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(57) ABSTRACT

In one embodiment of the present invention, a display appa-
ratus includes a liquid crystal display panel including: video
signal lines to supply a data signal; scanning signal lines
provided so as to intersect the video signal lines; and pixel
electrodes provided at intersections of the video signal lines
and the scanning signal lines via switching elements, respec-
tively; and a scanning signal line drive circuit for supplying a
scanning signal to each of the scanning signal lines. The
display apparatus further includes a slope generating circuit
which generates a falling slope signal in accordance with the
signal delay transfer characteristic of the scanning signal
lines, determined by the length of the display panel. The
falling slope signal controls a scanning signal so that the
scanning signal has a substantially equal slope at its fall
regardless of its position on each scanning signal line. The
falling slope signal is supplied to the scanning signal line
drive circuit. The slope generating circuit includes an

(30) Foreign Application Priority Data EEPROM which variably sets the timing of the rising edge of
the scanning signal and the timing of the slope falling edge of
Sep. 15,2006 (JP) weorvvveinivcrcrecrcnin 2006-25156 the scanning signal.
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DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a display apparatus
including a display panel and a scanning signal line drive
circuit for supplying scanning signals to scanning signal
lines.

BACKGROUND ART

[0002] Liquid crystal display apparatuses are widely used
as display devices such as televisions and graphic displays.
Among other liquid crystal display apparatuses, a liquid crys-
tal display apparatus including a switching element such as a
thin film transistor (hereinafter referred to as a TFT) for each
display pixel is drawing particular attention. This is because
such a liquid crystal display apparatus is, even though the
number of display pixels increases, capable of providing
superior display images which are free from cross talk
between adjacent display pixels.

[0003] As illustrated in FIG. 13, such a liquid crystal dis-
play apparatus includes a liquid crystal display panel 110 and
a drive circuit section as main sections. The liquid crystal
display panel 110 includes: a pair of electrode substrates; a
liquid crystal composition sandwiched between the pair of
electrode substrates; and a polarizing plate attached to the
outer surface of each of the pair of electrode substrates.
[0004] One of the pair of electrode substrates is a thin film
transistor (TFT) array substrate, which includes: (i) a plural-
ity of signal lines S(1), S(2), . . . 8(i), . . . and S(N); and (ii) a
plurality of scanning signal lines G(1), G(2), .. . G(), . . . and
G(M), in a matrix manner. The TFT array substrate further
includes a switching element 102 which is made up of a TFT
connected to a pixel electrode 103 and which is formed at
each of the intersections of the signal lines and the scanning
signal lines. The other electrode substrate includes a counter
electrode 111.

[0005] The drive circuit section includes: a scanning signal
line drive circuit 120 connected to the scanning signal lines; a
signal line drive circuit 130 connected to the signal lines; and
a counter electrode drive circuit COM connected to the
counter electrode 111.

[0006] According to the drive circuit section having the
above arrangement, during a first field (TF1), a TEFT of a
display pixel P(i, j) is changed into an ON state when a gate
ON voltage Vgh is applied from the scanning signal line drive
circuit 120 to a gate electrode g(i, j) of the TFT (see FIG. 14).
This causes a video signal voltage Vsp of the signal line drive
circuit 130 to be written into a corresponding pixel electrode
103, via a source electrode and a drain electrode of the TFT.
The pixel electrode 101 maintains a pixel potential Vdp until
a gate ON voltage Vgh is applied to the TFT during the
following field (TF2). The counter electrode 111 is set to a
predetermined counter potential VCOM by the counter elec-
trode drive circuit COM. As a result, the liquid crystal com-
position sandwiched between the pixel electrode 101 and the
counter electrode 111 responds to a potential difference
between the pixel potential Vdp and the counter potential
VCOM, whereby displaying of an image is carried out.
[0007] Similarly, during a second field (TF2), the TFT of
the display pixel P(i, j) is changed into the ON state when the
gate ON voltage Vgh is applied from the scanning signal line
drive circuit 120 to the gate electrode g(i, j) of the TFT. This
causes a video signal voltage Vsn of the signal line drive
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circuit 130 to be written into the corresponding pixel elec-
trode. The pixel electrode maintains a pixel potential Vdn. As
aresult, the liquid crystal composition responds to a potential
difference between the pixel potential Vdn and the counter
potential VCOM, whereby displaying of an image is carried
out. An AC driving of the liquid crystal is thus carried out.

[0008] Between the gate and the drain of the TFT, there is
inevitably generated a parasitic capacitance Cgd due to the
arrangement of the TFT. As shown in FIG. 14, the parasitic
capacitance Cgd causes alevel shift AVd in the pixel potential
Vd at a falling edge of the gate ON voltage Vgh.

[0009] Inacase where an attention is focused on a specific
scanning signal line G(j), when a scanning voltage Vgh is
applied from the scanning signal line drive circuit 120 to a
scanning signal line G(j), a gate ON voltage Vgh is applied to
gate electrodes g(1, j), 2(2, 1), 8(3,1), .. ., g(.}), . . . and g(N,
j) on a j-th scanning signal line shown in FIG. 13.

[0010] An output of the gate ON voltage Vgh that has just
been outputted from the scanning signal line drive circuit 120
has rectangular wave which rises perpendicularly at time t0
and falls perpendicularly at time t1 (see the waveform dia-
gram of VG(j) in the upper part of FIG. 15). It is supposed for
the rectangular wave to maintain the wave shape, which rises
perpendicularly at time t0 and falls perpendicularly at time ti,
at any of the gate electrodes g(1, ), 2(2, ), 23,1), - . ., (1, ),
...and g(N, j) on the j-th scanning signal line.

[0011] In actuality, however, there are provided, between
the gate electrodes g(1, j) and g(N, j), (i) resistance compo-
nents rgl, rg2, rg3, . .. and rgN generated due to the material,
the width, and the length of a wire from which the scanning
signal line is formed, and (ii) various parasitic capacitances
cgl, cg2, cg3, . . . and cgN which have capacity coupling
relation with the scanning signal line (see FIG. 16). This
causes a signal to be transmitted with a delay.

[0012] As such, as illustrated in the middle part of FIG. 15,
a gate voltage Vg(1, j) has waveform substantially identical to
the waveform of VG(j) (see the upper part of FIG. 15),
whereas a gate voltage Vg(N, j) has waveform which rises at
time t0 curvilinearly, instead of perpendicularly, and falls at
time t0 curvilinearly, instead of perpendicularly (see the
middle part of FIG. 15). In other words, the signal waveform
of the gate voltage Vg(N, j) is distorted.

[0013] In consequence, as illustrated in the middle part of
FIG. 15, since the gate of a TFT is changed into an ON state
in response to a gate voltage of not lower than a threshold
voltage VT, a TFT which receives the gate voltage Vg(1, ) is
turned on at time t0 and turned off at time t1. However, a TFT
which receives the gate voltage Vg(N, j) is turned on at time
t0', which comes slightly later than the time t0, and turned off
at time t1', which comes slightly later than the time t1.

[0014] Astoapixel corresponding to the gate electrode g(1,

j) to which an output has just been outputted from the scan-
ning signal line drive circuit 120, a scanning signal falls from
the gate ON voltage Vgh to the gate OFF voltage Vgl instan-
taneously. As such, alevel shift AVd(1) generated in the pixel
potential Vd(1, j) due to the parasitic capacitance Cgd can be
approximated by the following formula:

AVA(1)=Cgd-(Vgh-Vgl)/(Cle+Cs+Cgd),

wherein, as illustrated in FIG. 17, Cgd represents parasitic
capacitance between the gate and the drain of the TFT; Cle
represents pixel capacitance; and Cs represents auxiliary
capacitance.
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[0015] In contrast, as to the pixel near the gate electrode
g(N, j) which is a termination of the scanning signal line, the
falling edge of a scanning signal is distorted. In consequence,
the parasitic capacitance Cgd causes no level shift in the pixel
potential Vd while the scanning signal falls from the gate ON
voltage Vgh to the vicinity of the threshold voltage VT of the
TFT because the TFT is then in the ON state. In contrast, the
parasitic capacitance Cgd does cause a level shift AVd(N) in
the pixel potential VA(N, j), while the scanning signal further
falls from the vicinity of the threshold voltage VT to the gate
OFF voltage Vgl. Therefore, the level shift AVA(N) is defined
by the following inequality:

AVAN)<Cgd-(Vgh-Vgl)/(Cle+Cs+Cgd),

whereby AVd(1)>AVd(N) is satisfied.

