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DRIVING METHOD AND DRIVE CONTROL
CIRCUIT OF LIQUID CRYSTAL DISPLAY
DEVICE, AND LIQUID CRYSTAL DISPLAY
DEVICE INCLUDING THE SAME

This is a divisional of application Ser. No. 10/603,067, filed
Jun. 24, 2003.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a driving method and a
drive control circuit of a liquid crystal display device, and a
liquid crystal display device including the same.

2. Description of the Related Art

In recent years, both the resolution and the display density
of an active matrix type liquid crystal display device (LCD)
have become remarkably high. In the case where the resolu-
tion is not very high, it is possible to sufficiently secure an on
time (writing time) of a gate signal (gate pulse) applied to a
gate electrode of a thin film transistor (TFT) formed as a
liquid crystal drive switching element in each pixel. Thus,
even if the voltage (gate-on voltage) of the gate pulse at the on
time is not made high, a gradation voltage can be certainly
written to a pixel electrode, and excellent display quality can
be obtained. However, when the number of gate bus lines is
increased in order to raise the resolution, in the case where a
vertical scanning period is constant, the writing time becomes
short, and insufficient writing of the gradation voltage can
occur. As solving means of this problem, there is a method in
which the gate-on voltage is made high to raise the mobility of
the TFT.

However, there is a defect in the method of making the
gate-on voltage high. The defect will be described with ref-
erence to FIGS. 16 and 17. FIG. 16 shows one gate bus line as
a CR distributed constant circuit. As shown in FIG. 16, the
gate bus line can be expressed as a circuit in which low-pass
filters each composed of a resistance R and a capacitance C
are continuously connected. In such a gate bus line, when the
width of the gate bus line is made minute to increase the
display density, the component of the resistance R is
increased, and when the thickness of a gate insulating film is
made thin, the component of the capacitance C is increased,
and therefore, a gate delay occurs which can not be neglected.

FIG. 17 shows a state of the gate delay of the gate pulse
applied to the gate bus line. When the resistance value, load
capacitance and the like of the gate bus line itself are
increased, as shown in FIG. 17, with respect to the gate pulse
outputted to the gate bus line, a round waveform due to the
delay hardly occurs in the vicinity of, for example, a pixel 1 at
the side close to a gate driver, however, as the gate pulse goes
away from the gate driver, for example, in the vicinity of a
pixel n (n denotes the maximum number of pixels driven by
one gate bus line), a round waveform as shown in the drawing
occurs.

In an LCD which performs a color display with three
primary colors of R (Red), G (Green) and B (Blue), the
number of pixels driven by one gate bus line becomes the
resolution in the direction of gate bus line extensionx3. For
example, the number n of pixels driven by one gate bus line is
1920 (=640x3) in the case where the display system is VGA,
n=3072 (=1024x3) in XGA, n=3840 (1280x3) in SXGA and
n=4800 (1600x3) in UXGA. When the gate driver for driving
gate bus lines outputs rectangular gate pulses at predeter-
mined timings to the respective gate bus lines, the rectangular
gate pulses are applied to the gate electrodes of the TFTs of
the pixel 1, the pixel 2, the pixel 3 and the like which are close
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to the gate driver, however, the gate pulses with the round
waveforms are applied to the gate electrodes of the TFTs of
the pixel (n—1) and the pixel n which are remote from the gate
driver. Since the writing condition of the gradation voltage to
the pixel electrode is changed by the round waveform among
pixels on the same gate bus line, a problem of uneven display
and the like occurs. Since the round waveform due to the gate
delay becomes remarkable as the gate-on voltage is made
high, the display quality becomes apt to deteriorate.

FIGS. 18A to 18E show relation among a round waveform,
a writing time and a writing amount. FIG. 18A shows a
horizontal synchronizing signal a in the case where a hori-
zontal scanning frequency is “A” kHz, FIG. 18B shows a
horizontal synchronizing signal b in the case where a hori-
zontal scanning frequency is “B” (A<B) kHz. A period Thb of
the horizontal synchronizing signal b is shorter than a period
Tha of the horizontal synchronizing signal a by a time ATh.

FIG. 18C shows a waveform of a gate signal in the case of
FIG.18A, and FIG. 18D shows a waveform of a gate signal in
the case of FIG. 18B. FIG. 18E is a waveform diagram of a
gate signal in the case where the gate-on voltage is made high
by AV.

As shown in FIG. 18C, the gate pulse outputted from the
gate driver has a “H (high)” level only for the same period as
the period Tha of the horizontal synchronizing signal a and
the gate-on voltage is held. However, although the waveform
X of the gate pulse applied to the gate electrode of a TFT of a
pixel close to the gate driver becomes rectangular, the round-
ing as shown in the drawing occurs in the waveform Y of the
gate pulse applied to the gate electrode of a TFT of a pixel
remote from the gate driver.

When it is assumed that a voltage (threshold voltage) at
which a desired mobility can be obtained for a TFT is Va, a
period of a portion of the waveform Y not lower than the
voltage Va is Ta. When an area of a region surrounded by the
line of the voltage Va and the waveform Y is made Sa, the
dimension of the area Sa is in proportion to the quantity of
electric charge written to the pixel electrode.

As shown in FIG. 18D, the gate pulse outputted from the
gate driver has the “H” level for the same period as the period
Thb of the horizontal synchronizing signal b, and the gate-on
voltage is held. Similarly to the example of FIG. 18C,
although a waveform U of a gate pulse applied to a gate
electrode of a TFT of a pixel close to the gate driver becomes
rectangular, the rounding as shown in the drawing occurs in a
waveform W of a gate pulse applied to a gate electrode of a
TFT of a pixel remote from the gate driver.

In the same manner as the above, when it is assumed that a
voltage at which a desired mobility is obtained for a TFT is
Va, aperiod of a portion of the waveform W not lower than the
voltage Va is Th. When an area of a region surrounded by the
line of the voltage Va and the waveform W is made Sb, the
dimension of the area Sb is in proportion to the quantity of
electric charge written to the pixel electrode.

When the period Ta and the period Tb are compared, the
period Tb is shorter than the period Ta by approximately ATh,
and the area Sa>Sb is satisfied. Accordingly, in the case where
the horizontal scanning frequency is relatively high as shown
in FIG. 18B, insufficient writing of electric charge occurs.

In order to solve this, it is sufficient if the gate-on voltage is
made high. FIG. 18E shows a gate pulse waveform in the case
where the gate-on voltage is made high by AV in the case
where the horizontal scanning frequency is “B” kHz. A wave-
form P of a gate pulse applied to a gate electrode of a TFT of
apixel close to the gate driver is rectangular, and the rounding
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as shown in the drawing occurs in a waveform Q of a gate
pulse applied to a gate electrode of a TFT of a pixel remote
from the gate driver.

The area of a region surrounded by the line of the voltage
Va and the waveform Q becomes Sb'+ASb. The area ASb is an
increment due to the rise of the gate-on voltage by AV.
Although the area Sb is not simply equal to Sb', it is clear that
the area Sb<Sb'+ASb. By this, since the supply amount of
electric charge is increased, the insufficient writing does not
occur.

In general, a liquid crystal display device is required to be
designed such that it can be sufficiently driven even by a
vertical scanning frequency higher than a mainly used verti-
cal scanning frequency so that it can support plural kinds of
vertical scanning frequencies of video signals supplied from
a system (for example, a personal computer) side. Accord-
ingly, in a driving method of a recent liquid crystal display
device, it is necessary to resolve the insufficient writing of
gradation data due to high resolution as described above, and
it is necessary to support all of plural kinds of vertical scan-
ning frequencies supplied from the system side.

FIG. 19 shows a vertical scanning frequency, a vertical
period, a horizontal scanning frequency and a horizontal
period. A vertical period Tva is a period of a vertical synchro-
nizing signal (Vsync) and is the reciprocal of a vertical scan-
ning frequency. As shown in FIG. 19, the vertical period Tva
is composed of an effective display period and a blank period.
The effective display period of the vertical period Tva is a
period in which the respective gate bus lines are line-sequen-
tially driven, and FIG. 19 exemplifies gate pulse signals 1001
to 1005 outputted to the respective gate bus lines. In the blank
period, the gate bus lines are not driven. On the other hand, a
horizontal period Tha is the reciprocal of a horizontal scan-
ning frequency and is almost equal to a period in which a gate
pulse has an on state. When the vertical scanning frequency
becomes high, the one vertical period Tva becomes short, and
the horizontal period Tha in which the gate pulse is kept at the
“H” level also becomes short. That is, the horizontal scanning
frequency becomes high. However, there is also a case where
by shortening the blank period, even if the vertical period Tva
becomes short, the effective display period is not made short.

As stated above, when the vertical scanning frequency
becomes high, the horizontal scanning frequency also
becomes high, and a writing time of a gradation voltage to a
pixel electrode becomes short. Accordingly, if the gate volt-
age is fixed so that writing of the gradation voltage becomes
sufficient even at the upper limit of the plural kinds of vertical
scanning frequencies supplied from the system side, even ata
mainly used vertical scanning frequency, the gate pulse of a
high gate-on voltage is outputted to the gate bus line, so that
the round waveform becomes severe, and there can occur a
problem in display quality.

