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(54) DISPLAYING DEVICE, ITS DRIVING CIRCUIT AND ITS DRIVING METHOD

(57)  Thepresentinvention relates to display devices.
The present invention aims to provide a display device
capable of eliminating display irregularities due to the
difference in the charging rate between lines, while pre-
venting increase in heat generation and power consump-
tion by the device, and also to provide a circuit and meth-
od for driving the same. In a liquid crystal display device
employing both a 2-line dot-inversion drivemethodanda
charge-sharingmethod, a second charge-sharing period
(TB), which is a charge-sharing period within a horizontal
scanning period (2H period) in which the polarity of each
data signal is the same as that in one horizontal scanning
period previous thereto, is set to be longer than a first
charge-sharing period (TA), which is a charge-sharing-
periodwithin a horizontal scanning period (1H period) in
which the polarity of each data signal is different from
that in one horizontal scanning period previous thereto.
Thus, a charge period within the 2H period can be shorter
than that within the 1H period.
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Description
TECHNICAL FIELD

[0001] The present invention relates to display devic-
es, and particularly to an active matrix-type display de-
vice employing as drive methods a multi-line dot-inver-
sion drive method and a charge-sharing method.

BACKGROUND ART

[0002] Inrecentyears, active matrix-type liquid crystal
display devices including TFTs (thin film transistors) as
switching elements have been known. Such a liquid crys-
tal display device includes a liquid crystal panel having
two insulating substrates opposed to each other. One
substrate of the liquid crystal panel has gate bus lines
(scanning signal lines) and source bus lines (video signal
lines) provided thereon in a lattice pattern, while having
the TFTs provided in the vicinities of intersections of the
gate bus lines and the source bus lines. The TFTs each
have a gate electrode branched from the gate bus line,
a source electrode branched from the source bus line,
and a drain electrode. The drain electrodes are connect-
ed to pixel electrodes arranged in a matrix on the sub-
strate for image formation. The other substrate of the
liquid crystal panel has an electrode (hereinafter, referred
to as a"counter electrode") provided thereon for applying
voltage between a liquid crystal layer and the pixel elec-
trodes via the liquid crystal layer, such that each pixel is
formed by the pixel electrode, the counter electrode, and
the liquid crystal layer. Note that such an area in which
a single pixel is formed is referred to as a "pixel formation
portion" for convenience. Voltage is applied to the pixel
formation portion based on a video signal (data signal)
received by the source electrode of the TFT from the
source bus line when the gate electrode of each TFT
receives an active scanning signal (gate signal) from the
gate bus line. The pixel formation portion has formed
therein a pixel capacitance. Voltage indicating a pixel val-
ue is held in the pixel capacitance.

[0003] Incidentally, liquid crystals have the property of
deteriorating when DC voltage is continuously applied
thereto. Therefore, in the case of liquid crystal display
devices, AC voltage is applied to the liquid crystal layer.
Application of the AC voltage to the liquid crystal layer is
achieved by inverting the polarity of voltage being applied
to each pixel formation portion every frame period, i.e.,
by inverting the polarity of source electrode voltage con-
forming with the potential of the counter electrode every
frame period. Note that the voltage being applied to the
pixel formation portion is referred to below as "pixel volt-
age". As a technology for implementing the application
ofthe AC voltage to the liquid crystal layer, a drive method
is known in which the polarity of the pixel voltage is in-
verted every frame period, and polarities are also invert-
ed within one frame period between adjacent pixels along
the direction in which the gate bus lines extend and along
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the direction in which the source bus lines extend. Such
adrive method is referred to as "dot-inversion drive". FIG.
7 is a polarity diagram showing the polarities of pixel volt-
age being applied to pixel formation portions on a display
screen during a given frame period in a liquid crystal dis-
play device employing the dot-inversion drive method.
As shown in FIG. 7, the polarity of the pixel voltage is
inverted between all adjacent pixels.

[0004] However, the conventional dot-inversion drive
has such problems as increased power consumption and
increased heat generation because the polarity of the
pixel voltage is inverted every gate bus line. Accordingly,
there has been proposed a drive method in which the
polarity of the pixel voltage is inverted every two gate bus
lines, and furthermore, the polarity inversion is also per-
formed between adjacent pixels along the direction in
which the gate bus lines extend. Such a drive method is
referred to as "2-line dot-inversion drive (2H dot-inversion
drive)". FIG. 8 is a polarity diagram showing polarities of
pixel voltage being applied to pixel formation portions on
a display screen during a given frame period in a liquid
crystal display device employing the 2-line dot-inversion
drive. In the case of this liquid crystal display device, the
polarity of the pixel voltage is inverted every two gate bus
lines, and therefore power consumption and heat gener-
ation are reduced compared to the drive method in which
the polarity of the pixel voltage is inverted every gate bus
line.

[0005] Also, there has been proposed a liquid crystal
display device employing a charge-sharing method in
which short circuit is caused to occur between adjacent
source bus lines for a predetermined time period from
the start of each horizontal scanning period in order to
further reduce power consumption. In the case of the
liquid crystal display device employing the dot-inversion
drive method (including the 2-line dot-inversion drive
method), adjacent source bus lines are opposite in volt-
age polarity to each other, and furthermore, for full-white
and full-gray screen display patterns, their voltage abso-
lute values are almost equal. Accordingly, in the case of
a normally-black type, short circuit between adjacent
source bus lines causes voltage on each source bus line
to conform with voltage corresponding to black display.
Note that the voltage corresponding to black display is
referred to below as "black voltage".