[0016] As described above, the level shift AVd generated in
the pixel potential Vd due to the parasitic capacitance Cgd in
a panel is nonuniform over a display surface. This nonunifor-
mity cannot be ignored when the screen is larger and has a
higher resolution. A conventional method of biasing a counter
voltage is incapable of absorbing the nonuniformity of the
level shift over a display surface and therefore does not allow
an optimal AC driving of each pixel to be carried out. This
gives rise to defects such as occurrence of flickers and screen
burn-in caused by an application of a DC component.

[0017] In order to solve the above problem, the applicants
of the present invention disclose, in Patent Document 1, a
technique in which a gate voltage Vg(1, j) of the gate elec-
trode g(1, j) that has just been outputted from the scanning
signal line drive circuit 120 is designed so as to intentionally
fall along a slope of its falling edge to the gate OFF voltage
(see FIG. 18). This allows the following two slopes to be
substantially identical to each other: the slope along which
the gate voltage Vg(1, j) that has just been outputted from the
scanning signal line drive circuit 120 falls to the gate OFF
voltage; and the slope along which the gate voltage Vg(N, j)
corresponding to the termination of the scanning signal line
falls to the gate OFF voltage. This eliminates the nonunifor-
mity of the level shift over the display surface, thereby allow-
ing high-quality display images to be obtained.

[Patent Document 1] Japanese Unexamined Patent Applica-
tion Publication No. 281957/1999 (Tokukaihei 11-281957,
published on Oct. 15, 1999)

DISCLOSURE OF INVENTION

[0018] According to the display apparatus disclosed in
Patent Document 1, in a case where the slope along which the
gate voltage falls is realized, the value of a resistor Rent in a
slope generating circuit 140 (see FIG. 19) of a drive circuit is
determined in accordance with the horizontal length of a
display panel.

[0019] Unfortunately, the above conventional display
apparatus poses the following problem: When a display panel
in use is replaced with another display panel having a differ-
ent horizontal length, it is necessary that the resistor R also be
replaced with another resistor having a value in accordance
with the horizontal length of such another display panel to be
used. This causes a single resistor not to be commonly appli-
cable to display panels having various sizes. It follows that it
is necessary to replace a drive circuit board itself, on which a
resistor is provided, with another one.
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[0020] The present invention has been accomplished in
view of the above problem. It is an object of the present
invention to provide a display apparatus in which a single
drive circuit board is commonly applicable to display panels
having various sizes.

[0021] In order to attain the above object, a display appa-
ratus of the present invention includes a display panel includ-
ing: a plurality of video signal lines to supply a data signal; a
plurality of scanning signal lines provided so as to intersect
with the video signal lines; and pixel electrodes provided at
intersections of the video signal lines and the scanning signal
lines via switching elements, respectively; a scanning signal
line drive circuit for supplying a scanning signal to eachofthe
scanning signal lines, and falling slope signal generating
means for generating a falling slope signal for controlling the
scanning signal so that the scanning signal falls along a slope,
and for supplying the falling slope signal to the scanning
signal line drive circuit; the falling slope signal generating
means including changing means for changing timing of a
rising edge ofthe scanning signal and timing of a slope falling
edge of the scanning signal.

[0022] In order to attain the above object, a display appa-
ratus of the present invention includes a display panel includ-
ing: a plurality of video signal lines to supply a data signal; a
plurality of scanning signal lines provided so as to intersect
with the video signal lines; and pixel electrodes provided at
intersections of the video signal lines and the scanning signal
lines via switching elements, respectively; a scanning signal
line drive circuit for supplying a scanning signal to each ofthe
scanning signal lines, and falling slope signal generating
means for generating a falling slope signal in accordance with
asignal delay transfer characteristic of a scanning signal line,
and for supplying the falling slope signal to the scanning
signal line drive circuit, the characteristic being inherent in
the scanning signal line due to a length of the display panel,
the falling slope signal being generated for controlling the
scanning signal so that the scanning signal falls along a sub-
stantially equal slope regardless of its position on the scan-
ning signal line, the falling slope signal generating means
including storing means for variably setting timing of a rising
edge of the scanning signal and timing of a slope falling edge
of the scanning signal.

[0023] According to the above invention, the falling slope
signal generating means generates a falling slope signal in
accordance with a signal delay transfer characteristic of a
scanning signal line, and supplies the falling slope signal to
the scanning signal line drive circuit, the characteristic being
inherent in the scanning signal line due to a length of the
display panel, the falling slope signal being generated for
controlling the scanning signal so that the scanning signal
falls along a substantially equal slope regardless of its posi-
tion on the scanning signal line.

[0024] It is indeed possible to, for example, mount on the
circuit board a resistor having a value set suitably for the
signal delay transfer characteristic of the scanning signal
lines, the characteristic being determined by the length of the
display panel of a given size.

[0025] However, since display panels of different sizes
have different signal delay transfer characteristics of scan-
ning signal lines, respectively, it has conventionally been
necessary that a drive circuit board itself be replaced with
another drive circuit board on which a resistor having a value
which is in accordance with the signal delay transfer charac-
teristics of the liquid crystal display panels.
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[0026] 1In contrast, according to the present invention, the
falling slope signal generating means includes changing
means for changing timing of a rising edge of the scanning
signal and timing of a slope falling edge of the scanning
signal.

[0027] The falling slope signal generating means favorably
includes storing means for variably setting timing of a rising
edge of the scanning signal and timing of a slope falling edge
of the scanning signal.

[0028] Ithas already been demonstrated that the gradient of
the slope of a scanning signal can be changed by controlling
the ON period of the scanning signal.

[0029] In view of this, it is unnecessary to switch from one
drive circuit board to another one on which a resistor is
mounted in accordance with the signal delay transfer charac-
teristic of a display panel, by allowing the storing means,
which sets the timing of the rising edge of a scanning signal
and the timing of the slope falling edge of the scanning signal
each for setting the ON period of the scanning signal, to
change the respective timing thus set by which timings the
ON period of the scanning signal is set, the storing means is
arranged so that its settings for such timings can be changed.
In other words, it is possible to change the timing of the rise
of the scanning signal and the timing of the slope fall of the
scanning signal while using a single drive circuit board.

[0030] This allows provision of a display apparatus in
which a single drive circuit board is commonly applicable to
display panels having various sizes.

[0031] The display apparatus of the present invention may
preferably be arranged such that each of the switching ele-
ments is a thin film transistor; and the falling slope signal
generating means includes: a control section for outputting an
ON/OFF selection signal representing the timing of the rising
edge of the scanning signal and the timing of the slope falling
edge of the scanning signal; and a gate voltage generating
section for (i) supplying a gate ON voltage to a scanning
signal line, via the scanning signal line drive circuit, in
response to an ON signal of the ON/OFF selection signal, the
ON signal representing the timing of the rising edge of the
scanning signal, and for (ii) causing charge, stored in the
scanning signal line due to the gate ON voltage, to be dis-
charged in response to an OFF signal of the ON/OFF selec-
tion signal, the OFF signal representing the timing of the
slope falling edge of the scanning signal.

[0032] As a result, the display apparatus of the present
invention may be arranged such that the control section out-
puts an ON/OFF selection signal representing the timing of
the rising edge of the scanning signal and the timing of the
slope falling edge of the scanning signal, and that the gate
voltage generating section (i) supplies a gate ON voltage to a
scanning signal line in response to an ON signal of the
ON/OFF selection signal from the control section, the ON
signal representing the timing of the rising edge of the scan-
ning signal, and (ii) causes charge, stored in the scanning
signal lines due to the gate ON voltage, to be discharged in
response to an OFF signal of the ON/OFF selection signal
from the control section, the OFF signal representing the
timing of the slope falling edge of the scanning signal. This
allows a falling slope signal to be generated.

[0033] More specifically, the above allows generating a
falling slope signal for controlling a scanning signal so that
the scanning signal falls along a substantially equal slope
regardless of its position on the scanning signal line.
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[0034] The display apparatus of the present invention may
preferably be arranged such that the gate voltage generating
section discharges the charge so that the scanning signal line
has a ground potential when the charge stored in the scanning
signal line due to the gate ON voltage is discharged in
response to the OFF signal of the ON/OFF selection signal so
that the scanning signal lines have a ground potential.

