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(57) ABSTRACT

A method for driving a liquid crystal panel that includes
horizontal scan wires, data wires, pixel electrodes sur-
rounded by the horizontal scan wires and the data wires; and
switching elements connected to the pixel electrodes,
wherein the switching elements are controlled by a gate
selection signal and during a on-time period, the switching
elements is turned on, and an image data signal output from
the data wires is supplied to the pixel electrodes by the
switching elements. The method includes: detecting a
peripheral temperature of the liquid crystal panel; and con-
trolling the gate selection signal so that when the detected
temperature is within a normal temperature range, the on-
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time period is set to a first gate selection period, and that
(30) Foreign Application Priority Data when the detected temperature is within a low temperature
range, the on-time period is set to a second gate selection
Jul. 11, 2005 (JP) cooeeeseereesessessssssssesee. 2005-201659  period longer than the first gate selection period.
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FIG. 4

L mTH (m+1)-TH  (me2}-TH  (m+3)-TH
. FRAME : FRAME FRAME FRAME

e e et e ]
. 1/60s . 1/60s 1/60s  — 1/60s |

- n-TH LINE
i L L TL T

f o § i | (ne1)-THLINE
b) - L L T )
‘§< i |§< E 15< | ' (n+2)-THLINE
T . .

(@ AP sl T MERe

—

—

' | VeomPOTENTIAL
(@) AP by Jhe - MER

. Veom POTENTIAL



Patent Application Publication Jan. 11,2007 Sheet 5 of 6 US 2007/0008274 A1

FIG. 5

Ve CmTH  (mel)TH (m+2)-TH (ms3)-TH
| FRAME | FRAME | FRAVEE | FRAVE
' 1/60s | E |
a) [ IL  GATE SELECTION SIGNAL
| — OF n-TH LAINE
B Veom POTENTIAL
(b) IMAGE DATA SIGNAL
) POTENTIAL OF
(c ) PIXEL ELECTRODE
AVm+3
&S
=
(@ =
= OPTICAL RESPONSE OF
o PIXEL PORTION




Patent Application Publication Jan. 11,2007 Sheet 6 of 6 US 2007/0008274 A1

FIG. 6

e  mTH  (met)-TH. (me2)- TH. (ma3)-TH
FRAME : FRAME | FRAME | FRAME

(a) MM GATESELECTIONSGNAL

OF n-TH LAINE

( ﬁ v
""" com
(b) - H 9 IMAGE DATA SIGNAL

POTENTIAL OF
(c) - PIXEL ELECTRODE
ST
=
d) =
D | ATM+3
= [~ OPTICAL RESPONSE OF
\ = PIXEL PORTION

TIMEt



US 2007/0008274 A1l

METHOD FOR DRIVING LIQUID CRYSTAL
PANEL, AND LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method for
driving a liquid crystal panel, and a liquid crystal display
device, and particularly to a method for driving an active
matrix type liquid crystal panel that can surely display an
image irrespective of peripheral temperature of the liquid
crystal panel. and a liquid crystal display device.

[0003] 2. Description of the Related Art

[0004] Recently, liquid crystal display devices have been
applied for various kinds of applications under various
environments. For example, with respect to peripheral tem-
perature, it is required that these devices are excellently
operated at from a high-temperature to a low-temperature.

[0005] Furthermore, TFT (Thin Film Transistor), TFD
(Thin Film Diode), etc. are known as switching elements for
the active matrix type liquid crystal display devices. Par-
ticularly, from the viewpoint of the image quality, TFT has
been recently mainly used. In general, the charging perfor-
mance of TFT has temperature dependence, and as the
temperature is lowered, the charging performance is
reduced. Therefore, in a line inverting driving method
broadly used as a method of AC-driving each frame of the
liquid crystal cell or a dot inversion driving method, charg-
ing to pixels is insufficient under such a environment that the
peripheral temperature is relatively low, and no desired
voltage is applied to liquid crystal (in the following descrip-
tion, the peripheral temperature means the temperature of
the liquid crystal panel or temperature near the liquid crystal
panel). As a result, in a normally white mode using general
TN (Twist Nematic) type liquid crystal, the shift of the
voltage-brightness characteristic to a high brightness side,
increase of black brightness, reduction in contrast, etc.
occur, and thus there is a problem that the image quality is
degraded. Likewise, a normally black mode has problems
such as the shift of the voltage-brightness characteristic to a
low brightness side, disturbance of uniformity in brightness
under high-brightness state, reduction of contrast due to
reduction of white brightness, etc.

[0006] Inorder to prevent degradation of the image quality
under the low-temperature condition, there is known a
method for driving a liquid crystal panel in which every two
scan lines are successively selected from plural scan lines
under the low-temperature condition, and before a liquid
crystal cell is charged at the original gradation potential
corresponding to an image data signal, the liquid crystal cell
concerned is preliminarily charged at the gradation potential
corresponding to a liquid crystal cell which is preceding to
the liquid crystal cell concerned by one or more lines and has
the same color arrangement as the liquid crystal cell con-
cerned (see JP-A-Hei. 10-186326).