Incidentally, the following documents are cited for refer-
ence.

[Patent Document 1]

JP-A-06-230342

[Patent Document 2]

JP-A-08-54859

[Patent Document 3]

JP-A-11-109925

[Patent Document 4]

JP-A-11-184436

SUMMARY OF THE INVENTION

An object of the invention is to provide a driving method
and a drive control circuit of a liquid crystal display device in
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which even if a vertical scanning frequency or a horizontal
scanning frequency is changed, display quality is not
degraded, and a liquid crystal display device including the
same.

The above object is achieved by a driving method of a
liquid crystal display device characterized by comprising a
detection step of detecting a change of a vertical scanning
frequency or a horizontal scanning frequency, and an output
step of outputting, when the change of the vertical scanning
frequency or the horizontal scanning frequency is detected at
the detection step, a gate-on voltage corresponding to the
change.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view for explaining a rough structure of a liquid
crystal display device according to a first embodiment of the
invention;

FIG. 2 is a view showing an equivalent circuit of one pixel
of the liquid crystal display device according to the first
embodiment of the invention;

FIG. 3 is a view showing an example of a drive waveform
of the liquid crystal display device according to the first
embodiment of the invention;

FIG. 4 is a circuit block diagram showing a gate voltage
regulating circuit of the liquid crystal display device accord-
ing to the first embodiment of the invention;

FIG. 5 is an operation flow diagram of the gate voltage
regulating circuit of the liquid crystal display device accord-
ing to an example 1-1 of the first embodiment of the inven-
tion;

FIG. 6 is an operation flow diagram of the gate voltage
regulating circuit of the liquid crystal display device accord-
ing to an example 1-2 of the first embodiment of the inven-
tion;

FIGS. 7A to 7C are views showing a gate voltage regulat-
ing circuit of the liquid crystal display device according to the
first embodiment of the invention, FIG. 7A is a circuit block
diagram of a gate voltage regulating circuit of an example 1-3,
FIG. 7B is a view showing an example of a PWM signal and
FIG.7C s a view showing an example of a voltage stabilizing
circuit;

FIGS. 8A and 8B are views showing a common voltage
regulating circuit of the liquid crystal display device accord-
ing to the first embodiment of the invention, FIG. 8A is a first
circuit block diagram of the common voltage regulating cir-
cuit and FIG. 8B is a second circuit block diagram of the
common voltage regulating circuit;

FIG. 9 is a view showing a common voltage regulating
circuit of the liquid crystal display device according to an
example 1-6 of the first embodiment of the invention;

FIG. 10 is a view showing a circuit structure of a reference
voltage generating circuit 200 according to a second embodi-
ment of the invention;

FIG. 11 is a view showing a characteristic (T-V character-
istic) of voltage applied to liquid crystal and transmissivity;

FIGS. 12A to 12E are views for explaining an adjustment
range of the contrast and a setting state of the contrast of a
liquid crystal display device at the time of shipment;

FIGS. 13A to 13C are views for explaining a conventional
contrast adjustment method and showing picture signal wave-
forms inputted to a liquid crystal display device from a system
side apparatus such as a personal computer;

FIG. 14 is a view showing a circuit structure of a conven-
tional reference voltage generating circuit 400;
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FIG. 15 is a view for explaining connection of the conven-
tional reference voltage generating circuit 400 and source
driver ICs 500 and 501;

FIG. 16 is a view showing a gate bus line as a CR distrib-
uted constant circuit;

FIG. 17 is a view showing a state of gate delay of a gate
pulse applied to a gate bus line;

FIG. 18A is a waveform diagram of a horizontal synchro-
nizing signal a with a horizontal scanning frequency of “A”
kHz; FIG. 18B is a waveform diagram of a horizontal syn-
chronizing signal b with a horizontal scanning frequency of
“B” kHz; FIG. 18C is a waveform diagram of a gate signal in
the case of FIG. 18A, FIG. 18D is a waveform diagram of a
gate signal in the case of FIG. 18B, FIG. 18E is a waveform
diagram of a gate signal in the case where a gate-on voltage is
raised by AV; and

FIG. 19 is a view showing relation among a vertical syn-
chronizing signal, a vertical period and a horizontal period
and the like.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A driving method and a drive control circuit of a liquid
crystal display device according to a first embodiment of the
invention, and a liquid crystal display device including the
same will be described with reference to FIGS. 1 to 8. First, a
rough structure of the liquid crystal display device according
to this embodiment will be described with reference to FIG. 1.
A liquid crystal display device 100 includes an LCD (Liquid
Crystal Display) panel 40 in which n gate bus lines extending
in the horizontal direction in the drawing and m data bus lines
formed to intersect with the gate bus lines through an insu-
lating film and extending in the vertical direction in the draw-
ing are formed. Regions defined by the gate bus lines and the
data bus lines in the LCD panel 40 are pixel regions, and a
not-shown TFT is formed in each of the pixel regions
arranged in a matrix form. A source electrode of each TFT is
connected to a not-shown pixel electrode, a drain electrode is
connected to a near data bus line and a gate electrode is
connected to a near gate bus line.

Besides, a data driver 10 for driving the m data bus lines
and a gate driver 20 for driving the n gate bus lines are
disposed in the LCD panel 40. Further, a drive control circuit
30 for outputting various control signals and picture signals
(gradation signals, etc.) to the data driver 10 and the gate
driver 20 is provided in the LCD panel 40.

The drive control circuit 30 outputs a data driver control
signal and a picture signal to the data driver 10. The data
driver 10 receives the data driver control signal and the picture
signal, and outputs a gradation voltage for each pixel to each
data bus line at a predetermined timing. Besides, the drive
control circuit 30 outputs a gate-on voltage Vg and a gate
driver control signal to the gate driver 20. Various control
signals and picture signals are inputted to the drive control
circuit 30 from a system side apparatus, for example, a per-
sonal computer connected to the liquid crystal display device
100.

The drive control circuit 30 includes a common voltage
regulating circuit 31 for outputting a common voltage Vcom
to the LCD panel 40 and a gate voltage regulating circuit 32
for outputting the gate-on voltage Vg to the gate driver 20.

The gate driver 20 sequentially outputs gate pulses to the
gate bus lines 1 to n on the basis of the gate driver control
signal, and sequentially selects the gate bus lines each con-

20

25

40

45

60

6

nected to m pixels to which gradation voltages are to be
written. The data driver 10 outputs the gradation voltages for
the m pixels connected to the gate bus line selected by the gate
driver 20 to the data bus lines 1 to m. By this, the gate bus lines
1 to n are sequentially selected, the predetermined gradation
voltages are written to the respective pixels on the selected
gate bus line, and a picture of one frame is displayed.

The gate voltage regulating circuit 32 is a circuit for out-
putting the gate-on voltage Vg corresponding to a change of a
horizontal scanning frequency or a vertical scanning fre-
quency. For example, in the case where the vertical scanning
frequency is 60 Hz, the gate-on voltage Vg=25V is outputted,
and in the vertical scanning frequency other than that, the
gate-on voltage Vg=30 V is outputted. With respect to the
change of the gate-on voltage Vg, two or more threshold
values, not one threshold value, may be used. For example, in
the case where the vertical scanning frequency is 60 Hz, the
gate-on voltage Vg=25V is outputted, and in the case where
the vertical scanning frequency is 75 Hz, the gate-on voltage
Vg=30V is outputted.

Further, the threshold value of the vertical scanning fre-
quency or the horizontal scanning frequency in the case
where the gate-on voltage is set to be high can be made
different from the threshold value of the vertical scanning
frequency or the horizontal scanning frequency in the case
where the gate-on voltage Vg is set to be low. For example, a
setting may be made such that when the horizontal scanning
frequency exceeds 65 kHz, the gate-on voltage Vg is changed
to 30 V, however, when the gate-on voltage Vg is once
changed to 30V, the gate-on voltage Vg is not to returned to
25 V unless the horizontal scanning frequency becomes less
than 60 Hz. Further, the gate-on voltage Vg may be continu-
ously changed in accordance with the change of the horizon-
tal scanning frequency or the vertical scanning frequency
without providing a threshold value.

The common voltage regulating circuit 31 outputs the opti-
mum common voltage Vcom to a common electrode of the
LCD panel 40 in order to prevent the common voltage Vcom
from deviating from the optimum potential as a result of
dynamic change of the gate-on voltage Vg by the gate voltage
regulating circuit 32.

That the optimum common voltage Vcom is changed in
accordance with the change of the gate-on voltage Vg will be
described with reference to FIG. 2. FIG. 2 shows an equiva-
lent circuit of a pixel formed in the LCD panel 40. A gate
electrode G of a TFT is connected to the gate bus line, and a
drain electrode D of the TFT is connected to the data bus line.
A source electrode S of the TFT is connected to a pixel
electrode P. A liquid crystal is sealed between the pixel elec-
trode P and a common electrode O1 to which the common
voltage Vcom is applied and a liquid crystal capacitance C,
is formed. Besides, the pixel electrode P and a storage capaci-
tor electrode O2 which is opposite to the pixel electrode
through a not-shown insulating film and to which the com-
mon voltage Vcom is applied form a storage capacitor Cs
connected in parallel to the liquid crystal capacitance C, .
Besides, a parasitic capacitance Cgs is formed between the
gate electrode G and the source electrode S of the TFT. It is
assumed that with respect to the gate voltage on the gate bus
line, its voltage at the time when the gate pulse is offis 0V, and
its voltage (gate-on voltage) at the time when the gate pulse is
onis Vg. A gradation voltage Vd is applied to the data bus line.
A voltage applied to the liquid crystal will be called a liquid
crystal voltage.