[0035] According to the above arrangement, it is only nec-
essary that the scanning signal lines be grounded (GND) so
that the charge stored by the scanning signal lines due to the
gate ON voltage is discharged. This allows the gate voltage
generating section to have a simple structure.

[0036] The display apparatus of the present invention may
preferably be arranged such that the gate voltage generating
section includes a discharge potential setting section for set-
ting a potential which will be held by the scanning signal line
after the charge stored in the scanning signal line due to the
gate ON voltage is discharged in response to the OFF signal
of the ON/OFF selection signal.

[0037] This allows the discharge potential setting section to
set the potential which will be held by the scanning signal
lines after electricity stored in the scanning signal lines due to
the gate ON voltage is discharged. As a result, itis possible to
change the gradient of the slope.

[0038] The display apparatus of the present invention may
preferably be arranged such that each of the switching ele-
ments is a thin film transistor; and the falling slope signal
generating means includes: a control section for outputting an
ON/OFF selection signal representing the timing of the rising
edge of the scanning signal and the timing of the slope falling
edge of the scanning signal; and a slope voltage control sec-
tion for (1) supplying a slope control voltage, obtained by
charging a gate ON voltage, to a scanning signal line, via the
scanning signal line drive circuit, in response to an ON signal
of the ON/OFF selection signal, the ON signal representing
the timing of the rising edge of the scanning signal, and for (ii)
causing the slope control voltage to be zero by discharging
charge, which has been stored due to the gate ON voltage,
which is stored due to the gate ON voltage, in response to an
OFF signal of the ON/OFF selection signal, the OFF signal
representing the timing of the slope falling edge of the scan-
ning signal.

[0039] As a result, the display apparatus of the present
invention may be arranged such that a control section outputs
an ON/OFF selection signal representing the timing of the
rising edge of the scanning signal and the timing of the slope
falling edge of the scanning signal, and that a slope voltage
control section for (i) supplying a slope control voltage,
obtained by charging a gate ON voltage, to a scanning signal
line, via the scanning signal line drive circuit, in response to
an ON signal of the ON/OFF selection signal from the control
section, the ON signal representing the timing of the rising
edge of the scanning signal, and for (ii) causing the slope
control voltage to be zero by discharging stored charge in
response to an OFF signal of the ON/OFF selection signal
from the control section, the OFF signal representing the
timing of the slope falling edge of the scanning signal. This
allows a falling slope signal to be generated.

[0040] More specifically, the above allows generating a
falling slope signal for controlling a scanning signal so that
the scanning signal falls along a substantially equal slope
regardless of its position on the scanning signal lines.
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[0041] The display apparatus of the present invention may
preferably be arranged such that the display panel is a liquid
crystal display panel.

[0042] This allows provision of a liquid crystal display
apparatus having a drive circuit board capable of being gen-
eralized with respect to display panels of various sizes.
[0043] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG. 1 is a block diagram illustrating an arrange-
ment of a slope generating circuit in a liquid crystal display
apparatus in accordance with an embodiment of the present
invention.

[0045] FIG. 2 is a plan view illustrating an entire arrange-
ment of the liquid crystal display apparatus.

[0046] FIG. 3 is a block diagram illustrating an arrange-
ment of a scanning signal line drive circuit of the liquid crystal
display apparatus.

[0047] FIG. 4 is an explanatory view demonstrating that
TFTs in a liquid crystal display panel in the liquid crystal
display apparatus are not perfect ON/OFF switches, but have
a linear gate voltage-drain current characteristic.

[0048] FIG.51sawaveform diagram illustrating (1) a wave-
form of a scanning signal in the vicinity of an input of a
scanning signal line of the liquid crystal display panel, (i) a
waveform of a scanning signal in the vicinity of'a termination
of a scanning signal line of the liquid crystal display panel,
and (iii) pixel potentials corresponding to the above two
waveforms, respectively.

[0049] FIG. 6 is a block diagram illustrating an arrange-
ment of another slope generating circuit in the liquid crystal
display apparatus.

[0050] FIG. 7 is a waveform diagram showing a slope of a
scanning signal, generated in the slope generating circuit.
[0051] FIG. 8is a waveform diagram showing a slope of a
scanning signal, generated in the slope generating circuit of
FIG. 1.

[0052] FIG. 9(a) is a view showing the angle of a slope
generated when an adjustment resistor in the slope generating
circuit has a small value.

[0053] FIG. 9(b) is a view showing the angle of a slope
generated when an adjustment resistor in the slope generating
circuit has a large value.

[0054] FIG. 10(a) is a view showing the angle of a slope
that would be generated if the liquid crystal display panel
were absent.

[0055] FIG. 10(b) is a view showing the angle of a slope
generated when the liquid crystal display panel has a small
capacitance.

[0056] FIG. 10(c) is a view showing the angle of a slope
generated when the liquid crystal display panel has a large
capacitance.

[0057] FIG. 11(a) is a view showing the angle of a slope
generated when the slope generating circuit has a short slope-
generation period.

[0058] FIG. 11(b) is a view showing the angle of a slope
generated when the slope generating circuit has a long slope-
generation period.
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[0059] FIG. 12 is a block diagram illustrating an arrange-
ment of a modification of the slope generating circuit in the
liquid crystal display apparatus.

[0060] FIG. 13 is a plan view illustrating an arrangement of
a conventional liquid crystal display apparatus.

[0061] FIG. 14 is a waveform diagram illustrating drive
waveforms obtained in the liquid crystal display apparatus.
[0062] FIG. 15 is a waveform diagram illustrating how a
scanning signal fed from a scanning signal line drive circuit
into a scanning signal line of the liquid crystal display appa-
ratus is distorted in a panel due to a signal delay transfer
characteristic of the scanning signal line.

[0063] FIG. 16 is a circuit diagram of an equivalent circuit
showing signal transfer delay occurring when a signal is
propagated through a specific one ofthe scanning signal lines.
[0064] FIG. 17 is a circuit diagram illustrating an equiva-
lent circuit of a display pixel having an arrangement in which
a pixel capacitance and an auxiliary capacitance in the liquid
crystal display apparatus are connected in parallel with a
counter potential of a counter electrode drive circuit.

[0065] FIG. 18 is a waveform diagram illustrating how a
scanning signal fed from a scanning signal line drive circuit
into the scanning signal line is distorted in a panel due to a
signal delay transfer characteristic of the scanning signal line.
[0066] FIG. 19 is a block diagram illustrating an arrange-
ment of a slope generating circuit serving as a drive circuit in
the liquid crystal display apparatus.

DESCRIPTION OF THE REFERENCE CODES

[0067] 2 TFT (switching element; thin film transistor)
[0068] 3 pixel electrode

[0069] 10 liquid crystal display panel (display panel)
[0070] 20 scanning signal line drive circuit

[0071] 23 scanning signal line

[0072] 30 signal line drive circuit

[0073] 31 video signal line

[0074] 40 slope generating circuit (falling slope signal gen-
erating means)

[0075] 50 slope generating circuit (falling slope signal gen-

erating means)
[0076] 51 control circuit (T-CON; control section, dis-
charge potential setting section)

[0077] 52 EEPROM (changing means, storing means)
[0078] Cent capacitor (gate voltage generating section)
[0079] GSLOPE output signal

[0080] INV inverter (gate voltage generating section)
[0081] RI1 adjustment resistor (resistor)

[0082] Recnt resistor (gate voltage generating section)
[0083] SWI1, SW2 switch (gate voltage generating section)
[0084] TR1 transistor

[0085] TR2 transistor

[0086] Vgl gate OFF voltage

[0087] Vgh gate ON voltage

BEST MODE FOR CARRYING OUT THE
INVENTION

[0088] One embodiment of the present invention is
described below with reference to FIGS. 1 through 12.

[0089] As illustrated in FIG. 2, a liquid crystal display
apparatus of the present embodiment includes as main sec-
tions: a liquid crystal display panel 10 serving as a display
panel; and a drive circuit section. The liquid crystal display
panel 10 includes: a pair of electrode substrates; a liquid
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crystal composition held between the pair of electrode sub-
strates; and a polarizing plate attached to an outer surface of
each of the electrode substrates.

