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(7) ABSTRACT

A liquid crystal display apparatus includes a plurality of
pixels arranged in matrix form including respective transis-
tors, a plurality of gate bus lines, each of which is coupled
to gates of the transistors arranged in a corresponding single
row, a plurality of data bus lines, each of which is coupled
to one end of channels of the transistors arranged in a
corresponding single column, a gate driver configured to
successively drive the plurality of gate bus lines, and a
timing control circuit configured to supply to the gate driver
a timing signal indicative of a start of the successive driving
of the plurality of gate bus lines and to mask the timing
signal for a predetermined time period following the sup-
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LIQUID CRYSTAL DISPLAY APPARATUS AND
METHOD OF PREVENTING MALFUNCTION IN
SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention generally relates to liquid
crystal display apparatuses, and particularly relates to the
driving of gate drivers in an active-matrix-type liquid crystal
display apparatus.

[0003] 2. Description of the Related Art

[0004] In an active-matrix-type liquid crystal display
(LCD) apparatus, pixels containing thin-film transistors
serving as switching devices are arranged in matrix form,
with gate bus lines extending in a horizontal direction
coupled to the gates of the transistors of the pixels, and data
bus lines extending in a vertical direction coupled to the
pixel electrodes (capacitors) of the pixels through the tran-
sistors. When data is to be displayed on the liquid crystal
panel, a gate driver successively drives the gate bus lines one
by one to make the transistors conductive with respect to one
line at a time. Through the conductive transistors, data for
one horizontal line are written from a data driver to the
pixels.

[0005] FIG. 1 is a diagram showing the construction of a
related-art liquid crystal display apparatus.

[0006] The liquid crystal display apparatus of FIG. 1
includes a LCD panel 10, a control circuit 11, a gate driver
12, a data driver 13, an inverter circuit 14, and a backlight
15. In the LCD panel 10, pixels including transistors Tr are
arranged in matrix form. Gate bus lines GL extending from
the gate driver 12 in the horizontal direction are coupled to
the gates of the transistors Tr, and data bus lines DL
extending from the data driver 13 in the vertical direction
serve to write pixel data to the pixel electrodes through the
transistors Tr.

[0007] An IF signal control circuit 11a of the control
circuit 11 receives as incoming signals a clock signal,
display data, and a display enable signal indicative of the
timing of a display position. A timing controller 115 of the
control circuit 11 counts the clock pulses of the clock signal
from the start position corresponding to a positive transition
of the display enable signal to determine the timing of a
horizontal position, thereby generating various control sig-
nals. Further, the position where the LOW period of the
display enable signal continues for more than a predeter-
mined number of clock pulses is detected, thereby deter-
mining the position of the head of each frame.

[0008] The control signals supplied to the gate driver 12
from the timing controller 115 include a gate clock signal, a
gate start pulse signal, etc. The gate clock signal is a
synchronizing signal, and the gate bus lines are driven one
by one in synchronization with the positive transitions of the
gate block signal. Namely, the transistors corresponding to
one horizontal line for which the gates are turned on are
shifted in the vertical direction line by line in synchroniza-
tion with the positive transitions of the gate clock signal. The
gate start pulse signal is a synchronizing signal that indicates
the timing at which the first gate bus line is driven. This
timing corresponds to the start timing of a frame. Namely,

1. Field of the Invention
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the first gate bus line (one horizontal line) of the screen is
selected at the timing indicated by the gate start pulse signal
for the writing of display data, and the line to which display
data is written is successively shifted in the vertical direction
in synchronization with the gate clock signal.

[0009] The control signals supplied to the data driver 13
from the timing controller 115 includes a dot clock signal, a
data start signal, a latch pulse, etc. The dot clock signal is
comprised of clock pulses, and display data are latched by
the registers of the data driver 13 in synchronization with the
positive transitions of the dot clock signal. The data start
signal serves to indicate the start timings of the display data
segments that are to be displayed by respective driver
circuits 13a provided in the data driver 13. Starting at the
timing indicated by the data start signal, the individual
registers successively latch display data for one pixel in
synchronization with the dot clock signal. The latch pulse
serves to indicate the timing at which the display data stored
in the registers are latched by a built-in latch. The latched
display data signals are converted by DA converters into
analog gray-scale signals, which are then output to the data
bus lines DL as data bus line drive signals.

