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(57) ABSTRACT

Disclosed are a liquid crystal display device and a method
and a circuit for driving the same.

A gradation difference between the image data to be supplied
to the picture elements of the same color of two pixels
adjacent in a horizontal direction is detected in a gradation
difference judging section, and when the gradation differ-
ence is larger than a predetermined gradation difference, it is
judged in the same pattern of a size relationship detecting
section and a horizontal pattern counting section whether the
size relationship between the gradations of the picture
elements of the same color of the two pixels repeats in the
horizontal direction at least a certain number of times or not.
And hence, when the size relationship repeats at least a
certain number of times, it is compared with those of a
plurality of lines continuously arranged in a vertical direc-
tion, and it is judged on the basis of the result of the
comparisons whether a flicker occurs or not. And hence,
when the flicker may occur over a plurality of frames, a
polarity pattern switching signal is changed, whereby a
polarity pattern which determines the polarities of the image
data to be supplied from a data driver to a liquid crystal
display panel is switched.

10

-

P,

RGB DSTIN DCLK

— - - - - — -

14

FLK

Yy ¢

»| data driver

2 N CR T S 345/96
19 2

§ -
controller

RGB

PC H-sync flicker
V-sync judging
DCLK section

12

__________‘___._____.V______'

: 19,
GSTR
GCLK

[

13

liguid crystal
display panel

scan driver




Patent Application Publication Jun. 21,2001  Sheet 1 of 30 US 2001/0004253 A1

FIG. 1A

—_
positive picture

elements voltage
V+

common voltage %v

negative picture
elements voltage
\-

-y

FIG. 1B

positive picture
elements voltage
V+

h 4
common voltage AV Y A

negative picture
elements voltage
V-

-y



Patent Application Publication Jun. 21,2001  Sheet 2 of 30 US 2001/0004253 A1

c
.2
+—
4]
N
S
Q
)
O
as]
-
e
5 £
Q (8
2 > o0
N £ P 2
=~ > - Q\l )
. oEo >
) c > 3
=
a + > 2
O <] >
o >
=
o)
- — ~
B0
=
=
.
=)
' o
O (-] e
S D
o

[%] @oueliwsuesy Sy



Patent Application Publication Jun. 21,2001  Sheet 3 of 30 US 2001/0004253 A1
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FIG. 12

operation procedure of flicker—judging section
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FIG. 18

gradation difference judging section
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FIG. 19

size relationship detection section (OB)
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FIG. 20
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FIG. 26

constitution of data driver
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FIG. 27
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FIG. 28

8-steps gradation subtraction circuit
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FIG. 29

size relationship detection section
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FIG. 30

6-steps gradation subtraction circuit
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FIG. 31

switching circuit
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“ON” or “OFF” judging by threshold value (fixed 32-steps gradation)
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LIQUID CRYSTAL DISPLAY DEVICE, AND
METHOD AND CIRCUIT FOR DRIVING THE
SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device that displays an image by inverting the
polarity of image data applied to the picture element elec-
trodes of a liquid crystal display panel at certain intervals of
time, and a circuit and a method for driving the liquid crystal
display device. More specifically, it relates to an active
matrix liquid crystal display device having a switching
device for each picture element, and a circuit and a method
for driving the liquid crystal display device.

[0003] 2. Description of the Prior Art

[0004] An active matrix liquid crystal display panel com-
prises two glass substrates with a liquid crystal sealed
therebetween. On one of the glass substrates, a plurality of
picture element electrodes arranged in horizontal and verti-
cal directions, and a plurality of switching devices for
turning on and off the voltage applied to each picture
element electrode are formed. As the switching device, a
thin film transistor (to be referred to as “TFT” hereinafter)
is often used.

[0005] Meanwhile, on the other glass substrate, color
filters and a counter electrode are formed. These two glass
substrates are disposed in such a manner that the surface on
which the picture element electrodes are formed faces the
surface on which the counter electrode is formed with each
other. The color filters are classified by three colors, i.e., red
(R), green (G) and blue (B), and the R, G and B color filters
are arranged in a predetermined order such that one color
filter corresponds to one picture element electrode. In the
following description, a substrate having the picture element
electrodes and TFTs will be called a “TEFT substrate”, and a
substrate having the color filters and the counter electrode
will be called a “counter substrate”.

[0006] Further, a pair of polarizing plates are disposed
such that the TFT substrate and the counter substrate with a
liquid crystal sealed therebetween are sandwiched between
the polarizing plates. The pair of polarizing plates are
generally disposed such that polarizing axes cross each other
at right angles.

[0007] The active matrix liquid crystal display panel is
driven by an alternating voltage. That is, with the voltage
applied to the counter electrode being a reference voltage
(common voltage), a voltage which switches between posi-
tive polarity (+) and negative polarity (-) at certain intervals
of time is supplied to the picture element electrode. The
voltage applied to the liquid crystal preferably has a positive
voltage waveform and a negative voltage waveform, which
are symmetric. However, even if an alternating voltage
having a positive voltage waveform and a negative voltage
waveform which are symmetric is applied to the picture
element electrode, the positive voltage waveform and nega-
tive voltage waveform of the voltage that is actually applied
to the liquid crystal are not symmetric. Therefore, the light
transmittance when a positive voltage is applied differs from
the light transmittance when a negative voltage is applied,
whereby luminance fluctuates at the period of the alternating
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voltage applied to the picture element electrode, resulting
that the phenomenon called “flicker” occurs.

[0008] As conventionally used methods for controlling the
occurrence of a flicker, there are known methods such as a
method in which the voltage applied to the counter electrode
is changed, a method in which the polarities of voltages
applied to picture element electrodes adjacent in a horizontal
or vertical direction are made different, and a method in
which the frequency of inversion of polarities is made high.
These techniques are disclosed in Japanese Patent Laid-
Open Nos. 113129/1987, 34818/1990, 149174/1994,
175448/1995 and 204159/1997, for example.

[0009] When voltages of different polarities are applied to
adjacent picture element electrodes, there can be used (1) a
method in which voltages of one polarity are applied to
picture element electrodes arranged in a vertical direction
and voltages of the other polarity are applied to picture
element electrodes adjacent in a horizontal direction, (2) a
method in which voltages of one polarity are applied to
picture element electrodes arranged in a horizontal direction
and voltages of the other polarity are applied to picture
element electrodes adjacent in a vertical direction, and (3) a
method in which voltages of opposite polarities are applied
to picture element electrodes adjacent in vertical and hori-
zontal directions. A pattern which shows the polarities of
voltages applied to the picture element electrodes of a liquid
crystal display panel is called a “polarity pattern”.

[0010] However, the flicker becomes conspicuous, when a
vertical-stripe pattern is displayed with the polarity pattern
of the above (1), when a horizontal-stripe pattern is dis-
played with the polarity pattern of the above (2), and when
a mosaic pattern (checker pattern) is displayed with the
polarity pattern of the above (3).

[0011] 1In Japanese Patent Laid-Open Nos. 297831/1993,
69264/1996 and 95725/1999, it is proposed that one polarity
pattern is switched to another according to image data
supplied to adjacent pixels. In the methods disclosed in these
gazettes, a plurality of different polarity patterns are made
available, and one polarity pattern is switched to another
when the image data supplied to two adjacent picture
elements have a particular relationship.

[0012] However, in the case of the above-described con-
ventionally used methods for switching one polarity pattern
to another, the polarity patterns are switched from one to
another even when a predetermined pattern is present in a
very small portion of a display screen. Therefore, the switch-
ing of polarity patterns frequently occurs, resulting in only
a reduction in display quality.

SUMMARY OF THE INVENTION

[0013] The object of the present invention is to provide a
liquid crystal display device that can reduce or prevent the
occurrence of a flicker more surely and does not switches
polarity patterns unnecessarily so as not to cause a reduction
in display quality, and a method and a circuit for driving the
liquid crystal display device.

[0014] The liquid crystal display device of the present
invention, as exemplified in FIG. 8, comprises a liquid
crystal display panel (13) having a plurality of picture
elements arranged in horizontal and vertical directions, an
image data output section (11) that outputs image data
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(RGB), a flicker-judging section (12) that detects the differ-
ence in gradation between the image data (RGB) supplied to
picture elements of the same color of two pixels adjacent in
a horizontal direction and judges whether a flicker occurs or
not based on the result of the detection to output a polarity
pattern switching signal (FLK), and a polarity image data-
supplying section (14) which supplies the liquid crystal
display panel (13) with the image data (RGB) outputted
from the controller (11) with the polarities based on the
polarity pattern corresponding to the polarity pattern switch-
ing signal (FLK).

[0015] The liquid crystal display device of the present
invention has a flicker-judging section in which the differ-
ence in gradation between the image data of two pixels
adjacent in a horizontal direction is detected by each picture
element of the same color. When the difference in gradation
between the image data of picture elements of the same color
of two pixels adjacent in the horizontal direction is large, the
size relationship between the image data of the two pixels is
examined, and when the same size relationship repeats in
between the pixels in the horizontal direction, it is concluded
that there is a fear of occurrence of a flicker.

[0016] Thus, in the liquid crystal display device of the
present invention, the polarity pattern is changed according
to the image data. Therefore, the occurrence of the flicker
can be prevented surely.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For a more complete understanding of the present
invention and the advantages thereof, reference is now made
to the following description taken in conjunction with the
accompanying drawings.

[0018] FIG. 1 is a schematic diagram showing the rela-
tionship among a common voltage, a picture element volt-
age of positive polarity and a picture element voltage of
negative polarity.

[0019] FIG. 2 is a diagram showing the relationship
between the driving voltage and transmittance property of
the liquid crystal display panel.

[0020] FIG. 3A is a diagram showing the vertical one-line
inverted polarity pattern.

[0021] FIG. 3B is a diagram showing the vertical two-line
inverted polarity pattern.

[0022] FIG. 4A is a diagram showing a display pattern in
which a flicker does not occur with the vertical one-line
inverted polarity pattern.

[0023] FIG. 4B is a diagram showing a display pattern in
which a flicker occurs with the vertical one-line inverted
polarity pattern.