[0006] However, in the case of employing the charge-
sharing method for a 2-line dot-inversion drive liquid crys-
tal display device, a stripe might be visually recognized
on every line on the display screen. This will be described
with reference to FIG. 9. In FIGS. 9A to 9E are signal
waveform diagrams where white display is being per-
formed in a normally-black type liquid crystal display de-
vice employing both the 2-line dot-inversion drive method
and the charge-sharing method. FIGS. 9A to 9C show
gate signal waveforms, FIG. 9D shows a waveform of a
short-circuit control signal for causing short circuit be-
tween adjacent source bus lines, and FIG. 9E shows a
data signal waveform. Note that hereinafter, a horizontal



3 EP 2 065 878 A1 4

scanning period in which the polarity of a data signal S
(i) is inverse relative to that of one horizontal scanning
period previous thereto is referred to as a "1H period",
and the next horizontal scanning period is referred to as
a "2H period". In addition, reference character Vc de-
notes a midpoint potential of the data signal S().
[0007] In the 1H period, short circuit occurs between
adj acent source bus lines during a period in which the
logic level of a short-circuit control signal Csh is high
(hereinafter, referred to as a "charge-sharing period").
As aresult, the voltage of the data signal S(/), which cor-
responds to white display, approximates black voltage.
Note that the voltage corresponding to white display is
referred to below as "white voltage". After the charge-
sharing period, the voltage of the data signal S(J) rises
to white voltage. Thereafter, when the charge-sharing
period starts in the 2H period, the voltage of the data
signal S(i), which is white voltage, approximates black
voltage.

[0008] Here, looking at the voltage of the data signal
S(/) after the charge-sharing period both in the 1H and
2H periods, the voltage in the 1H period is negative,
whereas the voltage in the 2H period is positive. This is
because it is not possible to ensure enough time to allow
the charge-sharing period to completely change the volt-
age of the data signal S(i) from white voltage to black
voltage. Therefore, the time required for the voltage of
the data signal S(i) to reach white voltage after the
charge-sharing period is longer in the 1H period than in
the 2H period. As a result, the charging rate for the pixel
capacitance of the pixel formation portion charged in the
2H period (hereinafter, simply referred to as the "2H pe-
riod charging rate") becomes higher than the charging
rate for the pixel capacitance of the pixel formation portion
charged in the 1H period (hereinafter, simply referred to
as the "1H period charging rate"). Thus, a line (row) with
a relatively high charging rate and a line (row) with a
relatively low charging rate occur alternately, and are vis-
ually recognized as stripes on the entire display screen.
Note that the charging rate is represented by a proportion
of voltage actually generated at the drain electrode (con-
nected to the pixel electrode of the pixel formation por-
tion) to voltage applied to the source bus line.

[0009] Forexample, Japanese Laid-Open Patent Pub-
lication Nos. 2003-337577 and 2005-156661 disclose in-
ventions of a liquid crystal display devices in which the
pulse width of the gate signal is adjusted to control the
charging rate in order to eliminate such a display defect
due to the above difference in the charging rate between
the 1H and 2H periods. In addition, Japanese Laid-Open
Patent Publication No. 2004-61590 discloses an inven-
tion of a liquid crystal display device in which conditions
for the rise of drain waveforms during horizontal scanning
periods are equalized by resetting a source driver output
during a blanking period in each horizontal scanning pe-
riod.

[Patent Document 1] Japanese Laid-Open Patent
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Publication No. 2003-337577

[Patent Document 2] Japanese Laid-Open Patent
Publication No. 2005-156661

[Patent Document 3] Japanese Laid-Open Patent
Publication No. 2004-61590

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] However, the inventions disclosed in Japanese
Laid-Open Patent Publication Nos. 2003-337577 and
2005-156661 are not directed to display devices employ-
ing the charge-sharing method. In addition, according to
Japanese Laid-Open Patent Publication No.
2004-61590, the drain potential reaches the midpoint po-
tential during the blanking period, but in fact, the drain
voltage might not reach the midpoint potential depending
on the length of the blanking period, and therefore it is
conceivably difficult to ensure that the blanking period is
sufficiently long to allow the drain potential to reach the
midpoint potential.

[0011] Therefore, the present invention aims to pro-
vide a display device capable of eliminating display ir-
regularities due to the difference in the charging rate be-
tween lines, while preventing increase in heat generation
and power consumption by the device, and also to pro-
vide a circuit and method for driving the same.

SOLUTION TO THE PROBLEMS

[0012] Afirstaspectofthe presentinventionis directed
to an active matrix-type display device including:

a plurality of video signal lines for respectively trans-
mitting a plurality of video signals representing an
image to be displayed;

a plurality of scanning signal lines crossing the video
signal lines;

a plurality of pixel formation portions arranged in a
matrix in association with intersections of the video
signal lines and the scanning signal lines;

avideo signal line drive circuit for supplying the video
signals to the video signal lines such that video sig-
nals being applied to adjacent video signallines have
different polarities, and the polarity of each video sig-
nal is inverted per a plurality of horizontal scanning
periods within each frame period;

a scanning signal line drive circuit for sequentially
selecting the scanning signal lines per a predeter-
mined horizontal scanning period within each frame
period; and

an adjacent video signal line short-circuit portion pro-
vided inside or outside the video signal line drive
circuit to short-circuit the adjacent video signal lines
for a preset charge-sharing period from the start of
each horizontal scanning period,
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wherein a second charge-sharing period, which is the
charge-sharing period within a horizontal scanning peri-
od in which the polarity of each video signal is different
from that in one horizontal scanning period previous
thereto, is longer in time than a first charge-sharing pe-
riod, which is the charge-sharing period within a horizon-
tal scanning period in which the polarity of each video
signal is the same as that in one horizontal scanning pe-
riod previous thereto.