[0010] A DC/DC converter 11¢ of the control circuit 11
converts a direct-current power supply voltage into a direct-
current voltage having a different level, which is then
supplied to each circuit portion. A bias power supply circuit
11d of the control circuit 11 is provided with a highly precise
voltage tracking function, and supplies a bias power supply
voltage for determining the drive level of the LCD panel 10
to the gate driver 12 and the data driver 13. The inverter
circuit 14 generates a high voltage for turning on a cold
cathode-ray tube by using the direct-current power supply
voltage, and supplies the generated high voltage to the
backlight 15. The backlight 15 illuminates the LCD panel 10
from its backside.

[0011] [Patent Document 1] Japanese Patent Application
Publication No. 5-264962

[0012] [Patent Document 2] Japanese Patent Application
Publication No. 2002-358051

[0013] If the signals of various types as described above
are degraded due to noise or the like, it may cause fatal
malfunction. When settings are changed to switch the image
resolutions of the liquid crystal display or the like, for
example, the operation may fall into an abnormal state,
resulting in anomalies in the display data signal, the syn-
chronizing signals, the control signals, etc.

[0014] For example, the gate start pulse signal, which is a
synchronizing signal indicative of the timing at which the
first gate bus line is turn on, is normally supplied to the gate
driver 12 only once during the period corresponding to the
displaying of one frame. When an anomaly occurs due to a
change in the settings of the liquid crystal display or the like,
however, a plurality of gate start pulse signals may be
generated during the period corresponding to the displaying
of one frame. Alternatively, the gate start pulse signal may
be prolonged so that its pulse width ends up extending over
a plurality of horizontal lines.

[0015] If the plurality of gate start pulse signals are
generated or the pulse width becomes excessively wide,
more than one gate bus line is subjected to data writing in the
LCD panel 10, resulting in an increase in the power for
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writing display data in the LCD panel 10. This may increase
the load on the power supply circuitry such as the DC/DC
converter 11¢, causing a system shutdown, or may cause an
excessive current to flow in the gate driver 12, which may
destroy the circuit.

[0016] Accordingly, there is a need for a liquid crystal
display apparatus which can prevent the power supply unit
and other circuits from suffering a state of excessive load
even when anomaly occurs in a gate start pulse.

SUMMARY OF THE INVENTION

[0017] Tt is a general object of the present invention to
provide a liquid crystal display apparatus that substantially
obviates one or more problems caused by the limitations and
disadvantages of the related art.

[0018] Features and advantages of the present invention
will be presented in the description which follows, and in
part will become apparent from the description and the
accompanying drawings, or may be learned by practice of
the invention according to the teachings provided in the
description. Objects as well as other features and advantages
of the present invention will be realized and attained by a
liquid crystal display apparatus particularly pointed out in
the specification in such full, clear, concise, and exact terms
as to enable a person having ordinary skill in the art to
practice the invention.

[0019] To achieve these and other advantages in accor-
dance with the purpose of the invention, the invention
provides a liquid crystal display apparatus, including a
plurality of pixels arranged in matrix form including respec-
tive transistors, a plurality of gate bus lines, each of which
is coupled to gates of the transistors arranged in a corre-
sponding single row, a plurality of data bus lines, each of
which is coupled to one end of channels of the transistors
arranged in a corresponding single column, a gate driver
configured to successively drive the plurality of gate bus
lines, and a timing control circuit configured to supply to the
gate driver a timing signal indicative of a start of the
successive driving of the plurality of gate bus lines and to
mask the timing signal for a predetermined time period
following the supplying of the timing signal.

[0020] According to another aspect of the present inven-
tion, a method of preventing a malfunction in a liquid crystal
display apparatus including a plurality of pixels arranged in
matrix form including respective transistors, a plurality of
gate bus lines, each of which is coupled to gates of the
transistors arranged in a corresponding single row, a plural-
ity of data bus lines, each of which is coupled to one end of
channels of the transistors arranged in a corresponding
single column, and a gate driver configured to successively
drive the plurality of gate bus lines includes the steps of
supplying a timing signal indicative of a start of the suc-
cessive driving of the plurality of gate bus lines to the gate
driver, and masking the timing signal for a predetermined
time period following the supplying of the timing signal.