[0024] FIGS. 5A and 5B are diagrams showing a display
pattern in which a flicker occurs with the vertical one-line
inverted polarity pattern but does not occur with the vertical
two-line inverted polarity pattern.

[0025] FIGS. 6A and 6B are diagrams showing a display
pattern in which a flicker does not occur with the vertical
one-line inverted polarity pattern but occurs with the vertical
two-line inverted polarity pattern.
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[0026] FIG. 7 shows display patterns in which a flicker is
liable to occur with the vertical one-line inverted polarity
pattern.

[0027] FIG. 8 is a block diagram showing the constitution
of the liquid crystal display device related to the embodi-
ment of the present invention.

[0028] FIG. 9 is a sectional view of the liquid crystal
display panel.

[0029] FIG. 10 is a plan view of the liquid crystal display
panel.

[0030] FIG. 11 is a block diagram showing the constitu-
tion of the flicker-judging section.

[0031] FIG. 12 is a flow chart showing the operating
procedure of the flicker-judging section.

[0032] FIG. 13 is a diagram showing gradation groups
classified by the three highmost bits of image data.

[0033] FIG. 14 is a diagram showing an example of the
size relationships between each image data of two pixels.

[0034] FIG. 15 is a diagram showing an example of the
repetition of the same pattern.

[0035] FIG. 16 is a diagram showing the detection of
patterns in a vertical direction.

[0036] FIG. 17 is a diagram showing an example of
patterns continuously arranged in the vertical direction.

[0037] FIG. 18 is a circuit diagram of the gradation
difference judging section.

[0038] FIG. 19 is a circuit diagram showing the size
relationship detecting section (OB).

[0039] FIG. 20 is a circuit diagram showing the size
relationship detecting section (EB).

[0040] FIG. 21 is a circuit diagram of a portion of the
same pattern of a size relationship detecting section.

[0041] FIG. 22 is a circuit diagram of a portion of the
same pattern of a size relationship detecting section and a
portion of the horizontal pattern counting section.

[0042] FIG. 23 is a circuit diagram of a portion of the
horizontal pattern counting section.

[0043] FIG. 24 is a circuit diagram of the horizontal
pattern information storing section and the vertical pattern
comparing section.

[0044] FIG. 25 is a circuit diagram of the vertical pattern
counting section.

[0045] FIG. 26 is a block diagram showing the constitu-
tion of the data driver.

[0046] FIG. 27 is a diagram showing the method for
detecting a 9-step gradation difference (second embodi-
ment).

[0047] FIG. 28 is a circuit diagram showing the 8-step
gradation difference subtraction circuit.

[0048] FIG. 29 is a circuit diagram showing the size
relationship detecting section.

[0049] FIG. 30 is a circuit diagram showing the 6-step
gradation subtraction circuit (third embodiment).
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[0050]

[0051] FIG. 32 is a diagram showing the constitution of
the vertical pattern counting section (fourth embodiment).

[0052] FIG. 33 is a diagram showing the judgement of
picture elements as ON and OFF picture elements based on
the threshold (fixed value).

[0053] FIG. 34 is a diagram showing the judgement of
picture elements as ON and OFF picture elements based on
the gradation difference.

FIG. 31 is a diagram showing the switching circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0054] The present invention will be described in more
detail below.

[0055] To the picture element electrode of the liquid
crystal display device of the present invention, as shown in
FIG. 1(a), a voltage of positive polarity and a voltage of
negative polarity are applied alternately, with a common
voltage applied to the counter electrode being a mean
voltage. However, since the common voltage is not uniform
across the whole display screen, the mean voltage is actually
shifted by the amount of AV in the applied voltage of
positive polarity and the applied voltage of negative polarity
as shown in FIG. 1(b) and the applied voltage of positive
polarity and the applied voltage of negative polarity there-
fore take values of V-AV and V+AV, respectively. FIG. 2 is
a diagram showing the relationship between an applied
voltage indicated by the horizontal axis and light transmit-
tance indicated by the vertical axis. In the case where the
applied voltage is V+AV and in the case where the applied
voltage is V-AV the light transmittance changes signifi-
cantly, thereby causing a flicker.

[0056] FIG. 3 is a schematic diagram showing two polar-
ity patterns used in the embodiments of the present inven-
tion. FIG. 3(a) shows a vertical one-line inverted polarity
pattern, and FIG. 3(b) shows a vertical two-line inverted
polarity pattern. In the vertical one-line inverted polarity
pattern shown in FIG. 3(a), voltages of opposite polarities
are applied to picture elements adjacent in horizontal or
vertical directions. Further, in the vertical two-line inverted
polarity pattern shown in FIG. 3(b), voltages of opposite
polarities are applied to each picture element arranged in the
horizontal direction and to each pair of picture elements
arranged in vertical direction. The polarity of a voltage
applied to each picture element is inverted by each frame.

[0057] FIG. 4 is a schematic diagram showing a method
for driving the liquid crystal display device with the vertical
one-line inverted polarity pattern. A voltage according to
gradation is applied to the picture element electrode accord-
ing to gradation, and in the case of a normally black liquid
crystal display, light transmittance increases as the voltage
applied to the picture element electrode increases. In the
following description, a picture element to which a voltage
which is a certain voltage or more (voltage corresponding to
certain gradation) is applied will be called an “ON” picture
element, and a picture element to which a voltage which is
lower than the voltage is applied will be called an “OFF”
picture element.

[0058] As shown in FIG. 4(a), when all picture elements
are ON picture elements, the difference in light transmit-
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tance between when a voltage of positive polarity is applied
and when a voltage of negative polarity is applied is leveled
by picture elements adjacent to each other. Therefore, the
light transmittance of each picture element changes in each
frame, but as a whole, the light transmittance does not
change in each frame. Therefore, a flicker does not occur in
this case.

[0059] Meanwhile, when picture elements of one polarity
are on and picture elements of the other polarity are off as
shown in FIG. 4(b), the light transmittance changes in each
frame as a whole, thereby causing a flicker.

[0060] When a display pattern which has a flicker when
driven with the vertical one-line inverted polarity pattern as
shown in FIG. 5(@) is driven with the vertical two-line
inverted polarity pattern, the occurrence of the flicker can be
prevented since ON picture elements of positive and nega-
tive polarities are properly mixed as shown in FIG. 5(b).
However, when a display pattern which does not have a
flicker when driven with the vertical one-line inverted
polarity pattern as shown in FIG. 6(a) is driven with the
vertical two-line inverted polarity pattern, the polarities of
ON picture elements are unified to one polarity as shown in
FIG. 6(b), causing a flicker in some cases.

[0061] As described above, the liquid crystal display
device does not have a flicker when ON picture elements of
positive and negative polarities are mixed at a certain ratio
but has a flicker when ON picture elements of either one of
polarity occupy absolute majority. Further, regardless of
polarity patterns, a pattern (display pattern) in which a
flicker occurs definitely exists. In general, G (green) has
higher transmittance than R (red), which has higher trans-
mittance than B (blue). Thus, when ON picture elements of
G picture elements of positive and negative polarities are not
evenly mixed, a flicker is liable to occur. FIG. 7 shows an
example of a display pattern which is liable to have a flicker
when the vertical one-line inverted polarity pattern is used.
FIG. 7 shows a plurality of sets of picture elements (six
picture elements) arranged in the horizontal direction which
constitute a pair of pixels, and OR, OG and OB represent the
R picture element, G picture element and B picture element
of an odd-numbered pixel and ER, EG and EB represent the
R picture element, G picture element and B picture element
of an even-numbered pixel.

[0062] In the present invention, the liquid crystal display
panel is generally driven with the first polarity pattern (for
example, vertical one-line inverted polarity pattern). At the
same time, a display pattern is found from image data, and
it is judged on the basis of the finding whether a flicker
occurs or not. When it has been judged that the flicker will
occur, the first polarity pattern is switched to the second
polarity pattern (for example, vertical two-line inverted
polarity pattern). Further, while the liquid crystal display
panel is driven with the second polarity pattern, it is judged
whether a flicker will occur with the first polarity pattern.
When it has been judged that the flicker will not occur, the
first polarity pattern is restored to drive the liquid crystal
display panel. As described above, in the present invention,
the occurrence of a flicker is prevented by switching polarity
patterns according to a display pattern.

[0063] Incidentally, when it is to be judged whether a
flicker occurs, it is considered that it is judged by setting a
certain threshold and classifying an picture element to which
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a voltage that is higher than the threshold is applied as ON
picture element and an picture element to which a voltage
that is equal to or lower than the threshold is applied as OFF
picture element. For example, when the threshold is set to be
a 32-step gradation (fixed value) as shown in FIG. 33(a), a
picture element to which a wvoltage corresponding to a
20-step gradation is applied is classified as OFF picture
element and a picture element to which a voltage corre-
sponding to a 125-step gradation is applied is classified as
ON picture element, whereby it is properly concluded that a
flicker may occur. However, even if a difference in gradation
between adjacent picture elements is large, these picture
elements are still classified as ON picture elements if
voltages to be applied to the picture elements are higher than
the threshold. Therefore, when a voltage corresponding to a
33-step gradation is applied to one of adjacent picture
elements and a voltage corresponding to a 250-step grada-
tion is applied to the other picture element as shown in FIG.
33(b), it is improperly concluded that a flicker will not occur.

[0064] Meanwhile, it can be more properly judged
whether the flicker occurs or not by determining ON and
OFF picture elements according to the difference in grada-
tion between adjacent picture elements. For example, in
FIG. 34, when the difference in gradation between adjacent
picture elements is 32 or more, a picture element having a
smaller gradation value is an OFF picture element and a
picture element having a larger gradation value is an ON
picture element. In this case, when a voltage corresponding
to a 20-step gradation is applied to one of the adjacent
picture elements and a voltage corresponding to a 125-step
gradation is applied to the other picture element as shown in
FIG. 34(a), it is judged that one of the picture elements is
an OFF picture element and the other picture element is an
ON picture element, whereby it is properly concluded that a
flicker may occur. Further, even when a voltage correspond-
ing to a 33-step gradation is applied to one of the picture
elements and a voltage corresponding to a 250-step grada-
tion is applied to the other picture element as shown in FIG.
34(b), it is judged that one of the picture elements is an OFF
picture element and the other picture element is an ON
picture element, whereby it is also properly concluded that
a flicker may occur.