[0090] One of the electrode substrates is a thin film transis-
tor (TFT) array substrate which includes a transparent insu-
lating substrate 1 made of a material such as glass. Provided
on the transparent insulating substrate 1 are (i) a plurality of
signal lines S(1), S(2), .. .S(1),...and S(N) and (i1) a plurality
of scanning signal lines G(1), G(2), . . . G(j), . . .and G(M), in
a matrix manner, and (iii) TFTs 2, serving as a switching
element, which are connected to pixel electrodes 3 and which
are provided at intersections of the signal lines and the scan-
ning signal lines, respectively. The above constituent mem-
bers are substantially entirely covered with an alignment film
(not shown). The TFT array substrate is thus formed.

[0091] The other electrode substrate is a counter substrate
which includes a transparent insulating substrate made of a
material such as glass, like the TFT array substrate. The
counter substrate further includes a counter electrode 11 and
an alignment film (not shown) which are stacked in this order
over the entire transparent insulating substrate. The above
drive circuit section includes a scanning signal line drive
circuit 20, a signal line drive circuit 30, and a counter elec-
trode drive circuit COM which are connected to the scanning
signal lines, the signal lines, and the counter electrode,
respectively, of the liquid crystal display panel 10 which is
arranged as above and serves as a display panel.

[0092] As illustrated in FIG. 3, the scanning signal line
drive circuit 20 includes, for example: a shift register section
21 including M flip-flops connected in a cascade manner; and
selecting switches 22 which perform switching in response to
outputs from the flip-flops, respectively.

[0093] One input terminal VD1 of each of the selecting
switches 22 is provided with a gate ON voltage Vgh which is
sufficient to turn on a TF'T 2, whereas the other terminal VD2
is provided with a gate OFF voltage Vgl which is sufficient to
turn off the TFT 2. In sync with a clock signal (SCK), a data
signal (GSP) is sequentially transferred through the flip-flops
and is sequentially supplied to the selecting switches 22. In
response to the data signals, the selecting switches 22, during
one scanning period (TH), select the gate ON voltage Vgh for
turning on the TFTs 2 to be supplied to the scanning signal
lines 23, respectively. Subsequently, the gate OFF voltage Vgl
for turning off the TFTs 2 is supplied to the scanning signal
lines 23, respectively. This operation allows video signals
supplied from the signal line drive circuit 30 to the video
signal lines 31 to be written into the pixels, respectively.
[0094] The following description deals in detail with a con-
ventional method for driving a liquid crystal display appara-
tus having the above arrangement, with reference to FIGS. 14,
17, and other drawings. FIG. 14 is a waveform diagram illus-
trating drive waveform obtained in a conventional liquid crys-
tal display apparatus. In FI1G. 14, Vg is voltage waveform of
ascanning signal line; Vs is voltage waveform of a signal line;
and Vd is drain waveform. FI1G. 17 is an equivalent circuit
diagram of a display pixel P(i, j) in which pixel capacitance
Clec and auxiliary capacitance Cs are connected in parallel
with a counter potential VCOM of the counter electrode drive
circuit COM. InFIG. 17, Cgd represents parasitic capacitance
between the gate and the drain of the TFT. Note that the
present embodiment employs the same equivalent circuit
configuration as the display pixel P(i, j). In addition, it is
widely known that liquid crystal display apparatuses require
AC driving so that screen burn-in and deterioration in display
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quality are prevented. In view of this, the following descrip-
tion deals with a driving method adopting a frame inversion
driving, which is a type of the AC driving.

[0095] As shown in the explanatory view of FIG. 14 illus-
trating the conventional driving method, during a first field
(TF1), a TFT of a display pixel P(i, j) is changed into an ON
state when a gate ON voltage Vgh is applied from the scan-
ning signal line drive circuit to a gate electrode g(i, j) of the
TFT (see FIG. 14). This causes a video signal voltage Vsp of
the signal line drive circuit to be written into a corresponding
pixel electrode, via a source electrode and a drain electrode of
the TFT. The pixel electrode maintains a pixel potential Vdp
until a gate ON voltage Vgh is applied to the TFT during the
following field (TF2). The counter electrode is set to a pre-
determined counter potential VCOM by the counter electrode
drive circuit COM. As a result, the liquid crystal composition
held between the pixel electrode and the counter electrode
responds to a potential difference between the pixel potential
Vdp and the counter potential VCOM, whereby displaying of
an image is carried out.

[0096] Similarly, during a second field (TF2), the TFT of
the display pixel P(i,j) is changed into the ON state when the
gate ON voltage Vgh is applied from the scanning signal line
drive circuit to the gate electrode g(i, j) of the TFT. This
causes a video signal voltage Vsn of the signal line drive
circuit to be written into the corresponding pixel electrode.
The pixel electrode maintains a pixel potential Vdn. As a
result, the liquid crystal composition responds to a potential
difference between the pixel potential Vdn and the counter
potential VCOM, whereby displaying of an image is carried
out. An AC driving of the liquid crystal is thus carried out.
[0097] Asshownin FIG. 17, between the gate and the drain
of the TFT, there is inevitably generated a parasitic capaci-
tance Cgd due to the arrangement of the TFT. As shown in
FIG. 14, the parasitic capacitance Cgd causes a level shift
AVd in the pixel potential Vd at a falling edge of the gate ON
voltage Vgh. The level shift AVd in the pixel potential Vd,
caused by the parasitic capacitance Cgd which is inevitably
generated in the TFT, is defined by the following equation:

AVA=Cgd-(Vgh-Vgl)/(Cle+Cs+Cgd),

[0098] wherein Vgl represents a gate OFF voliage, which is
a non-scanning voltage of the scanning signal (i.e., a voltage
for causing the TFT to be in an OFF state). The level shift AVd
gives rise to a problem of such defects as flickers and quality
deterioration in display images. Thus, such a problem due to
the above level shift is quite unfavorable to liquid crystal
display apparatuses, which are expected to achieve higher
resolution and higher display quality.

[0099] The scanning signal lines G(1), G(2), . . . G(j), . . .
and G(M) in FIG. 2, formed on the transparent insulating
substrate 1 made of a material such as glass, are difficult to
form with ideal wires which cause no signal delay transfer,
and therefore are signal delay paths in which signal transfer
delay occurs to some extent.

[0100] Specifically, as shown in FIG. 16 illustrating the
conventional arrangement, there mainly exist, in each of the
scanning signal lines G(1), G(2), . . . G(j), . . . and G(M), (i)
resistance components rgl, rg2, rg3, . . ., and rgN which
depend on the material, the width, and the length of the wires
from which the scanning signal lines are formed, and (ii)
various parasitic capacitance cgl, cg2, cg3, . . . and cgN
which are formed, for example, by capacitance such as cross
capacitance generated due to the intersections of the scanning
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signal lines and the signal lines, respectively, and which are
capacitively coupled to the scanning signal lines, respec-
tively. As such, the scanning signal lines provide distributed
constant signal delay transfer paths, respectively. This indi-
cates that the transfer of a scanning signal is delayed in
proportion to a length of the liquid crystal display panel 10 in
a direction parallel to a direction in which a scanning signal
line extends.

[0101] Inconsequence,as shown in FIG. 15 illustrating the
conventional waveform, a scanning signal VG(j), applied to
the scanning signal line by the scanning signal line drive
circuit, is distorted in the panel due to the above-mentioned
signal delay transfer characteristic of the scanning signal
lines. More specifically, in FIG. 15, the waveform of Vg(1, j)
is of'a signal which has just been outputted from the scanning
signal line drive circuit and which is thus in the vicinity of g(1,
7). This waveform of Vg(1, j) is very little distorted. In con-
trast, in FIG. 15, the waveform of Vg(N, j) is of a signal in the
vicinity of g(N, j) which is a termination of the scanning
signal line. This waveform of Vg(N, j) is distorted due to the
signal delay transfer characteristic of the scanning signal line.
The waveform distortion yields a change amount SyN per
unit of time.