[0007] Furthermore, in order to avoid an erroneous display
caused by delay of display under the low-temperature con-
dition, there has been proposed a method of connecting a
display RAM to an LCD controller, making a display on the
basis of image data of one frame written in RAM, and
renewing image data written in RAM at the time interval
corresponding to the peripheral temperature (see JP-A-Hei.
9-211427).
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SUMMARY OF THE INVENTION

[0008] According to the liquid crystal panel driving
method based on the preliminary charging, with respect to
the image data of some pixel, the image data of another pixel
is temporarily written. Therefore, when a natural image or a
moving image is displayed as image data to be displayed,
there is little problem in display. However, when a graphic
image such as a figure or the like is displayed, degradation
in image quality such as blurring of the boundary of an
image, ghost, cross-talk or the like may be visually recog-
nized. Furthermore, the driving system for selecting every
two scan lines from plural scan lines under a low-tempera-
ture condition has problems that the power consumption is
increased and also that the construction is more complicated.
Still furthermore, according to the method of connecting
RAM to an LCD controller and renewing video data to be
written into the RAM concerned under a low-temperature
condition at a relatively large interval, the driving timing of
the liquid crystal panel by the LCD controller is fixed
irrespective of the temperature, and thus this method serves
as a countermeasure to erroneous display caused by the
response delay of display, but has no effect on degradation
of image quality of liquid crystal display such as reduction
in contrast or the like.

[0009] According to an aspect of the invention, there is
provided a method for driving a liquid crystal panel. The
liquid crystal panel includes: a plurality of horizontal scan
wires through which a gate selection signal is output; a
plurality of data wires thorough which an image data signal
is output; a plurality of pixel electrodes surrounded by the
horizontal scan wires and the data wires; and a plurality of
switching elements connected to the pixel electrodes,
wherein the switching elements are controlled by the gate
selection signal and during an on-time length period, the
switching elements is turned on, and wherein the image data
signal output from the data wires is supplied to the pixel
electrodes by the switching elements. Then, the method
includes: detecting a peripheral temperature of the liquid
crystal panel; and controlling the gate selection signal based
on the detected peripheral temperature so that when the
detected peripheral temperature is within a normal tempera-
ture range, the on-time length period is set to a first gate
selection period (Th), and that when the detected peripheral
temperature is within a low temperature range, the on-time
length period is set to a second gate selection period (Th2)
longer than the first gate selection period.

[0010] In the low temperature range where the peripheral
temperature of the liquid crystal panel is low, it is easy to
achieve desired transmittance, and degradation of image
quality such as reduction of a contrast value or the like can
be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram showing a system construction
of a liquid crystal display device according to embodiments
1 to 3 of the invention.

[0012] FIGS. 2A and 2B are diagrams showing examples
of a construction of a peripheral temperature detector
according to the embodiments 1 to 3.

[0013] FIG. 3 is a timing chart showing waveforms of a
gate selection signal and an image data signal according to
the embodiment 1.
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[0014] FIG. 4 is a timing chart showing waveforms of a
gate selection signal and an image data signal according to
the embodiments 2 and 3.

[0015] FIG. 5 is a diagram showing a pixel electrode
potential and a transition of transmittance according to the
embodiment 2.

[0016] FIG. 6 is a diagram showing the pixel electrode
potential and the transition of the transmittance according to
the embodiment 3.

DETAILED DESCRIPTION OF THE
INVENTION

Embodiment 1

[0017] FIG.1 is a diagram showing a system construction
of a liquid crystal display device 1 adopting a liquid crystal
panel driving method according to Embodiment 1 of the
present invention. In FIG. 1, a normally black liquid crystal
panel 2 includes an active matrix substrate 20 constructed by
plural data wires 3, 4, 5, 6, etc. and plural horizontal scan
wires 7, 8, 9, etc. which are cross 1o one another and
arranged in a matrix form, a counter substrate (not shown)
facing the active matrix substrate 10, the active matrix
substrate 10 and the counter substrate being attached to each
other through a gap, and liquid crystal (not shown) is
disposed in the gap so as to be sandwiched between the
active matrix substrate 10 and the counter substrate. Here, in
order to simplify the description, the construction of specific
one pixel portion will be described in detail, and the overall
liquid crystal panel 2 will be described later.

[0018] A pixel portion 11 indicated by a broken line is
disposed at a cross portion between data wires 5, 6 and
horizontal scan wires 7, 8. And, the pixel portion 11 has TFT
12 as a switching element and a pixel electrode 13. The
horizontal scan line 7 is connected to the gate electrode of
TFT 12, the data wire 5 is connected to the source electrode,
and the pixel electrode 13 is connected to the drain elec-
trode. The pixel electrode 13 forms a capacitor by sand-
wiching liquid crystal between the pixel electrode 13 and a
counter electrode 14 serving as an electrode of the counter
substrate. When a gate selection signal applied to the hori-
zontal scan line 7 is set to “H” level, TFT 12 is turned on,
and the potential of the data wire 5 at that time, that is, the
image data signal is written into the pixel electrode 13. After
one horizontal period elapses, the gate selection signal is set
to “L” level, and TFT 12 is turned off, so that the written
potential is held in the capacitor for one frame period or
more. Furthermore, a gate driver 15 as a horizontal scan wire
driving circuit is connected to the end portions of the
horizontal scan wires 7, 8, 9, etc., and a source driver 16 as
a data wire driving circuit is connected to the end portions
of the data wires 3, 4, 5,6, etc. The gate drover 15 and the
source driver 16 are controlled by a timing control circuit 17.

