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7) ABSTRACT

When a write polarity control signal PN is “L”, both of an
odd-numbered output terminal and even-numbered output
terminal apply a reset voltage as negative 0 gradation to the
pixel electrode in the first half of the ON period, and apply
a positive data voltage to the pixel electrode in the second
half of the ON period. When the write polarity control signal

Appl. No.: 10/602,851 PN is “H”, both of the odd-pumbered output terminal and
even-numbered output terminal apply a reset voltage as
(22) Filed: Jun. 24, 2003 positive 0 gradation to the pixel electrode in the first half of
the ON period, and apply a negative data voltage to the pixel
Foreign Application Priority Data electrode in the second half of the ON period. It is possible
to write the data voltage for display to all pixels (the entire
Jun. 26, 2002 (JP) oo 2002-186841 screen) always from a fixed state.
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FIG. 3
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FIG. 8
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LIQUID CRYSTAL DISPLAY APPARATUS AND
DRIVING METHOD THEREFOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a driving method
for a liquid crystal display apparatus and to a liquid crystal
display apparatus, and more particularly relates to a driving
method for a liquid crystal display apparatus using a ferro-
electric liquid crystal (FLC) or anti-ferroelectric liquid crys-
tal (AFLC) having a spontaneous polarization and to the
liquid crystal display apparatus.

[0003] 2. Description of Related Art

[0004] The response speed of a widespread TN (Twisted
Nematic) liquid crystal to an applied voltage is ten to several
tens ms, and, in a region with low applied voltage, the
response speed sometimes decreases abruptly to a value near
a hundred ms. Accordingly, when displaying moving images
(60 images/second) by a liquid crystal display apparatus
using the TN liquid crystal, the liquid crystal molecules can
not act sufficiently, and images are blurred. Thus, the TN
liquid crystal is not suitable for use in applications involving
display of moving images, such as multimedia.

[0005] Therefore, liquid crystal display apparatuses using
a high-speed FLC or AFLC which can respond to an applied
voltage at a high speed of several tens to several hundreds
us have been put into practical use. When these liquid
crystals capable of responding at high speed are used in
liquid crystal display apparatuses, moving images can be
displayed excellently by controlling a voltage applied to
cach pixel with a switching element, such as a TFT (Thin
Film Transistor) or MIM (Metal Insulator Metal), and com-
pleting the polarization of liquid crystal molecules in a short
time.

[0006] A drive voltage for the FLC and AFLC is generally
some ten V, and thus higher compared to the TN liquid
crystal that can be driven at a low voltage ranging from 2 to
5 V. Moreover, in order to prevent deterioration of the liquid
crystal and burning of a liquid crystal panel, it is necessary
to drive the liquid crystal by an AC drive in which the
polarity of a voltage applied to the liquid crystal is inverted
every display period (frame or sub-frame). For example,
when writing white display data by using a liquid crystal
with a light transmission rate—applied voltage characteris-
tic (hereinafter referred to as the T-V characteristic) as
shown in FIG. 1A, it is necessary to write, to a pixel to
which “-7.5 V” was written, “+7.5” in the next display
period (the next frame or the next sub-frame). However, it is
not certain whether the TFT has an ON-current characteristic
sufficient to drive a liquid crystal drive voltage, and there-
fore, if the writing duration is short (for example, 5 us),
insufficient writing to the pixel electrode occurs, and it is
difficult to apply a predetermined voltage to the liquid
crystal. Thus, a voltage value applicable to the pixel varies
depending on a pixel voltage value before the application of
voltage, and there is a problem that a predetermined light
transmission rate can not be obtained and an expected
gradation display can not be achieved.

[0007] Furthermore, the TN liquid crystal generally has
such a T-V characteristic that the light transmission rate is
symmetrical with respect to the applied voltage polarity as
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shown in FIG. 1A; and whereas the FLC and AFLC have
such a T-V characteristic that the light transmission rate has
a single polarity with respect to the applied voltage polarity.
Accordingly, when a dot inversion drive type source driver,
which is a suitable measure to prevent flicker and has been
popular for TN liquid crystal panels, is used for a liquid
crystal display apparatus using an FLC or AFLC, the pixels
to which a negative voltage is applied all display black, and
thus there is a problem that a check-pattern black display is
caused in each frame.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention has been made with the aim
of solving the above problems, and a main object of the
present invention is to provide a driving method for a liquid
crystal display apparatus and a liquid crystal display appa-
ratus, capable of obtaining a predetermined light transmis-
sion rate by writing a data voltage for display to all pixels
(the entire screen) always from a fixed state and thereby
reducing the difference in applicable voltage values depend-
ing on a pixel voltage value before the application of the
voltage.

[0009] Another object of the present invention is to pro-
vide a driving method for a liquid crystal display apparatus
and a liquid crystal display apparatus, capable of preventing
deterioration of a liquid crystal material and burning of a
liquid crystal panel by driving the liquid crystal by an AC
drive in which the polarity is inverted between the preceding
and following display periods (frames or sub-frames).

[0010] Still another object of the present invention is to
provide a driving method for a liquid crystal display appa-
ratus and a liquid crystal display apparatus, capable of
effectively utilizing the writing ability of a switching ele-
ment in respective periods by arranging the first half period
for refresh and the second half period for display within an
ON period of the switching element to be substantially
equal.

[0011] Yet another object of the present invention is to
provide a driving method for a liquid crystal display appa-
ratus and a liquid crystal display apparatus, capable of
improving the refreshing efficiency by setting a reset voltage
for refresh at 0 V when displaying moving images (including
still images) in which the pixel transmission rate of pixels
does not need to be changed since the absolute values of
positive voltage and negative voltage applied to the pixels
are substantially equal.

[0012] A further object of the present invention is to
provide a driving method for a liquid crystal display appa-
ratus and a liquid crystal display apparatus, capable of
preventing a check-pattern black display even when a com-
mercially available dot inversion drive type source driver is
used for a liquid erystal panel using an FL.C or AFLC having
such a T-V characteristic that the light transmission rate has
a single polarity with respect to the applied voltage polarity,
by causing the voltages applied to pixel electrodes in each
display period (frame or sub-frame) to have the same
polarity.

[0013] A driving method for a liquid crystal display appa-
ratus according to the first invention is a driving method for
a liquid crystal display apparatus, including a substrate on
which pixel electrodes and switching elements for on/off
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controlling voltage application to the pixel electrodes are
arranged in matrix form; a substrate on which a counter
electrode is provided; and a liquid crystal material having a
spontaneous polarization sealed in a gap between the sub-
strates, by applying a data voltage across the pixel electrodes
and the counter electrode during an ON period of the
switching elements and holding the data voltage during an
OFF period so as to control a light transmission rate of the
liquid crystal material which is determined by the data
voltage, characterized in that the driving method applies a
reset voltage of a constant value in a first half period of the
ON period, and applies the data voltage in a second half
period of the ON period.

[0014] A driving method for the liquid crystal display
apparatus according to the second invention is based on the
first invention, and characterized by on-off controlling the
switching elements at predetermined time intervals so as to
apply data voltages of opposite polarities alternately in
preceding and following ON periods and apply a reset
voltage with a polarity opposite to the data voltage in the
same ON period.

[0015] A driving method for the liquid crystal display
apparatus according to the third invention is based on the
first and second inventions, and characterized in that the first
half period is substantially ¥ of the ON period.

[0016] A driving method for the liquid crystal display
apparatus according to the fourth invention is based on the
second and third inventions, and characterized in that the
reset voltage is 0 V.

[0017] A liquid crystal display apparatus according to the
fifth invention is a liquid crystal display apparatus including
a substrate on which pixel electrodes and switching elements
for on/off controlling voltage application to the pixel elec-
trodes are arranged in matrix form; a substrate on which a
counter electrode is provided; and a liquid crystal material
having a spontaneous polarization sealed in a gap between
the substrates, characterized in that a data voltage is applied
across the pixel electrodes and the counter electrode during
an ON period of the switching elements and the data voltage
is held during an OFF period so as to control a light
transmission rate of the liquid crystal material which is
determined by the data voltage, the liquid crystal display
apparatus comprising: means for applying a reset voltage of
a predetermined value in a first half period of the ON period,
and means for applying the data voltage in a second half
period of the ON period.

