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(57) ABSTRACT

The present invention relates to display devices. The present
invention aims to provide a display device capable of elimi-
nating display irregularities due to the difference in the charg-
ing rate between lines, while preventing increase in heat
generation and power consumption by the device, and also to
provide a circuit and method for driving the same. In a liquid
crystal display device employing both a 2-line dot-inversion
drive method and a charge-sharing method, a second charge-
sharing period (TB), which is a charge-sharing period within
ahorizontal scanning period (2H period) in which the polarity

(86) PCT No.: PCT/JP2007/058044 of each data signal is the same as that in one horizontal
scanning period previous thereto, is set to be longer than a first
§ 371 (c)(1), charge-sharing period (TA), which is a charge-sharing period
(2), (4) Date: Dec. 18,2008 within a horizontal scanning period (1H period) in which the
polarity of each data signal is different from that in one
(30) Foreign Application Priority Data horizontal scanning period previous thereto. Thus, a charge
period withinthe 2H period can be shorter than that within the
Sep. 19,2006 (JP) weorevcrccenercnceeennne 2006-252099 1H period.
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DISPLAYING DEVICE, ITS DRIVING
CIRCUIT AND ITS DRIVING METHOD

TECHNICAL FIELD

[0001] Thepresent invention relates to display devices, and
particularly to an active matrix-type display device employ-
ing as drive methods a multi-line dot-inversion drive method
and a charge-sharing method.

BACKGROUND ART

[0002] In recent years, active matrix-type liquid crystal
display devices including TFTs (thin film transistors) as
switching elements have been known. Such a liquid crystal
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 connected to pixel electrodes arranged in a
matrix on the substrate for image formation. The other sub-
strate 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
electrodes 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 portionhas
formed therein a pixel capacitance. Voltage indicating a pixel
value 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 conforming
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 voltage”. As a technol-
ogy for implementing the application of the AC voltage to the
liquid crystal layer, a drive method is known in which the
polarity of the pixel voltage is inverted every frame period,
and polarities are also inverted within one frame period
between adjacent pixels along the direction in which the gate
bus lines extend and along the direction in which the source
bus lines extend. Such a drive method is referred to as “dot-
inversion drive”. FIG. 7 is a polarity diagram showing the
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 dot-inversion
drive method. As shown in FIG. 7, the polarity of the pixel
voltage is inverted between all adjacent pixels.
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[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 further-
more, the polarity inversion is also performed between adja-
cent 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 generation 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 dis-
play 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 voltage polarity to each other, and further-
more, for full-white and full-gray screen display patterns,
their voltage absolute 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-shar-
ing method for a 2-line dot-inversion drive liquid crystal
display device, a stripe might be visually recognized on every
line on the display screen. This will be described with refer-
ence to FIG. 9. In FIGS. 9A to 9E are signal waveform
diagrams where white display is being performed in a nor-
mally-black type liquid crystal display device 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 short-circuit control signal for
causing short circuit between adjacent source bus lines, and
FIG. 9E shows a data signal waveform. Note that hereinafter,
a horizontal scanning period in which the polarity of a data
signal S(i) is inverse relative to that of one horizontal scan-
ning 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 Ve denotes a mid-
point potential of the data signal S(i).

[0007] Inthe 1H period, short circuit occurs between adja-
cent 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 a result, the
voltage of the data signal S(i), which corresponds 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(i) rises to white voltage. Thereafter, when the
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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(i)
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 voltage 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 period
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 visually 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 (connected to the pixel electrode of the
pixel formation portion) to voltage applied to the source bus
line.

[0009] For example, Japanese Laid-Open Patent Publica-
tion Nos. 2003-337577 and 2005-156661 disclose inventions
of aliquid 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 addi-
tion, Japanese Laid-Open Patent Publication No. 2004-61590
discloses an invention of a liquid crystal display device in
which conditions for the rise of drain waveforms during hori-
zontal scanning periods are equalized by resetting a source
driver output during a blanking period in each horizontal
scanning period.

[0010] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 2003-337577

[0011] [Patent Document 2] Japanese Laid-Open Patent
Publication No. 2005-156661

[0012] [Patent Document 3] Japanese Laid-Open Patent
Publication No. 2004-61590

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0013] However, the inventions disclosed in Japanese Laid-
Open Patent Publication Nos. 2003-337577 and 2005-
156661 are not directed to display devices employing the
charge-sharing method. In addition, according to Japanese
Laid-Open Patent Publication No. 2004-61590, the drain
potential reaches the midpoint potential 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.

[0014] Therefore, 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
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preventing increase in heat generation and power consump-
tion by the device, and also to provide a circuit and method for
driving the same.

Solution to the Problems

[0015] A first aspect of the present invention is directed to
an active matrix-type display device including:

[0016] a plurality of video signal lines for respectively
transmitting a plurality of video signals representing an
image to be displayed,

[0017] a plurality of scanning signal lines crossing the
video signal lines;

[0018] a plurality of pixel formation portions arranged in a
matrix in association with intersections of the video signal
lines and the scanning signal lines;

[0019] 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 polarity of each video signal is inverted per
a plurality of horizontal scanning periods within each frame
period;

[0020] a scanning signal line drive circuit for sequentially
selecting the scanning signal lines per a predetermined hori-
zontal scanning period within each frame period; and
[0021] an adjacent video 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 scan-
ning period,

[0022] wherein a second charge-sharing period, which is
the charge-sharing period within a horizontal scanning period
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 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.