[0065] As described above, in the present invention, it can
be more properly judged whether a flicker occurs or not by
detecting the difference in gradation between the image data
of adjacent picture elements. The embodiments of the
present invention will be described with reference to the
accompanying drawings hereinafter.

[0066] (First embodiment)

[0067] (1) Constitution of liquid crystal display
device

[0068] FIG. 8 is a block diagram showing the liquid
crystal display device of the first embodiment. This liquid
crystal display device 10 comprises a controller 11, a liquid
crystal display panel 13, a data driver 14, and a scan driver
15. Further, a flicker-judging section 12 is provided in the
controller 11.

[0069] The controller 11 is connected to a personal com-
puter (or other device that outputs a picture signal RGB) 19,
and a horizontal synchronizing signal H-sync, a vertical
synchronizing signal V-sync, a data clock DCLK and the
picture signal RGB are supplied via the personal computer
19.
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[0070] The picture signal RGB comprises three digital
signals, i.e., an R signal representing the luminance of red,
a G signal representing the luminance of green and a B
signal representing the luminance of blue (hereinafter
referred to as “R.G.B signals”). These R.G.B signals are
transmitted at the timing synchronized with the data clock
DCLK.

[0071] The controller 11 subjects the R.G.B signals to
serial-parallel conversion to produce R (red) image data, G
(green) image data and B (blue) image data, respectively,
and outputs these image data at a predetermined timing.
Further, the controller 11 receives the horizontal synchro-
nizing signal H-sync, the vertical synchronizing signal
V=sync and the data clock DCLK, and from these signals,
produces various timing signals such as a data start signal
DSTIN which indicates the starting point of a horizontal
synchronizing period, a gate start signal GSTR which indi-
cates the starting point of a vertical synchronizing period
and a gate shift clock GCLK synchronized with the hori-
zontal synchronizing signal H-sync.

[0072] The flicker-judging section 12 monitors the R.G.B
image data to judge when a flicker occurs and sets the
polarity pattern switching signal FLK to be “H” or “L”
according to the result of the judgment. The details of the
flicker-judging section 12 will be described later.

[0073] The data driver 14 receives the R.G.B image data
and timing signals such as the data start signal DSTIN and
the data clock DCLK from the controller 11 and supplies the
R.G.B image data of positive polarity or of negative polarity
to the liquid crystal display panel 13 at a predetermined
timing. At this point, the data driver 14 sets the polarities of
the R.G.B image data with the polarity pattern correspond-
ing to the polarity pattern switching signal FLLK outputted
from the flicker-judging section 12. The details of the data
driver 14 will also be described later.

[0074] The scan driver 15 receives timing signals such as
the gate start signal GSTR and the gate shift clock GCLLK
from the controller 11 and supplies scanning signals to a
plurality of gate bus lines provided on the liquid crystal
display panel 13.

[0075] Note that in the case of the driving circuit for a TFT
liquid crystal display panel, it is also possible to form the
data driver 14 and the scan driver 15 on the TFT substrate
of the liquid crystal display panel 13.

[0076] Although a description has been given to the case
where the liquid crystal display device is connected to a
computer 37 in the above example, the driving circuit for the
liquid crystal display panel of the present invention can also
be connected to a device that outputs a video signal such as
a TV tuner. In that case, there are required circuits that
generate the R.G.B signals, the horizontal synchronizing
signal H-sync and the vertical synchronizing signal V-sync
from the video signal, and conventionally known circuits
can be used as these circuits.

[0077] (2) Constitution of liquid crystal display panel

[0078] FIG. 9 is a sectional view showing the constitution
of the liquid crystal display panel of the embodiment of the
present invention, and FIG. 10 is a plan view of the TFT
substrate thereof.
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[0079] The liquid crystal display panel 13 comprises a
TFT substrate 20 and a counter substrate 30, which are
opposed to each other, with a liquid crystal 39 sealed
therebetween.

[0080] The TFT substrate 20 is constituted of a glass
substrate 21, gate bus lines 22, data bus lines 23, picture
element electrodes 24, TFTs 25 and the like, all of which are
formed on the glass substrate 21. The gate bus lines 22 and
the data bus lines 23 cross each other orthogonally and are
electrically insulated with insulating films (not shown)
formed therebetween. These gate bus lines 22 and the data
bus lines 23 are made of metals such as aluminum.

[0081] Each of the rectangular regions partitioned by the
gate bus lines 22 and the data bus lines 23 is a picture
element. On each of the picture elements is formed a
transparent picture element electrode 24 made of indium-tin
oxide (hereinafter referred to as “ITO”). The TFT 25 is
constituted of a gate electrode 22a connected to the gate bus
line 22, a silicon film 26 formed on the gate electrode 22a
via a gate insulating film (not shown), and a drain electrode
23a and a source electrode 23b which are formed on the
silicon film 26. The drain electrode 23a is connected to the
data bus line 23, and the source electrode 23b is connected
to the picture element electrode 24. Further, a storage
capacity electrode, which is not shown, is formed such that
it overlaps a part of the picture element electrode 24.

[0082] On the picture element electrode 24 is formed an
alignment layer 27 made of, for example, polyimide. The
surface of the alignment layer 27 has been subjected to
alignment layer treatment to determine the alignment of
liquid crystal molecules when a voltage is not applied. As a
typical method for conducting the orientation treatment, a
“rubbing” method has been known in which the surface of
the alignment layer is rubbed in one direction with a cloth
roller.

[0083] Meanwhile, the counter substrate 30 is constituted
of a glass substrate 31, color filters 32, black matrices 33, a
counter electrode 34, an orientation film 35 and the like, all
of which are formed underneath the glass substrate 31. The
color filters 32 are classified by three colors, i.c., red (R),
green (G) and blue (B), and one color filter 32 is opposed to
one picture element electrode 24. In the present embodi-
ment, the color filters 32 are arranged in the horizontal
direction in the order of R.G.B. The black matrix 33 is
formed between these color filters 32. This black matrix 33
is made of a thin opaque metal film such as chromium (Cr).

[0084] Underneath the color filters 32 and the black matri-
ces 33 is formed the transparent counter electrode 34 made
of ITO. Underneath the counter electrode 34 is formed the
alignment layer 35. The surface of this alignment layer 35
has also been subjected to alignment layer treatment.

[0085] Between the TFT substrate 20 and the counter
substrate 30 is disposed a spherical spacer (not shown),
which serves to keep the space between TFT substrate 20
and the counter substrate 30 constant. Further, both under-
neath the TFT substrate 20 and on the counter substrate 30,
a polarizing plate (not shown) is disposed respectively.
These polarizing plates are disposed such that polarizing
axes cross each other orthogonally.

[0086] When the image data is supplied to the data bus line
23 and the scan signal is supplied to the gate bus line 22, the
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TFT 25 is turned on, and the image data is supplied to the
picture element electrode 24, whereby an electric field is
generated between the picture element electrode 24 and the
counter electrode 34. The alignment of liquid crystal mol-
ecules in the liquid crystal 39 is changed by this electric
field, whereby the light transmittances of the picture ele-
ments are changed. By controlling a voltage applied to the
picture element electrode 24 of each picture element inde-
pendently, a desired image can be displayed on the liquid
crystal display panel 13.

[0087] (3) Flicker-judging section
[0088] FIG. 11 is a block diagram showing the constitu-
tion of the flicker-judging section 12.

[0089] The flicker-judging section 12 is constituted of a
horizontal flicker pattern detecting section 40, a vertical
flicker pattern detecting section 46, and a drive-switching
judging section 49. Further, the horizontal flicker pattern
detecting section 40 is constituted of a gradation difference
judging section 41, a size relationship detecting section 42,
the same pattern of a size relationship detecting section 43,
a horizontal pattern counting section 44, and a horizontal
pattern information storing section 45. The vertical flicker
pattern detecting section 46 is constituted of a vertical
pattern comparing section 47 and a vertical pattern counting
section 48.

[0090] FIG. 12 is a flow chart showing the operating
procedure of the flicker-judging section 12. The operations
of the sections constituting the flicker-judging section 12
will be described with reference to FIG. 12.

[0091] The image data (RGBRGB) for two pixels (odd-
numbered pixel and even-numbered pixel) continuously
arranged in the horizontal direction are supplied sequentially
to the gradation difference judging section 41 and the size
relationship detecting section 42 (step S11). The gradation
difference judging section 41 compares the image data for
these two adjacent pixels with each other for respective
colors and detects gradation differences (step S12a4). When
the gradation difference between these image data is equal to
or higher than a certain gradation difference, a signal “H” is
outputted.

[0092] For example, it is assumed that each of R, G and B
image data is a 6-bit image data (data with a 64-step
gradation). In this case, as shown in FIG. 13, gradations are
classified into eight groups ((a) to (h)) according to the
values of the three highmost bits, and when the gradation of
the image data of one of the pixels differs from the gradation
of the image data of the other pixel by two or more groups,
a signal “H” is outputted. The gradation difference is evalu-
ated for each of R, G and B, and when the gradation
difference between the image data of one of these colors is
two or more groups, the output of the gradation difference
Judging section 41 is “H”.

[0093] The size relationship detecting section 42 detects
the size relationship between the R image data of the
odd-numbered pixel and the R image data of the even-
numbered pixel, the size relationship between the G image
data of the odd-numbered pixel and the G image data of the
even-numbered pixel and the size relationship between the
B image data of the odd-numbered pixel and the B image
data of the even-numbered pixel, and supplies the results to
the same pattern of a size relationship detecting section 43
(step S12b).
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[0094] For example, as shown in FIG. 14, it is assumed
that the R image data (OR), G image data (OG) and B image
data (OB) of the odd-numbered pixel are denoted by 48, 16
and 56 and the R image data (ER), G image data (EG) and
B image data (EB) of the even-numbered pixel are denoted
by 8, 32 and 0, respectively. In this case, in the present
embodiment, a signal representing the size relationship, that
is, OR="H”, ER=“L”, OG=“"L”, EG="H”, OB=“H” and
EB=“L", is outputted for each picture element from the size
relationship detecting section 42 as shown in FIG. 14.