[0018] A liquid crystal display apparatus according to the
sixth invention is based on the fifth invention, and charac-
terized in that the switching elements are on/off controlled at
predetermined time intervals, the data voltage applied in an
ON period has a polarity opposite to data voltages applied in
ON periods preceding and following the ON period, and the
reset voltage has a polarity opposite to the data voltage in the
same ON period.

[0019] A liquid crystal display apparatus according to the
seventh invention is based on the fifth and sixth inventions,
and characterized in that the reset voltage is 0 V.

[0020] A liquid crystal display apparatus according to the
eighth invention is based on the fifth and sixth inventions,
and characterized in that the first half period is substantially
% of the ON period.
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[0021] A liquid crystal display apparatus according to the
ninth invention is based on the fifth invention, and charac-
terized by further comprising: a first scanning line connected
with the switching elements connected to pixels in odd-
numbered matrix columns among pixels in a matrix row, and
a second scanning line connected with the switching ele-
ments connected to pixels in even-numbered matrix columns
in the same matrix row; a first scanning circuit and second
scanning circuit having a plurality of output portions for
on/off controlling the switching elements; and a control
circuit for controlling scanning of the first scanning circuit
and second scanning circuit; wherein the first scanning line
and second scanning line are connected to the output por-
tions of the first scanning circuit and second scanning
circuit, respectively, and the control circuit comprises:
means for generating operation clock signals for determin-
ing scanning frequencies of the first scanning circuit and
second scanning circuit so that polarities have a comple-
mentary relationship, and means for generating a common
scanning start signal for determining scanning start timing of
the first scanning circuit and second scanning circuit and the
ON period.

[0022] A liquid crystal display apparatus according to the
tenth invention is based on the fifth, sixth, seventh and
eighth inventions, and characterized by further comprising:
a first scanning line connected with the switching elements
connected to pixels in odd-numbered matrix columns among
pixels in a matrix row, and a second scanning line connected
with the switching elements connected to pixels in even-
numbered matrix columns in the same matrix row; and a
scanning circuit having a plurality of output portions for
on/off controlling the switching elements; wherein the first
scanning line and the second scanning line are alternately
connected to the output portions of the scanning circuit.

[0023] A liquid crystal display apparatus according to the
eleventh invention is based on the tenth invention, and
characterized by further comprising a control circuit for
controlling scanning of the scanning circuit, wherein the
scanning circuit comprises: means for generating an opera-
tion clock signal for determining a scanning frequency of the
scanning circuit; and means for generating a scanning start
signal, having a signal width equal to a two-clock period of
the operation clock signal, for determining scanning start
timing of the scanning circuit and the ON period.

[0024] In the driving method for the liquid crystal display
apparatus of the first invention and the liquid crystal display
apparatus of the fifth invention, since the reset voltage for
refresh is applied prior to the application of the data voltage
for display across the pixel electrodes and the counter
electrode, the data voltage for display is always written to all
pixels (the entire screen) from a fixed state, and therefore it
is possible to reduce the difference in applicable voltage
values depending on a pixel voltage value before the appli-
cation of the voltage.

[0025] 1In the driving method for the liquid crystal display
apparatus of the second invention and the liquid crystal
display apparatus of the sixth invention, by driving the liquid
crystal by an AC drive in which voltages of opposite
polarities are applied to the liquid crystal in preceding and
following display periods (frames or sub-frames), it is
possible to prevent degradation of the liquid crystal material
and burning of a liquid crystal panel.
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[0026] 1In the driving method for the liquid crystal display
apparatus of the third invention and the liquid crystal display
apparatus of the eighth invention, by arranging the first half
period for refresh and the second half period for display
within the ON period of the swilching elements to be
substantially equal, it becomes possible to effectively utilize
the writing ability of the switching elements in respective
periods.

[0027] In the driving method for the liquid crystal display
apparatus of the fourth invention and the liquid crystal
display apparatus of the seventh invention, when displaying
moving images (including still images) in which the light
transmission rate of the pixels does not need to be changed,
since the absolute values of positive voltage and negative
voltage applied to the pixels are substantially equal, it is
possible to improve the refreshing efficiency by setting the
reset voltage for refresh at O V. In other words, by dividing
the amount of charge supplied in the first half period for
refresh and the amount of charge supplied in the second half
period for display to be substantially % respectively, it
becomes possible to effectively utilize the writing ability of
the switching elements.

[0028] In the liquid crystal display apparatuses of the ninth
and tenth inventions, by providing different scanning lines as
a scanning line for a switching element that controls one
pixel and a scanning line for a switching element that
controls adjacent pixel, the switching elements of adjacent
pixels can be on/off controlled separately.

[0029] 1In the liquid crystal display apparatus of the elev-
enth invention, by increasing the duration in which the reset
voltage and the data voltage can be applied by two times,
sufficient writing can be performed to the pixel electrodes.
Moreover, during the ON period of the switching elements
connected to the scanning lines in the preceding and fol-
lowing stages, by overlapping the second half period in
which the data voltage for display is applied to the pixel
connected to the scanning line in the preceding stage and the
first half period in which the reset voltage for refresh is
applied to the pixel connected to the scanning line in the
following stage, it is possible to simultancously apply
desired voltages to the pixels connected to adjacent scanning
lines and effectively utilize the writing ability of the switch-
ing elements.

[0030] The above and further objects and features of the
invention will more fully be apparent from the following
detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0031] FIG. 1A and FIG. 1B are graphs showing T-V
characteristics of liquid crystal materials;

[0032] FIG. 2 is a schematic cross sectional view of a
liquid crystal panel according to the present invention;

[0033] FIG. 3 is a schematic perspective view showing an
example of the structure of the liquid crystal panel and back
light according to the present invention;

[0034] FIG. 4 is a schematic plan view of a liquid crystal
panel of a liquid crystal display apparatus according to the
first embodiment of the present invention;

Jan. 15, 2004

[0035] FIG. 5 is a block diagram showing the entire
structure of the liquid crystal display apparatus according to
the first embodiment of the present invention,

[0036] FIG. 6 is a block diagram showing the structure of
a dot inversion drive type source driver;

[0037] FIG. 7 is a graph showing a gradation data-output
voltage characteristic of the source driver;

[0038] FIG. 8 is a timing chart showing a drive sequence
in the first embodiment of the present invention,

[0039] FIG.9 is an illustration showing the voltage values
applied to the pixel electrodes of the liquid crystal panel in
the period t0 to t1 of FIG. 8;

[0040] FIG. 10 is an illustration showing the voltage
values applied to the pixel electrodes of the liquid crystal
panel in the period t1 to t2 of FIG. §;

[0041] FIG. 11 is an illustration showing the voltage
values applied to the pixel electrodes of the liquid crystal
panel in the period t2 to t3 of FIG. §;

[0042] FIG. 12 is an illustration showing the voltage
values applied to the pixel electrodes of the liquid crystal
panel in the period t3 to t4 of FIG. §;

[0043] FIG. 13 is an illustration showing the polarities of
pixel voltages in the first embodiment and the second
embodiment of the present invention;

[0044] FIG. 14 is a schematic plan view of a liquid crystal
panel of a liquid crystal display apparatus according to the
second embodiment of the present invention;

[0045] FIG. 15 is a block diagram showing the entire
structure of the liquid crystal display apparatus according to
the second embodiment of the present invention,

[0046] FIG. 16 is an illustration showing a drive sequence
in the second embodiment of the present invention,

[0047] FIG. 17 is an illustration showing the voltage

values applied to the pixel electrodes of the liquid crystal
panel in the period t0 to t1 of FIG. 16;

[0048] FIG. 18 is an illustration showing the voltage
values applied to the pixel electrodes of the liquid crystal
panel in the period t1 to t2 of FIG. 16;

[0049] FIG. 19 is an illustration showing the voltage
values applied to the pixel electrodes of the liquid crystal
panel in the period t2 to t3 of FIG. 16; and