[0013] In a second aspect of the present invention,
based on the first aspect of the invention, the second
charge-sharing period is set to be less than or equal to
twice the length of the first charge-sharing period.
[0014] In athird aspect of the presentinvention, based
on the first aspect of the invention, the video signal line
drive circuit supplies the video signals to the video signal
lines such that the polarity of each video signal is inverted
per two horizontal scanning periods within each frame
period.

[0015] In a fourth aspect of the present invention,
based on the first aspect of the invention, the first charge-
sharing period and the second charge-sharing period are
set such that a charging rate for each pixel formation
portion during the horizontal scanning period in which
the polarity of each video signal is the same as that in
one horizontal scanning period previous thereto is equal
to a charging rate for the pixel formation portion during
the horizontal scanning period in which the polarity of
each video signal is different from that in one horizontal
scanning period previous thereto.

[0016] Afifth aspect of the presentinvention is directed
to a drive circuit for an active matrix-type display device
including: a plurality of video signal lines for respectively
transmitting a plurality of video signals representing an
image to be displayed; a plurality of scanning signal lines
crossing the video signal lines; and a plurality of pixel
formation portions arranged in a matrix in association
with intersections of the video signal lines and the scan-
ning signal lines, the circuit including:

avideo signal line drive circuit for supplying the video
signals to the video signal lines such that video sig-
nals being applied to adjacent video signal lines have
different polarities, and the polarity of each video sig-
nal is inverted per a plurality of horizontal scanning
periods within each frame period,;

a scanning signal line drive circuit for sequentially
selecting the scanning signal lines per a predeter-
mined horizontal scanning period within each frame
period; and

an adjacent video signal line short-circuit portion for
short-circuiting the adj acent video signal lines for a
preset charge-sharing period from the start of each
horizontal scanning period,

wherein a second charge-sharing period, which is the
charge-sharing period within a horizontal scanning peri-
od in which the polarity of each video signal is different
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from that in one horizontal scanning period previous
thereto, is longer in time than a first charge-sharing pe-
riod, which is the charge-sharing period within a horizon-
tal scanning period in which the polarity of each video
signal is the same as that in one horizontal scanning pe-
riod previous thereto.

[0017] Inasixth aspect of the presentinvention, based
on the fifth aspect of the invention, the second charge-
sharing period is set to be less than or equal to twice the
length of the first charge-sharing period.

[0018] In a seventh aspect of the present invention,
based on the fifth aspect of the invention, the video signal
line drive circuit supplies the video signals to the video
signal lines such that the polarity of each video signal is
inverted per two horizontal scanning periods within each
frame period.

[0019] In an eighth aspect of the present invention,
based on the fifth aspect of the invention, the first charge-
sharing period and the second charge-sharing period are
set such that a charging rate for each pixel formation
portion during the horizontal scanning period in which
the polarity of each video signal is the same as that in
one horizontal scanning period previous thereto is equal
to a charging rate for the pixel formation portion during
the horizontal scanning period in which the polarity of
each video signal is different from that in one horizontal
scanning period previous thereto.

[0020] A ninth aspect of the present invention is direct-
ed to a drive method for an active matrix-type display
device including: a plurality of video signal lines for re-
spectively transmitting a plurality of video signals repre-
senting an image to be displayed; a plurality of scanning
signal lines crossing the video signal lines; and a plurality
of pixel formation portions arranged in a matrix in asso-
ciation with intersections of the video signal lines and the
scanning signal lines, the method including:

a video signal line drive step of supplying the video
signals to the video signal lines such that video sig-
nals being applied to adjacent video signal lines have
different polarities, and the polarity of each video sig-
nal is inverted per a plurality of horizontal scanning
periods within each frame period;

a scanning signal line drive step of sequentially se-
lecting the scanning signal lines per a predetermined
horizontal scanning period within each frame period;
and

an adjacent video signal line short-circuit step of
short-circuiting the adjacent video signal lines for a
preset charge-sharing period from the start of each
horizontal scanning period,

wherein a second charge-sharing period, which is the
charge-sharing period within a horizontal scanning peri-
od in which the polarity of each video signal is different
from that in one horizontal scanning period previous
thereto, is longer in time than a first charge-sharing pe-
riod, which is the charge-sharing period within a horizon-
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tal scanning period in which the polarity of each video
signal is the same as that in one horizontal scanning pe-
riod previous thereto.

[0021] Inatenthaspectofthe presentinvention, based
on the ninth aspect of the invention, the second charge-
sharing period is set to be less than or equal to twice the
length of the first charge-sharing period.

[0022] In an eleventh aspect of the present invention,
based on the ninth aspect of the invention, in the video
signal line drive step, the video signals are supplied to
the video signal lines such that the polarity of each video
signal is inverted per two horizontal scanning periods
within each frame period.

[0023] In a twelfth aspect of the present invention,
based on the ninth aspect of the invention, the first
charge-sharing period and the second charge-sharing
period are set such that a charging rate for each pixel
formation portion during the horizontal scanning period
in which the polarity of each video signal is the same as
that in one horizontal scanning period previous thereto
is equal to a charging rate for the pixel formation portion
during the horizontal scanning period in which the polarity
of each video signal is different from that in one horizontal
scanning period previous thereto.