[0095] The same pattern of a size relationship detecting
section 43 detects the same size relationship pattern based
on the signals outputted from the gradation difference judg-
ing section 41 and the size relationship detecting section 42
(step S13). That is, when the output of the gradation differ-
ence judging section 41 is “H”, it detects whether the size
relationship repeats or not as shown in FIG. 15.

[0096] The horizontal pattern counting section 44 counts
the number of repetitions of the same pattern detected by the
same pattern of a size relationship detecting section 43 (step
S14). When the same pattern repeats at least a certain
number of times, the horizontal pattern information storing
section 45 stores the size relationship pattern in a shift
register (step S15). In the example of FIG. 15, as the size
relationship pattern, OR=“L", OG=“H”, OB=“H”, ER=“H",
EG=“L” and EB=“L" are stored. For example, when OR and
ER store “L.” and “H”, respectively, this indicates that the
gradation difference between the R image data of the odd-
numbered pixel and the R image data of the even-numbered
pixel is equal to or more than a certain gradation difference
and that the pattern repeats in one line (one horizontal
synchronizing period) at least a certain number of times.

[0097] The vertical pattern comparing section 47 com-
pares a series of picture element patterns in the wvertical
direction with one another (steps S16 and S17). That is, as
shown in FIG. 16, it compares the image data of the Nth line
with the image data of the N+1th line for respective R, G and
B, and when at least one of the size relationships between the
OR’s, OG’s, OB’s, ER’s, EG’s and EB’s of the two lines is
inverted, it outputs “H”. When the output of the wertical
pattern comparing section 47 is “H”, the display pattern is a
checker pattern as shown in FIG. 5.

[0098] The vertical pattern counting section 48 counts the
number of lines having different size relationships from
those of the next line in the vertical direction, as shown in
FIG. 17, based on the output of the vertical pattern com-
paring section 47 (step S18). When the number of lines
having different size relationships from those of the next line
in the vertical direction reaches a predetermined value, the
output signal is set to be “H” (step S19).

[0099] The drive-switching judging section 49 sets the
polarity pattern switching signal FLK to be “H” when the
output signal of the vertical pattern counting section 48
remains “H” over a series of frames (for example, 8 frames),
or “L” when the output signal of the vertical pattern counting
section 48 remains “L” over a series of frames (for example,
8 frames) (step S20).

[0100] The present embodiment will be described with
reference to the more detailed circuits of the flicker-judging
section 12 hereinafter. Note that in the following example, R
image data, G image data and B image data each are 6-bit
data.
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[0101] (1) Gradation difference judging section

[0102] FIG. 18 is a circuit diagram showing the consti-
tution of the gradation difference judging section 41. In FIG.
18, however, only a circuit for judging the gradation of blue
(B) image data is shown.

[0103] This circuit is constituted of XOR (exclusive OR)
gates U1l and U16, AND gates U12, U13, U15, U17, U18
and U20, NOR gates U14 and U19, and an OR gate U21.
The XOR gate U11 is supplied with the fifth bit (DOBS) of
the B image data of the odd-numbered pixel and the fifth bit
(DEBS) of the B image data of the even-numbered pixel. It
outputs “H” when one of these B image data is “H” and the
other is “L” and outputs “L” in other cases.

[0104] The AND gate Ul2 receives the inversion signal
(XDOBS) of the fifth bit of the B image data of the
odd-numbered pixel, the fourth bit (DOB4) of the B image
data of the odd-numbered pixel, the third bit (DOB3) of the
B image data of the odd-numbered pixel, the fifth bit
(DEBS5) of the B image data of the even-numbered pixel, the
inversion signal (XDEB4) of the fourth bit of the B image
data of the even-numbered pixel, and the inversion signal
(XDEB3) of the third bit of the B image data of the
even-numbered pixel. It outputs “H” when all of these are
“H” and outputs “L” in other cases.

[0105] The AND gate U13 receives the fifth bit (DOBS5) of
the B image data of the odd-numbered pixel, the inversion
signal (XDOB4) of the fourth bit of the B image data of the
odd-numbered pixel, the inversion signal (XDOB3) of the
third bit of the B image data of the odd-numbered pixel, the
inversion signal (XDEBS) of the fifth bit of the B image data
of the even-numbered pixel, the fourth bit (DEB4) of the B
image data of the even-numbered pixel, and the third bit
(DEB3) of the B image data of the even-numbered pixel. It
outputs “H” when all of these are “H” and outputs “L.” in
other cases.

[0106] The NOR gate Ul4 outputs “L.” when at least one
of the outputs of the AND gates U12 and U13 is “H” and
outputs “H” when both of the outputs are “L.”. The AND gate
U1S5 outputs “H” when both of the outputs of the XOR gate
U11 and the NOR gate U14 are “H” and outputs “L.” in other

cases.

[0107] The XOR gate U16 receives the fourth bit (DOB4)
of the B image data of the odd-numbered pixel and the
fourth bit (DEB4) of the B image data of the even-numbered
pixel. It outputs “H” when one of these bits is “H” and the
other is “L” and outputs “L” in other cases.

[0108] The AND gate Ul7 receives the inversion signal
(XDOB4) of the fourth bit of the B image data of the
odd-numbered pixel, the third bit (DOB3) of the B image
data of the odd-numbered pixel, the fourth bit (DEB4) of the
B image data of the even-numbered pixel, and the inversion
signal (XDEB3) of the third bit of the B image data of the
odd-numbered pixel. It outputs “H” when all of these are
“H” and outputs “L” in other cases.

[0109] The AND gate U18 receives the fourth bit (DOB4)
of the B image data of the odd-numbered pixel, the inversion
signal (XDEB3) of the third bit of the B image data of the
odd-numbered pixel, the inversion signal (XDEB4) of the
fourth bit of the B image data of the even-numbered pixel,
and the third bit (DEB3) of the B image data of the
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even-numbered pixel. It outputs “H” when all of these are
“H” and outputs “L” in other cases.

[0110] The NOR gate U19 outputs “L” when at least one
of the outputs of the AND gates U17 and U18 is “H” and
outputs “H” when both of the outputs are “L”.

[0111] The AND gate U20 outputs “H” when the outputs
of the NOR gate U14, XOR gate U16 and NOR gate U19 are
all “H” and outputs “L” in other cases. The OR gate U21
outputs a signal HB which receives “H” when at least one of
the outputs of the AND gates U15 and U20 is “H” and the
value “L” when both of the outputs are “L”.

[0112] This gradation difference judging section 41 clas-
sifies the image data under eight groups (a) to (h) according
to gradation as shown in FIG. 13, and outputs “H” when the
gradation of the image data of the odd-numbered pixel
differs from the gradation of the image data of the even-
numbered pixel by two or more groups. For example, it sets
the signal HB to be “H” when the B image data of the
odd-numbered pixel belongs to the group (a) and the B
image data of the even-numbered pixel belongs to any one
of the groups (c) to (h). Further, it also sets the signal HB to
be “H” when the B image data of the odd-numbered pixel
belongs to the group (e) and the B image data of the
even-numbered pixel belongs to any one of the groups (2) to
(¢) or either of the groups (g) or (h).

[0113] By similar circuits, a signal HR corresponding to
the difference in gradation between the R image data of the
odd-numbered pixel and the R image data of the even-
numbered pixel and a signal HG corresponding to the
difference in gradation between the G image data are gen-
erated. The OR gate U22 outputs a signal B which become
“H” when at least one of the signals HR, HG and HB is “H”
and becomes “L” when all the signals are “L”.

[0114] (i) Size relationship detecting section

[0115] FIGS. 19 and 20 are circuit diagrams showing the
constitution of the size relationship detecting section. The
circuit shown in FIG. 19 outputs a signal OB which
becomes “H” when the B image data of the even-numbered
pixel is larger than the B image data of the odd-numbered
pixel and becomes “L” in other cases. The circuit shown in
FIG. 20 outputs a signal EB which becomes “H” when the
B image data of the odd-numbered pixel is larger than the B
image data of the even-numbered pixel and becomes “L” in
other cases. Further, the size relationship detecting section
42 has a circuit that outputs a signal OR which becomes “H”
when the R image data of the even-numbered pixel is larger
than the R image data of the odd-numbered pixel and
becomes “L” in other cases, a circuit that outputs a signal ER
which becomes “H” when the R image data of the odd-
numbered pixel is larger than the R image data of the
even-numbered pixel and becomes “L” in other cases, a
circuit that outputs a signal OG which becomes “H” when
the G image data of the even-numbered pixel is larger than
the G image data of the odd-numbered pixel and becomes
“L” in other cases, and a circuit that outputs a signal EG
which becomes “H” when the G image data of the odd-
numbered pixel is larger than the G image data of the
even-numbered pixel and becomes “L” in other cases. Since
these circuits have the same constitutions as those of the
circuits shown in FIGS. 19 and 20 except that the input and
output signals are different, the illustrations and descriptions
of these circuits are omitted.
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[0116] The circuit of FIG. 19 is constituted of six XOR
gates U25 to U30, six AND gates U31 to U36, five inverters
U37 to U41, and an OR gate U42.

[0117] The XOR gate U2S5 receives the fifth bit (DOBS) of
the B image data of the odd-numbered pixel and the fifth bit
(DEBS) of the B image data of the even-numbered pixel. It
outputs “H” when one of these bits is “H” and the other is
“L” and outputs “L” in other cases. The AND gate U31
outputs “H” when both the output of the XOR gate U25 and
the fifth bit (DOBS5) of the B image data of the odd-
numbered pixel are “H” and outputs “L” in other cases.

[0118] The XOR gate U26 receives the fourth bit (DOB4)
of the B image data of the odd-numbered pixel and the
fourth bit (DEB4) of the B image data of the even-numbered
pixel. It outputs “H” when one of these bits is “H” and the
other is “L” and outputs “L” in other cases. The AND gate
U32 outputs “H” when the output of the XOR gate U26, the
fourth bit (DOB4) of the B image data of the odd-numbered
pixel and the output of the XOR gate U25 which has been
inverted by the inverter U37 are all “H” and outputs “L” in
other cases.