[0050] FIG. 20 is an illustration showing the voltage
values applied to the pixel electrodes of the liquid crystal
panel in the period t3 to t4 of FIG. 16.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0051] The following description will explain the present
invention in detail, based on the drawings illustrating some
embodiments thereof. FIG. 2 is a schematic cross sectional
view of a liquid crystal panel according to the present
invention, and FIG. 3 is a schematic perspective view
showing an example of the structure of the liquid crystal
panel and back light.
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[0052] (First Embodiment)

[0053] As shown in FIG. 2, a liquid crystal panel 1
comprises a glass substrate 6 on which pixels electrodes 5
((0.24x0.24)(mm?), number of pixels: 1024 Hx768 YV,
diagonal: 12.1 inches) made of ITO (indium Tin Oxide) with
a high light transmission rate and TFTs connected to the
pixel electrodes 5, respectively, are arranged in matrix form;
and a glass substrate 4 having a counter electrode 2 and color
filters 3 arranged in matrix form. Alignment films 7 and 8§ are
provided on the pixel electrodes 5 and the color filters 3,
respectively. The glass substrate 6 and the glass substrate 4
are arranged so that the alignment films 7 and 8 face each
other. Spherical spacers 10 are spread to keep a uniform gap
(1.6 um) in a plane between the alignment films 7 and 8§,
thereby forming a gap. By filling the gap with an FLC, a
liquid crystal layer 9 is formed. As shown in FIG. 3, this
liquid crystal panel 1 is sandwiched between two polarizing
plates 11 and 12, and further a back light 26 is provided
under the liquid crystal panel 1.

[0054] FIG. 4 is a schematic plan view of the liquid
crystal panel of a liquid crystal display apparatus according
to the first embodiment of the present invention, and FIG. 5
is a block diagram of the entire liquid crystal display
apparatus. As shown in FIG. 4, the pixel electrodes 5 and the
TFTs 21 are arranged in matrix (1024 Hx768 V) on the glass
substrate 6, and the pixel electrodes 5 are connected to the
drain terminals of the TFTs 21, respectively. The gate
terminals of the TFTs 21 in the odd-numbered columns in
the i-th (i=1, 2, 3, . . ., 768) row and the gate terminals of
the TFTs 21 in the even-numbered columns in the i-th row
are connected to a first scanning line L, and a second
scanning line L, respectively, while the source terminals of
the TFTs 21 in the j-th column (j=1, 2, 3, . . ., 1024) are
connected to a data line D;. The first scanning lines L;, and
second scanning lines L, are sequentially connected to the
output stages of the first gate driver 24a and second gate
driver 24b, respectively, while the data lines D; are sequen-
tially connected to the output stages of the source driver 22.

[0055] Note that, although any DC voltage can be applied
to the counter electrode 2, it is supposed, to simplify the
following explanation, that OV voltage is applied to the
counter electrode 2 and a voltage applied to the pixel
electrodes 5 is the voltage between the pixel electrodes § and
the counter electrode 2 that controls the light transmission
rate of the pixels.

[0056] The TFTs 21 in the odd-numbered columns are
on/off controlled by inputting scanning signals, which are
supplied line sequentially from the first gate driver 244, to
the first scanning lines L;,, and apply a data voltage inputted
to cach data linc D; from the source driver 22 fo the pixel
electrodes § during the ON period, while hold the previously
applied voltage during the OFF period. Similarly, the TFTs
21 in the even-numbered columns are on/off controlled by
inputting scanning signals, which are supplied line sequen-
tially from the second gate driver 24b, to the second scan-
ning lines L;,, and apply a data voltage inputted to each data
line D; from the source driver 22 to the pixel electrodes 5
during the ON period, while hold the previously applied
voltage during the OFF period. Then, by controlling the light
transmission rate of the liquid crystal which is determined
by the T-V characteristic as an electro-optical characteristic
of the liquid crystal, based on the data voltage applied
through the TFTs 21, an image is displayed.
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[0057] The liquid crystal display apparatus of this embodi-
ment comprises peripheral circuits, such as a control signal
generating circuit 31, an image memory 32, a first logical
product circuit (AND circuit) 36a, a second logical product
circuit (AND circuit) 36b, a first inverting circuit (INV
circuit) 374, a second inverting circuit (INV circuit) 37b, an
exclusive OR circuit (EX-OR circuit) 38 and a back-light
power circuit 39, as shown in FIG. 5, in addition to the
above-mentioned source driver 22, first gate driver 24a and
second gate driver 24b.

[0058] The control signal generating circuit 31 generates,
from an inputted synchronous signal Sync, an image control
signal CS for controlling an output timing of an image signal
stored in the image memory 32, a write polarity control
signal PN for controlling a voltage polarity for writing a data
voltage to the pixel electrode 5, an output polarity control
signal DM for controlling an output voltage polarity of the
source driver 22, a clock signal CLK, etc. for controlling the
operation of the source driver 22, an operation clock signal
CPV for determining a common scanning frequency for
controlling the operations of the first gate driver 24a and the
second gate driver 24b, and a scanning start signal STV, etc.
for determining scanning start timing, etc. Further, the
control signal generating circuit 31 outputs the generated
image control signal CS to the image memory 32; outputs
the write polarity control signal PN to the exclusive OR
circuit 38; outputs the output polarity control signal DM to
the exclusive OR circuit 38 and the source driver 22; outputs
the clock signal CLK, etc. to the source driver 22; outputs
the operation clock signal CPV to the first gate driver 24a
and the second inverting circuit 37b; and outputs the scan-
ning start signal STV, etc. to the first gate driver 24a and the
second gate driver 24b.

[0059] The image memory 32 temporarily stores display
data Data to be displayed on the liquid crystal panel 1, and
outputs data PD1 for displaying odd-numbered columns to
the first AND circuit 362 and data PD2 for displaying
even-numbered columns to the second AND circuit 36D
alternately in synchronous with the image control signal CS
generated by the control signal generating circuit 31.

[0060] The exclusive OR circuit 38 is supplied with the
write polarity control signal PN and output polarity control
signal DM both generated by the control signal generating
circuit 31, and outputs exclusive OR signal of these two
signals. The output signal of the exclusive OR circuit 38
functions as an output selection signal for determining
whether a data voltage for display or a reset voltage for
refresh is to be applied to the pixel electrode 5.

[0061] The first AND circuit 36a is a circuit for generating
data signals for display and data signals for refresh for
odd-numbered columns. More specifically, the first AND
circuit 36a generates an AND signal PD1a from a signal
obtained by inverting the output selection signal generated
by the exclusive OR circuit 38 in the first inverting circuit
37a and the data PD1 for display of odd-numbered columns
read from the image memory 32, and inputs this signal PD1a
as the data signal DATA to the source driver 22.

[0062] The following description explains in further detail
the operation of the first AND circuit 36a when the data for
display is 8-bit data. The AND signals of inputted bits (din
1,din 2, . . ., din 8) and the inverted signal of the output
selection signal generated by the exclusive OR circuit 38 are
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outputted as data bits (dout 1, dout 2, . . ., dout 8) of the data
signal DATA. Consequently, the data bits (dout 1, dout 2, .
.., dout 8) outputted from the first AND circuit 36a become
0 gradation data (L, L, . . . , L) when the output selection
signal is “H”, or become the data for display (din 1, din 2,
..., din 8) when the output selection signal is “L”.

[0063] The second AND circuit 36b is a circuit for gen-
erating data signals for display and data signals for refresh
for even-numbered columns. More specifically, the second
AND circuit 36b generates an AND signal PD2a from the
output selection signal generated by the exclusive OR circuit
38 and the data PD2 for display of even-numbered columns
read from the image memory 32, and inputs this signal PD2a
as the data signal DATA to the source driver 22.