[0019] The timing control circuit 17 executes processing
such as gradation correction, adjustment of timing, etc. on
the basis of a video signal 18 and display control signals 19
including a display clock, a horizontal synchronous signal,
a vertical synchronous signal, etc. which are input from an
external display controller (not shown). And the timing
control circuit 17 outputs a display control data signal 20 to
the source driver 16 and outputs a horizontal scan control
signal 21 to the gate driver 15.
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[0020] Furthermore, a peripheral temperature detector 22
(22a, 22b) is connected to the timing control circuit 17, and
the peripheral temperature detector 22 detects the peripheral
temperature of the liquid crystal display panel 2 and outputs
the temperature information 23 thereof to the timing control
circuit 17. Furthermore, In FIG. 2A, a peripheral tempera-
ture detector 22a shows an example of the construction of
the peripheral temperature detector 22. In this figure, 30
represents a temperature sensor and, for example, includes a
thermistor whose resistance value is increased with increase
of the temperature. The voltage of a reference voltage source
is divided to a proper voltage by the temperature sensor 30
and the adjusting resistors 31, 32. After the range of the
voltage concerned is adjusted, the divided voltage is input to
an A/D (analog-digital) conversion circuit, and the tempera-
ture information 23 is output to the timing control circuit 17
as digital data correlated to the peripheral temperature. On
the basis of the temperature information 23, the video signal
18 and the display control signal 19 input to the timing
control circuit 17, the timing control circuit 17 outputs the
horizontal scan control signal 21 and the display control data
signal 20 adapted to the peripheral temperature to the gate
driver 15 and the source driver 16, respectively.

[0021] FIG. 3 is a timing chart showing the operation of
the timing control circuit 17 of the embodiment | when the
peripheral temperature of the liquid crystal display device 1
is gradually reduced, and the peripheral temperature of the
liquid crystal panel 2 decreases from a normal temperature
range exceeding a predetermined temperature (for example,
0° C.) to a low temperature range not more than a prede-
termined temperature between (m+1)-th frame and (m+2)-th
frame and the temperature information 23 output from the
peripheral temperature detector 22 is switched from the
normal temperature range to the low temperature range. In
FIG. 3, (a) represents the gate selection signal waveform of
an n-th line 7, (b) represents the gate selection signal
waveform of an (n+1)-th line 8, (c) represents the gate
selection signal waveform of an (n+2)-th line, the gate
selection signal waveforms being driven by the gate driver
15, and (d) of FIG. 13 represents a brief waveform of the
image data signal waveform of the data wires 5 driven by the
source driver 16.

[0022] First, in the normal temperature range, that is, at the
m-th frame and (m+1)-th frame, the frame period represent-
ing the period of the vertical scan is identical to the vertical
synchronization contained in the display control signal 19
input from the external display controller to the timing
control circuit 17, and the value thereof is generally equal to
Yeos. Accordingly, the horizontal scan wires 7 (n-th line), 8
((n+1)-th line) and 9 ((n+2)-th line) turn on the TFTs, and
when the vertical blanking period is represented by Tvb and
the total number of the horizontal scan wires of the liquid
crystal panel is represented by N, the gate selection period
for writing the image data signal of the data wire 5 into the
pixel electrodes, that is, the first gate selection period Th is
represented as follows:
Th=(Yeo-Tvb)/N

[0023] In this case, as shown by the image data signal of
(d) of FIG. 3, the data wire 5 is alternated by the source
driver 16 so as to have a positive polarity at the m-th frame
time and a negative polarity at the (m+1)-th frame time in
conformity with the “H” level period of the horizontal scan
wire 7 (n-th line), so that the liquid crystal layer sandwiched
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between the pixel electrode 13 and the counter electrode 14
is alternately driven every frame (hereinafter referred to as
“one frame inversion driving”). Within the same frame, the
image data signals corresponding to the “H” level period of
the horizontal scan wire 7 (n-th line) and the “H” level
period of the horizontal scan wire 8 ((n+1)-th line)) corre-
sponding to the next gate selection period have the opposite
polarities, so that the interference between lines is sup-
pressed and occurrence of so-called cross-talk is prevented.

[0024] Likewise, the image data signals corresponding to
the “H” level periods of the horizontal scan wire 8 ((n+1)-th
line) and the horizontal scan wire 9 ((n+2)-th line) have the
opposite polarities, and subsequently the polarity of the
image data signal is inverted every line. As shown in the
figure, a chain line drawn horizontally substantially at the
center of the image data signal represents the potential Vcom
of the counter electrode 14, When the corresponding TFT is
turned on, the potential of the image data signal is applied
to the pixel electrode, and the transmittance of the corre-
sponding liquid crystal layer is determined by the absolute
value of the potential difference between the potential Veom
of the counter electrode 14 and the potential of the pixel
electrode. In the embodiment 1, the normally black liquid
crystal is adopted, and thus the transmittance is increased as
the absolute value is larger.