EFFECT OF THE INVENTION

[0024] According to the first aspect of the present in-
vention, in an active matrix-type display device employ-
ing both a multi-line dot-inversion drive method and a
charge-sharing method, the charge-sharing period within
or after the 2H period (the horizontal scanning period in
which the polarity of each video signal is the same as
that in one horizontal scanning period pervious thereto)
is set to be longer than the charge-sharing period within
the 1H period (the horizontal scanning period in which
the polarity of each video signal is different from that in
one horizontal scanning period pervious thereto). Ac-
cordingly, the charge period for pixel formation portions
to be charged in or after the 2H period is shorter than the
charge period for pixel formation portions to be charged
in the 1H period. In addition, the voltage of each video
signal at the beginning of charging in the 2H period is
lower than conventionally. Thus, the charging rate in and
after the 2H period becomes lower than conventionally,
eliminating display irregularities due to the charging rate
being higher in and after the 2H period than in the 1H
period.

[0025] According to the second aspect of the present
invention, in the active matrix-type display device em-
ploying both the multi-line dot-inversion drive method and
the charge-sharing method, a charge period for the pixel
formation portions to be charged in or after the 2H period
is sufficiently ensured. Thus, an adjustment between the
charging rate for the 1H period and the charging rate for
the 2H periods is performed to prevent the charging rate
from becoming excessively low in and after the 2H period.
[0026] According to the third aspect of the present
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invention , in an active matrix-type display device em-
ploying both a 2-line dot-inversion drive method and the
charge-sharing method, the charge-sharing period is set
to be longer in the 2H period than in the 1H period. Thus,
as in the first aspect of the present invention, display
irregularities due to the charging rate being higher in the
2H period than in the 1H period are eliminated.

[0027] According to the fourth aspect of the present
invention, the charge-sharing period is set such that the
charging rate for the 1H period is equal to the charging
rate for the 2H and subsequent periods. Thus, display
irregularities due to the charging rate being higher in and
after the 2H period than in the 1H period are reliably elim-
inated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

FIGS. 1A to 1E are signal waveform diagrams where
white display is being performed in a liquid crystal
display device according to an embodiment of the
present invention.

FIG. 2is ablock diagramillustrating the configuration
of the liquid crystal display device according to the
embodiment, along with an equivalent circuit of its
display portion.

FIG. 3 is a circuit diagram illustrating an exemplary
configuration of an output portion of a source driver
in the embodiment.

FIGS. 4A to 4C are signal waveform diagrams for
explaining generation of a short-circuit control signal
in the embodiment.

FIGS. 5A to 5C are signal waveform diagrams for
explaining generation of a short-circuit control signal
in a variant of the embodiment.

FIGS. 6Ato 6F are signal waveform diagrams where
white display is being performed in a liquid crystal
display device according to the variant of the em-
bodiment.

FIG. 7 is a polarity diagram showing the polarities of
pixel voltage being applied to pixel formation portions
in a liquid crystal display device employing a dot-
inversion drive method.

FIG. 8 is a polarity diagram showing the polarities of
pixel voltage being applied to pixel formation portions
in a liquid crystal display device employing a 2-line
dot-inversion drive method.

FIGS. 9A to 9E are signal waveform diagrams where
white display is being performed in a conventional
device.

DESCRIPTION OF THE REFERENCE CHARACTERS
[0029]

10: TFT (switching element)
31: buffer (voltage follower)
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100: display portion

200: display control circuit

300: source driver (video signal line drive circuit)
400: gate driver (scanning signal line drive circuit)
Cp: pixel capacitance

SLi: source bus line (data signal line) (where i = 1,
2,..,n)

GLj: gate bus line (scanning signal line) (where j =
1,2,...,m)

Csh: short-circuit control signal

Csh1: first short-circuit control signal

Csh2: second short-circuit control signal

S(i): data signal (where i=1, 2, ..., n)

G(j): gate signal (where j=1,2, ..., m)

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] Hereinafter, an embodiment of the present in-
vention will be described with reference to the accompa-
nying drawings.

<1. Overall configuration and operation>

[0031] FIG. 2is a block diagram illustrating the config-
uration of a liquid crystal display device according to the
present embodiment, along with an equivalent circuit of
its display portion. This liquid crystal display device in-
cludes a source driver (video signal line drive circuit) 300,
a gate driver (scanning signal line drive circuit) 400, an
active matrix-type display portion 100, and a display con-
trol circuit 200 for controlling the source driver 300 and
the gate driver 400. Note that descriptions will be given
on the assumption that the liquid crystal display device
is of a normally-black type.

[0032] The display portion 100 in the present embod-
iment includes a plurality (m) of gate bus lines (scanning
signal lines) GL1 to GLm, a plurality (n) of source bus
lines (video signal lines) SL1 to SLn crossing each of the
gate bus lines GL1 to GLm, and a plurality (nx m) of pixel
formation portions provided at corresponding intersec-
tions of the gate bus lines GL1 to GLm and the source
bus lines SL1 to SLn. The pixel formation portions are
arranged in a matrix to constitute a pixel array. Each pixel
formation portion consists of: a TFT 10, which is a switch-
ing element having a gate terminal connected to the gate
bus line GL;j passing its corresponding intersection and
a source terminal connected to the source bus line SLi
passing the intersection; a pixel electrode connected to
a drain terminal of the TFT 10; a common electrode Ec,
which is a counter electrode commonly provided for the
pixel formation portions; and a liquid crystal layer com-
monly provided for the pixel formation portions and inter-
posed between the pixel electrode and the common elec-
trode Ec. Furthermore, a pixel capacitance Cp is config-
ured by a liquid crystal capacitance formed by the pixel
electrode and the common electrode Ec.