[0119] The XOR gate U27 receives the third bit (DOB3)
of the B image data of the odd-numbered pixel and the third
bit (DEB3) of the B image data of the even-numbered pixel.
It outputs “H” when one of these bits is “H” and the other
is “L” and outputs “L” in other cases. The AND gate U33
outputs “H” when the output of the XOR gate U27, the third
bit (DOB3) of the B image data of the odd-numbered pixel,
the output of the XOR gate U26 which has been inverted by
the inverter U38 and the output of the inverter U37 are all
“H” and outputs “L” in other cases.

[0120] The XOR gate U28 receives the second bit (DOB2)
of the B image data of the odd-numbered pixel and the
second bit (DEB2) of the B image data of the even-
numbered pixel. It outputs “H” when one of these bits is “H”
and the other is “L” and outputs “L” in other cases. The
AND gate U34 outputs “H” when the output of the XOR
gate U28, the second bit (DOB2) of the B image data of the
odd-numbered pixel, the output of the XOR gate U27 which
has been inverted by the inverter U39, the output of the
inverter U38 and the output of the inverter U37 are all “H”
and outputs “L” in other cases.

[0121] The XOR gate U29 receives the first bit (DOB1) of
the B image data of the odd-numbered pixel and the first bit
(DEBI) of the B image data of the even-numbered pixel. It
outputs “H” when one of these bits is “H” and the other is
“L” and outputs “L” in other cases. The AND gate U35
outputs “H” when the output of the XOR gate U29, the first
bit (DOBL) of the B image data of the odd-numbered pixel,
the output of the XOR gate U28 which has been inverted by
the inverter U40, the output of the inverter U39, the output
of the inverter U38 and the output of the inverter U37 are all
“H” and outputs “L” in other cases.

[0122] The XOR gate U30 receives the zeroth bit (DOB1)
of the B image data of the odd-numbered pixel and the
zeroth bit (DEBO) of the B image data of the even-numbered
pixel. It outputs “H” when one of these bits is “H” and the
other is “L” and outputs “L” in other cases. The AND gate
U36 outputs “H” when the output of the XOR gate U30, the
zeroth bit (DOBO) of the B image data of the odd-numbered
pixel, the output of the XOR gate U29 which has been
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inverted by the inverter U41, the output of the inverter U40,
the output of the inverter U39, the output of the inverter U3§
and the output of the inverter U37 are all “H” and outputs
“L” in other cases.

[0123] The OR gate U42 outputs a signal OB which
becomes “H” when at least one of the outputs of the AND
gates U31 to U36 is “H” and becomes “L” in other cases.
When the signal OB is “H”, it indicates that the B image data
of the odd-numbered pixel is larger than the B image data of
the even-numbered pixel.

[0124] The description of the circuit shown in FIG. 20 is
omitted since it is the same circuit as that of FIG. 19 except
that the order of the B image data of the odd-numbered pixel
and the B image data of the even-numbered pixel which are
inputted to the XOR gates U25 and U30 is inverted. The
circuit shown in FIG. 20 outputs a signal EB which becomes
“H” when the B image data of the even-numbered pixel is
larger than the B image data of the odd-numbered pixel.

[0125] For example, as shown in FIG. 14, when the
gradations of R, G and B of the odd-numbered pixel are 48,
16 and 56 and the gradations of R, G and B of the
even-numbered pixel are 8, 32 and 0, respectively, the size
relationship detecting section outputs OR=“H", ER=%L",
OG=“L”, EG=“H”, OB=“H” and EB=“L".

[0126] (iii) Same pattern of a size relationship detecting
section and horizontal pattern counting section

[0127] FIGS. 21 to 24 are circuit diagrams showing the
constitutions of the same pattern of a size relationship
detecting section 43 and the horizontal pattern counting
section 44. However, although FIG. 21 shows only a circuit
for detecting the pattern of the B image data of an odd-
numbered pixel, actually, a circuit for detecting the pattern
of the R image data of the odd-numbered pixel, a circuit for
detecting the pattern of the G image data of the odd-
numbered pixel, a circuit for detecting the pattern of the B
image data of an even-numbered pixel, a circuit for detecting
the pattern of the R image data of the even-numbered pixel
and a circuit for detecting the pattern of the G image data of
the even-numbered pixel are also incorporated.

[0128] The circuit shown in FIG. 21 is constituted of a
shift register U45, XNOR gates U46 and U47, and an AND
gate U48. The shift register U45 receives the signal OB
outputted from the circuit shown in FIG. 19.

[0129] The shift register U45 shifts the signal OB at the
timing synchronized with the signal X_SYSCK. This signal
X_SYSCK is a signal synchronized with the timing of
outputting image data. Further, the shift register U45 is
cleared by the signal H_CLR synchronized with the hori-
zontal synchronizing signal H-sync.

[0130] The XNOR gate U46 outputs “L” when one of the
signals outputted from the first bit (OA) and the second bit
(OB) of the shift register U45 is “H” and the other is “L” and
outputs “H” when the logic values of the signals outputted
from the first bit (OA) and the second bit (OB) are the same.
Further, the XNOR gate U47 outputs “L” when one of the
signals outputted from the second bit (OB) and the third bit
(OC) of the shift register U45 is “H” and the other is “L” and
outputs “H” when the logic values of the signals outputted
from the second bit (OB) and the third bit (OC) are the same.
The AND gate U48 outputs a signal A3 which becomes “H”
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when the outputs from the XNOR gates U46 and U47 are
both “H” and becomes “L” in other cases.

[0131] That is, the output signal A3 from the AND gate
U48 becomes “H” when the values of the signal OB out-
putted from the circuit shown in FIG. 19 are the same three
times continuously.

[0132] By similar circuits, these signals are generated; a
signal La that becomes “H” when the values of the signal
OR, which become “H” when the R image data of the
odd-numbered pixel is larger than the R image data of the
even-numbered pixel, are the same three times continuously,
a signal A2 that becomes “H” when the values of the signal
OG, which become “H” when the G image data of the
odd-numbered pixel is larger than the G image data of the
even-numbered pixel, are the same three times continuously,
a signal A4 that becomes “H” when the values of the signal
ER, which become “H” when the R image data of the
even-numbered pixel is larger than the R image data of the
odd-numbered pixel, are the same three times continuously,
a signal AS that becomes “H” when the values of the signal
EG, which become “H” when the G image data of the
even-numbered pixel is larger than the G image data of the
odd-numbered pixel, are the same three times continuously,
and a signal A6 that becomes “H” when the values of the
signal EB, which become “H” when the B image data of the
even-numbered pixel is larger than the B image data of the
odd-numbered pixel, are the same three times continuously.

[0133] The AND gate U50 outputs a signal YOKO that
becomes “H” when these signals Al to A6 are all “H”. This
signal YOKO, as shown in FIG. 14, becomes “H” when the
same size relationships between the image data of R, G and
B of two pixels adjacent in the horizontal direction repeat
three times continuously.

[0134] The OR gate U49 outputs a signal TATE OB
which becomes “H” when at least one of the outputs from
the first to third bits of the shift register U4S is “H” and
becomes “L” when all these outputs are “L”. Further, signals
TATE_OR, TATE_OG, TATE_ER, TATE_EG and
TATE _TB are generated by similar circuits. These signals
are used in the vertical flicker pattern detecting section 46.

[0135] The circuit shown in FIG. 22 is constituted of a
shift register US1, an AND gate U52, a D flip-flop U53,
counters US4, USS, a JK flip-flop U56, and a buffer U57.
The buffer US7 supplies signals X_SYSCK to the shift
register U51, the D flip-flop U53, the counters U54, US55 and
the JK flip-flop U56 as clock signals. Further, the shift
register US1, the D flip-flop U353, the counters US54, US5 and
the JK flip-flop US56 are cleared by signals H_CLR.

[0136] The shift register U51 receives the signal B out-
putted from the AND gate U22 shown in FIG. 19 and shifts
data at the timing synchronized with the signal X_SYSCK.
The AND gate US2 receives the signal YOKO outputted
from the AND gate US0 of FIG. 21 and the outputs (OA, OB
and OC) from the first to third bits of the shift register U51,
and it outputs “H” when all these signals are “H” and outputs
“L” in other cases. The D flip-flop U53 holds the output from
the AND gate US2 at the timing synchronized with the signal
X_SYSCK. The counters U354 and USS count the output
from the D flip-flop US3 at the timing synchronized with the
signal X_SYSCK.

[0137] The JK flip-flop U56 takes in and holds the output
from the second bit (OB) of the counter USS at the timing
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synchronized with the signal X_SYSCK and outputs the
output as an output signal F. The output signal F is a signal
which becomes “H” when the number of flicker patterns in
one line is 32.

[0138] The circuit shown in FIG. 23 is constituted of D
flip-flops U60, U61, an inverter U62, an AND gate U63 and
a buffer U64. The D flip-flop U60 takes in and holds the
signal F outputted from the JK flip-flop US6 at the timing
synchronized with the signal X SYSCK. The D flip-flop
U61 holds the output from the D flip-flop U60 at the timing
synchronized with the signal X_SYSCK. The signals X_SY-
SCK are supplied to the D flip-flops U60 and U61 via the
buffer U64.

[0139] The AND gate U63 outputs a signal F_CLK that
becomes “H” when the output from the D flip-flop U60 and
the output from the D flip-flop U61 which has been inverted
by the inverter U62 are both “H”, and becomes “L” in other
cases. Note that the D flip-flops U61 and U62 are cleared by
asignal STCLR. This signal STCLR is a signal that becomes
“L” for only a predetermined period of time at the time of
turning the power on or resetting the system.

[0140] (iv) Horizontal pattern information storing section
and vertical pattern comparing section

[0141] FIG. 24 is a circuit diagram showing the consti-
tution of the vertical pattern comparing section 47.

[0142] This circuit comprises a shift register U65, XOR
gates U66, U67 and U68, and an AND gate U69Y.

[0143] The shift register U65 shifts the signal TATE_OB
outputted from the OR gate 49 shown in FIG. 21 at the
timing synchronized with the signal F_CLK outputted from
the circuit shown in FIG. 23. Further, the shift register U65
is cleared by the signal V_CLR synchronized with the
vertical synchronizing signal. Horizontal pattern informa-
tion is stored in the shift register U635 at the timing synchro-
nized with the signal F_CLK.