[0102] Each of the TFTs 2 is not a perfect ON/OFF switch,
and has a V-I characteristic (gate voltage-drain current char-
acteristic) illustrated in FIG. 4. In FIG. 4, the horizontal axis
represents a voltage applied to the gate of a TFT 2, and the
vertical axis represents a drain current. A scanning pulse
signal normally has two voltage levels: a gate ON voltage Vgh
which is sufficient to turn on the TFT 2; and a gate OFF
voltage Vgl which is sufficient to turn off the TFT 2. Practi-
cally, however, there exists an intermediate ON region (linear
region) between a threshold voltage VT of the TFT 2 and the
gate ON voltage Vgh, as illustrated in FIG. 4.

[0103] Asillustrated in FIG. 15, as to a pixel corresponding
to the gate electrode g(1, j) to which an output has just been
outputted from the scanning signal line drive circuit 120, a
scanning signal falls from the gate ON voltage Vgh to the gate
OFF voltage Vgl instantaneously. As such, the scanning sig-
nal is unaffected by the linear region characteristic of the TFT,
and consequently a level shift AVd(1) generated in the pixel
potential Vd(1, j) due to the parasitic capacitance Cgd can be
approximated by the following formula:

AVA(1)=Cgd-(Vgh-Vgl)/(Cle+Cs+Cgd).

[0104] In contrast, as to the pixel near g(N, j) which is a
termination of the scanning signal line, the falling edge of a
scanning signal is distorted, and the scanning signal is there-
fore affected by the linear region characteristic of the TFT. In
consequence, the parasitic capacitance Cgd causes no level
shift in the pixel potential Vd while the scanning signal falls
from the gate ON voltage Vgh to the vicinity of the threshold
voltage VT of the TFT because the TFT is then linearly in the
ON state. In contrast, the parasitic capacitance Cgd does
cause a level shift AVA(N) in the pixel potential VA(N, j),
while the scanning signal further falls from the vicinity of the
threshold voltage VT to the gate OFF voltage Vgl. Therefore,
the level shift AVA(N) is defined by the following inequality:

AVA(N)<Cgd-(Vgh-Vgh/(Cle+Cs+Cgd),
whereby AVd(1)>AVd(N) is satisfied.
[0105] As described above, the level shift AVd generated in
the pixel potential Vd due to the parasitic capacitance Cgd in

a liquid crystal display panel is nonuniform over a display
surface. This nonuniformity cannot be ignored when the
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screen is larger and has a higher resolution. A conventional
method of biasing a counter voltage is incapable of absorbing
the nonuniformity of the level shift over a display surface and
therefore does not allow an optimal AC driving of each pixel
to be carried out. This gives rise to defects such as occurrence
of flickers and screen burn-in caused by an application of a
DC component.

[0106] As illustrated in FIG. 5, according to the liquid
crystal display apparatus of the present embodiment, a gate
voltage V(1. j) of the gate electrode g(1, j) that has just been
outputted from the scanning signal line drive circuit 20 is
designed so as to intentionally fall along a slope ofits falling
edge to the gate OFF voltage. This allows the following two
slopes to be substantially identical to each other: the slope
along which the gate voltage Vg(1, j) that has just been out-
putted from the scanning signal line drive circuit 20 falls to
the gate OFF voltage; and the slope along which the gate
voltage Vg(N, j) corresponding to the termination of the scan-
ning signal line falls to the gate OFF voltage. This eliminates
the nonuniformity of the level shift over the display surface,
thereby allowing high-quality display images to be obtained.
[0107] The following description deals in detail with the
above principle with reference to FIGS. 5 and 6. FIG. 5
shows: waveform of outputs VG(j-1), VG(j), and VG(j+1)
that are outputted from the scanning signal line drive circuit
20; waveform of a scanning signal Vg(1, j) in the vicinity of
the input of a scanning signal line; waveform of a scanning
signal Vg(N, j) in the vicinity of a termination of the scanning
signal line; and pixel potentials, Vd(1, j) and VA(N, j) corre-
sponding to Vg(1, j) and Vg(N, j), respectively.

[0108] As shown in FIG. 5, in the present embodiment, the
waveform of the output VG(j) that is outputted from the
scanning signal line drive circuit 20 is changed so that it falls
from the gate ON voltage Vgh to the gate OFF voltage Vgl
along a slope corresponding to the change amount Sx per unit
of time.

[0109] Inthe display method in which display is carried out
by (i) supplying data signals into the plurality of pixel elec-
trodes 3 via the video signal lines 31, respectively, and (ii)
supplying scanning signals into the scanning signal lines 23
intersecting with the video signal lines 31, respectively, the
falling edge of each of the scanning signals is controlled
during the driving. Such falling edge can be achieved by
arbitrarily setting the change amount Sx.

[0110] Like the waveform of the scanning signals Vg(1, j)
and Vg(N, j), proper setting of the change amount Sx causes
(i) a change amount Sx1 in the vicinity of the input of a
scanning signal line 23, and (i1) a change amount SxN in the
vicinity of the termination of the scanning signal line 23, to be
substantially equal to each other. This is because the scanning
signal is unaffected by the signal delay transfer characteristic
which the scanning signal lines 23 inherently has.

[0111] This causes the level shift in the pixel potential Vd
caused by the parasitic capacitance Cgd, which the scanning
signal lines 23 parasitically has, to be substantially uniform
over the display surface. In consequence, it is possible to
provide a display apparatus in which flickers are reduced
sufficiently and a display defect such as residual image due to
screen burn-in is eliminated, by adopting a conventional
method in which, for example, a bias potential of VCOM (a
counter potential) is applied to the counter electrode 11 so that
a level shift AVd caused by the parasitic capacitance Cgd is
reduced in advance.
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[0112] When the change amounts Sx1 and SxN are caused
to be substantially equal to each other during the falling edges
as described above regardless of their positions on the scan-
ning signal line 23, the falling edge of a scanning signal
should be controlled in accordance with the signal delay
transfer characteristic of the scanning signal line 23. The
above control allows the scanning signal to fall along a sub-
stantially equal slope at any point on the scanning signal line
23, thereby causing level shifts in the pixel potentials to be
substantially equal to one another.

[0113] The following description deals with a method for
forming the slope.

[0114] As shown in FIG. 3, the scanning signal line drive
circuit 20 is supplied with the gate ON voltage Vgh and the
gate OFF voltage Vgl. The gate ON voltage Vgh is selected
during one scanning period (TH), so that (i) it is supplied
sequentially to a scanning signal line 23 and (ii) the gate OFF
voltage Vgl for turning off the. TFTs is then supplied to the
scanning signal line 105, in sync with the gate clock signal
GCK. For the purpose of forminga slope, the present embodi-
ment employs, as an example, a slope generating circuit 40,
illustrated in FIG. 6, which serves as falling slope signal
generating means and which is incorporated in the liquid
crystal display apparatus. An output from this circuit is used
as the gate ON voltage Vgh for the scanning signal line drive
circuit 20.

[0115] As illustrated in FIG. 6, the slope generating circuit
40 mainly includes: a resistor Rent and a capacitor Cent, both
used for charging and discharging; an inverter INV used for
controlling the charging and the discharging; and switches
SW1 and SW2 for switching between the charging and the
discharging.

[0116] Oneend ofthe switch SW1 is supplied with a signal
voltage Vdd. The signal voltage Vdd is a DC voltage having a
gate ON voltage Vgh which is sufficient to turn on a TFT 2.
[0117] The other end of the switch SW1 is connected to one
end of the resistor Rent and to one end of the capacitor Cent.
Note that the resistor Rent and the capacitor Cent are set in
accordance with the horizontal length of the liquid crystal
display panel 10, i.e., the length in a direction parallel to the
scanning signal lines 23.

[0118] The other end of the resistor Rent is grounded
(GND) via the switch SW2. Switching of the switch SW2 is
controlled in accordance with an Stc signal which serves as an
ON/OFF selection signal and which is supplied, via the
inverter INV, from a control circuit 51 (later described) serv-
ing as a control section. The Stc signal is in sync with one
scanning period, and the switching of the switch SW1 is also
controlled in accordance with the Ste signal. As illustrated in
FIG. 7, the Stc signal is required to be generated so as only to
be in sync with the clock signal (GCK). The Stc signal can be
generated by using a mono multivibrator (not shown) or the
like, for example. The resistor Rent, the capacitor Cent, the
inverter INV, and the switches SW1 and SW2, function as a
gate voltage generating section.

[0119] The following description deals with switching
operations of the switches SW1 and SW2.