FIG. 3 shows a change of the liquid crystal voltage in the
case where the gate-on voltage Vg and the gradation voltage
Vd are applied to the equivalent circuit as stated above. In



US 8,432,347 B2

7

FIG. 3, the waveform of the gate voltage applied to the gate
bus line is indicated by a solid line, and the waveform of the
gradation voltage Vd applied to the data bus line is indicated
by an alternate long and short dash line. Besides, the wave-
form of the liquid crystal voltage is expressed by a dotted line.
As shown in FIG. 3, the waveform of the gate voltage
becomes a gate pulse of a rectangular wave which has the
gate-on voltage=Vg only in a predetermined period of time at
every vertical period. Here, when the waveform of the grada-
tion voltage Vd is expressed by the alternate long and short
dash line of FIG. 3, although the liquid crystal voltage is
raised in accordance with the gradation voltage Vd during the
application of the gate pulse, as electric charge is stored in the
liquid crystal capacitance C, . and the storage capacitor Cs,
the rise becomes gentle. Besides, at the instant when the gate
voltage is lowered from Vg to 0V, the electric charge is
re-distributed to the liquid crystal capacitance C, ., the stor-
age capacitor Cs and the parasitic capacitance Cgs, respec-
tively, so that the liquid crystal voltage is lowered by a punch-
through voltage AVd. The punch-through voltage AVd is
expressed by the following expression.

AVd={Cgs/(Cgs+C; +CS)}xVg

Besides, when the gradation voltage Vd is lowered, the
liquid crystal voltage is also lowered in accordance with that,
however, when the gate-on voltage is raised from 0 V to Vg,
since the electric charge is stored in the liquid crystal capaci-
tance C, . and the storage capacitors Cs and Cgs, the lowering
becomes gentle. Besides, at the instant when the gate-on
voltage is lowered from Vg to 0 V, the electric charge is
re-distributed to the liquid crystal capacitance C, ., the stor-
age capacitor Cs and the parasitic capacitance Cgs, so that it
is again lowered by the punch-through voltage AVd.

With respect to the common voltage Vcom, the center
value between positive and negative voltages after it is
changed by the punch-through voltage AVd becomes opti-
mum, however, when the gate-on voltage Vg is changed in the
foregoing expression, the punch-through voltage AVd is also
changed, and as a result, the optimum value of the common
voltage is also changed. Accordingly, as described above, in
the case where the gate-on voltage Vg is changed by the
horizontal scanning frequency or the vertical scanning fre-
quency, it is required to be regulated to the optimum common
voltage Vcom after regulation of the gate-on voltage Vg. As
shown in FIG. 3, when the gate-on voltage Vg is made rela-
tively high, the punch-through voltage AVd becomes rela-
tively high, and the liquid crystal voltage is lowered, and
therefore, the common voltage Vcom is regulated to a lower
value.

FIG. 4 shows a structural example of the gate voltage
regulating circuit 32. The gate voltage regulating circuit 32
includes a timing controller 301 for detecting the change of
the horizontal scanning frequency, a gate-on voltage gener-
ating circuit 305 for generating two kinds of gate-on voltages
Vaand Vb (Va<Vb), and a switch 303 for outputting one of the
gate-on voltages Va and Vb from the gate-on voltage gener-
ating circuit 305 in accordance with the output of the timing
controller 301.

The timing controller 301 includes a counter 311 to which
a horizontal synchronizing signal and a clock signal from an
oscillating circuit are inputted and which counts clocks of one
horizontal period, and a comparator 312 to which a count
result of the counter 311 and a threshold value A and a
threshold value B are inputted and which compares the count
result with the threshold value A or the threshold value B.
Incidentally, the oscillating circuit generates the clock signal
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of, for example, 5 MHz. Besides, it is assumed that the gate-
on voltage Va is 25 V and the gate-on voltage Vb is 30 V.

Example 1-1

A driving operation according to an example 1-1 using the
gate voltage regulating circuit 32 shown in FIG. 4 will be
described with reference to FIG. 5. Incidentally, in this
example, only one threshold value A is used as the threshold
value to be inputted to the comparator 312, and it is assumed
that initially, the switch 303 selects and outputs the gate-on
voltage Va. The counter 311 counts the clocks from the oscil-
lating circuit until the synchronizing pulse of the horizontal
synchronizing signal is detected (steps S1 and S3). For
example, in case the horizontal scanning frequency is S0 kHz,
when the count value becomes 100 (=5 M/50 k), the synchro-
nizing pulse of the horizontal synchronizing signal is
detected. When the synchronizing pulse of the horizontal
synchronizing signal is detected, the comparator 312 com-
pares the count value with the threshold value A (step S5). For
example, when the threshold value A is made 77, because of
the count value (100)>the threshold value A (77), the com-
parator 312 outputs the control signal to the switch 303 so that
the gate-on voltage Va is outputted, and the switch 303 out-
puts the gate-on voltage Va (step S7). Next, the count value of
the counter 311 is cleared (step S11), and until it becomes
unnecessary to output the gate-on voltage Vg because of
power-off or the like (step S13), the counter 311 counts the
clocks from the oscillating circuit until the synchronizing
pulse of the horizontal synchronizing signal is again detected
(step S1 and S3).

For example, when the horizontal scanning frequency
becomes 65 KHz or higher, the count value becomes less than
77 (=5M/65k). The comparator 312 compares the count value
with the threshold value A and judges that the count value is
less than the threshold value A, and outputs the control signal
to the switch 303 so that the gate-on voltage Vb is outputted.
By this, the switch 303 outputs the gate-on voltage Vb (step
S9). Next, the counter 311 clears the count value (step S11),
and returns to steps S1 and S3 to count the clocks from the
oscillating circuit until it becomes unnecessary to output the
gate-on voltage Vg.

When the gate voltage regulating circuit 32 performs the
driving operation according to the example 1-1 as shown in
FIG. 5, in the case where the horizontal scanning frequency is
in a normal state, the low gate-on voltage Va is outputted, and
in the case where the horizontal scanning frequency exceeds
the predetermined threshold value, that is, the count value
becomes lower than the threshold value, the high gate-on
voltage Vb is outputted. Incidentally, although the example in
which the horizontal synchronizing signal is used has been
described, the vertical synchronizing signal may be used. In
that case, it is necessary to change the value of the threshold
value A. Besides, the frequency of the oscillating circuit may
be changed.

Not only the structure in which two kinds of gate-on volt-
ages Vg and one kind of threshold value are used as stated
above, but also a structure in which for example, three or more
kinds of gate-on voltages Vg and two or more kinds of thresh-
old values are used may be naturally adopted. For example, it
is also possible to adopt such a structure that in the case where
the count value exceeds the threshold value A, the gate-on
voltage Va is outputted, in the case where it is less than the
threshold value A and exceeds the threshold value B, the
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gate-on voltage Vb is outputted, and in the case where it is less
than the threshold value B, a gate-on voltage Vc is outputted.

Example 1-2

Next, a driving operation according to an example 1-2 of
the gate voltage regulating circuit 32 shown in FIG. 4 will be
described with reference to FIG. 6. Incidentally, similarly to
the example 1-1, it is assumed that initially, the switch 303
outputs the gate-on voltage Va. However, in this example, it is
assumed that the threshold value A and the threshold value B
are inputted to the comparator 312. The counter 311 counts
the clocks from the oscillating circuit until the synchronizing
pulse of the horizontal synchronizing signal is detected (steps
S21 and S23). For example, if the horizontal scanning fre-
quency is 50 kHz, when the count value becomes 100, the
synchronizing pulse of the horizontal scanning frequency is
detected. When the synchronizing pulse of the horizontal
synchronizing signal is detected, the comparator 312 com-
pares the count value with the threshold value A (step S25).
For example, when the threshold value A is made 77, because
of the count value (100)>the threshold value A (77), the
comparator 312 outputs the control signal to the switch 303 so
that the gate-on voltage Va is outputted, and the switch 303
outputs the gate-on voltage Va (step S27). Next, until it
becomes unnecessary to output the gate-on voltage Vg
because of power-off or the like (step S29), the counter 311
clears the count value (step S31) and counts the clocks from
the oscillating circuit until the synchronizing pulse of the
horizontal synchronizing signal is again detected (steps S21
and S23).