[0144] The XOR gate U66 outputs “H” when one of the
outputs from the first bit (OA) and the second bit (OB) of the
shift register U65 is “H” and the other is “L”" and outputs “L.”
when the outputs from the first bit (OA) and the second bit
(OB) are the same. The XOR gate U67 outputs “H” when
one of the outputs from the second bit (OB) and the third bit
(OC) of the shift register U65 is “H” and the other is “L” and
outputs “L” when the outputs from the second bit (OB) and
the third bit (OC) are the same. The XOR gate U68 outputs
“H” when one of the outputs from the third bit (OC) and the
fourth bit (OD) of the shift register U65 is “H” and the other
is “L” and outputs “L” when the outputs from the third bit
(OC) and the fourth bit (OD) are the same.

[0145] The AND gate U69 outputs a signal TOB which
becomes “H” when the outputs from the XOR gates U66,
U67 and U68 are all “H” and becomes “L” in other cases.

[0146] This signal TOB becomes “H” when the value of
the signal TATE_OB is inverted alternately for four
TATE_OB signals (for four consecutive lines). Thereby, a
vertical one-dot inverted pattern corresponding to the B
image data of the odd-numbered pixel is detected.

[0147] By similar circuits, these signals are generated; a
signal TOR for detecting a vertical one-dot inverted pattern
corresponding to the R image data of the odd-numbered

Jun. 21, 2001

pixel, a signal TOG for detecting a vertical one-dot inverted
pattern corresponding to the G image data of the odd-
numbered pixel, a signal TOB for detecting a vertical
one-dot inverted pattern corresponding to the B image data
of the odd-numbered pixel, a signal TER for detecting a
vertical one-dot inverted pattern corresponding to the R
image data of the even-numbered pixel, and a signal TEG for
detecting a vertical one-dot inverted pattern corresponding
to the G image data of the even-numbered pixel.

[0148] (V) Vertical pattern counting section

[0149] FIG. 25 is a circuit diagram showing the consti-
tution of the vertical pattern counting section 48. The circuit
is constituted of an OR gate U70, counters U71, U72, and a
JK flip-flop circuit U73. The OR gate U70 receives the
signals TOR, TOG, TOB, TER, TEG and TEB outputted
from the circuit of FIG. 23 and circuits similar to the circuit.
The OR gate U70 outputs “H” when at least one of these
signals is “H” and outputs “L” when these signals are all
“L”.

[0150] The counters U71 and U72 count the signal out-
putted from the OR gate U70 at the timing synchronized
with a signal V_CLK, and the signal outputted from the
second bit of the counter U72 is inputted to the JK flip-flop
circuit U73. The JK flip-flop circuit U73 takes in and holds
the output from the counter U72 at the timing synchronized
with the signal V_CLK and outputs the output as a polarity
pattern switching signal FLLK1.

[0151] This signal FLK1 outputted from the JK flip-flop
U73 becomes “H” when the number of flicker patterns in the
vertical direction is at least 32.

[0152] The drive-switching judging section 49 monitors a
change in the signal FLK1 over a plurality of frames and
determines the logic value of a polarity pattern switching
signal FLLK based on the result of monitoring. That is, the
drive-switching judging section 49 sets the polarity pattern
switching signal FLK to be “H” when the signal FL.K1s
outputted from the vertical flicker pattern detecting section
46 are “H” over a plurality of frames (for example, 8
frames), and to be “L”” when the signal FLK1s are “L” over
a plurality of frames.

[0153] (4) Constitution of data driver

[0154] FIG. 26 is a block diagram showing an example of
the data driver 14.

[0155] The data driver 14 is constituted of a polarity
pattern setting section 51, a shift register circuit section 52,
a data register circuit section 53, a latch circuit section 54,
a level shift circuit section 55, a D/A conversion circuit
section 56, and a voltage follower section 57.

[0156] The polarity pattern setting section 51 outputs
polarity signals P1 to Pn according to the polarity pattern
switching signal FLK outputted from the drive-switching
Jjudging section 49 at the timing synchronized with the
horizontal synchronizing signal H-sync. That is, when the
polarity pattern switching signal FLK is “L.”, the polarity
pattern setting section S1 inverts the logic values of the
polarity signals P1 to Pn for every horizontal synchronizing
period to generate the vertical one-line inverted polarity
pattern shown in FIG. 3(a), while when the polarity pattern
switching signal FLK is “H”, the polarity pattern setting
section 51 inverts the logic values of the polarity signals P1
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to Pn for every two horizontal synchronizing periods to
generate the vertical two-line inverted polarity pattern
shown in FIG. 3(b).

[0157] The data register circuit section 53 is constituted of
an n number of registers 53a. The shift register circuit
section 52 receives the data start signal DSTIN, the data
clock DCLK and a strobe signal STB and sets the addresses
of the registers 53¢ in the data register circuit section 53.
That is, when inputted with the data start signal DSTIN, the
shift register circuit section 52 sets the first address of the
register 53a and increments the address in synchronization
with the data clock DCLK. The data register circuit section
53 receives the image signal RGB and stores R image data,
G image data or B image data in the register 53a at the
address specified by the shift register circuit section 52.

[0158] The latch circuit section 54 is constituted of an n
number of latch circuits S4a. Each latch circuit 54a latches
the outputs from the data register circuit section 53 and the
outputs from the shift register circuit section 51 in synchro-
nization with the strobe signal STB. At this point, each latch
circuit 54a adds the polarity signals P1 to Pn to the highest
bits of R image data, G image data or B image data.

[0159] The level shift circuit section 55 changes the level
of the signal outputted from the latch circuit section 54. For
example, the level shift circuit section 55 converts a signal
having a peak value of, for example, 3.3 V, which is
outputted from the latch circuit section 54, to a signal having
a peak value of, for example, 12 V and outputs the signal to
the D/A conversion circuit section 56.

[0160] The D/A conversion circuit section 56 is consti-
tuted of an n number of D/A converters 56a. The D/A
converters 56a receives the R image data, G image data and
B image data to which the polarity signals P1 to Pn have
been added, and output analog image data Ol to On of
positive polarity (+) or negative polarity (-) depending on
whether the logic values of the highest bits are “H” or “L”.
The voltage follower section 57 is constituted of an n
number of voltage followers 57a. The voltage followers 57a
supply the image data O1 to On outputted from the D/A
conversion circuit section 56 to each data bus line 23 of the
liquid crystal display panel 13 in synchronization with the
strobe signal STB (refer to FIG. 10).

[0161] In the present embodiment, as described above, the
image data of two adjacent pixels are compared with each
other, flicker patterns in horizontal and vertical directions
are detected, and when at least a certain number of flicker
patterns exist and this spreads over a plurality of frames, a
polarity pattern is switched to another. Thereby, the occur-
rence of a flicker can be prevented. Further, since the
polarity pattern is not switched unnecessarily, a reduction in
display quality caused by the unnecessarily frequent switch-
ing of the polarity pattern can be avoided.

[0162] In the above embodiment, there has been described
the case where a one-line inverted polarity pattern is used as
the first polarity pattern and a two-line inverted polarity
pattern is used as the second polarity pattern. However, this
does not limit the first polarity pattern and the second
polarity pattern to the one-line inverted polarity pattern and
the two-line inverted polarity pattern, respectively.
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[0163] (Second embodiment)

[0164] A description will be given to the second embodi-
ment of the present invention below. Note that the present
embodiment is different from the first embodiment in that
the constitutions of the gradation difference judging section
41 and the size relationship detecting section 42 of the
present embodiment are different from those of the first
embodiment, and other constitutions are basically the same
as those of the first embodiment. Therefore, a description
will be omitted what has been already described. Further, the
present embodiment will also be described with reference to
FIG. 11.

[0165] In the first embodiment, image data are classified
into eight groups according to the values of the image data
as shown in FIG. 13, and gradation difference is judged
based on these groups. Incidentally, in the present embodi-
ment, gradation difference is judged on the basis of whether
the image data of an odd-numbered pixel differs from the
image data of an even-numbered pixel by 9 or more steps of
gradation.

[0166] For example, it is assumed that the gradation of the
G image data OG of the odd-numbered pixel is 20 and the
gradation of the G image data EG of the even-numbered
pixel is 29 as shown in FIG. 27. In this case, a value OG'
(12) obtained by subtracting 8 (steps of gradation) from the
value of OG is compared with the value (29) of EG, while
a value EG' (21) obtained by subtracting 8 (steps of grada-
tion) from the value of EG is compared with the value (20)
of OG. As a result, when the value of OG' is smaller than the
value of EG and the value of EG' is larger than the value of
OQG, this indicates that the value of EG is larger than the
value of OG by 9 or more steps of gradation. Further, when
the value of OG' is larger than the value of EG and the value
of EG' is smaller than the value of OG, this indicates that the
value of OG is larger than the value of EG by 9 or more steps
of gradation. Further, when the value of OG' is smaller than
the value of EG and the value of EG' is smaller than the
value of OG, this indicates that the gradation difference
between the values of OG and EG is smaller than 9 steps of
gradation. Note that it never occurs that the value of OG' is
larger than the value of EG and the value of EG' is larger
than the value of OG.

[0167] FIG. 28 is a circuit diagram showing the 8-step
gradation subtraction circuit of the gradation difference
Judging section 41 of the liquid crystal display device of the
present embodiment. Although FIG. 28 shows only the
circuit for subtracting 8 steps of gradation from the value of
the B image data of an odd-numbered bit, the gradation
difference judging section 41 of the present embodiment
also comprises a circuit for subtracting 8 steps of gradation
from the value of the R image data of the odd-numbered bit,
a circuit for subtracting 8 steps of gradation from the value
of the G image data of the odd-numbered bit, a circuit for
subtracting 8 steps of gradation from the value of the B
image data of an even-numbered bit, a circuit for subtracting
8 steps of gradation from the value of the R image data of
the even-numbered bit, and a circuit for subtracting 8 steps
of gradation from the value of the G image data of the
even-numbered bit.