[0120] While the Stc signal has a high level, the switch
SW1 is in a closed state, whereas the switch SW2, which is
supplied with the Stc signal having a low level via the inverter
INV, is in an open state. In contrast, when the Stc signal has a
low level (discharge control signal), the switch SW1 is in the
open state, whereas the switch SW2, which is supplied with
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the Stc signal having a high level via the inverter INV, is in the
closed state. In other words, the switches SW1 and SW2 are
high active elements in the arrangement illustrated in FIG. 6.
[0121] The slope generating circuit 40 generates an output
signal VD1a, which is supplied to the input terminal VD1 of
the scanning signal line drive circuit 20 illustrated in FIG. 3.
As shown in FIG. 7, the Stc signal is a timing signal for
controlling the falling period of the gate voltage, and has a
cycle equal to one scanning period (TH).

[0122] With the arrangement, while the Stc signal has a
high level, the switches SW1 and SW2 are in the closed and
open states, respectively. This causes the output signal VD to
be supplied, as a gate ON voltage Vgh, to the input terminal
VD1 of the scanning signal line drive circuit 20 illustrated in
FIG. 3. In contrast, while the Stc signal has a low level, the
switches SW1 and SW2 are in the open and closed states,
respectively. This causes charge stored in the capacitor Cent
to be discharged via the resistor Rent, thereby causing the gate
voltage level to gradually decrease. As such, the output signal
VDla has sawtooth waveform illustrated in FIG. 7.

[0123] When the output signal VDl1a is supplied to the
input terminal VD1 of the scanning signal line drive circuit
20, it is possible to readily generate a scanning signal having
a slope along which the scanning signal falls, as with the
scanning signal VG(j) of FIG. 7. The slope period of the
scanning signal can be adjusted by changing a low period of
the Ste signal: The gradient Vslope can be adjusted by varying
the resistor Rent and the capacitor Cent shown in FIG. 6 so
that the time constant of the resistor Rent and the capacitor
Cent is adjusted. This allows optimization of the slope for
every liquid crystal display panel 10 to be driven.

[0124] In other words, when the horizontal length of the
liquid crystal display panel 10 is changed, the shape of the
slope is changed, accordingly. As such, it is necessary to vary
the resistor Rent and the capacitor Cent in accordance with
the horizontal length of the liquid crystal display panel 10.
This necessitates the varying of hardware such as the resistor
Rent for each liquid crystal display panel 10 to be driven. This
in turn prevents, in the production process, parts such as a
drive circuit board from being commonly applicable to dif-
ferent liquid crystal display panels.

[0125] In view of this, the present embodiment allows the
shape of the slope to be changed in accordance with the size
of a liquid crystal display panel 10 by means of software
change.

[0126] With reference to FIG. 1, the following description
deals with a driving device of the present embodiment bring-
ing about the effect.

[0127] Thedriving deviceinthe liquid crystal display appa-
ratus of the present embodiment includes a slope generating
circuit 50, illustrated in FIG. 1, serving as falling slope signal
generating means.

[0128] Theslope generating circuit 50 includes: a transistor
TR1; a diode D; a base resistor R0; an adjustment resistor R1,
a transistor TR2; a control circuit 51 serving as a control
section; and an EEPROM 52 which serves as changing means
and storing means and which is connected to the control
circuit 51.

[0129] The source of the transistor TR1 and one end of the
base resistor R0 are connected to a voltage source (not shown)
having a signal voltage Vdd of, for example, 34 V. The drain
of the transistor TR1 is connected to one end of the diode D
and to the input terminal VD1 of the scanning signal line drive
circuit 20 illustrated in FIG. 2.
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[0130] Eachoftheother end ofthe base resistor R0, the gate
of the transistor TR1, and the other end of the diode D, is
connected to one end of the adjustment resistor R1. The other
end of the adjustment resistor R1 is connected to the drain D
of the transistor TR2. The gate of the transistor TR2 is con-
nected to the control circuit 51, while the source S of the
transistor TR2 is grounded (GND).

[0131] In the slope generating circuit 50 having the
arrangement, when an output signal GSLOPE having a LOW
level is supplied from the control circuit 51 to the transistor
TR2, no current flows between the source and the drain in the
transistor TR2. This causes the transistor TR1 to turn on and
causes current to flow between the source and the drain in the
transistor TR1. The voltage source supplies, as an output
signal VDl1a, a gate ON voltage Vgh of, for example, 34 V (a
signal voltage Vdd) to the input terminal VD1 of the scanning
signal line drive circuit 20 connected to the liquid crystal
display panel 10. Consequently, a constant level part of the
output signal VD1a is outputted (see FIG. 7).

[0132] After a predetermined period of time elapses, the
control circuit 51 (see FIG. 1) supplies the output signal
GSLOPE having a HIGH level, to the transistor TR2. This
causes current to flow between the source and the drain in the
transistor TR2. Since the source of the transistor TR2 is
caused to be grounded, the drain of the transistor TR2
becomes grounded as well. This causes a potential difference
to be generated across the adjustment resistor R1, thereby
causing the transistor TR1 to turn off. As such, the liquid
crystal display panel 10 is connected to the ground (GND),
via the diode D and the adjustment resistor R1, so that current
flows from the liquid crystal display panel 10 into the ground.
This in turn causes a gradual decrease in the potential of the
liquid crystal display panel 10, thereby obtaining slope wave-
form of the gate ON voltage Vgh (see (a) of FIG. 8). The slope
waveform of the gate ON voltage Vgh is caused to abruptly
drops in sync with a rising edge of the gate clock signal GCK
(see (a) through (d) of FIG. 8). When supplying the output
signal VD 1a to the input terminal VD1 of the scanning signal
line drive circuit 20, it is possible to readily generate a scan-
ning signal which has a slope along which the scanning signal
falls (see the scanning signal VG(j) in FIG. 7).

[0133] As illustrated in (a) through (d) of FIG. 8, the slope
curve of the gate ON voltage Vgh varies depending on the
adjustment resistor R1, the capacitance of the liquid crystal
display panel 10, and the periods of the output signal
GSLOPE.

[0134] The following description deals in detail with each
of the factors critical to the slope curve of the gate ON voltage
Vgh. First described is how the slope changes in accordance
with the adjustment resistor R1.

[0135] Astothe adjustment resistor R1, the current flowing
across the adjustment resistor R1 is adjusted. It follows that a
rate of change in the gate voltage is adjusted. Thus, a low
value of the adjustment resistor R1 results in a large current
flowing from the liquid crystal display panel 10, thereby
causing the slope to have a steep gradient (see FIG. 9(a)). In
contrast, a high value of the adjustment resistor R1 results in
a small current flowing from the liquid crystal display panel
10, thereby causing the slope to have a gentle gradient (see
FIG. 9(5)).

[0136] Next described is how the slope changes in accor-
dance with the capacitance of the liquid crystal display panel
10.
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[0137] The slope generating circuit 50 generates a slope by
causing charge stored in the liquid crystal display panel 10 to
be discharged into the ground (GND). As such, in a case
where the same current flows to the ground from the liquid
crystal display panel 10, the larger capacitance the liquid
crystal display panel 10 has, the gentler gradient the slope has.
Therefore, if the liquid crystal display panel 10 were absent,
then the waveform of the gate ON voltage would be rectan-
gular as illustrated in FIG. 10(a). In a case where the liquid
crystal display panel 10 has small capacitance like a 26-inch
liquid crystal display panel 10, the slope has a steep gradient
as illustrated in FI1G. 10(). In contrast, in a case where the
liquid crystal display panel 10 has large capacitance like a
37-inch liquid crystal display panel 10, the slope has a gentle
gradient as illustrated in FIG. 10(c).

[0138] A change in the size of the liquid crystal display
panel 10 causes a change in capacitance, thereby causing a
change in the slope curve as described above. It is desirable
for the slope curves to be equal to each other under the
situation where timing of signal input and driving conditions
(e.g., voltages applied to the gate and to the source) are
identical to each other. In order for the desire to be met, the
adjustment resistor R1 has conventionally been changed in
accordance with the size of a liquid crystal display panel 10.

[0139] By contrast to this, in the present embodiment, the
gradient of the slope is adjusted by changing the slope period,
instead of changing the adjustment resistor R1. The following
description deals with how the gradient of the slope is
changed in accordance with the slope generation period.