[0025] Next, there will be described a case where the
peripheral temperature gradually decreases to the predeter-
mined temperature or less between the (m+1)-th frame and
the (m+2)-th frame and the temperature information 23 is
equal to the value corresponding to the low temperature
range as described above. In the case of the embodiment 1,
when the peripheral temperature is in the low temperature
range, as shown in FIG. 3, the timing control circuit 17
outputs the horizontal scan control signal 21 to the gate
driver 15 so that the repetitive period of the horizontal scan
wires 7 (n-th line), 8 ((n+1)-th line) and 8 ((n+2)-th line),
that is, the frame period is equal to Y40s. Likewise, the timing
control circuit 17 thins out, every other frame, the video
signal 18 which is transmitted generally at the frame period
of Yeos from the external display controller, whereby the
writing period (writing frame period) into each pixel elec-
trode of the liquid crystal panel 2 is set to Y4es. Furthermore,
the polarity of the potential of the data wire 5 corresponding
to the “H” level period of the horizontal scan wire n-th line
of (a) of FIG. 3, that is, the image data signal of (d) of FIG.
3 is inverted between the (m+2)-th frame and the (m+3)-th
frame. The polarity of the image data signal of (d) of FIG.
3 which corresponds to each “H” level period is inverted
every adjacent gate selection signal within the same frame.

[0026] As described above, when the vertical blanking
period is represented by Tvb and the total number of the
horizontal scan wires of the liquid crystal panel 2 is repre-
sented by N, the gate selection period in the low temperature
range, that is, the second gate selection period Th2 is
represented as follows:

Th2=(Y50-2Tvb)/N
That is, the second gate selection period is equal to 2xTh.

[0027] According to the embodiment 1, the charging time
for each pixel in the low temperature range, that is, the
second gate selection period Th2 is equal to 2xTh, and thus
it is twice as long as the charting time under the driving
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condition in the normal temperature range shown in FIG. 3,
that is, the first gate selection period Th. Therefore, a
sufficiently long charging time can be achieved for TFT
whose charging characteristic is lowered under the low
temperature environment, and thus the potential of the pixel
electrode approaches to a theoretical value, thereby sup-
pressing reduction in contrast and non-uniformity of bright-
ness in a display frame.

[0028] Inthe foregoing description, the driving control for
the horizontal scan wires 7, 8, 9, the pixel portion 11 and the
data wire 5 in the active matrix substrate 10 is mainly
described in order to simplify the description. However, it is
needless to say that the same driving control as described
above can be executed with respect to the control of the
other horizontal scan wires, pixel portions and data wires.

[0029] In the foregoing description, the description is
made particularly about the frames from the m-th frame to
the (M+3)-th frame, however, it is needless to say that the
same operation is repeated for before and after these frames.

[0030] In the embodiment 1, with respect to the general
video signal 18 of 60 Hz transmitted from the external
display controller, the display control data signal 20 output
to the source driver 16 is thinned out every other frame, and
renewed at 30 Hz. When the video signal 18 from the
external display controller has a frequency other than 60 Hz,
the renewal frequency of the display control data signal 20
output to the source driver 16 is lengthened and the gate
selection period is extended by the same construction,
whereby the same effect can be achieved.

[0031] According to the embodiment 1, with respect to the
video signal 18 transmitted from the external display con-
troller, the display control data signal 20 output to the source
driver 16 is thinned out every other frame. However, the
display control data signal 20 may be generated from the
video signal 18 corresponding to plural different frames
input to the liquid crystal display device 1 by calculation.
For example, when the frame frequency is set to 60 Hz in the
normal temperature range and also the frame period is
doubled to 30 Hz in the low temperature range, the video
signal 18 corresponding to two frames are averaged and set
as an image data signal of the data wire 5, so that the liquid
crystal panel 2 can be driven without thinning out the video
signal. Likewise, in the low temperature range, when the
frame period is extended three times to 20 Hz, the video
signal 18 corresponding to three frames may be averaged
and set as an image data signal of the data wire 5.

[0032] With respect to the peripheral temperature detector
22a shown in FIG. 2A, the temperature information 23 is
output as the digital data correlated to the peripheral tem-
perature, and thus the switching temperature between the
normal temperature range and the low temperature range can
be relatively freely set in the timing control circuit 17.
Furthermore, a so-called hysteresis characteristic can be
provided by interposing some gap between the switching
temperature when the peripheral temperature is increasing
and the switching temperature when the peripheral tempera-
ture is decreasing, whereby the stability of display quality in
the neighborhood of the predetermined temperature can be
enhanced. For example, a threshold value for the switching
from the normal temperature range where the frame fre-
quency is equal to 60 Hz to the low temperature range where
the frame frequency is changed to 30 Hz may be set to 0° C.,
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and a threshold value for the switching from the low
temperature range where the frame frequency is equal to 30
Hz to the normal temperature range where the frame fre-
quency is equal to 30 Hz to the normal temperature range
where the frame frequency is equal to 60 Hz may be set to
5° C. or the like.