[0064] The following description explains in further detail
the operation of the second AND circuit 36b when the
display data is 8-bit data. The AND signals of inputted bits
(din 1, din 2, . . ., din 8) and the output selection signal
generated by the exclusive OR circuit 38 are outputted as
data bits (dout 1, dout 2, . . ., dout 8) of the data signal
DATA. Consequently, the data bits (dout 1, dout 2, . . ., dout
8) outputted from the second AND circuit 365 become 0
gradation data (L, L, . . ., L) when the output selection signal
is “L”, or become the data for display (din 1, din 2, . . ., din
8) when the output selection signal is “H”.

[0065] The scanning start signal STV generated by the
control signal generating circuit 31 is inputted to the first
gate driver 24a and the second gate driver 24b. Meanwhile,
the operation clock signal CPV is inputted as it is, as an
operation clock signal CPVa, to the first gate driver 24a, and
a signal inverted by the second inverting circuit 37b (the
inverted signal of CPV) is inputted as an operation clock
signal CPVb to the second gate driver 24b.

[0066] The operation of the source driver 22 as a dot
inversion drive type source driver will be described in detail.
FIG. 6 is a block diagram showing the structure of the dot
inversion drive type source driver. The source driver com-
prises a control circuit 31, a data latch circuit 52, a D/A
converting circuit 53, an output amplifying circuit 54, a data
inverting circuit 535, and a gradation voltage generating
circuit 56.

[0067] The control circuit 51 generates a later-described
signal for determining data latch timing of the data signal
from the clock signal CLK, output polarity control signal
DM, control signal CL, etc. inputted from outside, and
outputs the generated signal to the data latch circuit 52. In
addition, the control circuit 51 outputs signals for control-
ling the operations of the data latch circuit 52, D/A convert-
ing circuit 53, and output amplifying circuit 54. The data
inverting circuit 55 inputs a signal generated from the
inputted data signal DATA and data inverted signal INV for
controlling inversion/non-inversion of the data signal DATA
to the data latch circuit 52 in synchronism with the clock
signal CLK. The data latch circuit 52 transfers the data
signal DATA stored in the data latch circuit 52 to the D/A
converting circuit 53 at the time of rising of the control
signal CL. The gradation voltage generating circuit 56
generates a positive gradation electric potential (256-grada-
tion) and a negative gradation electric potential (256-grad-
tion) from gradation reference voltages (in the case of 8 bits:
positive side ref 1 to ref 8, negative side ref 1 to ref 8)
inputted from outside, and inputs these positive gradation
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electric potential and negative gradation electric potential to
the D/A converting circuit 53. The D/A converting circuit 53
transfers a positive voltage or a negative voltage, which was
obtained by converting the data signal DATA into an analog
signal based on the information of the output polarity control
signal DM, to the output amplifying circuit 54 at the time of
falling of the control signal CL.

[0068] The relationship between the output polarity con-
trol signal DM and the output voltage is as shown in Table
1. When the output polarity control signal DM is “L”, a
positive voltage is outputted from an odd-numbered output
terminal, and a negative voltage is outputted from an even-
numbered output terminal (output polarity type A). On the
other hand, when the output polarity control signal DM is
“H”, a negative voltage is outputted from the odd-numbered
output terminal, and a positive voltage is outputted from the
even-numbered output terminal (output polarity type B).

TABLE 1

Odd-numbered Even-numbered

DM signal output terminal output terminal
L Positive voltage Negative voltage
H Negative voltage Positive voltage
[0069] FIG. 7 is a graph showing a gradation data-output

voltage characteristic of the source driver 22. When 0
gradation data is inputted, the output voltage is 0 V, and the
output voltage is described as “+0 V” or “~0 V” 1o distin-
guish whether the 0 gradation data passed through a positive
polarity side circuit or a negative polarity side circuit of the
gradation voltage generating circuit 56.

[0070] FIG. 8 is a timing chart showing a drive sequence
in the first embodiment of the present invention. First, the
following description will explain the timing of the first
scanning line L;, and the second scanning line L;,. CPVa is
an operation clock signal of the first gate driver 24a for
scanning the TFTs 21 in the odd-numbered columns. CPVb
is an operation clock signal of the second gate driver 24b for
scanning the TFTs 21 in the even-numbered columns. The
CPVa and CPVb have such a relationship that they have
equal frequency and opposite polarities. STV is a common
scanning start signal of the first gate driver 24a and second
gate driver 24b. The width of the “H” period of STV that
determines the ON period of the TFT 21 is substantially
equal to one clock of the operation clock signals CPVa and
CPVb, and the STV is inputted substantially % clock prior
to the rise of the operation clock signal CPVa so as to prevent
a latching mistake of the first gate driver 24a and second
gate driver 24b.

[0071] Each of the first gate driver 24a and second gate
driver 24b includes a shift register therein. The output stages
of the first gate driver 244 and second gate driver 24b obtain
voltage values of the input signals at the rising edges of the
operation clock signals CPVa and CPVb, respectively, and
hold the obtained voltage values at time other than the rising
edges. In the gate drivers 24a and 24b, the held voltage
values are delayed for a predetermined time to make input
signals for the next stage. Thus, based on the scanning start
signal STV and the operation clock signals CPVa and CPVb,
signals for sequentially scanning the ON periods (“H”
periods) are inputted to the first scanning lines L;, and the
second scanning lines L.
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[0072] If an edge where the operation clock signal CPVa
rises when the scanning start signal STV is in the “H” state
is considered as the first rising edge, a signal to be inputted
to the first scanning line [;, connected to the output stage of
the first gate driver 24a rises at the i-th rising edge of the
operation clock signal CPVa, and falls at the (i+1)th rising
edge of the same. Similarly, if an edge where the operation
clock signal CPVb rises when the scanning start signal STV
is in the “H” state is considered as the first rising edge, a
signal to be inputted to the second scanning line L, con-
nected to the output stage of the second gate driver 24b rises
at the i-th rising edge of the operation clock signal CPVb,
and falls at the (i+1)th rising edge of the same. For example,
the first scanning line L,, rises at the first rising edge of the
operation clock signal CPVa, and falls at the second rising
edge of the operation clock signal CPVa. The second scan-
ning line L,, rises at the first rising edge of the operation
clock signal CPVb, and falls at the second rising edge of the
operation clock signal CPVb. The first scanning line L,,
rises at the second rising edge of the operation clock signal
CPVa, and falls at the third rising edge of the operation clock
signal CPVa. The second scanning line L, rises at the
second rising edge of the operation clock signal CPVb, and
falls at the third rising edge of the operation clock signal
CPVb.

[0073] Therefore, as the scanning line for scanning one
row of the TFTs 21 arranged in matrix form, by providing
the first scanning line L;, for odd-numbered columns and the
second scanning line L, for even-numbered columns, the
period of turning on the TFT 21 can be made different
between the TFTs 21 in the odd-numbered columns and the
TFTs 21 in the even-numbered columns in the same row.
However, although an overlapped time is present between
them, since display gradation is determined by a voltage
applied to the pixel through the TFT 21 at the end of the ON
period, it is important that the ON periods end at different
timings.

[0074] Next, the timing of the data scanning lines D; will
be explained. A write polarity control signal PN of “L” is
inputted in a positive polarity writing duration, while a write
polarity control signal PN of “H” is inputted in a negative
polarity writing duration. The output polarity control signal
DM is a signal with the same frequency as the operation
clock signals CPVa and CPVb of the first gate driver 24a and
second gate driver 24b. The inverted signal of the exclusive
OR of the write polarity control signal PN and the output
polarity control signal DM is a signal for selecting a write
voltage for an odd-numbered column either as a reset
voltage for refresh or a data voltage for display. The exclu-
sive OR signal of the write polarity control signal PN and the
output polarity control signal DM is a signal for selecting a
write voltage for an even-numbered column either as a reset
voltage for refresh or a data voltage for display.