For example, if the horizontal scanning frequency becomes
65 kHz or higher, the count value becomes lower than 77. The
comparator 312 compares the count value with the threshold
value A and judges that the count value is less than the
threshold value A, and outputs the control signal to the switch
303 so that the gate-on voltage Vb is outputted. By this, the
switch 303 outputs the gate-on voltage Vb (step S33). Next,
the counter 311 clears the count value (step S35). Next, until
it becomes unnecessary to output the gate-on voltage Vg (step
S37), the counter 311 counts the clocks from the oscillating
circuit until the synchronizing pulse of the horizontal syn-
chronizing signal is detected (steps S39 and S41). For
example, if the horizontal scanning frequency is not changed,
the count value is less than 77 and the synchronizing pulse of
the horizontal synchronizing signal is detected. Then, the
comparator 312 compares the count value with the threshold
value B (step S43). For example, when the threshold value B
is 82, because of the count value<the threshold value B, the
procedure returns to the step S33, the comparator 312 outputs
the control signal to the switch 303 so that the gate-on voltage
Vb is outputted, and the switch 303 outputs the gate-on volt-
age Vb (step S33).

Next, the counter 311 clears the count (step S35). Then, as
long as the necessity to output the gate-on voltage does not
disappear (step S37), the counter 311 counts the clocks from
the oscillating circuit until the synchronizing pulse of the
horizontal synchronizing signal is detected (steps S39 and
S41). Here, for example, when the horizontal scanning fre-
quency is changed to 60 kHz, the count value becomes 83 (=5
M/60 k), and the synchronizing pulse of the horizontal syn-
chronizing signal is detected. The comparator 312 compares
the count value with the threshold value B (step S43).
Because of the count value>threshold value B, the procedure
returns to the step S27, the comparator 312 outputs the control
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signal to the switch 303 so that the gate-on voltage Va is
outputted, and the switch 303 outputs the gate-on voltage Va
(step S27).

Then, until it becomes unnecessary to output the gate-on
voltage Vg because of power-off or the like (step S29), the
counter 311 clears the count value (step S31), and counts the
clocks from the oscillating circuit until the synchronizing
pulse of the horizontal synchronizing signal is again detected
(steps S21 and S23).

For example, if the horizontal scanning frequency remains
60 kHz, the count value is 83 and the synchronizing pulse of
the horizontal synchronizing signal is detected. The compara-
tor 312 compares the count value with the threshold value A
(step S25). When the threshold value A is 77, because of the
count value (83)>the threshold value A (77), the comparator
312 outputs the control signal to the switch 303 so that the
gate-on voltage Va is outputted, and the switch 303 outputs
the gate-on voltage Va (step S27). Then, until it becomes
unnecessary to output the gate-on voltage because of power-
off or the like (step S29), the counter 311 clears the count
value (step S31), and counts the clocks from the oscillating
circuit until the synchronizing pulse of the horizontal scan-
ning frequency is again detected (step S21 and S23). Such an
operation is repeated.

By doing so, when the gate voltage regulating circuit 32
performs the driving operation according to the example 1-2
as shown in FIG. 6, in the case where the horizontal scanning
frequency is in the normal state, the low gate-on voltage Va is
outputted, and in the case where the horizontal scanning
frequency exceeds the first threshold value, that is, the count
value falls below the threshold value A, the high gate-on
voltage Vb is outputted. However, in the case where the
horizontal scanning frequency becomes low again, and
becomes lower than the second threshold value, that is, the
count value becomes larger than the threshold value B, the
low gate-on voltage Va is outputted. For example, in the case
where the horizontal scanning frequency or the count value
fluctuates in the vicinity of the first threshold value, or in the
case where a fraction occurs in the count value by the fre-
quency of the oscillating circuit, if a judgment is made with
only one threshold value, there can occur a case where the
change of the gate-on voltage is repeated. As stated above,
when the judgment is made with the two threshold values, in
the case where the horizontal scanning frequency or the count
value fluctuates in the vicinity of the first threshold value, or
even in the case where the fraction occurs in the count value
by the frequency of the oscillating circuit, the change of the
gate-on voltage is not repeated, and only in the case where the
horizontal scanning frequency is actually changed, the gate-
on voltage is changed.

Example 1-3

Next, an example 1-3 will be described with reference to
FIGS. 7A to 7C. In the example 1-1 and the example 1-2, the
gate-on voltage Vg is changed stepwise, however, it can also
be changed continuously, not necessarily changed stepwise.
In the example 1-3, as shown in FIG. 7A, the gate voltage
regulating circuit 32 is constituted by a timing controller 50 to
which a horizontal synchronizing signal and a clock signal
from an oscillating circuit are inputted and which generates a
PWM (Pulse Width Modulation) signal having a duty ratio
corresponding to a horizontal period, and a voltage stabilizing
circuit 60 to which a voltage V; and the PWM signal are
inputted and which generates a voltage Vout in accordance
with the duty ratio of the PWM signal.
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In the case of the PWM signal as shown in FIG. 7B, the
duty ratio is expressed by aratio T /T of aperiod T ,of an “H”
level to a period T. Accordingly, when the horizontal scanning
frequency becomes high, that is, the count value of the clocks
ofthe oscillating circuit becomes low, the timing controller 50
makes, for example, the period T, of the “L” level short and
the period T, of the “H” level long. On the contrary, when the
horizontal scanning frequency becomes low, that is, the count
value of the clocks of the oscillating circuit becomes large, for
example, the period T; of the “L” level is made long, and the
period T, of the “H” level is made short.

The voltage stabilizing circuit 60 uses the voltage V; to
linearly generate the gate-on voltage in accordance with the
PWM signal having the duty ratio corresponding to the hori-
zontal scanning frequency, and is, for example, a circuit as
shown in FIG. 7C. That is, there are included a switch 61
which is brought into the on state, for example, only in the
period T, of the “H” level of the PWM signal, a resistor 62, a
resistor 63 and a capacitor 64. The switch 61 is disposed
between an output end of the voltage V ; and one end of the
resistor 63. The resistor 62 is disposed in parallel to the switch
61, and one end thereof is connected to the output end of the
voltage V; and the other end is connected to a connection
point between the switch 61 and the resistor 63. The other end
of the resistor 63 is grounded. One end of the capacitor 64 is
also connected to the connection point between the switch 61
and the resistor 63, and the other end is grounded. The gate-on
voltage Vout is extracted from the connection point.

When the resistance values of the resistor 62 and the resis-
tor 63 and the capacitance value of the capacitor 64 are
suitably set, and the switch 61 is made to have the on state
only in, for example, the period T,; of the “H” level of the
PWM signal, the suitable gate-on voltage Vout corresponding
to the horizontal scanning frequency is generated. In the case
where the horizontal scanning frequency is linearly changed,
the gate-on voltage Vout is also linearly changed. When such
a structure is adopted, the optimum gate-on voltage corre-
sponding to the horizontal scanning frequency can be always
supplied to the gate driver 20. Incidentally, not the horizontal
synchronizing signal, but the vertical synchronizing signal
may be used. Besides, the circuit example of the voltage
stabilizing circuit 60 of FIG. 7C is an example, and another
structure may be adopted.

A circuit structure of the common voltage regulating cir-
cuit 31 is almost similar to the gate voltage regulating circuit
32. In the gate voltage regulating circuit 32, when the vertical
scanning frequency or the horizontal scanning frequency
becomes high, the gate-on voltage Vg is raised, however, in
the common voltage regulating circuit 31, when the vertical
scanning frequency or the horizontal scanning frequency
becomes high, the common voltage Vcom is made low.

Example 1-4

FIG. 8A shows an example of the common voltage regu-
lating circuit 31. The common voltage regulating circuit 31
includes a timing controller 81 to which a clock signal from
an oscillating circuit and a horizontal synchronizing signal
are inputted and which detects a change of a horizontal scan-
ning frequency. Besides, the common voltage regulating cir-
cuit 31 includes a common voltage generating circuit 83 for
generating two kinds of common voltages Vcom(a) and
Veom(b) (Vecom(a)>Vecom(b)), and a switch 82 for output-
ting one of the common voltages Vcom(a) and Vcom(b) from
the common voltage generating circuit 83 in accordance with
the output of the timing controller 81. Although not shown,
the timing controller 81 includes a counter for counting
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clocks of one horizontal period, and a comparator to which a
count result of the counter, a threshold value A and a threshold
value B are inputted and which compares the count result with
the threshold value A or the threshold value B. The frequency
of'the clock signal of the oscillating circuit and the values of
the threshold value A and the threshold value B are made the
same as those of the timing controller 301 of the gate voltage
regulating circuit 32. However, because of Vcom(a)>Vcom
(b), in the state where the horizontal scanning frequency is
normal, Vcom(a) is outputted, and as the horizontal scanning
frequency becomes high, Vcom(b) is outputted. Although the
operation of FIG. 8A is substantially the same as FIGS. 5 and
6, in the case where the gate-on voltage Va is outputted, the
common voltage Vcom(a) is outputted, and in the case where
the gate-on voltage Vb is outputted, the common voltage
Veom(b) is outputted.