[0140] The waveform of the gate ON voltage also changes
in accordance with the period during which a slope is gener-
ated. This phenomenon arises depending on the relationship
between the charging period and the discharging period of the
liquid crystal display panel 10. For example, when the slope
generation period is short, the slope has a steep gradient as
illustrated in FIG. 11(a). A short slope-generation period
amounts to a long period during which the gate ON voltage
Vghis applied the liquid crystal display panel 10. This causes
a comparatively large amount of charge to be stored in the
liquid crystal display panel 10.

[0141] Inacasewhere (i)the liquid crystal display panel 10
has fixed capacitance and (ii) a large amount of charge is
stored in the liquid crystal display panel 10, the charge moves
with vigor, and consequently the slope has a slightly steep
gradient, as illustrated in FIG. 11(a).

[0142] In contrast, a long slope period amounts to a short
period during which the gate ON voltage Vghis applied to the
liquid crystal display panel 10. This causes a comparatively
small amount of charge to be stored in the liquid crystal
display panel 10. In consequence, as illustrated in FIG. 11(),
the slope has a gentle gradient, as contrasted with the slope in
FIG. 11(a).

[0143] In the present embodiment, a method is adopted in
which the slope is adjusted by changing the slope period as
described above. One of the advantages of adjusting the slope
by changing the slope period is that the slope can be adjusted
by changing timing, which is readily digitized, instead of
changing a mounted member such as the adjustment resistor
R1. Another advantage is that, since the changing of timing
amounts to a change in parameter, such a change in parameter
can be one of functions which the control circuit 51 can deal
with.
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[0144] More specifically, as illustrated in FIG. 1, the con-
trol circuit 51 is arranged to include the EEPROM 52 serving
as the storing means. This allows a HIGH period of the output
signal GSLOPE to be set in accordance with the gate clock
signal GCK generated in the control circuit 51. In other
words, the timing at which the output signal GSLOPE rises to
a HIGH level and the timing at which the output signal
GSLOPE falls to a LOW level are set in accordance with the
gate clock signal GCK. As aresult, it is possible to change the
gradient of the slope as described above.

[0145] Theadjustment of waveform can be made by setting
data digitally. As shown in FIG. 1, data is read out from the
EEPROM 52 so that the HIGH period of the output signal
GSLOPE is set. With the arrangement, it is possible to deal
with liquid crystal display panels 10 of various sizes by only
changing the data in the EEPROM 52. For example, it is
possibleto deal, by use of a single slope generating circuit 50,
with any one of a 26-inch liquid crystal display panel 10, a
32-inch liquid crystal display panel 10, and a 37-inch liquid
crystal display panel 10. This eliminates the need for chang-
ing the circuit board on which the slope generating circuit 50
is mounted. In other words, the slope can be changed without
changing a circuit board with another for the purpose of
changing the adjustment resistor R1. In addition, even after
the slope is changed, the slope can be further changed as
desired with ease.

[0146] As illustrated in FIG. 1, according to the above
description, the source of the transistor TR2 is grounded
(GND), and current is caused to flow from the liquid crystal
display panel 10 to the ground (GND) so that a slope is
generated in the waveform. However, the arrangement is not
necessarily limited to this. For example, as illustrated in FIG.
12, the source of the transistor TR2 can receive a variable
potential of a digital-to-analog converter (DAC; not shown) in
the control circuit 51. Thus, it is possible to form an alterna-
tive slope generating circuit 50q, in which the slope is
adjusted by changing a voltage of a node to which current
flows so that the amount of current flowing into the node is
adjusted.

[0147] According to the above description, only the slope
generating circuit 50 includes the EEPROM 52. However, the
arrangement is not necessarily limited to this. The slope gen-
erating circuit 40 can also include an EEPROM 52.

[0148] As described above, according to the liquid crystal
display apparatus of the present embodiment, the slope gen-
erating circuits 40 and 50 each generate a falling slope signal
in accordance with the signal delay transfer characteristic of
a scanning signal line 23, the characteristic being inherent in
the scanning signal line 23 due to the length of the liquid
crystal display panel 10. The falling slope signal is generated
for controlling the scanning signal so that the scanning signal
falls along a substantially equal slope regardless of its posi-
tion on the scanning signal line 23. The falling slope signal is
supplied to the scanning signal line drive circuit 20.

[0149] It is indeed possible to, for example, mount on the
circuit board an adjustment resistor R1 having a value set
suitably for a specific signal delay transfer characteristic of
the scanning signal lines 23, the characteristic being deter-
mined by the length of the liquid crystal display panel 10 of a
given size.

[0150] However, since liquid crystal display panels 10 of
different sizes have different signal delay transfer character-
istics of scanning signal lines 23, respectively, it has conven-
tionally been necessary that a circuit board itself be replaced
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with another circuit board on which an adjustment resistor R1
is mounted which has a value in accordance with the signal
delay transfer characteristics of the liquid crystal display
panels.

[0151] In contrast, according to the present embodiment,
the slope generating circuits 40 and 50 each include changing
means for changing the timing of the rising edge of a scanning
signal and the timing of the slope falling edge of a scanning
signal. Specifically, the slope generating circuits 40 and 50
each include the EEPROM 52 for variably setting the timing
of the rising edge of the scanning signal and the timing of the
slope falling edge of the scanning signal. The EEPROM 52
serving as the changing means can be replaced with other
means, e.g., a RAM which serves as storing means and which
is included in the control circuit 51. Inaddition, means, which
is arranged by any hardware component so that the timing of
the rising edge of the scanning signal and the timing of the
slope falling edge of the scanning signal can be changed, and
which can be modified within the drive circuit board, can be
used in place of the storing means.

[0152] Inother words, the gradient of the slope of scanning
signal can be changed by controlling the ON period of the
scanning signal.

[0153] Inview of this, it is unnecessary to switch from one
circuit board to another one on which an adjustment resistor
R1 is mounted in accordance with the signal delay transfer
characteristic of a liquid crystal display panel 10, by allowing
the EEPROM 52, which sets the timing of the rising edge of
a scanning signal and the timing of the slope falling edge of
the scanning signal each for setting the ON period of the
scanning signal, to change the respective timing thus set. The
EEPROM 52 is arranged so that its settings for such timings
can be changed.

[0154] This allows provision of a liquid crystal display
apparatus in which a single drive circuit board is commonly
applicable to liquid crystal display panels 10 having various
sizes.

[0155] The liquid crystal display apparatus of the present
embodiment is arranged such that the control circuit 51 out-
puts the Stc signal serving as an ON/OFF selection signal
representing the timing of the rising edge of the scanning
signal and the timing of the slope falling edge of the scanning
signal, and that the gate voltage generating section (i) sup-
plies a gate ON voltage Vgh to a scanning signal line 23 in
response to an ON signal of the ON/OFF selection signal
from the control circuit 51, the ON signal representing the
timing of the rising edge of the scanning signal, and (ii)
causes charge, stored in the scanning signal lines 23 dueto the
gate ON voltage Vgh, to be discharged in response to an OFF
signal of the ON/OFF selection signal from the control circuit
51, the OFF signal representing the timing of the slope falling
edge of the scanning signal. This allows a falling slope signal
to be generated.

[0156] More specifically, the above allows generating a
falling slope signal for controlling a scanning signal so that
the scanning signal falls along a substantially equal slope
regardless of its position on the scanning signal line 23.
[0157] The liquid crystal display apparatus of the present
embodiment is preferably arranged such that the gate voltage
generating section discharges the charge so that the scanning
signal line has a ground potential when the charge stored in
the scanning signal line due to the gate ON voltage Vgh is
discharged in response to the OFF signal of the ON/OFF
selection signal.
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[0158] According to the above arrangement, it is only nec-
essary that the scanning signal lines 23 be grounded (GND) so
that the charge stored by the scanning signal lines 23 due to
the gate ON voltage Vgh is discharged. This allows the gate
voltage generating section to have a simple structure.

[0159] The liquid crystal display apparatus of the present
embodiment is arranged such that the gate voltage generating
section includes a control circuit 51 serving as a discharge
potential setting section for setting a potential which will be
held by the scanning signal line 23 after the charge stored in
the scanning signal line 23 due to the gate ON voltage is
discharged in response to the OFF signal of the ON/OFF
selection signal.