[0021] According to at least one embodiment of the
present invention, the gate start pulse signal is supplied to
the gate driver as a timing signal indicative of a start of the
successive driving of the plurality of gate bus lines, and a
further gate start pulse signal is masked for a predetermined
time period following the supplying of the gate start pulse
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signal. With this provision, a single gate start pulse signal
per single screen petiod, for example, is supplied to the gate
driver even if a plurality of gate start pulse signals are
generated during the display period of one display screen.
Further, even if the pulse width of the gate start pulse signal
is changed, the masking operation starting at predetermined
timing shapes the gate start pulse signal into a fixed pulse
width. This makes it possible to prevent the power supply
unit and other circuits from suffering a state of excessive
load even when anomaly occurs in the gate start pulse.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Other objects and further features of the present
invention will be apparent from the following detailed
description when read in conjunction with the accompany-
ing drawings, in which:

[0023] FIG. 1 is a diagram showing the construction of a
related-art liquid crystal display apparatus;

[0024] FIG. 2 is a circuit diagram showing an example of
the construction of a first embodiment of a gate start pulse
control circuit according to the present invention;

[0025] FIG. 3 is a timing chart for explaining the opera-
tion of the gate start pulse control circuit of FIG. 2;

[0026] FIG. 4 is a timing chart for explaining the opera-
tion of the gate start pulse control circuit of FIG. 2;

[0027] FIG. 5 is a circuit diagram showing an example of
the construction of a second embodiment of the gate start
pulse control circuit according to the present invention;

[0028] FIG. 6 is a timing chart for explaining the opera-
tion of the gate start pulse control circuit of FIG. 5,

[0029] FIG. 7 is a circuit diagram showing an example of
the construction of a third embodiment of the gate start pulse
control circuit according to the present invention;

[0030] FIG. 8 is a timing chart for explaining the opera-
tion of the gate start pulse control circuit of FIG. 7; and

[0031] FIG. 9 is a timing chart for explaining the opera-
tion of the gate start pulse control circuit of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] In the following, embodiments of the present
invention will be described with reference to the accompa-
nying drawings.

[0033] FIG. 2 is a circuit diagram showing an example of
the construction of a first embodiment of a gate start pulse
control circuit according to the present invention. A gate
start pulse control circuit 20 of FIG. 2 includes D-flip-flops
21 and 22, an AND gate 23, a binary counter 24, decoders
25 and 26, a JK-flip-flop 27, and an AND gate 28 with one
of the 2 inputs being a negative logic input. The gate start
pulse control circuit 20 generates a gate start pulse signal
GST supplied to the gate driver 12 based on a gate start pulse
signal GS generated by the timing controller 115 shown in
FIG. 1. The gate start pulse control circuit 20 may be
provided as part of the timing controller 115, may be
provided between the control circuit 11 and the gate driver
12, or may be provided in the gate driver 12.
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[0034] The D-flip-flop 21 receives as input data an enable
signal ENAB indicative of the period of one horizontal line
of display data, and latches the input data in synchronization
with the clock signal CLK to generate a signal S1 that is
equal to the enable signal ENAB delayed by one clock cycle.
The D-flip-flop 22 receives the signal S1 as input data, and
latches the input data in synchronization with the clock
signal CLK, thereby further delaying the signal S1 by one
clock cycle. The AND gate 23 performs an AND operation
between the signal S1 from the D-flip-flop 21 and a signal
S2 that is an inverted output /Q of the D-flip-flop 22, and
supplies a result S3 to the binary counter 24. The output S3
of the AND gate 23 is a pulse signal indicative of the timing
that is one clock cycle after the start of a horizontal line
period of display data.

[0035] The binary counter 24 counts the pulse signal S3
output from the AND gate 23, and supplies the count to the
decoders 25 and 26. The decoder 25 decodes the count
supplied from the binary counter 24, and outputs a pulse
signal S4 indicative of the timing of the third horizontal line
of a given screen which consists of n horizontal lines. The
decoder 26 decodes the count supplied from the binary
counter 24, and outputs a pulse signal S5 indicative of the
timing of the n-th horizontal line of the given screen which
consists of the n horizontal lines.

[0036] The JK-flip-flop 27 is set by the signal S4, and is
reset by the signal S5. As a result, the JK-flip-flop 27
generates a mask signal S6, which becomes HIGH at the
start timing of the third horizontal line in a display screen
period (at the timing that is one clock after such start timing,
to be exact), and which becomes LOW at the start timing of
the n-th horizontal line in the display screen period (at the
timing that is one clock after such start timing, to be exact).
During the HIGH period of this mask signal S6, the AND
gate 28 masks the gate start pulse signal GS to generate the
gate start pulse signal GST.