[0075] The relationship between the combination of the
polarities of the write polarity control signal PN and output
polarity control signal DM and the output voltage is as
shown in Table 2. For example, when the write polarity
control signal PN is “L” and the output polarity control
signal DM is “L”, a positive data voltage is outputted from
an odd-numbered output terminal, and a negative 0 grada-
tion voltage (-0 V) as a reset voltage is outputted from an
even-numbered output terminal.
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TABLE 2
PN DM Odd-numbered Even-numbered
signal signal output terminal output terminal
L L Positive data voltage Negative 0 gradation
voltage (-0 V)
L H Negative 0 gradation Positive data voltage
voltage (-0 V)
H L Positive O gradation Negative data voltage
voltage (+0 V)
H H Negative data voltage Positive O gradation
voltage (+0 V)
[0076] Accordingly, during an ON period of the TFT 21,

the reset voltage for refreshing is applied to the pixel
electrode 5 in the first half of the ON period, while the data
voltage for display is applied to the pixel electrode 5 in the
second half of the ON period. More specifically, when the
write polarity control signal PN is “U”, both of the odd-
numbered output terminal and even-numbered output ter-
minal apply a reset voltage (-0 V) as negative 0 gradation
to the pixel electrodes 5 in the first half of the ON period, and
apply a positive data voltage to the pixel electrodes 3 in the
second half of the ON period. When the write polarity
control signal PN is “H”, both of the odd-numbered output
terminal and even-numbered output terminal apply a reset
voltage (+0 V) as positive 0 gradation to the pixel electrodes
5 in the first half of the ON period, and apply a negative data
voltage to the pixel electrodes 5 in the second half of the ON
period. Note that by adjusting the duty ratio of the operation
clock signals CPVa and CPVb to be substantially 50%, the
first half of the ON period and the second half of the ON
period can be made substantially equal to each other.

[0077] FIG. 9 through FIG. 12 show voltages applied to
the pixels in the periods from t0 to t4 of the timing chart of
FIG. 8. In the period t0 to t1, since the “H” signal is inputted
to the first scanning line L,,, the TFTs 21 in the odd-
numbered columns in the first row, connected to the first
scanning line L, are turned ON. Consequently, the reset
voltage (-0 V) as negative 0 gradation supplied to the
respective data lines D; is supplied to the pixel electrodes 5
(See FIG. 9).

[0078] In the period tl to t2, since the “H” signal is
inputted to the first scanning line L, and the second scan-
ning line L., the TFTs 21 in the odd-numbered columns in
the first row, connected to the first scanning line L,,, hold the
ON state, and the positive data voltages (+V11, +V13, . ..
) supplied to the respective data lines D; are supplied to the
pixel electrodes 5, and then the TFIs 21 in the even-
numbered columns in the first row, connected to the second
scanning line L,,, are turned ON. Consequently, the reset
voltage (-0 V) as negative 0 gradation supplied to the
respective data lines D; is supplied to the pixel electrodes 5
(See FIG. 10).

[0079] 1In the period t2 to t3, since the “I” signal is
inputted to the first scanning line L , the TFTs 21 in the
odd-numbered columns in the first row, connected to the first
scanning line L, are turned OFF, and hold the positive data
voltages (+V11, +V13, . . . ) supplied in the previous period
(the t1 to 12 period). Besides, since the “H” signal is inputted
to the first scanning line L,,, and the second scanning line
L,,, the TFTs 21 in the even-numbered columns in the first
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row, connected to the second scanning line L, hold the ON
state, and the positive data voltages (+V12, +V14, . . .)
supplied to the respective data lines D; are supplied to the
pixel electrodes 5, and then the TFTs 21 in the odd-
numbered columns in the second row, connected to the first
scanning line L, , are turned ON. Consequently, the reset
voltage (-0 V) as negative 0 gradation supplied to the
respective data lines D; is supplied to the pixel electrodes §
(Se FIG. 11).

[0080] In the period t3 to t4, since the “L” signal is
inputted to the second scanning line L, the TFTs 21 in the
even-numbered columns in the first row, connected to the
second scanning line L, are turned OFF and hold the
positive data voltages (+V12, +V14, . . . ) supplied in the
previous period (the t2 to t3 period). Besides, since the “H”
signal is inputted to the first scanning line L, and the second
scanning line L,,, the TFTs 21 in the odd-numbered col-
umns in the second row, connected to the first scanning line
L,,, hold the ON state, and the positive data voltages (+V21,
+V23, . . . ) supplied to the respective data lines D; are
supplied to the pixel electrodes 5, and then the TFTs 21 in
the even-numbered columns in the second row, connected to
the second scanning line L,,, are turned ON. Consequently,
the reset voltage (-0 V) as negative 0 gradation supplied to
the respective data lines D; is supplied to the pixel electrodes
5 (See FIG. 12).

[0081] With this sequence of operations, since the reset
voltage is applied just before the application of the data
voltage, it is possible to apply a predetermined data voltage
without depending on the data voltage of the previous frame.
Moreover, the voltage polarities applied to the respective
pixels have the polarities as shown in FIG. 13, and thus it
is possible to display the same polarity.

[0082] More specifically, in one frame, all the voltages
applied to the respective pixel electrodes 5 are either a
positive voltage or a negative voltage, and a data voltage for
display is applied to each pixel electrode 5 during the
application of a positive voltage, while a voltage of the
opposite polarity for preventing burning of the liquid crystal
panel and deterioration of the liquid crystal molecules is
applied to each pixel electrode 5 during the application of a
negative voltage.

[0083] Here, the following description will explain a
method for manufacturing the liquid crystal panel shown in
FIG. 2 and FIG. 3. After cleaning the glass substrate 6
having the pixel electrodes 5 ((0.24x0.24)(mm?), number of
pixels: 1024 Hx768 V, diagonal: 12.1 inches) made of an
ITO film, and the glass substrate 4 having the color filter 3
of three colors, RGB, and the counter electrode 2, they are
coated with polyamide and then baked for one hour at 200°
C. so as to form about 2000 nm polyamide films as the
alignment films 7 and 8.

[0084] Surfaces of these alignment films 7 and 8 are
rubbed with a rayon fabric, and then an empty panel is
manufactured by stacking the two alignment films 7 and 8
with a gap being maintained therebetween by the spacers 10
made of silica having an average particle size of 1.6 4um. An
FLC composed mainly of a naphthalene-based liquid crystal
is sealed in this empty panel to form the liquid crystal layer
9.

[0085] The liquid crystal panel 1 is obtained by sandwich-
ing the manufactured panel by two polarizing plats 11 and 12
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arranged in a crossed-Nicol state so that a dark state is
produced when the long axis direction of the liquid crystal
molecule of the FLC is tilted in one direction. A liquid
crystal display apparatus is manufactured by positioning a
back light 26 so that the light of the back light 26 enters from
the rear face of this liquid crystal panel 1.

[0086] (Second Embodiment)

[0087] In the first embodiment, two gate drivers are used
to scan the first scanning lines and second scanning lines,
respectively. However, a single gate driver may be used to
scan the first scanning lines and second scanning lines, and
such a structure is illustrated as the second embodiment.
FIG. 14 is a schematic plan view of the liquid crystal panel
of a liquid crystal display apparatus according to the second
embodiment of the present invention, and FIG. 15 is a block
diagram showing the entire structure of the liquid crystal
display apparatus.

[0088] As shown in FIG. 14, the pixels electrodes 5 and
the TFTs 21 are arranged in matrix (1024 Hx768 V) on the
glass substrate 6, and the pixel electrodes 5 are connected to
the drain terminals of the TFTs 21, respectively. The gate
terminals of the TFTs 21 in the odd-numbered columns in
the i-th (i=1, 2, 3, . . ., 768) row and the gate terminals of
the TFTs 21 in the even-numbered columns in the i-th row
are connected to a scanning line L,; ; and a scanning line L,;
(hereinafter referred to as the scanning lines L, (k=1, 2, 3, .
.., 1536)), respectively, while the source terminals of the
TFTs 21 in the j-th column (j=1, 2, 3, . . ., 1024) are
connected to a data line D;. The first scanning lines L, are
sequentially connected to the output stages of the gate driver
24, while the data lines D; are sequentially connected to the
output stages of the source driver 22.

[0089] Note that although any DC voltage can be applied
to the counter electrode 2, it is supposed, to simplify the
following explanation, that OV voltage is applied to the
counter electrode 2. It is also supposed that the voltage
applied to the pixel electrode § is a voltage between the pixel
electrodes 5 and the counter electrode 2 that controls the
light transmission rate of the pixels.

