-scale
voltage control signal and a voltage scan line signal being
applied to said liquid crystal cell.

10. The apparatus according to claim 9, wherein the
potential difference related to the gray-scale voltage at an
end of the high signal time-period of the gray-scale voltage
control signal is held, which becomes a voltage to be applied
to the liquid crystal cell until a next frame.
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