Example 1-5

Next, FIG. 8B shows another example of the common
voltage regulating circuit 31. The common voltage can also
be changed linearly, not changed stepwise. In this example, as
shown in FIG. 8B, the common voltage regulating circuit 31
is constituted by a timing controller 85 to which a horizontal
synchronizing signal and a clock signal from an oscillating
circuit are inputted and which generates a PWM signal having
a duty ratio corresponding to a horizontal period, and a volt-
age stabilizing circuit 86 to which a voltage Vc and the PWM
signal are inputted and which generates a voltage Vcom in
accordance with the duty ratio of the PWM signal. When the
horizontal scanning frequency becomes high, that is, the
count of the clocks of the oscillating circuit becomes low, the
timing controller 85 makes, for example, the period T,, of the
“H” level short and the period T of the “L.” level long. On the
contrary, when the horizontal scanning frequency becomes
low, that is, the count of the clocks of the oscillating circuit
becomes large, for example, the period T,; of the “H” level is
made long and the period T of the “L” level is made short.
Then, by using a switch which is brought into the on state only
in, for example, the period T,; of the “H” level of the PWM
signal, the common voltage Vcom is linearly changed in such
a manner that when the horizontal scanning frequency
becomes high, the common voltage Vcom becomes low, and
on the contrary, when it becomes low, the common voltage
Vcom becomes high.

Example 1-6

Next, FIG. 9 shows a still another example of the common
voltage regulating circuit 31. A common voltage regulating
circuit 95 of this example is characterized in that a tempera-
ture monitor circuit 94 is further provided in addition to the
common voltage regulating circuit 31. The temperature
monitor circuit 94 detects ambient temperature of a liquid
crystal display device, converts the temperature information
into a digital signal, and outputs it to a timing controller 91.
Although not shown, the timing controller 91 stores a thresh-
old value g and a threshold value h (threshold value
g>threshold value h), and includes a comparator for compar-
ing a detected temperature t detected by the temperature
monitor circuit 94 with the threshold value g, h. The timing
controller 91 outputs a control signal on the basis of a differ-
ence between the detected temperature t and the threshold
value g, h and controls a changeover of a switch 92. Two kinds
of common voltages Vcom(a) and Veom(b) (Vcom(a)>Vcom
(b)) generated by a common voltage generation circuit 93 are
inputted to the switch 92, and one of the common voltages is



US 8,432,347 B2

13

supplied to a common electrode on the basis of the control
signal. It is assumed that the common voltage Vcom(a) is
outputted in the initial state (at turn-on) of the common volt-
age regulating circuit 95.

Next, the operation of the common voltage regulating cir-
cuit 95 will be described. When the common voltage Vcom(a)
is outputted, the common voltage regulating circuit 95 com-
pares the detected temperature t with the smaller threshold
value (threshold value h in this example), and when the com-
mon voltage Vcom(b) is outputted, it compares the detected
temperature t with the larger threshold value (threshold value
g in this example). By doing so, it is possible to prevent a
so-called oscillation phenomenon in which when the detected
temperature t indicates a value close to a threshold value, the
common voltage is sensitively changed between Vcom(a) and
Veom(b). In the initial state (common voltage Vcom(a) is
outputted) of the common voltage regulating circuit 95, in the
case where the detected temperature tis larger than the thresh-
old value h, the common voltage Vcom(a) is kept outputted.
On the other hand, in the case where the detected temperature
tis lower than the threshold value h, the switch 92 is changed
to output the common voltage Vcom(b). In the state where the
common voltage regulating circuit 95 outputs the common
voltage Vcom(b), in the case where the detected temperature
t is lower than the threshold value g, the common voltage
Veom(b) is kept outputted. On the other hand, in the case
where the detected temperature t is higher than the threshold
value g, the switch 92 is changed to output the common
voltage Vcom(a).

Besides, a clock signal is inputted to the common voltage
regulating circuit 95 from an oscillating circuit, and a hori-
zontal synchronizing signal is inputted from a system side
apparatus such as a personal computer. Accordingly, it is also
possible to perform such driving to regulate the common
voltage Vcom by the clock signal and the horizontal synchro-
nizing signal as described in the examples 1-4 and the like.
Further, it is also possible to regulate the common voltage
Vcom on the basis of the ambient temperature, the clock
signal and the horizontal synchronizing signal.

By applying the examples 1-6, it is possible to cope with
the following problems. For example, conventionally, the
resolution and display density are not so high, and the bright-
ness is also low, and accordingly, in the driving of the liquid
crystal, there is an allowance in an opposite electrode voltage
variation and liquid crystal writing time, and there is a margin
to a flicker phenomenon, called a flicker, due to a liquid
crystal driving system and display pattern interference. Thus,
an opposite electrode potential generating circuit has been
formed of an analog circuit independent of a timing control-
ler.

However, in recent years, the resolution, the display den-
sity and the screen size have become remarkably high and
wide. When the resolution becomes high, the writing time of
the liquid crystal becomes short, and it becomes severe to
keep the display data potential and the opposite electrode
potential in the optimum state for the respective pixels of the
whole screen. Further, today, it is essential to improve the
performance by raising the brightness of the liquid crystal
display device, which is a primary factor that causes the
flicker phenomenon to become remarkably noticeable by the
deviation of common potential. As a resolving method, there
is a driving method of continuing to correct the opposite
electrode potential of a liquid crystal panel to an optimum
state at all times. However, under various conditions of ambi-
ent circumstances of the display device, frequencies of data
signals inputted to the display device, and the like, there is a
limit in the opposite electrode potential level of the liquid
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crystal panel regulated at the time of manufacture and ship-
ment of the display device. In view of such conditions, by
using a system in which the environmental state where the
display device itself is used is recognized independently, and
this opposite electrode potential can be corrected by an inter-
nal circuit, it becomes possible to always supply the display
quality of the optimum state.

Second Embodiment

A driving method and a drive control circuit of a liquid
crystal display device according to a second embodiment of
the invention and a liquid crystal display device including the
same will be described with reference to FIGS. 10 to 15. An
analog picture signal transmitted from a system side appara-
tus such as a personal computer is converted into a digital
signal by an analog/digital converting circuit (A/D converter)
as one of components constituting a drive control circuit of a
liquid crystal display device, and is inputted to a source driver
IC (Integrated Circuit) for driving a liquid crystal. Contrast
adjustment of a display screen of the liquid crystal display
device is performed by the setting of gain adjustment and the
like of the A/D converter. Besides, in general, a drive voltage
of the liquid crystal display device is fixed.

Incidentally, in recent years, the display quality of the
liquid crystal display device has become very important.
Since a conventional contrast adjustment is a method of
adjusting a gain of an A/D converter, there is a problem that if
deviation from the optimum setting occurs, the number of
colors is decreased and the display quality is degraded. FIGS.
13A to 13C are views for explaining the conventional contrast
adjusting method, and are views showing picture signal
waveforms inputted from a system side apparatus such as a
personal computer to a liquid crystal display device. The
picture signal waveform is an input analog signal Vsin of 8-bit
resolution. In FIGS. 13 A to 13C, the horizontal axis indicates
the input time of the input analog signal Vsin, and the vertical
axis indicates the voltage value. FIG. 13A shows a state in
which a full scale range of O-gradation to 255-gradation
voltage of the input analog signal Vsin is coincident with a
full scale range ADCrng of voltage of an analog receiver part
of'the A/D converter. This state is the optimum setting, and the
liquid crystal display device can faithfully display an image
of the input analog signal Vsin.

FIG. 13B shows the input analog signal Vsin in the case
where the contrast is made high. The gain of the A/D con-
verter is adjusted, and a setting is made such that the full scale
range ADCrng of the A/D converter becomes smaller than the
full scale range of the input analog signal. For example, the
setting is made such that a voltage Vin(200) of a 200-grada-
tion level of the input analog signal becomes the full scale
range ADCrng of the A/D converter. In this case, when the
200-gradation level Vin(200) of the input analog signal Vsin
is inputted, a voltage ADC(255) of a 255-gradation level is
applied to the liquid crystal, so that the contrast is increased.
However, even if a 200-gradation or higher input analog
signal Vsin (range of Vrngl) is inputted, only the voltage of
the 255-gradation level ADC(255) is applied to the liquid
crystal, so that the number of display colors is decreased.

FIG. 13C shows the input analog signal Vsin in the case
where the contrast is made low. The setting is made such that
the full scale range ADCrng of the A/D converter becomes
larger than the full scale range of the input analog signal Vsin
by adjusting the gain of the A/D converter. For example, the
setting is made such that the voltage Vin(255) of the 255-
gradation level of the input analog signal Vsin becomes the
200-gradation level ADC(200) of the A/D converter. In this
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case, when the 255-gradation level Vin(255) of the input
analog signal Vsin is inputted, the voltage ADC(200) of the
200-gradation level is applied to the liquid crystal, so that the
contrast is lowered. However, since a voltage (range of
Vrng2) larger than the 200-gradation level voltage is not
applied to the liquid crystal, the number of display colors is
decreased.

Besides, even if the setting of the liquid crystal drive volt-
age is fixed, a gradation characteristic (y characteristic) is
changed by manufacture variations and the like in the respec-
tive components constituting the drive control circuit. FIG. 14
shows an example of a conventional circuit structure for gen-
erating a reference voltage of a liquid crystal applied voltage.
The reference voltage generated by the reference voltage
generating circuit 400 is a voltage for display of white and
black. In the following description, an example of a normally
black liquid crystal display device which performs a black
display when voltage is not applied to a liquid crystal, will be
described. In the normally black, a white display applied
voltage (white voltage) VW becomes higher than a black
display applied voltage (black voltage) VB. Besides, the lig-
uid crystal display device is required to perform alternating-
current driving to a common voltage Vcom, and a voltage side
higher than the common voltage Vcom will be called a H side,
and a lower voltage side will be called an L side.