[0033] The pixel electrode in each pixel formation por-
tion is provided with a potential by the source driver 300
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and the gate driver 400 operating as will be described
later, in accordance with an image to be displayed. The
common electrode Ec is provided with a predetermined
potential (common electrode potential) Vcom from an un-
illustrated power supply circuit. As a result, voltage is
applied to the liquid crystal in accordance with the differ-
ence in potential between the pixel electrode and the
common electrode Ec. The voltage application controls
the amount of light transmitted through the liquid crystal
layer, thereby allowing the image to be displayed.
[0034] The display control circuit 200 receives from an
external signal source a digital video signal Dv, which
represents an image to be displayed, a horizontal syn-
chronization signal HSY and a vertical synchronization
signal VSY, which correspond to the digital video signal
Dv, and a control signal Dc for controlling a display op-
eration. The display control circuit 200 then generates
and outputs the following signals: data start pulse signal
SSP; data clock signal SCK; short-circuit control signal
Csh; digital image signal DA (a signal corresponding to
the video signal Dv), which represents the image to be
displayed; gate start pulse signal GSP; gate clock signal
GCK; and gate driver output control signal GOE, in order
to cause the image represented by the digital video signal
Dv to be displayed on the display portion 100 based on
the signals Dv, HSY, VSY, and Dc . More specifically,
the display control circuit 200 outputs the video signal
DV as the digital image signal DA after performing as
necessary, for example, timing adjustments within inter-
nal memory, and generates the following signals: data
clock signal SCK, which is a signal composed of pulses
corresponding to pixels for the image represented by the
digital image signal DA; data start pulse signal SSP,
which is a signal to be brought into high level (H level)
for a predetermined period every horizontal scanning pe-
riod based on the horizontal synchronization signal HSY;
gate start pulse signal GSP, which is a signal to be
brought into H level for a predetermined period within
one frame period (one vertical scanning period) based
on the vertical synchronization signal VSY; gate clock
signal GCK based on the horizontal synchronization sig-
nal HSY; and short-circuit control signal Csh and gate
driver output control signal GOE based on the horizontal
synchronization signal HSY and the control signal Dc.
[0035] Ofthe signalsthus generated in the display con-
trol circuit 200, the digital image signal DA, the short-
circuit control signal Csh, the data start pulse signal SSP,
and the data clock signal SCK are inputted to the source
driver 300, whereas the gate start pulse signal GSP, the
gate clock signal GCK, and the gate driver output control
signal GOE are inputted to the gate driver 400.

[0036] Based on the digital image signal DA, the data
start pulse signal SSP, and the data clock signal SCK,
the source driver 300 sequentially generates data signals
S(1) to S(n), each being analog voltage that corresponds
to a pixel value for one line, every horizontal scanning
period, and applies the data signals S(1) to S(n) to the
source bus lines SL1 to SLn, respectively. The source



11 EP 2 065 878 A1 12

driver 300 in the present embodiment employs a drive
method in which the data signals S(1) to S(n) are output-
ted such that the polarity of the voltage being applied to
the liquid crystal layer is inverted every frame period in
such a manner as to be inverted every two gate bus lines
in the frame period, and the polarity is also inverted be-
tween adj acent pixels along the direction in which the
gate bus lines extend, that is, the 2-line dot-inversion
drive method is employed. Accordingly, the source driver
300 inverts the voltage polarity of the data signal S(i)
being applied to each source bus line SLi, every two hor-
izontal scanning periods.

[0037] Here, the potential (midpoint potential) Vc to be
referenced to invert the polarity of the voltage being ap-
plied to the source bus lines SL1 to SLn is at the DC level
(the potential corresponding to the DC component) of the
data signals S(1) to S(n), and this DC level generally
does not match the DC level of the common electrode
Ec, and differs from the DC level of the common electrode
Ec by a level shift (field-through voltage) AVd due to a
parasitic capacitance Cgd between the gate and the drain
of the TFT in each pixel formation portion. Note that only
when the level shift AVd due to the parasitic capacitance
Cgd is sufficiently lower than optical threshold voltage
Vth of the liquid crystal, the DC level of the data signals
S(1) to S(n) can be considered to be equal to the DC
level of the common electrode Ec, and therefore it can
be conceived that the polarities of the data signals S(1)
to S(n), i.e., the polarities of the voltage being applied
to the source bus lines SL1 to SLn, are inverted every
horizontal scanning period with reference to the potential
Vcom of the common electrode Ec.