[0037] FIG. 3 and FIG. 4 are timing charts for explaining
the operation of the gate start pulse control circuit 20 of FIG.
2.

[0038] As shown in FIG. 3, the enable signal ENAB
which stays HIGH for one horizontal line period is delayed
by one clock cycle to become the signal S1. The signal S1
is further delayed by one clock cycle and inverted to become
the signal S2. An AND operation between the signal S1 and
the signal S2 generates the signal S3. The signal S3 is a pulse
signal that becomes HIGH at the timing that is one clock
cycle after the start of each horizontal line.

[0039] InFIG. 4, the top row illustrates the pulse signal S3
that becomes HIGH one clock cycle after the start of each
horizontal line. Numbers “0” through “n-1" are assigned to
the pulses of the pulse signal S3. The n horizontal lines
corresponding to the n pulses “0” through “n-1" of the pulse
signal S3 constitute one screen. Two pulse signals S3
pointed to as “A” by an arrow in FIG. 4 correspond to the
two pulse signals S3 shown in FIG. 3. Counting the pulse
signal S3 and decoding the count generate the signal S4
becoming HIGH at the timing of the third pulse (pulse #2
when the counting starts from #0) and the signal S5 becom-
ing HIGH at the timing of the n-th pulse (pulse #n-1 when
the counting starts from #0). The mask signal S6 changes to
HIGH at the positive transition of the signal 84, and changes
to LOW at the positive transition of the signal S5.
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[0040] The gate start pulse signal GS supplied as the input
is masked during the HIGH petiod of the mask signal S6,
thereby generating the gate start pulse signal GST. Due to
the masking by the mask signal S6, a single gate start pulse
signal per single screen period is generated as illustrated as
the gate start pulse signal GST even if a plurality of gate start
pulse signals as illustrated as “B” by an arrow are generated
during one display screen period by an anomaly in the gate
start pulse signal GS. Further, even if the pulse width of the
gate start pulse signal GS is changed, the masking operation
by the mask signal starting at predetermined timing shapes
the gate start pulse signal GST into a fixed pulse width.

[0041] In this manner, the first embodiment counts the
number of horizontal lines to identify horizontal lines, and
masks the gate start pulse signal during the period between
the predetermined horizontal lines. With this provision, it is
possible to supply a proper gate start pulse signal to the gate
driver 12 even if anomaly occurs in the gate start pulse
signal.

[0042] In the example described above, the mask signal
was generated based on the enable signal ENAB. Alterna-
tively, the mask signal may be generated in the same marnner
based on another control signal different from the enable
signal ENAB. Such control signal suffices for this purpose
if this signal is asserted a predetermined number of times
during a horizontal period. The gate clock signal for shifting
the gate bus lines one by one for the driving thereof or the
latch pulse signal for indicating the timing at which the
display data stored in the registers are latched by the built-in
latch, as previously described, may be used to generate the
mask signal. Further, the mask signal in the description
provided above was defined by the third horizontal line and
the n-th horizontal line. Alternatively, the mask signal may
be defined by the fourth horizontal line and the n-1-th
horizontal line. Such design change may be made as appro-
priate by taking into account the necessity of an masking
effect.

[0043] FIG. 5 is a circuit diagram showing an example of
the construction of a second embodiment of the gate start
pulse control circuit according to the present invention. A
gate start pulse control circuit 20A of FIG. 5 includes a
one-shot multi-vibrator 31, a D-flip-flop 32, and an AND
gate 33 with one of the 2 inputs being a negative logic input.
The gate start pulse control circuit 20A generates the gate
start pulse signal GST supplied to the gate driver 12 based
on the gate start pulse signal GS generated by the timing
controller 114 shown in FIG. 1. The gate start pulse control
circuit 20A may be provided as part of the timing controller
115, may be provided between the control circuit 11 and the
gate driver 12, or may be provided in the gate driver 12.