Next, a circuit structure of the reference voltage generating
circuit 400 will be described. A drive voltage of the reference
voltage generating circuit 400 is generated by a power supply
circuit 401. An output terminal of the power supply circuit
401 is connected to one terminal of a resistor 402. One ter-
minal ofaresistor 403 is connected to the other terminal of the
resistor 402. One terminal of a resistor 404 is connected to the
other terminal of the resistor 403. The other terminal of the
resistor 404 is grounded. One input terminal of an amplifier
405 is connected to a connection terminal between the resis-
tor 402 and the resistor 403. An output terminal of the ampli-
fier 405 is connected to one terminal of a phase compensation
resistor 407 and is connected to the other input terminal of the
amplifier 405. The other terminal of the resistor 407 is con-
nected to one electrode of a capacitor 409 and one terminals
of internal resistances 502 and 504 integrated in after-men-
tioned source driver ICs 500 and 501 (see FIG. 15). The other
electrode of the capacitor 409 is grounded. Besides, one input
terminal of an amplifier 406 is connected to a connection
terminal between the resistor 403 and the resistor 404. An
output terminal of the resistor 406 is connected to one termi-
nal of a phase compensation resistor 408 and is connected to
the other input terminal of the amplifier 406. The other ter-
minal of the resistor 408 is connected to one electrode of
capacitor 410 and one terminals of internal resistances S03
and 505 of the source driver ICs 500 and 501. The other
electrode of the capacitor 410 is grounded.

Further, the output terminal of the power source circuit 401
is connected to one terminal of a resistor 411. One terminal of
a resistor 412 is connected to the other terminal of the resistor
411. One terminal of a resistor 413 is connected to the other
terminal of the resistor 412. The other terminal of the resistor
413 is grounded. One input terminal of an amplifier 414 is
connected to a connection terminal between the resistor 411
and the resistor 412. An output terminal of the amplifier 414
is connected to one terminal of a phase compensation resistor
416 and is connected to the other input terminal of the ampli-
fier 414. The other terminal of the resistor 416 is connected to
one electrode of a capacitor 418 and the other terminals of the
driver internal resistances 502 and 504 of the source driver
ICs 500 and 501. The other electrode of the capacitor 418 is
grounded. Besides, one input terminal of an amplifier 415 is
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connected to a connection terminal between the resistor 412
and the resistor 413. An output terminal of the amplifier 415
is connected to one terminal of a phase compensation resistor
417 and is connected to the other input terminal of the ampli-
fier 415. The other terminal of the resistor 417 is connected to
one electrode of a capacitor 419 and the other terminals of the
driver internal resistances 503 and 505 of the source driver
1Cs 500 and 501. The other electrode of the capacitor 419 is
grounded.

Next, the operation of the reference voltage generating
circuit 400 will be described. Voltages divided at ratios of
resistance values of the resistors 402, 403 and 404 connected
in series between the power supply circuit 401 and the ground
are inputted to the amplifiers 405 and 406. The amplifiers 405
and 406 operate as, for example, voltage followers, and out-
puts voltages equal to the input voltages of the amplifiers 405
and 406. On the other hand, voltages divided at ratios of
resistance values of the resistors 411, 412 and 413 connected
in series between the power supply circuit 401 and the ground
are inputted to the amplifiers 414 and 415. The amplifiers 414
and 415 operate as, for example, voltage followers, and out-
puts voltages equal to the input voltages of the amplifiers 414
and 415. In this description, the output voltage of the ampli-
fier 405 is used as an H side white voltage VW (H), the output
voltage of the amplifier 406 is used as an L side white voltage
VW(L), the output voltage of the amplifier 414 is used as an
H side black voltage VB(H), and the output voltage of the
amplifier 415 is used as an L side black voltage VB(L).

FIG. 15 shows connection relation between the reference
voltage generating circuit 400 and the source driver ICs 500
and 501. For example, eight not-shown source driver ICs,
together with the source driver ICs 500 and 501, are con-
nected in parallel to the output terminals of the reference
voltage generating circuit 400. The source driver ICs 500 and
501 include the internal resistances 502, 503, 504 and 505 for
generating gradation voltages on the basis of the reference
voltage. The internal resistances 502 and 504 generate H side
gradation voltages, and the internal resistances 503 and 505
generate L side gradation voltages. Voltages of the H side
white voltage VW (H) and the H side black voltage VB(H) are
applied to both terminals of the internal resistances 502 and
504. Accordingly, a potential difference between the H side
white voltage VW(H) and the H side black voltage VB(H) is
divided into 255 voltages which become the H side gradation
voltages. Besides, the L side white voltage VW(L) and the L
side black voltage VB(L) are applied to both terminals of the
internal resistances 503 and 505. Accordingly, a potential
difference between the L side white voltage VW (L) and the L.
side black voltage VB(L) is divided into 255 voltages which
become the L side gradation voltages. The source driver IC
500 includes the internal resistances 502 and 503, and the
source driver IC 501 includes the internal resistances 504 and
505, and therefore, the source driver ICs 500 and 501 can
output the H side gradation voltages and the L side gradation
voltages.

Next, the output voltage accuracy of the gradation voltage
generated by the reference voltage generating circuit 400 and
the source driver ICs 500 and 501 will be described. It is
assumed that among circuit components constituting the
power supply circuit401, an output voltage ofa regulator (not
shown) for generating the output voltage and the accuracy of
the output voltage are made 12 V+0.5%. A difference
between the maximum value and the minimum value of the
output voltage becomes 12 Vx1%=120 mV. Since the grada-
tion voltage includes the H side and the L side, a difference
between the maximum value and the minimum value of the
output voltage at one side becomes 60 mV. Besides, it is
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assumed that the tolerance of the resistors 402, 403, 404, 411,
412 and 413 is 0.1%, and resistance values and accuracy of
the internal resistances 502, 503, 504 and 505 are made 10
kQ=x30%. Here, errors of the resistors 402, 403,404,411, 412
and 413 are neglected, and the output voltage accuracy of the
gradation voltage is calculated. In the following description,
although the gradation voltage of the H side will be described,
the L side gradation voltage can also be considered in the
same way.

The voltages outputted from the amplifiers 405 and 414 are
applied to both the terminals of the internal resistances 502
and 504 of the source driver ICs 500 and 501 through the
phase compensation resistors 407 and 416. Since the ten
source driver ICs are connected in parallel with the other
terminals of the resistors 407 and 416, it is possible to regard
a combined resistance of 10 kQ/10=1 kQ as being connected
between the terminals. An output voltage difference of the
amplifiers 405 and 414 is made 5V, the resistance values of
the resistors 407 and 416 are respectively made 502, and
voltages applied to both ends of the internal resistances of the
ten source driver ICs are considered. It can be said that the
resistors 407 and 416 and the combined resistance of the
internal resistances are connected in series between the ter-
minals of the amplifiers 405 and 414. In the case where the
resistors 407 and 416 are made constant, and the internal
resistance fluctuates in the range of +30%, a potential change
ofapotential V1 at a connection terminal between the resistor
407 and the internal resistance and a potential V2 at a con-
nection terminal between the resistor 416 and the internal
resistance can be obtained in the manner described below. A
difference AV1 between the maximum value and the mini-
mum value of V1 is 5 Vx(50Q+1 kQx130%)/(50€2+1
kQx130%+50L2)-5 Vx(50Q+1 kQx70%)/(50€2+1
kQx70%+50L2)=134 mV. On the other hand, a difference
AV2 between the maximum value and the minimum value of
V2 is 5 Vx50Q/(50Q2+1 kQ2x70%+50Q)-5 Vx50Q/(50Q+1
k€2x130%+50€2)=134 mV. Incidentally, the L side voltage
can also be considered in the same way. In the case of a
256-gradation display, since an output voltage difference of
one gradation of a voltage applied to the liquid crystal is 5
V/255=19.6 mV, an error of about seven gradations occurs
due to the variation in the internal resistance of the source
driver IC. Besides, since the output voltage of the regulating
circuit fluctuates by 60 mV, an error of about three gradations
occurs. Further, since the variations in the resistors 402, 403,
404, 411, 412 and 413, which were neglected in the above
calculation, are also superimposed, the gradation character-
istic is changed by manufacture variations in driving circuit
components, and variation in picture quality occurs for every
liquid crystal display device. In order to uniform the display
quality of the liquid crystal display device, it becomes nec-
essary to correct the H side and the L side reference voltages.

Anobject of the invention is to provide a driving circuit and
a driving method of a liquid crystal display device in which
the contrast can be changed without decreasing the number of
colors of a display screen, and the change of a gradation
characteristic caused by characteristic variations in the com-
ponents used for the driving circuit and in the liquid crystal
can be easily corrected.