[0038] The liquid crystal display device employs the
charge-sharing method in which short circuit is caused
between adjacent source bus lines every horizontal scan-
ning period in order to reduce power consumption. Ac-
cordingly, an output portion that outputs the data signals
S (1) to S (n) in the source driver 300 is configured as
shown in FIG. 3. Specifically, the output portion receives
analog voltage signals d(1) to d(n), which are generated
based on the digital image signal DA, and performs im-
pedance conversion on the analog voltage signals d(1)
to d(n), thereby generating the data signals S(1) to S(n)
as video signals to be transmitted through the source bus
lines SL1 to SLn, and the output portion has n buffers
31 as voltage followers for the impedance conversion.
To an output terminal of each buffer 31 a firstMOS tran-
sistor SWa serving as a switching element is connected,
and the data signal S(/) (where i =1, 2, ..., n) from the
buffer 31 is outputted from the output terminal of the
source driver 300 via the first MOS transistor SWa. In
addition, adjacent output terminals in the source driver
300 are connected by a second MOS transistor SWb
serving as a switching element. Moreover, the short-cir-
cuit control signal Csh is given to the gate terminal of the
second MOS transistor SWb between the output termi-
nals, whereas the output signal of the inverter 33, i.e., a
logically-inverted signal to the short-circuit control signal
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Cshis given to the gate terminal of the first MOS transistor
SWa connected to the output terminal of the buffer 31.
Accordingly, when the short-circuit control signal Csh is
inactive (low level), the first MOS transistor SWais turned
"ON", whereas the second MOS transistor SWb is turned
"OFF", and therefore the data signal from the buffer 31
is outputted from the source driver 300 via the first MOS
transistor SWa. On the other hand, when the short-circuit
control signal Csh is active (high level), the first MOS
transistor SWa is turned "OFF", whereas the second
MQOS transistor SWb is turned "ON", and therefore the
data signal from the buffer 31 is not outputted, so that
short circuit occurs between adjacent source bus lines
in the display portion 100 via the second MOS transistor
SWhb. In the present embodiment, an adjacent video sig-
nal line short-circuit portion is achieved by the above-
described configuration. Note that the above configura-
tion, in which short circuit is caused to occur between
adjacent source bus lines as the polarity of the data signal
is inverted, thereby causing the voltage on each source
bus line to approximate black voltage, is conventionally
proposed as a means for reducing power consumption,
and the configuration shown in FIG. 3 is not restrictive.

[0039] The gate driver 400 sequentially selects the
gate bus lines GL1 to GLm for approximately one hori-
zontal scanning period within each frame period based
on the gate start pulse signal GSP, the gate clock signal
GCK, and the gate driver output control signal GOE in
order to write the data signals S(1) to S(n) to their re-
spective pixel formation portions (pixel capacitances).

<2. Drive method>

[0040] Next, the drive method in the present embodi-
ment will be described. FIGS. 4A to 4C are signal wave-
form diagrams for explaining generation of the short-cir-
cuit control signal Csh to be sent from the display control
circuit 200 to the source driver 300. In the present em-
bodiment, a first short-circuit control signal Csh1 that is
broughtinto high level for a period TA per horizontal scan-
ning period as shown in FIG. 4A, and a second short-
circuit control signal Csh2 that is brought into high level
for a period TB per horizontal scanning period as shown
in FIG. 4B are generated in the display control circuit 200.
The first short-circuit control signal Csh1 and the second
short-circuit control signal Csh2 are then alternately se-
lected every horizontal scanning period, and the selected
signal is outputted from the display control circuit 200 as
the short-circuit control signal Csh. As a result, the short-
circuit control signal Csh sent from the display control
circuit 200 to the source driver 300 has a waveform as
shown in FIG. 4C.

[0041] FIGS. 1A to 1E are signal waveform diagrams
where white display is being performed in the present
embodiment. The 1H period will be described first. When
a gate signal G (2k-1) rises, its logic level continues to
be high for a period TH. In addition, the logic level of the
short-circuit control signal Csh is caused to be high for a
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period TA (hereinafter, referred to as a "first charge-shar-
ing period") from the rise of the gate signal G (2k-1). Here,
during the first charge-sharing period in which the short-
circuit control signal Csh is at high level, the buffers 31
provided in the output portion of the source driver 300
shown in FIG. 3 are shut off from their corresponding
source bus lines, so that adjacent source bus lines are
short-circuited. Also, since the present embodiment em-
ploys the 2-line dot-inversion drive method, the adjacent
source bus lines are opposite in voltage polarity to each
other, and furthermore, their voltage absolute values are
approximately equal. Accordingly, the voltage of the data
signal S(i), which is (negative) white voltage, approxi-
mates black voltage during the first charge-sharing peri-
od. However, the length of the first charge-sharing period
TA is insufficient, and therefore the voltage of the data
signal S(/) does not completely conform with black volt-
age. After the first charge-sharing period, a signal gen-
erated based on the digital image signal DA sent from
the display control circuit 200 to the source driver 300 is
applied to the source bus line. Accordingly, the voltage
of the data signal S(J) rises to (positive) white voltage. As
a result, charging the pixel capacitances of the pixel for-
mation portions in the (2k-1) 'th row is performed by
spending a period TH-TA.

[0042] Next, the 2H period will be described. When a
gate signal G (2Kk) rises, its logic level continues to be
high for a period TH. In addition, the logic level of the
short-circuit control signal Csh is caused to be high for a
period TB (hereinafter, referred to as a "second charge-
sharing period") from the rise of the gate signal G (2k).
Since the second charge-sharing period TB is longer than
the first charge-sharing period TA, the voltage of the data
signal S(/) conforms with black voltage or voltage close
to the black voltage during the second charge-sharing
period. Afterthesecondcharge-sharingperiod, the volt-
age of the data signal S(J) rises to (positive) white voltage.
As a result, charging the pixel capacitances of the pixel
formation portions in the 2k’th row is performed by spend-
ing a period TH-TB.

[0043] Note that, regarding the period TH in which the
gate signal is "ON" (the period in which the logic level is
high), the first charge-sharing period TA, and the second
charge-sharing period TB, correlations therebetween are
determined in accordance with device specifications. For
example, the first charge-sharing period TA is set to be
one-eighth in length of the period TH in which the gate
signal is "ON". Also, the second charge-sharing period
TB is preferably set to be typically less than or equal to
twice the length of the first charge-sharing period TA. For
example, the second charge-sharing period TB is set to
be 1.6 times the length of the first charge-sharing period
TA.