[0033] Furthermore, another construction of a peripheral
temperature detector 225 shown in FIG. 2B will be
described. 30 represents the temperature sensor, and is
constructed by a thermistor whose resistance value increases
in connection with temperature increase as in the case of the
example shown in FIG. 2A, for example. The voltage of the
first reference voltage source is divided to a proper voltage
level by the temperature sensor 30 and the adjusting resistors
31, 32, and input to the negative input terminal of a
comparator 33. As described above, the resistance value of
the temperature sensor 30 increases/decreases in connection
with the increase/decrease of the temperature, and thus the
voltage of the negative input terminal of the comparator 33
also increases/decreases in connection with the increase/
decrease of the peripheral temperature. A second reference
voltage source 34 is connected to through a resistor 35 to the
positive input terminal of the comparator 33, and the resis-
tors 35 and 36 constitute a positive feedback circuit to
achieve a hysteresis characteristic in the comparator char-
acteristic. Therefore, when the voltage of the second refer-
ence voltage source 34 and the negative input terminal
voltage of the comparator 33 have substantially the same
voltage value, occurrence of noises to the output of the
comparator can be suppressed by the hysteresis character-
istic. As described above, when the resistance value of the
temperature sensor 30 increases/decreases in connection
with the increase/decrease of the peripheral temperature and
thus the voltage of the negative input terminal voltage
increases/decreases, the output of the comparator 33 is set to
“L”/“H” level as compared with the voltage of the second
reference voltage source 34. As described above, the tem-
perature information 23 indicating whether the peripheral
temperature is in the normal temperature range (“L” level)
or the low temperature range (“H” level) can be transmitted
to the timing control circuit 17 on the basis of the output
value of the comparator 33 as described above.

Embodiment 2

[0034] First, the system construction of a liquid crystal
display device adopting a method of driving a liquid crystal
panel according to an embodiment 2 is the same as the
construction shown in FIG. 1 in the embodiment 1, and thus
the detailed description is omitted. In the following descrip-
tion, the operation of the timing control circuit 17 in the low
temperature range will be described with reference to the
timing chart of FIG. 4.

[0035] Here, when the peripheral temperature exceeds a
predetermined temperature (for example, 0° C.) and thus the
temperature information 23 output from the peripheral tem-
perature detector 22 indicates a value of the normal tem-
perature range, the timing control circuit 17 executes the
same control as the operation in the normal temperature
range described in the above-described embodiment 1, that
is, carries out the one-frame inversion driving operation in
which the polarity of the image data signal applied to the
data wire 5 is inverted every frame, and thus the detailed
description thereof is omitted from the following descrip-
tion.
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[0036] Next, the waveforms of the gate selection signal
and the image data signal in the low temperature range (for
example, below 0° C.) in the embodiment 2 of the present
invention will be schematically described with reference to
FIG. 4. In FIG. 4, (a), (b) and (c) show the gate selection
signals of the adjacent horizontal scan wires 7 (n-th line), 8
((n+1)-th line) and 9 ((n+2)-th line) of FIG. 1, and also show
the behavior of the waveform among the sequential frames
like an m-th frame, an (m+1)-th frame, an (m+2)-th frame
and an (m+3)-th frame. (d) of FIG. 4 shows the behavior of
the image data signal of the data wire 5 of FIG. 1.

[0037] The pulse height value of the image data signal
shown in (d) of FIG. 4 from the counter electrode potential
Vcom is renewed every frame. The polarity of the pulse
height value is inverted every two frames so that the m-th
frame and the (m+1)-th frame have a first polarity, the
polarity is inverted between the (m+1)-th frame and the
(m+2)-th frame and the (m+2)-th frame and the (m+3)-th
frame have a second polarity (hereinafter referred to as
“two-frame inversion driving). The gate selection signal and
the image data signal are output from the gate driver 15 and
the source driver 16 on the basis of the horizontal scan
control signal 21 and the display control data signal 20
output from the timing control circuit 17 as in the case of the
embodiment 1.

[0038] As in the case of the embodiment 1, the image data
signal shown in (d) of FIG. 4 which correspond to the “H”
level periods of the horizontal scan wires 7 (n-th line) and 8
((n+1)-th line) respectively have the opposite polarities
within the same frame as shown in (a), (b) of FIG. 4, and the
driving polarity of the image data signal is subsequently
inverted every line. As shown in FIG. 4, a chain line drawn
horizontally substantially at the center of the image data
signal as shown in FIG. 4 represents the potential Vcom of
the counter electrode 14. The potential of the image data
signal is written into the pixel electrode 13 when TFT
connected to the data wire 5 is turned on, the voltage
between the pixel electrode 13 and the counter electrode 14
is applied to the liquid crystal layer, and the transmittance of
the liquid crystal layer corresponding to the pixel electrode
13 is determined by the absolute value of this voltage. In the
embodiment 2, the normally black liquid crystal is used, and
thus the transmittance is increased as the absolute value is
larger.

[0039] The behavior of the potential of the pixel electrode
under the two-frame inversion driving operation and the
corresponding transition of the transmittance of the liquid
crystal will be described in detail with reference to FIG. 5 by
exemplifying the pixel portion 11 driven by the horizontal
scan wire 7 (n-th line) and the data wire 5 in FIG. 1.