The driving circuit and the driving method of the liquid
crystal display device according to this embodiment will be
described with reference to FIGS. 10 to 12. Incidentally, in
the following description, an example of a normally black
liquid crystal display device which performs a black display
when voltage is not applied to a liquid crystal, will be
described. First, a circuit structure of a reference voltage
generating circuit 200 as one of components constituting the
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driving circuit of the liquid crystal display device according
to this embodiment will be described with reference to FIG.
10. The reference voltage generating circuit 200 generates an
applied voltage (black voltage) VB for black display on the
liquid crystal display device. A drive voltage of the reference
voltage generating circuit 200 is generated by a power supply
circuit 217. An output end of the power supply circuit 217 is
connected to one terminal of a resistor 203. One terminals of
resistors 201 and 204 and one electrode of a capacitor 209 are
connected to the other terminal of the resistor 203. The other
terminal of a resistor 202, one terminal of a resistor 205, and
one electrode of a capacitor 210 are connected to the other
terminal of the resistor 204. The other terminal of the resistor
205 is grounded. A transistor 213 is connected between the
other terminal of the resistor 201 and one terminal of the
resistor 202. A drain electrode of the transistor 213 is con-
nected to the other terminal of the resistor 201, and a source
electrode is connected to one terminal of the resistor 202. One
electrode of a capacitor 208 is connected to a gate electrode of
the transistor 213. Further, a diode 214 is connected between
the gate electrode of the transistor 213 and the one electrode
of'the capacitor 210. Incidentally, the diode 214 is connected
such that a direction from the one electrode of the capacitor
210 to the gate electrode of the transistor 213 is a forward
direction. A pulse width modulation (PWM) circuit 218 is
connected to the other electrode of the capacitor 208. Inci-
dentally, the other electrodes of the capacitors 209 and 210
are grounded.

One input terminal of an amplifier 215 is connected to a
connection terminal between the resistor 203 and the resistor
204. An output terminal of the amplifier 215 is connected to
one terminal of a phase compensation resistor 206 and is
connected to the other input terminal of the amplifier 215. The
other terminal of the resistor 206 is connected to one electrode
of a capacitor 211 and one terminal of an H side gradation
voltage generation internal resistance integrated in a source
driver IC (both are not shown). Besides, one input terminal of
an amplifier 216 is connected to a connection terminal
between the resistor 204 and the resistor 205. An output
terminal of the amplifier 216 is connected to one terminal of
a phase compensation resistor 207 and is connected to the
other input terminal of the amplifier 216. The other terminal
ofthe resistor 207 is connected to one electrode of a capacitor
212 and one terminal of a not-shown L side gradation voltage
generation internal resistance integrated in the source driver
IC. The other electrodes of the capacitors 211 and 212 are
grounded.

Incidentally, the liquid crystal display device is required to
perform alternating-current driving to a common voltage
Vcom. A voltage outputted to the other terminal of the resistor
206 of the reference voltage generating circuit 200 is an H
side black voltage VB(H), and a voltage outputted to the other
terminal of the resistor 207 is an L side black voltage VB(L).
Besides, a reference voltage generating circuit for generating
an H side white voltage VW(H) for white display on the liquid
crystal display device and an L side white voltage VW(L) is
similar to a conventional reference voltage generating circuit
(not shown). Incidentally, as a power supply of the reference
voltage generating circuit, the power supply circuit 217 is
used.

Next, the operation of the reference voltage generating
circuit 200 according to this embodiment will be described. It
is assumed that when power is turned on to the reference
voltage generating circuit 200, the control signal outputted
from the PWM circuit 218 is a low voltage level (for example,
0V) constant voltage. Since the gate electrode of the transis-
tor 213 is connected to the other terminal of the resistor 204
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through the diode 214, the voltage of the gate electrode
becomes substantially the same potential as the other terminal
of the resistor 204. Besides, since the source electrode of the
transistor 213 is connected to the other terminal of the resistor
204 through the resistor 202, it becomes substantially the
same potential as the other terminal of the resistor 204.
Accordingly, the gate and source voltages of the transistor
213 become substantially the same, and the transistor 213
comes to have an OFF state. At this time, both ends of the
resistor 204 have potentials obtained by dividing the voltage
between the output voltage of the power supply circuit 217
and the ground in proportion to the resistance values of the
resistors 203, 204 and 205. Incidentally, the one electrode of
the capacitor 208 comes to have the same potential as the gate
electrode of the transistor 213.

Here, it is assumed that the control signal outputted from
the PWM circuit 218 is changed to a high voltage level (for
example, 3 V) constant voltage. The potential of the other
electrode of the capacitor 208 is changed from 0 V to 3 V.
Since the one electrode of the capacitor 208 is in the floating
state, the potential of the one electrode of the capacitor 208
and the gate electrode of the transistor 213 is raised by 3 V. By
this, the voltage between the gate and the source of the tran-
sistor 213 becomes 3 V, and the transistor 213 comes to have
the ON state. When the transistor 213 is turned ON, the
resistor 201, the resistor 202 and the transistor 213 form series
connection. A combined resistance generated by the series
connection is connected in parallel to the resistor 204. Since
a resistance connected between the resistor 203 and the resis-
tor 205 becomes the combined resistance of the resistors 201,
202 and 204 and the ON resistance of the transistor 213, a
resistance ratio between the output terminal of the power
supply circuit 217 and the ground is changed, and a voltage
between both the terminals of the resistor 204 is changed.
Incidentally, in the case where the value of the combined
resistance becomes larger than the value of the resistor 204 by
turning ON the transistor 213, the input voltage of the ampli-
fier 215 is raised, and the input voltage of the amplifier 216 is
dropped. On the other hand, in the case where the value of the
combined resistance becomes smaller than the value of the
resistor 204, the input voltage of the amplifier 215 is dropped,
and the input voltage of the amplifier 216 is raised. Further,
when the period of repetition of 0 V and 3 V of the control
signal outputted from the PWM circuit 218 and the pulse
width are changed, the voltage levels of both the terminals of
the resistor 204 are changed, and the input voltage levels of
the amplifiers 215 and 216 can be changed. Accordingly, the
output voltage level of the reference voltage generating cir-
cuit 200 can also be changed.

Hereinafter, a specific description will be given by use of
examples in which the reference voltage generating circuit
200 of this embodiment is applied to the liquid crystal display
device.

Example 2-1

The values of the resistors 201, 202, 203, 204 and 205 are
set so that the output voltages of the reference voltage gener-
ating circuit 200 become the H side black voltage VB(H) and
the L side black voltage VB(L). The output terminals are
connected to the other terminals of the H side internal resis-
tance and the L side internal resistance in the not-shown
source driver IC. Besides, terminals (not shown) to which the
H side white voltage VW(H) and the L side white voltage
VW(L) generated by the reference voltage generating circuit
200 are outputted are connected to the one terminals of the H
side internal resistance and the L side internal resistance. FIG.
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11 shows a characteristic (T-V characteristic) of applied volt-
age to a liquid crystal and transmissivity. The horizontal axis
indicates a difference (applied voltage) between the common
voltage Vcom and the gradation voltage as the output voltage
of the source driver IC, and the vertical axis indicates the
transmissivity. When an applied voltage VB is applied to the
liquid crystal, the transmissivity becomes TB. When the
applied voltage VB is raised by Aa, the transmissivity TB is
raised by AA, and therefore, the contrast is lowered. On the
contrary, when the black voltage VB is lowered by Ab, the
transmissivity TB is lowered by AB, and the contrast is raised.

In general, the T-V characteristic of the liquid crystal is not
linearly changed, and further varies for every liquid crystal
display device. Incidentally, when the pulse width or the like
of'the PWM circuit 218 is changed, the H side black voltage
VB(H) and the L side black voltage VB(L) are changed. Since
the output voltages of the reference voltage generating circuit
200 are applied to both the terminals of the internal resistance
of the source driver IC, if the pulse width or the like of the
PWM circuit 218 is controlled, the black voltage VB can be
arbitrarily changed, and the contrast of the liquid crystal
display device can be adjusted. However, when the change
rate of the pulse width is set to be the same for all liquid crystal
display devices, it is conceivable that the change of the con-
trast does not become constant due to a difference in the T-V
characteristic. Then, if the change rate of the pulse width is
changed in accordance with the T-V characteristic of the
respective liquid crystal display devices, a variable amount of
the black voltage VB varies for every liquid crystal display
device, and the contrast among the devices can be made the
same. Further, although there is a possibility that the refer-
ence voltage is different from a designed value due to the
variations in the components used for the driving circuit of the
liquid crystal display device, since the reference voltage can
be regulated, it becomes possible to correct the gradation
characteristic for every liquid crystal display device, and the
difference in picture quality among the devices can be
reduced.

According to the driving circuit and the driving method of
the liquid crystal display device of this embodiment, even if
an analog input signal of a picture signal transmitted from a
system apparatus such as a personal computer is not adjusted,
the contrast can be adjusted, and therefore, there does not
occur a decrease in the number of display colors due to the
contrast adjustment of the liquid crystal display device.
Besides, the difference in picture quality among devices due
to variations in the components of the driving circuit and
variations in the characteristics of the liquid crystal can be
sufficiently decreased by changing the reference voltage and
correcting the gradation characteristic.