[0044] The one-shot multi-vibrator 31 includes one-shot
multi-vibrator device 314, a capacitor Cx, and a resistor Rx.
With the capacitor Cx and resistor Rx having a proper
capacitance and resistance connected to the one-shot multi-
vibrator device 31a, the one-shot multi-vibrator 31 responds
to an incoming pulse signal by generating a pulse signal
staying HIGH for a predetermined duration responsive to the
time constant defined by the capacitance and resistance. In
the example shown in FIG. 5, the one-shot multi-vibrator 31
receives the gate start pulse signal GS as an input, and
generates a pulse signal S11 that stays HIGH for a prede-
termined time period following the positive transition of the
gate start pulse signal GS.
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[0045] The D-flip-flop 32 latches the pulse signal S11
output from the one-shot multi-vibrator 31 in synchroniza-
tion with the clock signal CLK, thereby generating a pulse
signal S12 delayed by one clock cycle. The AND gate 33
uses the pulse signal S12 as a mask signal to mask the input
gate start pulse signal GS to generate the output gate start
pulse signal GST.

[0046] FIG. 6 is a timing chart for explaining the opera-
tion of the gate start pulse control circuit 20A of FIG. 5.

[0047] As shown in FIG. 6, the gate start pulse signal GS
is input in synchronization with the clock signal CLK. In
response, the pulse signal S11 staying HIGh for the period
corresponding to the time constant Cx*Rx is generated.
Since the pulse signal S11 rises in response to the positive
transition of the gate start pulse signal GS, this signal cannot
be used as the mask signal as it is. In consideration of this,
the pulse signal S11 is delayed by one clock cycle of the
clock signal CLK to generate the pulse signal S12, which is
then used as the mask signal. That is, the gate start pulse
signal GS is masked (forced to be LOW) during the period
in which the pulse signal S12 serving as the mask signal is
HIGH, thereby supplying the gate start pulse signal GST to
the gate driver.

[0048] A plurality of gate start pulse signals may be
generated during a single display screen period due to an
anomaly in the gate start pulse signal GS as shown as “B”
by an arrow, for example. Even in such a case, a single gate
start pulse signal per single screen is correctly generated as
illustrated as the gate start pulse signal GST. Further, even
if the pulse width of the gate start pulse signal GS is
changed, the masking operation by the mask signal starting
at predetermined timing shapes the gate start pulse signal
GST into a fixed pulse width.

[0049] In this operation, the period during which the
one-shot multi-vibrator 31 outputs the pulse for defining the
masking period may be set to a length slightly longer than
half the display period of a single display screen. This period
may as well be set to almost the entire length of the display
period of a single display screen. With such a setting,
however, no correct display can be conducted during at least
one display screen period following an abnormal signal
when the one-shot multi-vibrator 31 of this embodiment
generates a pulse signal by responding to the abnormal gate
start pulse signal shown as “B” indicated by the arrow in
FIG. 6. With the pulse width being set to a length shorter
than the display period of one display screen, a recovery
time necessary before correct display can be shortened.
When the pulse width is set to a length slightly longer than
half the display period of a single display screen, anomalies
can create only two gate start pulses at maximum for one
display screen. The load on the power supply circuit and the
gate driver 12 is thus not so heavy.

[0050] AS shown in FIG. 1, the gate driver 12 is provided
with the plurality of gate driver circuits 12a, each of which
drives a predetermined number of gate lines GL that are
situated within the area of its coverage. With the series
connection of the gate driver circuits 12a, a shifting opera-
tion for successively scanning the gate lines in the vertical
direction in synchronization with the gate clock signal
propagates from a gate driver circuit 12q at the given stage
to a gate driver circuit 12a at the following stage. When
attention is focused on the operation of any given gate driver
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circuit 124, all that is necessary is to prevent an abnormal
gate start pulse signal from occurring during the period in
which this given gate driver circuit 12a is driving the gate
lines GL within its coverage. Accordingly, the pulse width of
the pulse signal generated by the one-shot multi-vibrator 31
may be set in accordance with the time period necessary for
scanning the predetermined number of gate lines GL that fall
within the coverage of a signal gate driver circuit 12a.

[0051] In this manner, the second embodiment generates
the pulse signal that stays HIGH for a predetermined fixed
period, and masks the gate start pulse signal based on this
generated pulse signal. With this provision, it is possible to
supply a proper gate start pulse signal to the gate driver 12
even if anomaly occurs in the gate start pulse signal.

[0052] FIG. 7 is a circuit diagram showing an example of
the construction of a third embodiment of the gate start pulse
control circuit according to the present invention. The con-
struction of FIG. 7 combines the construction of the first
embodiment shown in FIG. 2 and the construction of the
second embodiment shown in FIG. 5. In FIG. 7, the same
elements as those of FIG. 2 or FIG. 5 are referred to by the
same numerals.