[0040] In FIG. 5, (a) shows a repetitive gate selection
signal waveform over the range from the m-th frame to the
(m+3)-th frame with respect to the horizontal scan wire 7
(n-th line) of FIG. 1. All TFTs connected to the horizontal
scan wire 7 (#-th line) are turned on for the period when the
voltage is set to “H” level (corresponding to the Th period
of FIG. 4), and the horizontal scan is carried out. Here, the
frame period is fixed to Yeos over all the frames containing
the frames from the m-th frame to the (m+3)-th frame. In
FIG. 5, (b) shows a waveform of the image data signal
applied to the data wire 5 in which only the potential
corresponding to the period when the horizontal scan wire 7
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(n-th line) is set to “H” level is extracted. In this embodiment
2, the two-frame inversion driving operation is adopted in
the low temperature range, and the polarity is inverted
between the (m+1)-th frame and the (m+2)-th frame as
indicated by a solid line of (b) of FIG. 5.

[0041] All the TFTs connected to the horizontal scan wire
7 are turned on all at once by the horizontal scan of the
horizontal scan wire 7 (n-th line), so that the potential
indicated by the image data signal of the data wire 5 is
successively written into the pixel electrode 13 connected to
TFT 12 over the frame range from the m-th frame to the
(m+3)-th frame. As a result, the potential of the pixel
electrode becomes a waveform indicated by a solid line of
(c) of FIG. 5. Here, with respect to the retention potentials
of the pixel electrode 13 in the (m+1) frame and the
(m+3)-th frame, when the potential differences thereof from
the ideal retention potential indicated by a dashed line of (c)
of FIG. 5 are represented by AVm+1 and AVm+3, the pixel
electrode 13 can be sufficiently charged because the polarity
is not inverted between both the frames, and thus the
potential differences are minimum as shown in FIG. 5.

[0042] Furthermore, the waveform indicated by a solid
line of (d) of FIG. 5 shows the optical response of the pixel
portion 11 corresponding to the pixel electrode 13 having the
retention potential shown in (¢) of FIG. 5. With respect to the
value of the transmittance T at the (m+1)-th frame and the
(m+3)-th frame in (d) of FIG. 5, the differences ATm+1 and
ATm+3 from the ideal response waveform indicated by a
dashed line are slight, and thus desired transmittance T can
be achieved in the low temperature range.

[0043] As described above, by adopting the two-frame
inversion driving, not only desired transmittance can be
easily achieved in the (m#+1)-th frame and the (m+3)-th
frame even when the peripheral temperature is in the low
temperature range, and the reduction of the contrast value
can be improved, but also degradation of the image quality
of moving pictures such as after-image, ghost, etc. under a
low-temperature condition can be improved. In this case, the
description is made particularly on the frame range from the
m-th frame to the (m+3)-th frame, however, it is needless to
say that the same operation is repetitively carried out on
frames before and after the above frames.

[0044] Furthermore, in order to simplify the description,
the driving control on the horizontal scan wires 7, 8, 9, the
pixel portion 11 and the data wire 5 in the active matrix
substrate is particularly described. However, it is needless to
say that the same driving control is carried out on the other
horizontal scan wires, pixel portions and data wires.

Embodiment 3

[0045] First, the system construction of a liquid crystal
display device using a method for driving a liquid crystal
panel according to an embodiment 3 is the same as the
construction of FIG. 1 in the embodiment 1, and thus the
detailed description is omitted from the following descrip-
tion. The operation of the timing control circuit 17 in the low
temperature range will be described hereunder with refer-
ence to the timing chart of FIG. 4.

[0046] When the peripheral temperature exceeds a prede-
termined temperature (for example, 0° C.) and the tempera-
ture information 23 output from the peripheral temperature
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detector 22 indicates the value of the normal temperature
range, the timing control circuit 17 executes the same
control as the operation in the normal temperature range
described in the embodiment 1, that is, the timing control
circuit 17 executes the one-frame inversion driving opera-
tion in which the polarity of the image data signal applied to
the data wire 5 is inverted every frame, and the detailed
description thereof is omitted from the following descrip-
tion.

[0047] Next, the waveforms of the gate selection signal
and the image data signal in the low temperature range (for
example, below 0° C.) according to the embodiment 3 of the
present invention will be schematically described with ref-
erence to FIG. 4. In FIG. 4, (a), (b) and (c) show the gate
selection signals of the adjacent horizontal scan wires 7 (z-th
line), 8 ((n+1)-th line) and 9 ((#+2)-th line) in FIG. 1, and
also show the behaviors of the waveforms between sequen-
tial frames such as the m-th frame, (m+1)-th frame, (m+2)-th
frame and (m+3)-th frame. Furthermore, (&) of FIG. 4 shows
the behavior of the image data signal of the data wire 5 in
FIG. 1.