<3. Effects>

[0044] While the liquid crystal display device according
to the present embodiment employs both the 2-line dot-
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inversion drive method and the charge-sharing method,
conventional liquid crystal display devices employing the
same methods has display irregularities generated per
line due to the charging rate in the 2H period being higher
than that in the 1H period. On the other hand, according
to the present embodiment, the second charge-sharing
period TB is set to be longer than the first charge-sharing
period TA. As a result, the charge period TH-TB for the
pixel formation portions to be charged in the 2H period
is shorter than the charge period TH-TA for the pixel for-
mation portions to be charged in the 1H period. In addi-
tion, the voltage of the data signal S(/) at the beginning
of charging in the 2H period is lower than in the conven-
tional art. As a result, the charging rate in the 2H period
is lower than in the conventional art, so that the charging
rates in the 1H and 2H periods approximate each other.
As a result, display irregularities as conventionally occur
per line are eliminated. In addition, since the 2-line dot-
inversion drive method and the charge-sharing method
are employed, it is possible to prevent increase in heat
generation and power consumption.

[0045] Also, as described above, the first charge-shar-
ing period TA and the second charge-sharing period TB
are determined in accordance with device specifications.
In other words, the first charge-sharing period TA and
the second charge-sharing period TB can be adjusted in
length to equalize the charging rates in the 1H and 2H
periods, thereby eliminating display irregularities.

<4. Variant>

[0046] The above embodiment has been described
taking as an example the liquid crystal display device
employing the 2-line dot-inversion drive method, but the
present invention is not limited to this, and is also appli-
cable to liquid crystal display devices employing a dot-
inversion drive method for a plurality of lines in which
inversion is performed in units of three lines or more. As
an example thereof, a method for driving a liquid crystal
display device employing a three-line dot-inversion drive
method will be described.

[0047] FIGS. 5A to 5C are signal waveform diagrams
for explaining generation of the short-circuit control signal
Csh in the present variant. In the present variant, as in
the above embodiment, the first short-circuit control sig-
nal Csh1, which is brought into high level for the first
charge-sharing period TA per horizontal scanning period
as shown in FIG. 5A, and the second short-circuit control
signal Csh2, which is brought into high level for the sec-
ond charge-sharing period TB per horizontal scanning
period as shown in FIG. 5B, are generated in the display
control circuit 200. However, in the present variant, unlike
in the above embodiment, the first control signal Csh1 or
the second short-circuit control signal Csh2 is selected
per horizontal scanning period in the order: Csh1, Csh2,
Csh2, Csh1, Csh2, Csh2, and so on. Thus, the waveform
ofthe short-circuit control signal Csh sentfrom the display
control circuit 200 to the source driver 300 is as shown
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in FIG. 5C.

[0048] FIGS. 6A to 6F are signal waveform diagrams
where white display is being performed in the present
variant. In the 1H period, the voltage of the data signal
S(i) does not completely conform with black voltage at
the end of the charge-sharing period. Then, after the
charge-sharing period, charging the pixel formation por-
tions of the pixel capacitances in the (3k-2)’th row is per-
formed by spending a period TH-TA. In the 2H period,
the voltage of the data signal S (i) conforms with black
voltage or voltage close to the black voltage at the end
of the charge-sharing period. Then, after the charge-
sharing period, charging the pixel formation portions of
the pixel capacitances in the (3k-1) 'th row is performed
by spending a period TH-TB. Similarly, after the 3H
charge-sharing period, charging the pixel formation por-
tions of the pixel capacitances in the 3k’th row is per-
formed by spending a period TH-TB.

[0049] According tothe present variant, the 2H and 3H
charge-sharing periods are set to be longer than the 1H
charge-sharing period. Therefore, the 2H and 3H charge
periods TH-TB are shorter than the 1H charge period TH-
TA. In addition, in the 2H and 3H periods, the voltage of
the data signal S(j) at the beginning of charge is lower
than conventionally. As aresult, the charging rate is lower
in the 2H and 3H periods than conventionally, so that the
charging rate in the 1H period approximates the 2H and
3H charging rates. Thus, in the case of the liquid crystal
display device employing the three-line dot-inversion
drive method also, display irregularities as conventionally
occur due to the difference in the charging rate between
lines are eliminated.

[0050] As described above, by setting the charge-
sharing period of the horizontal scanning period with the
data signal S(i) having the same polarity as that in one
horizontal scanning period previous thereto to be longer
than the charge-sharing period of the horizontal scanning
period with the data signal S(/) having an inverse polarity
tothatin one horizontal scanning period previous thereto,
itbecomes possible to eliminate display irregularities due
to the difference in the charging rate between lines in
liquid crystal display devices employing both a multiple-
line dot-inversion drive method and the charge-sharing
method.