[0090] The TFTs 21 are on/off controlled by inputting
scanning signals, which are supplied line sequentially from
the gate driver 24, to the scanning lines L. The TFTs 21
apply a data voltage inputted to each data line D; from the
source driver 22 to the pixel electrodes 5 during the ON
period, and hold the previously applied voltage during the
OFF period. Then, by controlling the light transmission rate
of the liquid crystal, which is determined by the T-V
characteristic that is an electro-optical characteristic of the
liquid crystal, based on the data voltage applied through the
TFTs 21, an image is displayed.

[0091] The liquid crystal display apparatus of this embodi-
ment comprises peripheral circuits, such as a control signal
generating circuit 41, an image memory 42, a first logical
product circuit (AND circuit) 46, a second logical product
circuit (AND circuit) 46b, an inverting circuit (IN'V circuit)
47, an exclusive OR circuit (EX-OR circuit) 48 and a back
light power circuit 49 as shown in FIG. 15, in addition to the
above-mentioned source driver 22 and gate driver 24.

[0092] The control signal generating circuit 41 generates,
from an inputted synchronous signal Sync, an image control
signal CS for controlling the output timing of an image
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signal stored in the image memory 42, a write polarity
control signal PN for controlling a voltage polarity for
writing a data voltage to the pixel electrode 5, an output
polarity control signal DM for controlling an output voltage
polarity of the source driver 22, a clock signal CLK, etc. for
controlling the operation of the source driver 22, an opera-
tion clock signal CPV for determining a scanning frequency
for controlling the operation of the gate driver 24, and a
scanning start signal STV, etc. for determining the scanning
start timing. Further, the control signal generating circuit 41
outputs the generated image control signal CS to the image
memory 42; outputs the write polarity control signal PN to
the exclusive OR circuit 48; outputs the output polarity
control signal DM to the exclusive OR circuit 48 and the
source driver 22; outputs the clock signal CLK, efc. to the
source driver 22; and outputs the operation clock signal CPV
and the scanning start signal STV, etc. to the gate driver 24.

[0093] The image memory 42 temporarily stores display
data Data to be displayed on the liquid crystal panel 1, and
outputs data PD1 for display of odd-numbered columns to
the first AND circuit 464 and outputs data PD2 for display
of even-numbered columns to the second AND circuit 46b
alternately in synchronous with the image control signal CS
generated by the control signal generating circuit 41.

[0094] The exclusive OR circuit 48 is supplied with the
write polarity control signal PN and output polarity control
signal DM both generated by the control signal generating
circuit 41, and outputs the exclusive OR signal of these two
signals. The output signal of the exclusive OR circuit 48
functions as an output selection signal for determining
whether a data voltage for display or a reset voltage for
refresh is to be applied to the pixel electrode 5.

[0095] The first AND circuit 464 is a circuit for generating
data signals for display and data signals for refresh for
odd-numbered columns. More specifically, the first AND
circuit 46a generates an AND signal from a signal obtained
by inverting the output selection signal generated by the
exclusive OR circuit 48 in the inverting circuit 47 and the
data PD1 for display of odd-numbered columns read from
the image memory 42, and inputs the generated signal PD1a
as the data signal DATA to the source driver 22.

[0096] The second AND circuit 46b is a circuit for gen-
erating data signals for display and data signals for refresh
for even-numbered columns. More specifically, the second
AND circuit 46b generates an AND signal from the output
selection signal generated by the exclusive OR circuit 48
and the data PD2 for display of even-numbered columns
read from the image memory 42, and inputs the generated
signal PD2a as the data signal DATA to the source driver 22.

[0097] The scanning start signal STV, etc. and the opera-
tion clock signal CPV generated by the control signal
generating circuit 41 are inputted to the gate driver 24.

[0098] Note that the source driver 22 is a dot inversion
drive type source driver and is the same as that described in
the first embodiment, and therefore the detailed explanation
thereof is omitted.

[0099] FIG. 16 is a timing chart showing a drive sequence
in the second embodiment of the present invention. First, the
following description will explain the timing of the scanning
line L. CPV is an operation clock signal of the gate driver
24 for scanning the TFTs 21. STV is a scanning start signal
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of the gate driver 24, and the width of the “H” period that
determines the ON period of the TFT 21 is substantially
equal to two clocks of the operation clock signal CPV The
STV is inputted substantially 2 clock prior to the rise of the
operation clock signal CPV so as to prevent a latching
mistake of the gate driver 24.

[0100] The gate driver 24 includes a shift register therein.
Each output stage of the gate driver 24 obtains a voltage
value of an input signal at the rising edge of the operation
clock signal CPV, and holds the obtained voltage value at
time other than the rising edge. In the gate driver 24, the
obtained voltage value is delayed for a predetermined time
to make an input signal for the next stage. Thus, based on the
scanning start signal STV and the operation clock signal
CPV, signals for sequentially scanning the ON periods (“H”
periods) are inputted to the scanning lines L.

[0101] If an edge where the operation clock signal CPV
rises when the scanning start signal STV is in the “H” state
is considered as the first rising edge, a signal to be inputted
to the scanning line I, connected to the output stage of the
gate driver 24 rises at the k-th rising edge of the operation
clock signal CPV, and falls at the (k+2)th rising edge of the
same. For example, the scanning line L, rises at the first
rising edge of the operation clock signal CPV, and falls at the
third rising edge of the same. The scanning line L, rises at
the second rising edge of the operation clock signal CPV,
and falls at the fourth rising edge of the same.

[0102] Therefore, as the scanning line L, for scanning one
row of the TFTs 21 arranged in matrix form, by providing a
scanning line for odd-numbered columns and a scanning line
for even-numbered columns, the period of turning on the
TFT 21 can be made different between the TFTs 21 in the
odd-numbered columns and the TFTs 21 in the even-num-
bered columns in the same row. However, although an
overlapped time is present between them, since display
gradation is determined by a voltage applied to the pixel
through the TFT 21 at the end of the ON period, it is
important that the ON periods end at different timings.

[0103] Next, the timing of the data scanning line D; will be
explained. A write polarity control signal PN of “L” is
inputted in a positive polarity writing duration, while a write
polarity control signal PN of “H” is inputted in a negative
polarity writing duration. The frequency of the output polar-
ity control signal DM is % of the frequency of the operation
clock signal CPV of the gate driver 24. The inverted signal
of the exclusive OR of the write polarity control signal PN
and the output polarity control signal DM is a signal for
selecting a write voltage for an odd-numbered column either
as a reset voltage for refresh or a data voltage for display.
The exclusive OR signal of the write polarity control signal
PN and the output polarity control signal DM is a signal for
selecting a write voltage for an even-numbered column
either as a reset voltage for refresh or a data voltage for
display.

[0104] The relationship between the combination of the
polarities of the write polarity control signal PN and output
polarity control signal DM and the output voltage is as
shown in Table 3. For example, when the write polarity
control signal PN is “L” and the output polarity control
signal DM is “L”, a positive data voltage is outputted from
the odd-numbered output terminal, and a reset voltage (-0
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V) as negative 0 gradation is outputted from the even-
numbered output terminal.

TABLE 3
PN DM Odd-numbered Even-numbered
signal signal output terminal output terminal
L L Positive data voltage Negative 0 gradation
voltage (-0 V)
L H Negative 0 gradation Positive data voltage
voltage (-0 V)
H L Positive O gradation Negative data voltage
voltage (+0 V)
H H Negative data voltage Positive O gradation
voltage (+0 V)
[0105] Accordingly, during an ON period of the TFT 21,

the reset voltage for refresh is applied to the pixel electrode
5 in the first half of the ON period, while the data voltage for
display is applied to the pixel electrode § in the second half
of the ON period. More specifically, when the write polarity
control signal PN is “L”, both of the odd-numbered output
terminal and even-numbered output terminal apply a reset
voltage (-0 V) as negative 0 gradation to the pixel electrodes
5 in the first half of the ON period, and apply the positive
data voltage to the pixel electrodes 5 in the second half of the
ON period. When the write polarity control signal PN is
“H”, both of the odd-numbered output terminal and even-
numbered output terminal apply a reset voltage (+0 V) as
positive 0 gradation to the pixel electrodes 3 in the first half
of the ON period, and apply the negative data voltage to the
pixel electrodes 5 in the second half of the ON period. Note
that, by adjusting the duty ratio of the operation clock
signals CPV to be substantially 50%, the first half of the ON
period and the second half of the ON period can be made
substantially equal to each other.