[0053] A gate start pulse control circuit 20C of FIG. 7
includes the D-flip-flops 21 and 22, the AND gate 23, the
binary counter 24, the decoders 25 and 26, the JK-flip-flop
27, the one-shot multi-vibrator 31, the D-flip-flop 32, and an
AND gate 33 with two of the three inputs thereof being
negative logic inputs. In the construction of the second
embodiment shown in FIG. 5, the one-shot multi-vibrator
31 receives the gate start pulse signal GS as its input. In the
third embodiment shown in FIG. 7, on the other hand, the
input of the one-shot multi-vibrator 31 is coupled to the
output of the decoder 25. With this provision, the mask
signal S12 is generated that becomes HIGH for the prede-
termined duration defined by the one-shot multi-vibrator 31
following the predetermined horizontal line identified by the
decoder 25, thereby masking the gate start pulse signal GS.
Further, the binary counter 24 and the decoders 25 and 26
count the number of horizontal lines to identify horizontal
lines, thereby generating the mask signal S6 that becomes
HIGH with respect to the predetermined horizontal lines to
mask the gate start pulse signal GS. This is the same as in
the first embodiment.

[0054] Inthis manner, the third embodiment combines the
first embodiment and the second embodiment. It is thus
possible to process the gate start pulse signal GS by using
one of the masking operations even when the other masking
operation fails. This makes it possible to cope with various
types of malfunctions properly, thereby achieving more
reliable operations.

[0055] FIG. 8 and FIG. 9 are timing charts for explaining
the operation of the gate start pulse control circuit 20C of
FIG. 7. This timing chart illustrates an example in which the
count-based masking operation according to the first
embodiment fails.

[0056] FIG. 8 shows the way the enable signal ENAB
repeats changing from HIGH to LOW and from LOW to
HIGH multiple times during one horizontal line period due
to anomalies while the enable signal ENAB is supposed to
stay HIGH for one horizontal line period. If the enable signal
ENAB is normal and stays HIGH for one horizontal line
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period, the signals S1 through S3 behave as shown in FIG.
3. These signals, however, exhibit completely different sig-
nal waveforms in FIG. 8 because of the anomalies of the
enable signal ENAB. The enable signal ENAB is delayed by
one clock cycle to become the signal S1. The signal S1 is
further delayed by one clock cycle and inverted to become
the signal S2. An AND operation between the signal S1 and
the signal S2 generates the signal S3. The signal S3 is
supposed to be the pulse signal that becomes HIGH one
clock cycle after the start of each horizontal line. In FIG. 8,
however, the signal S3 becomes HIGH multiple times
during one horizontal line.

[0057] InFIG.9, the top row illustrates the pulse signal S3
that is supposed to become HIGH one clock cycle after the
start of each horizontal line. The number of pulses in the
pulse signal S3 corresponding to one display screen is n, so
that only the pulses “0” through “n-17 are supposed to exist.
In the example shown in FIG. 9, however, n+a+1 pulses,
with numbers from #0 to #n+a, are generated because of the
anomalies of the enable signal ENAB as shown in FIG. 8.

[0058] Counting the pulse signal S3 and decoding the
count generate the signal S4 becoming HIGH at the timing
of the third pulse (pulse #2 when the counting starts from #0)
and the signal S5 becoming HIGH at the timing of the
n-1-th pulse (pulse #n-2 when the counting starts from #0).
The mask signal S6 changes to HIGH at the positive
transition of the signal S4, and changes to LOW at the
positive transition of the signal S5.

[0059] The gate start pulse signal GS supplied as the input
is masked during the HIGH petiod of the mask signal S6.
This masking operation corresponds to the masking opera-
tion of the first embodiment. In the example shown in FIG.
9, the signal S3 includes abnormal excessive pulses due to
the anomalies of the enable signal ENAB. Because of the
presence of these pulses, the mask signal S6 comes to an end
at the timing of pulse #n-2 of the pulse signal S3 prior to the
end of the driving of gate lines for one display screen that
corresponds to the timing of pulse #n+a of the pulse signal
S3. If this pulse signal S6 alone is used, the abnormal gate
start pulse signal GS indicated as “A” by an arrow can be
masked, but the abnormal gate start pulse signal GS indi-
cated as “B” by an arrow cannot be masked.