[0168] This circuit is constituted of OR gates U75, U76,
an AND gate U77, an inverter U78, and an XOR gate U79.
The OR gate U7S receives the fifth bit (DOBS), fourth bit
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(DOB4) and third bit (DOB3) of the B image data of an
odd-numbered pixel and outputs a signal FOB_DMY that
becomes “H” when at least one of these bits is “H” and
becomes “L” when all these bits are “L”.

[0169] The OR gate U76 receives the B image data
(DOB4) of the fourth bit of the odd-numbered pixel and the
B image data (DOB3) of the third bit thereof, and it outputs
“H” when at least one of these bits is “H” and outputs “L.”
when these bits are both “L”. The AND gate U77 receives
the fifth bit of the B image data of the odd-numbered pixel
and the output from the OR gate U76 and outputs a signal
FOBS that becomes “H” when both of these are “H” and
becomes “L” in other cases.

[0170] The inverter U78 inverts the value of the third bit
of the B image data of the odd-numbered pixel and outputs
the inverted value as a signal FOB3. The XOR gate U79
outputs a signal FOB4 that becomes “H” when one of the
output from the inverter U78 and the fourth bit of the B
image data of the odd-numbered pixel is “H” and the other
is “L” and becomes “L” when the logic values of these are
both “L”.

[0171] The signals FOBS, FOB4 and FOB3 outputted
from this 8-step gradation subtraction section are set to be
the three highmost bits, and by combining these with the
three lowmost bits of the original B image data, a value
which is smaller than the original B image data by 8 steps
of gradation can be obtained.

[0172] By similar circuits, there can be obtained a value
which is smaller than the R image data of the odd-numbered
pixel by 8 steps of gradation, a value which is smaller than
the G image data of the odd-numbered pixel by 8 steps of
gradation, a value which is smaller than the B image data of
the even-numbered pixel by 8 steps of gradation, a value
which is smaller than the R image data of the even-
numbered pixel by 8 steps of gradation, and a value which
is smaller than the G image data of the even-numbered pixel
by 8§ steps of gradation. These values are compared with the
original image data to judge whether 9 or more steps of
gradation difference exist or not, and the result of the
judgment is outputted to the same pattern of a size relation-
ship detecting section 43.

[0173] FIG. 29 is a circuit diagram showing the consti-
tution of the same pattern of a size relationship detecting
section 42 of the present embodiment. The components
shown in FIG. 29 which are the same as those shown in
FIG. 19 are named and numbered in the same manner as in
FIG. 19. Further, in FIG. 29, HOB5, HOB4, HOB3, HOB2
and HOBI1 represent the fifth to first bits of the odd-
numbered pixel after the 8-bit subtraction, respectively.

[0174] This circuit detects the size relationship between
the B image data of the odd-numbered pixel after the 8-bit
subtraction and the original B image data of the even-
numbered pixel. And hence, the AND gate U80 outputs a
signal OB which becomes “H” when the B image data of the
odd-numbered pixel after the 8-bit subtraction is larger than
the original B image data of the even-numbered pixel and
becomes “L” in other cases.

[0175] By similar circuits, these signals are generated; a
signal OR which becomes “H” when the R image data of the
odd-numbered pixel after the 8-bit subtraction is larger than
the original R image data of the even-numbered pixel, a
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signal OG which becomes “H” when the G image data of the
odd-numbered pixel after the 8-bit subtraction is larger than
the original G image data of the even-numbered pixel, a
signal EB which becomes “H” when the B image data of the
even-numbered pixel after the 8-bit subtraction is larger than
the original B image data of the odd-numbered pixel, a
signal ER which becomes “H” when the R image data of the
even-numbered pixel after the 8-bit subtraction is larger than
the original R image data of the odd-numbered pixel, and a
signal EG which becomes “H” when the G image data of the
even-numbered pixel after the 8-bit subtraction is larger than
the original G image data of the odd-numbered pixel.

[0176] In the first embodiment, since the gradation differ-
ence is detected by classifying gradations into groups, even
if it is judged that the gradation difference exists, it varies
from 8 to 15. In comparison with that, in the present
embodiment, a gradation difference having a size of 8 or
more steps of gradation is detected. Therefore, more specific
judgment can be made.

[0177] (Third embodiment)

[0178] A description will be given to the third embodiment
of the present invention below.

[0179] In the first embodiment, the same gradation differ-
ence condition (that is, when the difference is two or more
groups) is applied to when the first polarity pattern is
switched to the second polarity pattern and when the second
polarity pattern is switched to the first polarity pattern.
Incidentally, in the present embodiment, the so-called “hys-
teresis” characteristics are realized by setting the gradation
difference when the first polarity pattern is switched to the
second polarity pattern to be 9 or more steps of gradation
and the gradation difference when the second polarity pat-
tern is switched to the first polarity pattern to be 6 or more
steps of gradation.

[0180] Therefore, in the present embodiment, it is neces-
sary to perform an 8-step gradation subtraction and a 6-step
gradation subtraction. As an 8-step gradation subtraction
circuit, the circuit shown in FIG. 28 can be used.

[0181] FIG. 30 is a circuit diagram showing a 6-step
gradation subtraction circuit. The circuit is constituted of
AND gates U81, U84, U85 and U89, OR gates U82 and
U83, XOR gates U86, U91 and U93, an NOR gate U87, an
NAND gate U90, and inverters U92 and U94.

[0182] The AND gate U81 receives the second bit (DOB2)
and first bit (DOB1) of the B image data of an odd-numbered
pixel. The AND gate U81 outputs “H” when these bits are
both “H” and outputs “L” in other cases. The OR gate U82
receives the output from the AND gate U81 and the fifth bit
(DOBS), fourth bit (DOB4) and third bit (DOB3) of the B
image data of the odd-numbered pixel and outputs a signal
SOB_DMY which becomes “H” when at least one of these
is “H” and becomes “L” when these are all “L”.

[0183] The AND gate U85 receives the second bit (DOB2)
and first bit (DOB1) of the B image data of an odd-numbered
pixel, and it outputs “H” when these bits are both “H” and
outputs “L” in other cases. The OR gate U83 receives the
output from the AND gate U85 and the fourth bit (DOB4)
and third bit (DOB3) of the B image data of the odd-
numbered pixel, and it outputs “H” when at least one of
these is “H” and outputs “L” when these are all “L”. The
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AND gate U84 receives the output from the OR gate U83
and the fifth bit (DOBS) of the B image data of the
odd-numbered pixel and outputs a signal SOBS which
becomes “H” when these are both “H” and the value “L” in
other cases.

[0184] The AND gate U89 receives the second bit (DOB2)
and first bit (DOB1) of the B image data of the odd-
numbered pixel, and it outputs “H” when these bits are both
“H” and outputs “L” in other cases. The NOR gate U87
receives the output from the AND gate U89 and the third bit
(DOB3) of the B image data of the odd-numbered pixel, and
it outputs “L” when at least one of these is “H” and outputs
“L” when these are both “H”. The NOR gate U86 receives
the output from the NOR gate U87 and the fourth bit
(DOB4) of the B image data of the odd-numbered pixel and
outputs a signal SOB4 which becomes “H” when one of
these is “H” and the other is “L” and becomes “L” when
these are both “H” or “L”.

[0185] The NOR gate U90 receives the second bit (DOB2)
and first bit (DOB1) of the B image data of the odd-
numbered pixel, and it outputs “L” when these bits are both
“H” and outputs “H” in other cases. The XOR gate U91
receives the output from the NAND gate U90 and the third
bit (DOB3) of the B image data of the odd-numbered pixel
and outputs a signal SOB3 which becomes “H” when one of
these is “H” and the other is “L” and becomes “L” when
these are both “H” or “L”.

[0186] The inverter U92 receives the second bit (DOB2)
of the B image data of the odd-numbered pixel, and the
inverter U94 receives the first bit (DOB1) of the B image
data of the odd-numbered pixel. The XOR gate U93 receives
the output from the inverter U92 and the output from the
inverter U94 and outputs a signal SOB2 which becomes “H”
when one of these outputs is “H” and the other is “L”” and
becomes “L” when these are both “H” or “L”. Further, a
signal outputted from the inverter U94 is outputted as a
signal DOBL1.

[0187] Although a description has been so far given only
to the circuit for subtracting 6 steps of gradation from the B
image data of the odd-numbered pixel, a circuit for sub-
tracting 6 steps of gradation from the R image data of the
odd-numbered pixel, a circuit for subtracting 6 steps of
gradation from the G image data of the odd-numbered pixel,
a circuit for subtracting 6 steps of gradation from the B
image data of the even-numbered pixel, a circuit for sub-
tracting 6 steps of gradation from the R image data of the
even-numbered pixel and a circuit for subtracting 6 steps of
gradation from the G image data of the even-numbered pixel
are also incorporated.

[0188] FIG. 31 is a diagram showing the switching circuit.
This switching circuit U94 has two 8-bit input ports. The
terminals AQ to AS of one of these ports receives the outputs
SOB_DMY and SOBS to SOB1 from the 6-bit subtraction
circuits, while the terminals B0 to B5 of the other port
receives the outputs FOB_DMY and FOBS to FOB1 from
the §-bit subtraction circuits. The switching circuit U94
outputs the signals inputted to the terminals B0 to BS from
the output terminals YO0 to Y5 as signals HOB_DMY and
HOBS to HOB1 when the polarity pattern switching signal
FLK is “L”, that is, when the liquid crystal display panel is
driven with the vertical one-line inverted polarity pattern.
Further, the switching circuit U94 outputs the signals input-

Jun. 21, 2001

ted to the terminals A0 to AS from the output terminals YO0
to Y5 as signals HOB_DMY and HOBS to HOB1 when the
polarity pattern switching signal FLK is “H”, that is, when
the liquid crystal display panel is driven with the vertical
two-line inverted polarity pattern.

[0189] The signals outputted from the switching circuit 94
are inputted to the size relationship detecting circuit shown
in FIG. 29.