[0106] FIG. 17 through FIG. 20 show voltages applied to
the pixels in the periods from t0 to t4 of the timing chart of
FIG. 16. In the period t0 to t1, since the “H” signal is
inputted to the scanning line L,, the TFTs 21 in the odd-
numbered columns in the first row, connected to the scan-
ning line L, are turned ON. Consequently, the reset voltage
(-0 V) as negative 0 gradation supplied to the respective
data lines D; is supplied to the pixel electrodes 5 (See FIG.
17).

[0107] In the period tl to t2, since the “H” signal is
inputted to the scanning lines L, and L,, the TFTs 21 in the
odd-numbered columns in the first row, connected to the
scanning line L;, hold the ON state, and the positive data
voltages (+V11, +V13, . . . ) supplied to the respective data
lines D; are supplied to the pixel electrodes §, and then the
TFTs 21 in the even-numbered columns in the first row,
connected to the scanning line L,, are turned ON. Conse-
quently, the reset voltage (-0 V) as negative 0 gradation
supplied to the respective data lines D; is supplicd to the
pixel electrodes 5 (See FIG. 18).

[0108] In the period 2 to t3, since the “L” signal is
inputted to the scanning line L, the TFIs 21 in the odd-
numbered columns in the first row, connected to the scan-
ning line L,, are turned OFF, and hold the positive data
voltages (+V11, +V13, .. .) supplied in the previous period
(the t1 to 12 period). Besides, since the “H” signal is inputted
to the scanning lines L, and L, the TFTs 21 in the even-
numbered columns in the first row, connected to the scan-
ning line L,, hold the ON state, and the positive data
voltages (+V12, +V14, . . . ) supplied to the respective data
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lines D; are supplied to the pixel electrodes 5, and then the
TFTs 21 in the odd-numbered columns in the second row,
connected to the scanning line L;, are turned ON. Conse-
quently, the reset voltage (-0 V) as negative 0 gradation
supplied to the respective data lines D; is supplied to the
pixel electrodes 5 (See FIG. 19).

[0109] In the period t3 to t4, since the “L” signal is
inputted to the scanning line L,, the TFTs 21 in the even-
numbered columns in the first row, connected to the scan-
ning line L,, are turned OFF, and hold the positive data
voltages (+V12, +V14, . . .) supplied in the previous period
(the 12 to t3 period). Besides, since the “H” signal is inputted
to the scanning lines L; and L,, the TFTs 21 in the odd-
numbered columns in the second row, connected to the
scanning line L, hold the ON state, and the positive data
voltages (+V21, +V23, . . . ) supplied to the respective data
lines D; are supplied to the pixel electrodes 5, and then the
TETs 21 in the even-numbered columns in the second row,
connected to the scanning line L,, are turned ON. Conse-
quently, the reset voltage (-0 V) as negative 0 gradation
supplied to the respective data lines D; is supplied to the
pixel electrodes 5 (See FIG. 20).

[0110] With this sequence of operations, like the first
embodiment, since a reset voltage is applied just before the
application of a data voltage, it is possible to apply a
predetermined data voltage without depending on the data
voltage in the previous frame. Moreover, the voltage polari-
ties applied to the respective pixels have the polarities as
shown in FIG. 13, and thus it is possible to display the same
polarity.

[0111] As shown in FIG. 8 and FIG. 16, a scanning signal
of the first embodiment is a two-phase input, while a
scanning signal of the second embodiment is a one-phase
input. Accordingly, the frequency of the operation clock
signal used for the gate driver 24 of the second embodiment

needs to be substantially twice that of the two gate drivers
244, 24b of the first embodiment,

[0112] Note that although the above-described embodi-
ments explain frame inversion driving using a dot inversion
drive type source driver, the present invention is also appli-
cable to line inversion driving. Moreover, although the
above-described embodiments explain the cases where the
source driver is of a digital signal input type, it is possible
to use an analog signal input type. Furthermore, the periph-
eral drive circuits such as the gate driver and source driver
may be implemented as an on-chip structure by forming the
peripheral drive circuits on the TFT substrate.

[0113] According to the present invention as described
above, before application a data voltage for display to the
pixel electrodes, the pixels have a constant voltage tempo-
rarily due to the refresh function, and thus the data voltage
for display is always written from a fixed state to all pixels
(the entire screen). It is therefore possible to reduce the
difference in applicable voltage values depending on a pixel
voltage value before the application of the voltage and
obtain a predetermined light transmission rate, and conse-
quently an excellent gradation display characteristic is
obtained.

[0114] Moreover, by driving the liquid crystal by an AC
drive in which the polarity is inverted between the preceding
and following display periods (frames or sub-frames), it is
possible to prevent degradation of the liquid crystal material
and burning of the liquid crystal panel, and extend the life
of the liquid crystal display apparatus.
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[0115] Furthermore, during an ON period of the switching
elements, by arranging the first half period for refresh and
the second half period for display to be substantially equal,
it becomes possible to utilize the writing ability of the
switching elements effectively in the respective periods, and
consequently an excellent gradation display characteristic is
obtained.

[0116] Besides, when displaying moving images (includ-
ing still images) in which the light transmission rate of the
pixels does not need to be changed, since the absolute values
of the positive voltage and negative voltage applied to the
pixels are substantially equal, it is possible to improve the
refreshing efficiency by setting the reset voltage for refresh
at 0 V, and consequently an excellent gradation display
characteristic is obtained.

[0117] In addition, even when a dot inversion drive type
source driver is used for a liquid crystal panel using an FLC
or AFLC having such a T-V characteristic that the light
transmission rate has a single polarity with respect to the
applied voltage polarity, it is possible to cause the voltages
applied to the respective pixel electrodes in each display
frame to have the same polarity. It is therefore possible to
prevent check-pattern black display and provide advanta-
geous cffects such as high display quality.

[0118] As this invention may be embodied in several
forms without departing from the spirit of essential charac-
teristics thereof, the present embodiments are therefore
illustrative and not restrictive, since the scope of the inven-
tion is defined by the appended claims rather than by the
description preceding them, and all changes that fall within
metes and bounds of the claims, or equivalence of such
metes and bounds thereof are therefore intended to be
embraced by the claims.

1. A driving method for a liquid crystal display apparatus,
including a substrate on which pixel electrodes and switch-
ing elements for on/off controlling voltage application to
said pixel electrodes are arranged in matrix form; a substrate
on which a counter electrode is provided; and a liquid crystal
material having a spontaneous polarization sealed in a gap
between said substrates, by applying a data voltage across
said pixel electrodes and said counter electrode during an
ON period of said switching elements and holding the data
voltage during an OFF period so as to control a light
transmission rate of said liquid crystal material which is
determined by the data voltage,

wherein said driving method applies a reset voltage of a
constant value in a first half period of said ON period,
and applies said data voltage in a second half period of
said ON period.

2. The driving method for the liquid crystal display
apparatus as set forth in claim 1, wherein said first half
period is substantially % of said ON period.

3. The driving method for the liquid crystal display
apparatus as set forth in claim 1, wherein

said switching elements are on/off controlled at predeter-
mined time intervals,

data voltages of opposite polarities are applied alternately
in preceding and following ON periods, and

a reset voltage with a polarity opposite to the data voltage
is applied in the same ON period.
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4. The driving method for the liquid crystal display
apparatus as set forth in claim 3, wherein said reset voltage
isOV.

5. The driving method for the liquid crystal display
apparatus as set forth in claim 3, wherein said first half
period is substantially % of said ON period.