Claims
1. An active matrix-type display device comprising:

a plurality of video signal lines for respectively
transmitting a plurality of video signals repre-
senting an image to be displayed;

a plurality of scanning signal lines crossing the
video signal lines;

a plurality of pixel formation portions arranged
in a matrix in association with intersections of
the video signal lines and the scanning signal
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lines;

a video signal line drive circuit for supplying the
video signals to the video signal lines such that
video signals being applied to adjacent video
signal lines have different polarities, and the po-
larity of each video signal is inverted per a plu-
rality of horizontal scanning periods within each
frame period;

a scanning signal line drive circuit for sequen-
tially selecting the scanning signal lines per a
predetermined horizontal scanning period with-
in each frame period; and

an adjacentvideo signal line short-circuit portion
provided inside or outside the video signal line
drive circuit to short-circuit the adjacent video
signal lines for a preset charge-sharing period
from the start of each horizontal scanning peri-
od,

wherein a second charge-sharing period, which is
the charge-sharing period within a horizontal scan-
ning period in which the polarity of each video signal
is different from that in one horizontal scanning pe-
riod previous thereto, is longer in time than a first
charge-sharing period, which is the charge-sharing
period within a horizontal scanning period in which
the polarity of each video signal is the same as that
in one horizontal scanning period previous thereto.

The display device according to claim 1, wherein the
second charge-sharing period is set to be less than
or equal to twice the length of the first charge-sharing
period.

The display device according to claim 1, wherein the
video signal line drive circuit supplies the video sig-
nals to the video signal lines such that the polarity
of each video signal is inverted per two horizontal
scanning periods within each frame period.

The display device according to claim 1, wherein the
first charge-sharing period and the second charge-
sharing period are set such that a charging rate for
each pixel formation portion during the horizontal
scanning period in which the polarity of each video
signal is the same as that in one horizontal scanning
period previous thereto is equal to a charging rate
for the pixel formation portion during the horizontal
scanning period in which the polarity of each video
signalis different from that in one horizontal scanning
period previous thereto.

Adrive circuitfor an active matrix-type display device
including: a plurality of video signal lines for respec-
tively transmitting a plurality of video signals repre-
senting an image to be displayed; a plurality of scan-
ning signal lines crossing the video signal lines; and
a plurality of pixel formation portions arranged in a



17 EP 2 065 878 A1 18

matrix in association with intersections of the video
signal lines and the scanning signal lines, the circuit
comprising:

a video signal line drive circuit for supplying the
video signals to the video signal lines such that
video signals being applied to adjacent video
signal lines have different polarities, and the po-
larity of each video signal is inverted per a plu-
rality of horizontal scanning periods within each
frame period;

a scanning signal line drive circuit for sequen-
tially selecting the scanning signal lines per a
predetermined horizontal scanning period with-
in each frame period; and

an adjacent video signal line short-circuit portion
for short-circuiting the adj acent video signal
lines for a preset charge-sharingperiod from the
start of each horizontal scanning period,

wherein a second charge-sharing period, which is
the charge-sharing period within a horizontal scan-
ning period in which the polarity of each video signal
is different from that in one horizontal scanning pe-
riod previous thereto, is longer in time than a first
charge-sharing period, which is the charge-sharing
period within a horizontal scanning period in which
the polarity of each video signal is the same as that
in one horizontal scanning period previous thereto.

The drive circuit according to claim 5, wherein the
second charge-sharing period is set to be less than
or equal to twice the length of the first charge-sharing
period.

The drive circuit according to claim 5, wherein the
video signal line drive circuit supplies the video sig-
nals to the video signal lines such that the polarity
of each video signal is inverted per two horizontal
scanning periods within each frame period.

The drive circuit according to claim 5, wherein the
first charge-sharing period and the second charge-
sharing period are set such that a charging rate for
each pixel formation portion during the horizontal
scanning period in which the polarity of each video
signal is the same as that in one horizontal scanning
period previous thereto is equal to a charging rate
for the pixel formation portion during the horizontal
scanning period in which the polarity of each video
signalis different from thatin one horizontal scanning
period previous thereto.

A drive method for an active matrix-type display de-
vice including: a plurality of video signal lines for re-
spectively transmitting a plurality of video signals
representing an image to be displayed; a plurality of
scanning signal lines crossing the video signal lines;
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and a plurality of pixel formation portions arranged
in a matrix in association with intersections of the
video signal lines and the scanning signal lines, the
method comprising:

a video signal line drive step of supplying the
video signals to the video signal lines such that
video signals being applied to adjacent video
signal lineshavedifferentpolarities, and the po-
larity of each video signal is inverted per a plu-
rality of horizontal scanning periods within each
frame period;

a scanning signal line drive step of sequentially
selecting the scanning signal lines per a prede-
termined horizontal scanning period within each
frame period; and

an adjacent video signal line short-circuit step
of short-circuiting the adjacent video signal lines
for a preset charge-sharing period from the start
of each horizontal scanning period,

wherein a second charge-sharing period, which is
the charge-sharing period within a horizontal scan-
ning period in which the polarity of each video signal
is different from that in one horizontal scanning pe-
riod previous thereto, is longer in time than a first
charge-sharing period, which is the charge-sharing
period within a horizontal scanning period in which
the polarity of each video signal is the same as that
in one horizontal scanning period previous thereto.

The drive method according to claim 9, wherein the
second charge-sharing period is set to be less than
or equal to twice the length of the first charge-sharing
period.

The drive method according to claim 9, wherein in
the video signal line drive step, the video signals are
supplied to the video signal lines such that the po-
larity of each video signal is inverted per two hori-
zontal scanning periods within each frame period.

The drive method according to claim 9, wherein the
first charge-sharing period and the second charge-
sharing period are set such that a charging rate for
each pixel formation portion during the horizontal
scanning period in which the polarity of each video
signal is the same as that in one horizontal scanning
period previous thereto is equal to a charging rate
for the pixel formation portion during the horizontal
scanning period in which the polarity of each video
signalis different from thatin one horizontal scanning
period previous thereto.
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