[0190] In the present embodiment, the gradation differ-
ence is 9 or more steps of gradation when the vertical
one-line inverted polarity pattern is switched to the vertical
two-line inverted polarity pattern and 6 or less steps of
gradation when the vertical two-line inverted polarity pat-
tern is switched to the vertical one-line inverted polarity
pattern. For example, when the vertical two-line inverted
polarity pattern is switched back to the vertical one-line
inverted polarity pattern with 9 or less steps of gradation
difference, an 8 steps of gradation difference occur in data
due to the influence of noise, whereby the polarity pattern
may be changed. However, by making the gradation differ-
ence for judging the polarity pattern different from the
gradation difference at the time of lifting the judgment as in
the present embodiment, a malfunction caused by the influ-
ence of noise can be avoided.

[0191] (Fourth embodiment)

[0192] FIG. 32 is a circuit diagram showing the consti-
tution of the vertical pattern counting section of the liquid
crystal display device of the fourth embodiment. The present
embodiment is basically the same as the first embodiment
except that the number of patterns in the vertical direction is
given hysteresis. Therefore, a description will be omitted
about what has been already described.

[0193] In the circuit shown in FIG. 32, an AND gate U95
is supplied with the fourth bit (QD) of the counter U71 and
the third bit (QC) of the counter U72. The AND gate U95
supplies a signal which becomes “H” when these bits are
both “H” and becomes “L” in other cases to the input
terminal B of a switching circuit U96. Further, the input
terminal A of the switching circuit U96 is supplied with the
output from the third bit (QC) of the counter U72. The
switching circuit U96 sends the output of the AND gate U95
to the next stage (JK flip-flop U73 of FIG. 25) when the
polarity pattern switching signal FLK is “L”.

[0194] In the present embodiment, the condition for ini-
tiating the judgment of a flicker is set to be 72 or more
counts, and the condition for lifting the judgment of the
flicker is set to be 63 or less counts. For example, when the
liquid crystal display panel is driven by the vertical two-line
inverted polarity pattern with the number of pattern being 72
counts and a noise prevents counting over 70, the lifting of
the judgment of the flicker can be prevented since the
condition for lifting the judgment of the flicker is set to be
63 or less counts in the present embodiment. Thereby, a
malfunction caused by the influence of noise can be pre-
vented.

[0195] Although the preferred embodiments of the present
invention have been described in detail, it should be under-
stood that various changes, substitutions and alternations
can be made therein without departing from spirit and scope
of the inventions as defined by the appended claims.



US 2001/0004253 Al

What is claimed is:
1. A liquid crystal display device, comprising:

a liquid crystal display panel having a plurality of picture
elements arranged in horizontal and vertical directions;

an image data output section outputting image data; a
flicker-judging section detecting the difference in gra-
dation between the image data supplied to picture
elements of the same color of two pixels adjacent in the
horizontal direction and output a polarity pattern
switching signal; and

a polarity image data-supplying section which supplies
the liquid crystal display panel with the image data
outputted from the controller with the polarities based
on the polarity pattern corresponding to the polarity
pattern switching signal.

2. The liquid crystal display device according to claim 1,
wherein the flicker-judging section has a size relationship
detecting section that detects the size relationship between
the image data of the two pixels when the difference in
gradation between the image data of picture elements of the
same color of the two pixels exceeds a certain range.

3. The liquid crystal display device according to claim 2,
wherein the flicker-judging section has the same pattern of
a size relationship detecting section which detects whether
the size relationship that has been detected by the size
relationship detecting section repeats in one line at least a
certain number of times or not.

4. The liquid crystal display device according to claim 3,
wherein the flicker-judging section has a horizontal size
relationship storing section which stores the size relationship
when the same pattern of a size relationship detecting
section detects the size relationship that repeats at least a
certain number of times.

5. The liquid crystal display device according to claim 4,
wherein the flicker-judging section has a polarity pattern
switching signal output section which compares the size
relationship stored in the size relationship storing section
with those in a plurality of lines continuously arranged in the
vertical direction and outputs the polarity pattern switching
signal based on the results of the comparisons.

6. The liquid crystal display device according to claim 5,
wherein in the flicker-judging section, the threshold of the
difference in gradation between the image data when the
polarity pattern switching signal is changed is different from
the threshold of the difference in gradation between the
image data when the polarity pattern switching signal is
restored.

7. The liquid crystal display device according to claim 5,
wherein in the flicker-judging section, the threshold of the
number of lines between which the size relationship is
inverted is different from the threshold of the number of
lines when the polarity pattern switching signal is restored.

8. A method for driving the liquid crystal display device,
comprising the steps of:

supplying the image data of the polarity determined by the
first polarity pattern to each picture element of the
liquid crystal display device; and

judging whether the difference in gradation between the
image data of picture elements of the same color of two
pixels adjacent in the horizontal direction exceeds a
certain range.
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9. The method for driving the liquid crystal display device
according to claim 8, comprising the further steps of:

examining the size relationship between the image data of
the two pixels when the difference exceeds the certain
range and judging whether the same size relationship
pattern repeats in one line at least a certain number of
times or not;

storing the size relationship when it is judged that the
same size relationship pattern repeats at least a certain
number of times;

detecting the size relationships of a plurality of lines
continuously arranged in the wvertical direction and
counting the number of lines between which the size
relationship is inverted alternately out of the plurality
of lines; and

switching the polarity of the image data supplied to each
picture element of the liquid crystal display device to
the polarity determined by the second polarity pattern
based on the result of judging.

10. The method for driving the liquid crystal display
device according to claim 9, wherein the difference in
gradation between the image data when the first polarity
pattern is switched to the second polarity pattern is different
from the difference in gradation between the image data for
driving the liquid crystal display device when the second
polarity pattern is switched back to the first polarity pattern.

11. The method for driving the liquid crystal display
device according to claim 9, wherein the number of inver-
sions of the size relationship when the first polarity pattern
is switched to the second polarity pattern is different from
the number of inversions of the size relationship when the
second polarity pattern is switched back to the first polarity
pattern.

12. A circuit for driving the liquid crystal display device
which supplies the image data of the polarities correspond-
ing to the polarity pattern to a liquid crystal display panel
having a plurality of picture elements arranged in vertical
and horizontal directions, comprising:

an image data output section outputting image data; a
flicker-judging section detecting the difference in gra-
dation between the image data supplied to picture
elements of the same color of two pixels adjacent in the
horizontal direction and output a polarity pattern
switching signal; and

a driver circuit supplying the plurality of picture elements
with the image data outputted from the image data
output section with the polarities based on the polarity
pattern corresponding to the polarity pattern switching
signal.

13. The circuit for driving the liquid crystal display device

according to claim 12, wherein the flicker-judging section
comprises:

a horizontal flicker pattern detecting section which detects
the difference in gradation between the image data of
picture elements of the same color of the two pixels,
detects the size relationship between the image data of
the two pixels when the difference exceeds a certain
range and detects the number of repetition of the same
size relationship in one line, and
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a polarity pattern switching signal output section which
compares the size relationship of one line with those of
a plurality of lines continuously arranged in the vertical
direction and changes the polarity pattern switching
signal when the size relationship of one line is inverted
alternately over the plurality of lines.
14. The circuit for driving the liquid crystal display device
according to claim 12, wherein the polarity pattern switch-
ing signal output section comprises:

a vertical flicker pattern detecting section which counts
the inversions of the size relationship over the plurality
of lines, and

a switching judging section which changes the polarity
pattern switching signal when a frame in which the size
relationship is inverted at least a certain number of
times repeats a plurality of times in succession.

15. The circuit for driving the liquid crystal display device

according to claim 12, wherein in the flicker-judging sec-
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tion, the threshold of the difference in gradation between the
image data when the polarity pattern switching signal is
changed is different from the difference in gradation
between the image data when the polarity pattern switching
signal is restored.

16. The circuit for driving the liquid crystal display device
according to claim 12, wherein in the flicker-judging sec-
tion, the number of inversions of the size difference when
the polarity pattern switching signal is changed is different
from the number of inversions of the size difference when
the polarity pattern switching signal is restored.

17. The liquid crystal display device according to claim 5,
wherein the polarity pattern switching signal output section

changes the polarity pattern switching signal when it judges
that a flicker may occur over a plurality of frames.



TRAFROE) RBEREENERS HEFMBEK
NIF(2E)E US20010004253A1 K (2E)R
HiES US09/735136 HiEA

BRI E(ENR)AGE) BLEKRASH
B (T M) A(F) FUJITSU LIMITED
HEHREERNRA(F) EERASHE

[FRIRBAA FUKUTOKU SYOUICHI
NUKIYAMA KAZUHIRO

RAAN FUKUTOKU, SYOUICHI
NUKIYAMA, KAZUHIRO

patsnap

IPCH %S GO02F1/133 GO9F9/00 GO9F9/35 G09G3/20 G09G3/36
CPCH %S G09G3/3614 G09G3/3648 G09G3/3688 G09G2320/0247
e 1999354206 1999-12-14 JP

H N FF sk US6734840

SNEBEEE Espacenet USPTO

HWEG®) i

OF T —HERLTRERREDHIAGE. CRETUERI R
NERBBEATHE LESHANMBENHERENERTENES [
WECANRES  HANREEATRENRELSN  SENRTE A6 |
RN TAFBRUAEDD WRFELNGHSEORERSH | o
BRTENIREZHNR S XRRBEATHE LEEE D~ BRK e
EXEE, At , SRYXREESH—ERMA | FHENEESH Syne
EEHPIN S RENR TERBTHE | 3 ARELRE RIS R DOLK

T, NitlREEEZMBIER S 2R R AR R R S TR EARN B SR BIELR

|

ERNERT. Bt , SES M ERENFR |, REEKDRESHKK i
MR MEE K, i
|

2001-06-21
2000-12-12
11 10
..... S S
controller RGB DSTIN DCLK ‘ 154
‘ﬂlck‘er FLK » data driver
judging
section IR
3 151 -
12 M
GSTR| & | liouid crystal
GOLK™| £ display pane
0O L
]

e — e —— e w t  —



https://share-analytics.zhihuiya.com/view/b8c0ad31-65fa-4fc6-bb95-198da91f2e8d
https://worldwide.espacenet.com/patent/search/family/018436006/publication/US2001004253A1?q=US2001004253A1
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=%2220010004253%22.PGNR.&OS=DN/20010004253&RS=DN/20010004253