[0048] The image data signal shown in (e) of FIG. 4 is
subjected to the two-frame inversion driving operation in
which the polarity thereof is inverted every two frames, and
the m-th frame and the (m+1)-th frame have the first polarity
while the (m+2)-th frame and the (m+3)-th frame have the
second polarity. Furthermore, the video signal 18 is thinned
out every other frame so that the pulse height value of the
image data signal from the potential Vcom of the counter
electrode has the first pulse height value corresponding to
the same pulse height value at the m-th frame and the
(m+1)-th frame and the second pulse height value corre-
sponding to the same pulse height value at the (m+2)-th
frame and the (m+3)-th frame, and the pulse height value is
renewed at 30 Hz, The gate selection signals and the image
data signals described above are controlled by the horizontal
scan control signal 21 and the display control data signal 20
output from the timing control circuit 17 and output from the
gate driver 15 and the source driver 16 as in the case of the
embodiment 1.

[0049] Next, the optical response of the data wire 5 and the
pixel portion 11 will be described in detail with reference to
FIG. 6. In FIG. 6, (a) shows a repetitive gate selection
waveform over the frame range from the m-th frame to the
(m+3)-th frame of the horizontal scan wire 7 (n-th line). All
TFTs connected to the horizontal scan wire 7 (n-th line) is
turned on for the period when the voltage is set to “H” level
(corresponding to the Th period of FIG. 4), and the hori-
zontal scan is carried out. Here, the frame period is fixed to
Yeos from the m-th frame to the (m+3)-th frame. With respect
to the image data signal applied to the data wire 5, (b) of
FIG. 6 shows a waveform of the image data signal applied
to the data wire 5 in which only the potential corresponding
to the period when the horizontal scan wire 7 (n-th line) is
set to “H” level is extracted. According to the embodiment
3, in the low temperature range, the two-frame inversion
driving operation is adopted, and the image data signal is
inverted in polarity at the frame switching time point from
the (m+1)-th frame to the (m+2)-th frame. Furthermore, as
described above, the video signal 18 is thinned out every
other frame so that the levels 40, 41 having the same pulse
height value are set at the m-th frame and (m+1)-th frame
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and the levels 42, 43 having the same pulse height value are
set at the (m+2)-th frame and the (m+3)-th frame.

[0050] As described above, when the gate selection signal
shown in (a) of FIG. 6 is applied the horizontal scan wire 7
(n-th line) and the image data signal shown in (b) of FIG. 6
is applied to the data wire 5, the potential of the pixel
electrode 13 becomes a waveform indicated by a solid line
in (¢) of FIG. 6. Here, with respect to the retention potentials
of the pixel electrode 13 at the (m+1)-th frame and (m+3)-th
frame, when the potential differences from the ideal reten-
tion potential indicated by a dashed line of (c) of FIG. 6 are
represented by AVm+1 and AVm+3, the polarity is not
inverted between both the frames, and the same potential as
the just preceding frame is written at each of the frames, so
that the charging into the pixel electrode 13 can be surely
performed, and the potential difference is minimum as
shown in FIG. 6.

[0051] The waveform indicated by a solid line of (d) of
FIG. 6 shows a response waveform of the transmittance T of
the pixel portion 11 corresponding to the pixel electrode 13
having the retention potential shown in (c) of FIG. 6. In (d)
of FIG. 6, with respect to the value of the transmittance T at
the (m+1)-th frame and the (m+3)-th frame, the differences
ATm+1 and ATm+3 from the ideal response waveform
indicated by a dashed line are slight, and thus desired
transmittance T can be achieved in the low temperature
range.

[0052] In order to simplify the description, the driving
control on the horizontal scan wires 7, 8, 9, the pixel portion
11 and the data wire 5 in the active matrix substrate 10 is
particularly described, however, it is needless to say that the
same driving control is carried out on the other horizontal
scan wires, pixel portions and data wires.

[0053] As described above, the two-frame inversion driv-
ing operation is adopted in the low temperature range, and
further the same pulse height value is applied between the
two frames having the same polarity. Therefore, not only
desired transmittance can be easily achieved at the (m+1)-th
frame and the (m+3)-th frame, and the reduction of the
contrast value can be improved, but also degradation of the
image quality of moving pictures such as after-image, ghost,
etc. under the low temperature condition can be also
improved. The foregoing description is made particularly on
the frames from the m-th frame to the (m+3)-th frame,
however, it is needless to say that the same operation is
repetitively carried out on the frames before and after the
frames concerned.

[0054] In the embodiment 3, the display control data
signal 20 output to the source driver 16 is thinned every
other frame with respect to the video signal 18 transmitted
from the external display controller, and the display control
data signal 20 is renewed at 30 Hz. However, the display
control data signal 20 may be generated by calculation using
the video signal 18 corresponding to plural different frames
of the video signal 18 input to the liquid crystal display
device 1. For example, when the display control data signal
20 is renewed at 60 Hz in the normal temperature range and
the display control data signal 20 is renewed at 30 Hz in the
low temperature range, if the video signal 18 corresponding
to two frames is averaged and set as an image data signal,
the liquid crystal panel 2 can be driven without thinning out
the video signal. Likewise, when the display control data
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signal 20 is renewed at 20 Hz in the low temperature range,
the video signal 18 corresponding to three frames may be
averaged and set as an image data signal of the data wire 5.