[0160] This allows the control circuit 51 to set the potential
which will be held by the scanning signal lines 23 after
electricity stored in the scanning signal lines 23 due to the
gate ON voltage is discharged. As a result, it is possible to
change the gradient of the slope.

[0161] The liquid crystal display apparatus of the present
embodiment is arranged such that the control circuit 51 serv-
ing as a control section outputs an Stc signal serving as an
ON/OFF selection signal representing the timing of the rising
edge of the scanning signal and the timing of'the slope falling
edge of the scanning signal, and that a slope voltage control
section for (i) supplying a slope control voltage, obtained by
charging a gate ON voltage Vgh, to a scanning signal line 23,
via the scanning signal line drive circuit 20, in response to an
ON signal of the Stc signal from the control circuit 51, the ON
signal representing the timing of the rising edge of the scan-
ning signal, and for (ii) causing the slope control voltage to be
zero by discharging charge, which has been stored due to the
gate ON voltage Vgh, in response to an OFF signal of the Stc
signal from the control circuit 51, the OFF signal representing
the timing of the slope falling edge of the scanning signal.
This allows a falling slope signal to be generated.

[0162] More specifically, the above allows generating a
falling slope signal for controlling a scanning signal so that
the scanning signal falls along a substantially equal slope
regardless of its position on the scanning signal lines 23.
[0163] The display apparatus of the present embodiment is
arranged such that the display panel is a liquid crystal display
panel. This allows provision of a liquid crystal display appa-
ratus having a drive circuit board capable of being generalized
with respect to display panels of various sizes.

[0164] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not exceed
the scope of the patent claims set forth below.

INDUSTRIAL APPLICABILITY

[0165] The present invention is applicable to a display
apparatus including a display panel and a scanning signal line
drive circuit for supplying scanning signals to scanning signal
lines. Specifically, examples of such a display apparatus
encompass: an active matrix liquid crystal display apparatus;
an electrophoretic display; a twisting ball display; a reflective
display using a micro prism film; and a display using a light
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modulation device such as a digital mirror device, in addition
to a display using a light-emitting device with a variable
luminance such as an organic EL device, an inorganic EL
device, and a light-emitting diode (LED), a field emission
display (FED), and a plasma display.

1. A display apparatus comprising:

a display panel including:

a plurality of video signal lines to supply a data signal;

a plurality of scanning signal lines provided so as to
intersect with the video signal lines; and

pixel electrodes provided at intersections of the video
signal lines and the scanning signal lines via switch-
ing elements, respectively;

ascanning signal line drive circuit for supplying a scanning
signal to each of the scanning signal lines, and

falling slope signal generating means for generating a fall-
ing slope signal for controlling the scanning signal so
that the scanning signal falls along a slope, and for
supplying the falling slope signal to the scanning signal
line drive circuit;

the falling slope signal generating means including chang-
ing means for changing timing of a rising edge of the
scanning signal and timing of a slope falling edge of the
scanning signal.

2. A display apparatus comprising:

a display panel including:

a plurality of video signal lines to supply a data signal,

a plurality of scanning signal lines provided so as to
intersect with the video signal lines; and

pixel electrodes provided at intersections of the video
signal lines and the scanning signal lines via switch-
ing elements, respectively;

ascanning signal line drive circuit for supplying a scanning
signal to each of the scanning signal lines, and

falling slope signal generating means for generating a fall-
ing slope signal in accordance with a signal delay trans-
fer characteristic of a scanning signal line, and for sup-
plying the falling slope signal to the scanning signal line
drive circuit, the characteristic being inherent in the
scanning signal line due to a length of the display panel,
the falling slope signal being generated for controlling
the scanning signal so that the scanning signal falls along
a substantially equal slope regardless of its position on
the scanning signal line,

the falling slope signal generating means including storing
means for variably setting timing of a rising edge of the
scanning signal and timing of a slope falling edge of the
scanning signal.

3. The display apparatus according to claim 1, wherein:

each of the switching elements is a thin film transistor; and

the falling slope signal generating means includes:

a control section for outputting an ON/OFF selection sig-
nal representing the timing of the rising edge of the
scanning signal and the timing of the slope falling edge
of the scanning signal; and

a gate voltage generating section for (i) supplying a gate
ON voltage to a scanning signal line, via the scanning
signal line drive circuit, in response to an ON signal of
the ON/OFF selection signal, the ON signal represent-
ing the timing of the rising edge of the scanning signal,
and for (i1) causing charge, stored in the scanning signal
line due to the gate ON voltage, to be discharged in
response to an OFF signal of the ON/OFF selection
signal, the OFF signal representing the timing of the
slope falling edge of the scanning signal.
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4. The display apparatus according to claim 2, wherein:
each of the switching elements is a thin film transistor; and
the falling slope signal generating means includes:

a control section for outputting an ON/OFF selection sig-
nal representing the timing of the rising edge of the
scanning signal and the timing of the slope falling edge
of the scanning signal; and

a gate voltage generating section for (i) supplying a gate
ON voltage to a scanning signal line, via the scanning
signal line drive circuit, in response to an ON signal of
the ON/OFF selection signal, the ON signal represent-
ing the timing of the rising edge of the scanning signal,
and for (i) causing charge, stored in the scanning signal
line due to the gate ON voltage, to be discharged in
response to an OFF signal of the ON/OFF selection
signal, the OFF signal representing the timing of the
slope falling edge of the scanning signal.

5. The display apparatus according to claim 3, wherein the
gate voltage generating section discharges the charge so that
the scanning signal line has a ground potential when the
charge stored in the scanning signal line due to the gate ON
voltage is discharged in response to the OFF signal of the
ON/OFF selection signal.

6. The display apparatus according to claim 4, wherein the
gate voltage generating section discharges the charge so that
the scanning signal line has a ground potential when the
charge stored in the scanning signal line due to the gate ON
voltage is discharged in response to the OFF signal of the
ON/OFF selection signal.

7. The display apparatus according to claim 3, wherein the
gate voltage generating section includes a discharge potential
setting section for setting a potential which will be held by the
scanning signal line after the charge stored in the scanning
signal line due to the gate ON voltage is discharged in
response to the OFF signal of the ON/OFF selection signal.

8. The display apparatus according to claim 4, wherein the
gate voltage generating section includes a discharge potential
setting section for setting a potential which will be held by the
scanning signal line after the charge stored in the scanning
signal line due to the gate ON voltage is discharged in
response to the OFF signal of the ON/OFF selection signal.
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9. The display apparatus according to claim 1, wherein:
each of the switching elements is a thin film transistor; and
the falling slope signal generating means includes:

a control section for outputting an ON/OFF selection sig-
nal representing the timing of the rising edge of the
scanning signal and the timing of the slope falling edge
of the scanning signal; and

a slope voltage control section for (i) supplying a slope
control voltage, obtained by charging a gate ON voltage,
to a scanning signal line, via the scanning signal line
drive circuit, in response to an ON signal of the ON/OFF
selection signal, the ON signal representing the timing
of the rising edge of the scanning signal, and for (ii)
causing the slope control voltage to be zero by discharg-
ing charge, which has been stored due to the gate ON
voltage, in response to an OFF signal of the ON/OFF
selection signal, the OFF signal representing the timing
of the slope falling edge of the scanning signal.

10. The display apparatus according to claim 1, wherein the

display panel is a liquid crystal display panel.

11. The display apparatus according to claim 2, wherein:
each of the switching elements is a thin film transistor; and
the falling slope signal generating means includes:

a control section for outputting an ON/OFF selection sig-
nal representing the timing of the rising edge of the
scanning signal and the timing of the slope falling edge
of the scanning signal; and

a slope voltage control section for (i) supplying a slope
control voltage, obtained by charging a gate ON voltage,
to a scanning signal line, via the scanning signal line
drive circuit, in response to an ON signal of the ON/OFF
selection signal, the ON signal representing the timing
of the rising edge of the scanning signal, and for (ii)
causing the slope control voltage to be zero by discharg-
ing charge, which has been stored due to the gate ON
voltage, in response to an OFF signal of the ON/OFF
selection signal, the OFF signal representing the timing
of the slope falling edge of the scanning signal.

12. The display apparatus according to claim 2, wherein the

display panel is a liquid crystal display panel.
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