Although the reference voltage generating circuit 200
shown in FIG. 10 has the structure capable of changing the H
side black voltage VB(H) and the L side black voltage VB(L),
the same effect can be obtained even if it has such a structure
that the H side white voltage VW (H) and the L side white
voltage VW(L) can be changed, or all of the H side black
voltage VB (H), the L side black voltage VB(L), the H side
white voltage VW(H) and the L side white voltage VW (L) can
be changed.

Example 2-2

An example 2-2 of this embodiment will be described with
reference to FIGS. 12A to 12E. In this example, a range of
contrast adjustment performed by a user of the liquid crystal
display device will be described. FIGS. 12A to 12E are views
for explaining the adjustment range of the contrast and the
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setting state of the contrast of the liquid crystal display device
at the time of shipment. In the description of this example, it
is assumed that the user can perform the adjustment of 100
steps. FIG. 12A shows the contrast adjustment range and the
design specification of the setting state at the time of ship-
ment. It is assumed that the designed contrast is obtained
when the setting of the adjustment step is made STP50.
Accordingly, the optimum setting (=initial value) of the con-
trast at the time of shipment is STP50. FIG. 12B shows a state
in which the setting of the adjustment step at the time of
shipment is shifted by variations in the components of the
driving circuit and in the T-V characteristic of the liquid
crystal. It is assumed that unless a setting is made to STP52,
the contrast as designed can not be obtained. It is conceivable
that the setting of the liquid crystal display device at the time
of shipment is made to STP50 or STP52. When it is shipped
at the setting of STP50, the contrast varies for every liquid
crystal display device, so that a difference occurs in picture
quality among the devices. On the other hand, when it is
shipped at the setting of STP52, since the contrast at the time
of shipment becomes the same, the picture quality is uni-
formed among the devices. However, there occurs a disad-
vantage that even if STP100 is set in order to raise the con-
trast, only the contrast corresponding to designed STP98 can
be obtained.

Then, as shown in FIG. 12C, a margin is set in the adjust-
ment step of the contrast, and it is designed such that for
example, 110 steps can be performed. In this case, the opti-
mum setting (=initial value) of the contrast at the time of
shipment becomes STP55. FIG. 12D shows a state in which
the setting of the adjustment step at the time of shipment is
shifted by the variations in the components of the driving
circuit and in the T-V characteristic of the liquid crystal. It is
assumed that the contrast as designed is obtained at the setting
of STP58. When shipment is performed at the setting, the
contrast as designed is obtained, so that a difference in picture
quality for every liquid crystal display device does not occur.
As shown in FIG. 12E, the setting of STP58 is set to STP'50.
In order to raise the contrast, STP'50 is increased by 50 steps
and is made STP'100. At this time, although an actual step
becomes STP108, since the adjustment step can be changed
up to STP110, the maximum contrast of the designed speci-
fication can be obtained. If the pulse width of the control
signal outputted from the PWM circuit 218 is changed in 110
ways, 110 reference voltages can be obtained. Accordingly,
the contrast between the minimum contrast and the maximum
contrast can be divided in 110 ways.

Example 2-3

In an example 2-3 of this embodiment, a method of raising
or lowering the contrast of a part of a display screen by using
the reference voltage generating circuit 200 of this embodi-
ment will be described. For example, as in a movie, even in
the case where a black screen is displayed at parts above and
below a picture portion, there can occur a case where the
picture portion is overall dark and becomes a blackened dis-
play, and the details are hard to see. In order to make the
details visible, a black voltage is raised, so that the screen
becomes bright and the details can be seen. However, since
the upper and lower black parts of the screen also become
bright, the black parts become noticeable. Then, when the
driving is made such that the H side black voltage VB(H) is
raised only when the gradation voltage is applied to the pixels
displaying the picture portion, and the L side black voltage
VB (L) is lowered, the black in the picture portion becomes
brighter than the black of the upper and lower black display of

25

40

45

50

60

22

the screen, so that the picture portion can be made noticeable.
In order to obtain a similar effect, when the driving is made
such that the H side black voltage VB(H) is lowered only
when the gradation voltage is applied to the pixels displaying
the upper and lower black parts of the screen, and the L side
black voltage VB(L) is raised, the black of the upper and
lower black display of the screen becomes darker, so that the
picture portion becomes noticeable. Besides, with respect to
the reference voltage regulation, the same effect can be
obtained even if only the H side white voltage VW(H) and the
L side white voltage VW(L) are regulated, or all of the H side
black voltage VB(H), the L side black voltage VB(L), the H
side white voltage VW(H) and the L side white voltage
VW(L) are regulated. Incidentally, the timing when the ref-
erence voltage such as the H side black voltage VB(H) can be
changed is set in a part of one display frame and between the
timing when the gate voltage VG of the liquid crystal driving
TFT becomes ON and the timing when the gradation voltage
is outputted from the source driver IC.

As described above, according to this embodiment, it is
possible to achieve the driving circuit and the driving method
of'the liquid crystal display device in which the contrast can
be changed without decreasing the number of colors of the
display screen, and the change in the gradation characteristic
caused by the variations in the components used for the driv-
ing circuit and in the characteristics of the liquid crystal can
be easily corrected.

Although the embodiment of the invention has been
described, the invention is not limited to this. For example,
although the example has been described in which the com-
mon voltage regulating circuit 31 and the gate voltage regu-
lating circuit 32 are provided in the drive control circuit 30 of
the liquid crystal display device 100, it is not necessary to
always provide them in the liquid crystal display device 100,
and the gate voltage regulating circuit 32 and the common
electrode regulating circuit 31 may be provided in a system
side such as a computer. Besides, the drive control circuit 30,
the data driver 10 and the gate driver 20 may be formed on one
substrate of the LCD panel 40 by using polycrystalline silicon
or the like. Further, the foregoing circuit is an example, and a
circuit having another circuit structure and the same function
may be naturally used.

As described above, according to the invention, the gate-on
voltage can be supplied such that even in the case where the
vertical scanning frequency or the horizontal scanning fre-
quency is changed, the display quality is not degraded.

What is claimed is:

1. A method for correcting gradation voltage characteris-
tics of a liquid crystal display device having a reference
voltage generating circuit which includes a fixed voltage
divider circuit for outputting a predetermined drive voltage
from an input power supply for generating a reference volt-
age, and a gradation voltage generating circuit for generating
gradation voltages based on the reference voltage output by
the reference voltage generating circuit, said method com-
prising the step of:

maintaining a substantially constant input power supply to

the reference voltage generating circuit;

correcting the predetermined drive voltage output from the

fixed voltage divider circuit with a control circuit which
varies the resistance in the fixed voltage divider circuit,
the control circuit including a pulse width modulation
circuit for generating signals with different pulse widths
under a predetermined condition, a transistor controlled
by the pulse width modulation circuit, and at least a pair
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of resistors connected in series with the transistor and in
parallel with at least one resistor in the fixed voltage
divider circuit; and

applying the changed predetermined drive voltage to the

gradation voltage generating circuit;

wherein the reference voltage is an applied voltage for

black display and/or white display.

2. A method for correcting gradation voltage characteris-
tics of a liquid crystal display device according to claim 1,
wherein the level of the reference voltage is changed by pulse
width modulation control.

3. A method for correcting gradation voltage characteris-
tics of a liquid crystal display device according to claim 2,
wherein the pulse width modulation is performed on the basis
ofthe applied voltage to the liquid crystal and a characteristic
of transmissivity.

4. A method for correcting gradation voltage characteris-
tics of a liquid crystal display device according to claim 2,
wherein the pulse width modulation is performed on the basis
of variations in liquid crystal material and in liquid crystal
driving electric components.

5. A method for correcting gradation voltage characteris-
tics of a liquid crystal display device according to claim 1,
wherein a variable amount of the level of the reference volt-
age includes a variation range of contrast.

6. A method for correcting gradation voltage characteris-
tics of a liquid crystal display device according to claim 1,
wherein the level of the reference voltage is changed in a part
of one display frame.

7. A method for correcting gradation voltage characteris-
tics of a liquid crystal display device according to claim 6,
wherein a timing of changing the level of the reference volt-
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age is between turning-ON of a gate electrode of a pixel
transistor and application of a gradation voltage to a drain
electrode of the pixel transistor.

8. A drive control circuit of a liquid crystal display device,
comprising;

a reference voltage generating circuit for generating a ref-
erence voltage, said reference voltage generating circuit
including a fixed voltage divider circuit for outputting a
predetermined drive voltage converted by said reference
voltage generating circuit for generating the reference
voltage;

a control circuit for correcting the predetermine drive volt-
age output from the fixed voltage divider circuit by vary-
ing the resistance in the fixed voltage divider circuit, the
control circuit including a pulse width modulation cir-
cuit for generating signals with different pulse widths
under a predetermined condition, a transistor controlled
by the pulse width modulation circuit, and at least a pair
of resistors connected in series with the transistor and in
parallel with at least one resistor in the fixed voltage
divider circuit; and

a gradation voltage generating circuit for generating gra-
dation voltages based on the reference voltage output by
the reference voltage generating circuit;

wherein the reference voltage is an applied voltage for
black display and/or white display.

9. A liquid crystal display device comprising a liquid crys-
tal sealed between substrates disposed to be opposite to each
other with a predetermined cell gap, further comprising a
drive control circuit for driving the liquid crystal according to
claim 8.
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