[0055] 1In the above-described embodiments 1, 2, 3, in
order to simplify the description, the normally black mode
is adopted as an example of the liquid crystal panel 2.
However, a liquid crystal panel adopting a broadly popular
normally white mode may be used, and it may be adopted for
the invention described in the embodiments 1, 2, 3.

[0056] In the above-described embodiments 1, 2, 3, with
respect to the peripheral temperature, 0° C. is used as a
representative value of the boundary temperature between
the normal temperature range and the low temperature
range. It is unnecessary to adopt 0° C. When the reduction
of the contrast and the degree of insufficient uniformity of
brightness which are caused by insufficient pixel charging
which is more remarkable as the peripheral temperature
decreases are varied in accordance with the liquid crystal
material of the liquid crystal panel, the cell gap, etc. Various
kinds of images may be displayed to determine a permissible
temperature through visual test.

[0057] Furthermore, the above-described embodiments 1,
2, 3 use the liquid crystal display device adopting, as an
example of the liquid crystal mode, a TN liquid crystal mode
or a VA liquid crystal mode in which the counter electrode
is provided to the counter substrate, the liquid crystal is
sandwiched between the counter substrate and the active
matrix substrate, the transmittance of the liquid crystal layer
is controlled by the intensity of the voltage between both the
substrates. However, the liquid crystal panel driving method
described in the embodiments 1, 2, 3 may be applied to a
liquid crystal display device adopting a so-called IPS liquid
crystal mode in which the counter electrode is formed in the
active matrix substrate, and the electric field between the
pixel electrode and the counter electrode is formed in the
horizontal direction.

[0058] The entire disclosure of Japanese Patent Applica-
tion No. 2005-201659 filed on Jul. 11, 2005 including
specification, claims, drawings and abstract is incorporated
herein be reference in its entirety.

What is claimed is:
1. A method for driving a liquid crystal panel, the liquid
crystal panel including:

a plurality of horizontal scan wires through which a gate
selection signal is output;

a plurality of data wires thorough which an image data
signal is output;

a plurality of pixel electrodes surrounded by the horizon-
tal scan wires and the data wires; and

a plurality of switching elements connected to the pixel
electrodes,

wherein the switching elements are controlled by the gate
selection signal and during an on-time length period,
the switching elements is turned on, and

wherein the image data signal output from the data wires
is supplied to the pixel electrodes by the switching
elements, the method comprising:
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detecting a peripheral temperature of the liquid crystal
panel; and

controlling the gate selection signal based on the detected
peripheral temperature so that when the detected
peripheral temperature is within a normal temperature
range, the on-time length period is set to a first gate
selection period, and that when the detected peripheral
temperature is within a low temperature range, the
on-time length period is set to a second gate selection
period longer than the first gate selection period.

2. The method according to claim 1, wherein the second

on-time length period is twice as long as the first on-time

length period.

3. A method for driving a liquid crystal panel, the liquid

crystal panel including:

a plurality of horizontal scan wires through which a gate
selection signal is output;

a plurality of data wires thorough which an image data
signal is output;

a plurality of pixel electrodes surrounded by the horizon-
tal scan wires and the data wires; and

a plurality of switching elements connected to the pixel
electrodes;

wherein the switching elements are controlled by the gate
selection signal,

wherein the image data signal output from the data wires
is supplied to the pixel electrodes by the switching
elements, the method comprising:

detecting a peripheral temperature of the liquid crystal
panel; and

controlling the gate selection signal based on the detected
peripheral temperature so that when the detected
peripheral temperature is within a normal temperature
range, a polarity of the data signal is inverted each one
frame, and that when the detected peripheral tempera-
ture is within a low temperature range, the polarity of
the data signal is inverted each two frames.

4. The method according to claim 3, wherein when the

detected peripheral temperature is within the low tempera-
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ture range, a same image data signal as a preceding frame is
supplied to the data wires for a frame in which the polarity
is not inverted.

5. The method according to claim 2, wherein when the
detected peripheral temperature is within the low tempera-
ture range, the image data signal is generated by calculating
video data corresponding to a plurality of frames, and the
image data signal is supplied to the data wires.

6. A liquid crystal display device comprising:

a liquid crystal panel including,

a plurality of horizontal scan wires through which a
gate selection signal is output,

a plurality of data wires thorough which an image data
signal is output,

a plurality of pixel electrodes surrounded by the hori-
zontal scan wires and the data wires, and

a plurality of switching elements connected to the pixel
electrodes,

wherein the switching elements are controlled by the
gate selection signal and during an on-time length
period, the switching elements is turned on, and

wherein the image data signal output from the data
wires is supplied to the pixel electrodes by the
switching elements;

a horizontal scan wire driving circuit that supplies the gate
selection signal to the horizontal scan wires,

a data wire driving circuit that supplies the image data
signal to the data wires;

a temperature detector that detects the peripheral tem-
perature of the liquid crystal panel; and

a timing control circuit that is connected to the horizontal
scan wire driving circuit, the data wire driving circuit
and the temperature detector,

wherein the timing control circuit drives the liquid crystal
panel by the method according to claim 1.
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