[0060] In the construction of the third embodiment, the
pulse signal S11 is generated that rises in response to the
signal S4 becoming HIGH at the timing of the third pulse of
the signal S3 and that stays HIGH for the period responsive
to the time constant Cx*Rx. This pulse signal S11 is delayed
by one clock cycle of the clock signal CLK to generate the
pulse signal S12, which is then used as an additional mask
signal. Namely, the gate start pulse signal GS is masked not
only by use of the first mask signal S6 but also by use of the
second mask signal S12. With the masking operation by use
of the second mask signal S12, it is possible to mask the
abnormal gate start pulse signal GS shown as “B” by the
arrow. As a result. a single gate start pulse signal per single
screen is correctly generated as illustrated as the gate start
pulse signal GST.

[0061] Further, the present invention is not limited to these
embodiments, but various variations and modifications may
be made without departing from the scope of the present
invention.

[0062] The present application is based on Japanese pri-
ority application No. 2004-301788 filed on Oct. 15, 2004,
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with the Japanese Patent Office, the entire contents of which
are hereby incorporated by reference.

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

a plurality of pixels arranged in matrix form including
respective transistors;

a plurality of gate bus lines, each of which is coupled to
gates of the transistors arranged in a corresponding
single row;

a plurality of data bus lines, each of which is coupled to
one end of channels of the transistors arranged in a
corresponding single column;

a gate driver configured to successively drive said plu-
rality of gate bus lines; and

a timing control circuit configured to supply to said gate
driver a timing signal indicative of a start of the
successive driving of said plurality of gate bus lines and
to mask the timing signal for a predetermined time
period following the supplying of the timing signal.

2. The liquid crystal display apparatus as claimed in claim

1, wherein said timing control circuit defines the predeter-
mined time period based on a number of the gate bus lines
that are successively driven.

3. The liquid crystal display apparatus as claimed in claim

2, wherein said timing control circuit includes:

a counter configured to count synchronizing signals cor-
responding to the successive driving of said plurality of
gate bus lines;

a circuit configured to set, in response to a count counted
by said counter, the time period during which the
timing signal is masked.

4. The liquid crystal display apparatus as claimed in claim

1, wherein said timing control circuit defines the predeter-
mined time period by a timekeeping circuit configured to
measure a predetermined time lapse according to a fixed
parameter.

5. The liquid crystal display apparatus as claimed in claim

4, wherein the predetermined time period is set to a length
longer than half a time period required for driving said
plurality of gate bus lines for one display screen.

6. The liquid crystal display apparatus as claimed in claim

4, wherein said gate driver includes a plurality of gate driver
devices connected in series, the predetermined time period
corresponding to a time period required for successively
driving the gate bus lines corresponding to one of said
plurality of gate driver devices.

7. The liquid crystal display apparatus as claimed in claim

4, wherein said timekeeping circuit configured to measure
the predetermined time lapse is a one-shot multi-vibrator.

8. The liquid crystal display apparatus as claimed in claim

1, wherein said timing control circuit defines the predeter-
mined time period by a number of the gate bus lines
successively driven and by a timekeeping circuit configured
to measure a predetermined time lapse according to a fixed
parameter.

9. The liquid crystal display apparatus as claimed in claim

1, wherein said timing control circuit masks the timing
signal for one of a first period and a second period, said first
period defined by the number of the gate bus lines succes-
sively driven, and said second period defined by said time-
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keeping circuit configured to measure the predetermined
time lapse according to the fixed parameter.

10. A method of preventing a malfunction in a liquid
crystal display apparatus including a plurality of pixels
arranged in matrix form including respective transistors, a
plurality of gate bus lines, each of which is coupled to gates
of the transistors arranged in a corresponding single row, a
plurality of data bus lines, each of which is coupled to one
end of channels of the transistors arranged in a correspond-
ing single column, and a gate driver configured to succes-
sively drive the plurality of gate bus lines, said method
comprising the steps of:

supplying a timing signal indicative of a start of the
successive driving of said plurality of gate bus lines to
said gate driver; and
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masking the timing signal for a predetermined time period
following the supplying of the timing signal.

11. A driver circuit for driving a liquid crystal display
having gate bus lines, comprising;

a gate driver configured to successively drive said gate
bus lines; and

a timing control circuit configured to supply to said gate
driver a timing signal indicative of a start of the
successive driving of said gate bus lines and to mask
the timing signal for a predetermined time period
following the supplying of the timing signal.
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