6. The driving method for the liquid crystal display
apparatus as set forth in claim 5, wherein said reset voltage
is0V.

7. Aliquid crystal display apparatus including a substrate
on which pixel electrodes and switching elements for on/off
controlling voltage application to said pixel electrodes are
arranged in matrix form; a substrate on which a counter
electrode is provided; and a liquid crystal material having a
spontaneous polarization sealed in a gap between said
substrates, wherein a data voltage is applied across said pixel
electrodes and said counter electrode during an ON period of
said switching elements and the data voltage is held during
an OFF period so as to control a light transmission rate of
said liquid crystal material which is determined by the data
voltage, said liquid crystal display apparatus comprising:

means for applying a reset voltage of a predetermined
value in a first half period of said ON period; and

means for applying said data voltage in a second half
period of said ON period.
8. The liquid crystal display apparatus as set forth in claim
7, wherein

said switching elements are on/off controlled at predeter-
mined time intervals,

said data voltage applied in an ON period has a polarity
opposites to data voltages applied in ON periods pre-
ceding and following said ON period, and

said reset voltage has a polarity opposite to the data
voltage in the same ON period.
9. The liquid crystal display apparatus as set forth in claim
8, wherein said first half period is substantially ¥ of said ON
period.
10. The liquid crystal display apparatus as set forth in
claim 8, further comprising:

a first scanning line connected with the switching ele-
ments connected to pixels in odd-numbered matrix
columns among pixels in a matrix row, and a second
scanning line connected with the switching elements
connected to pixels in even-numbered matrix columns
in the same matrix row; and

a scanning circuit having a plurality of output portions for
on/off controlling said switching elements; wherein

said first scanning line and said second scanning line
are alternately connected to the output portions of
said scanning circuit.
11. The liquid crystal display apparatus as set forth in
claim 10, further comprising a control circuit for controlling
scanning of said scanning circuit, wherein

said scanning circuit comprises:

means for generating an operation clock signal for
determining a scanning frequency of said scanning
circuit; and

means for generating a scanning start signal, having a
signal width equal to a two-clock period of said
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operation clock signal, for determining scanning
start timing of said scanning circuit and said ON
period.

12. The liquid crystal display apparatus as set forth in
claim 7, wherein said first half period is substantially % of
said ON period.

13. The liquid crystal display apparatus as set forth in
claim 12, further comprising:

a first scanning line connected with the switching ele-
ments connected to pixels in odd-numbered matrix
columns among pixels in a matrix row, and a second
scanning line connected with the switching elements
connected to pixels in even-numbered matrix columns
in the same matrix row; and

a scanning circuit having a plurality of output portions for
on/off controlling said switching elements; wherein

said first scanning line and said second scanning line
are alternately connected to the output portions of
said scanning circuit.
14. The liquid crystal display apparatus as set forth in
claim 13, further comprising a control circuit for controlling
scanning of said scanning circuit, wherein

said scanning circuit comprises:

means for generating an operation clock signal for
determining a scanning frequency of said scanning
circuit; and

means for generating a scanning start signal, having a
signal width equal to a two-clock period of said
operation clock signal, for determining scanning
start timing of said scanning circuit and said ON
period.

15. The liquid crystal display apparatus as set forth in
claim 7, wherein said reset voltage is 0 V.

16. The liquid crystal display apparatus as set forth in
claim 15, further comprising:

a first scanning line connected with the switching ele-
ments connected to pixels in odd-numbered matrix
columns among pixels in a matrix row, and a second
scanning line connected with the switching elements
connected to pixels in even-numbered matrix columns
in the same matrix row; and

a scanning circuit having a plurality of output portions for
on/off controlling said switching elements; wherein

said first scanning line and said second scanning line
are alternately connected to the output portions of
said scanning circuit.
17. The liquid crystal display apparatus as set forth in
claim 16, further comprising a control circuit for controlling
scanning of said scanning circuit, wherein

said scanning circuit comprises:

means for generating an operation clock signal for
determining a scanning frequency of said scanning
circuit; and

means for generating a scanning start signal, having a
signal width equal to a two-clock period of said
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operation clock signal, for determining scanning
start timing of said scanning circuit and said ON
period.
18. The liquid crystal display apparatus as set forth in
claim 7, further comprising:

a first scanning line connected with the switching ele-
ments connected to pixels in odd-numbered matrix
columns among pixels in a matrix row, and a second
scanning line connected with the switching elements
connected to pixels in even-numbered matrix columns
in the same matrix row;

a first scanning circuit and second scanning circuit having
a plurality of output portions for on/off controlling said
switching elements; and

a control circuit for controlling scanning of said first
scanning circuit and second scanning circuit; wherein

said first scanning line and second scanning line are
connected to the output portions of said first scan-
ning circuit and second scanning circuit, respec-
tively, and

said control circuit comprises:

means for generating operation clock signals for deter-
mining scanning frequencies of said first scanning
circuit and second scanning circuit so that polarities
have a complementary relationship; and

means for generating a common scanning start signal
for determining scanning start timing of said first
scanning circuit and second scanning circuit and said
ON period.
19. The liquid crystal display apparatus as set forth in
claim 7, further comprising:

a first scanning line connected with the switching ele-
ments connected to pixels in odd-numbered matrix
columns among pixels in a matrix row, and a second
scanning line connected with the switching elements
connected to pixels in even-numbered matrix columns
in the same matrix row; and

a scanning circuit having a plurality of output portions for
on/off controlling said switching elements; wherein

said first scanning line and said second scanning line
are alternately connected to the output portions of
said scanning circuit.
20. The liquid crystal display apparatus as set forth in
claim 19, further comprising a control circuit for controlling
scanning of said scanning circuit, wherein

said scanning circuit comprises:

means for generating an operation clock signal for
determining a scanning frequency of said scanning
circuit; and

means for generating a scanning start signal, having a
signal width equal to a two-clock period of said
operation clock signal, for determining scanning
start timing of said scanning circuit and said ON
period.



THMBW(EF)

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

HAT R E (TR AGE)

FRI& B A

KRN

IPCH %5
CPCHRF
R 54X
SNEREESE

BEGF)

REETERERERE 5 E

US20040008170A1 ASIHUN=!
US10/602851 i H
ErBEKA ot

FUJITSU LIMITED

FUJITSU LIMITED

MAKINO TETSUYA
YOSHIHARA TOSHIAKI
BETSUI KEIICHI

MAKINO, TETSUYA
YOSHIHARA, TOSHIAKI
BETSUI, KEIICHI

GO02F1/141 GO2F1/133 G09G3/20 G09G3/36
G09G3/3614 G09G2310/061 G09G3/3688 GO9G3/3651
2002186841 2002-06-26 JP

Espacenet USPTO

Data

IMAGE
MEMORY

patsnap

2004-01-15

2003-06-24

36 by,

HEMMRBIESPNA LS, 785 Hin T B ik 7 #EONE cs [

BHNE¥B PN GREBROERFEBE, SBEARMEEEESPNA - GENRATING
HEY , B R 7 RS s T EBEONE AV B ¥ &0 h a & &

PD1a
SBBORT 4 3859 PR L R R POPRBENE BN AR , 3 RIFIEEON mmL:%F::fﬂqﬁngk;T_
CLK. otc ¢

STGNAL

<
=
o

CIRCUIT STV.etc

CPV
EARHE NS (L B EEVE R EOMEE |, 35 AEONASNEEE S P BE
BROABEEE, TUSRREEERANEERSEAFTEEE (& ¥
NRE),
39
!
BACK LIGHT
POWER

!

SOURCE DRIVER

24a

1 24b

- TT0T

15t
GATE
DRIVER|:

*| LIQUID CRYSTAL PANEL

‘l2nd
+|GATE
: oRIVER

CIRCUIT

CPVb



https://share-analytics.zhihuiya.com/view/b056ee44-6e08-4c25-a2e8-af8c70bc404a
https://worldwide.espacenet.com/patent/search/family/030112254/publication/US2004008170A1?q=US2004008170A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040008170%22.PGNR.&OS=DN/20040008170&RS=DN/20040008170