[0023] Inasecondaspect 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.

[0024] 1In a third aspect of the present invention, 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.
[0025] Ina 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 1s 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.

[0026] A fifth aspect of the present invention is directed to
adrive circuit for an active matrix-type display device includ-
ing: a plurality of video signal lines for respectively transmit-
ting 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
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arranged in a matrix in association with intersections of the
video signal lines and the scanning signal lines, the circuit
including;

[0027] 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 polarity of each video signal is inverted per
a plurality of horizontal scanning periods within each frame
period;

[0028] a scanning signal line drive circuit for sequentially
selecting the scanning signal lines per a predetermined hori-
zontal scanning period within each frame period; and

[0029] an adjacent video signal line short-circuit portion
for short-circuiting the adjacent video signal lines for a preset
charge-sharing period from the start of each horizontal scan-
ning period,

[0030] wherein a second charge-sharing period, which is
the charge-sharing period within a horizontal scanning period
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 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.

[0031] In asixth aspect of the present invention, 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.

[0032] Inaseventhaspectofthe presentinvention, 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.
[0033] Inaneighthaspectofthe presentinvention, 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 ofeach 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.

[0034] A ninth aspect of the present invention is directed to
a drive method 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 for-
mation portions arranged in a matrix in association with inter-
sections of the video signal lines and the scanning signal
lines, the method including:

[0035] 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 lines have different polarities,
and the polarity of each video signal is inverted per a plurality
of horizontal scanning periods within each frame period;
[0036] a scanning signal line drive step of sequentially
selecting the scanning signal lines per a predetermined hori-
zontal scanning period within each frame period; and

[0037] 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 scan-
ning period,
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[0038] wherein a second charge-sharing period, which is
the charge-sharing period within a horizontal scanning period
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 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.

[0039] 1In atenth aspect of the present invention, 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.

[0040] Inan 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.

[0041] Inatwelfth 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

[0042] According to the first aspect of the present inven-
tion, in an active matrix-type display device employing both
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 thatin one horizontal scanning period pervious
thereto). Accordingly, 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 dis-
play irregularities due to the charging rate being higher in and
after the 2H period than in the 1H period.

[0043] According to the second aspect of the present inven-
tion, in the active matrix-type display device employing both
the multi-line dot-inversion drive method and the charge-
sharing method, a charge period for the pixel formation por-
tions 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 exces-
sively low in and after the 2H period.

[0044] According to the third aspect of the present inven-
tion, in an active matrix-type display device employing 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
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present invention, display irregularities due to the charging
rate being higher in the 2H period than in the 1H period are
eliminated.

[0045] According to the fourth aspect of the present inven-
tion, 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 eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] 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,

[0047] FIG.2isa block diagram illustrating the configura-
tion of the liquid crystal display device according to the
embodiment, along with an equivalent circuit of its display
portion.

[0048] FIG. 3 isa circuit diagram illustrating an exemplary
configuration of an output portion of a source driver in the
embodiment.

[0049] FIGS. 4A to 4C are signal waveform diagrams for
explaining generation of a short-circuit control signal in the
embodiment.

[0050] FIGS. 5A to 5C are signal waveform diagrams for
explaining generation of a short-circuit control signal in a
variant of the embodiment.

[0051] FIGS. 6A to 6F are signal waveform diagrams
where white display is being performed in a liquid crystal
display device according to the variant of the embodiment.
[0052] 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.

[0053] 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.

[0054] FIGS. 9A to 9E are signal waveform diagrams
where white display is being performed in a conventional
device.

DESCRIPTION OF THE REFERENCE
CHARACTERS

[0055] 10: TFT (switching element)

[0056] 31: buffer (voltage follower)

[0057] 100: display portion

[0058] 200: display control circuit

[0059]  300: source driver (video signal line drive circuit)

[0060] 400: gate driver (scanning signal line drive cir-
cuit)

[0061] Cp: pixel capacitance

[0062] SLi: source bus line (data signal line) (where i=1,
2,...,n)

[0063] GL;: gate bus line (scanning signal line) (where

=L, 2,...,m)

[0064] Csh: short-circuit control signal

[0065] Cshl: first short-circuit control signal
[0066] Csh2: second short-circuit control signal
[0067] S(i): data signal (where i=1, 2, ..., n)
[0068] G(j): gate signal (where j=1, 2, ..., m)
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BEST MODE FOR CARRYING OUT THE

INVENTION
[0069] Hereinafter, an embodiment ofthe present invention
will be described with reference to the accompanying draw-
ings.
[0070] <I1. Overall Configuration and Operation>
[0071] FIG. 2isa block diagram illustrating the configura-

tion 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 includes a source
driver (video signal line drive circuit) 300, a gate driver (scan-
ning signal line drive circuit) 400, an active matrix-type dis-
play portion 100, and a display control circuit 200 for con-
trolling 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.
[0072] The display portion 100 in the present embodiment
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 (nxm) of pixel formation por-
tions provided at corresponding intersections 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 1s a switching element having a gate terminal
connected to the gate bus line GLj 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 commonly pro-
vided for the pixel formation portions and interposed between
the pixel electrode and the common electrode Ec. Further-
more, a pixel capacitance Cp is configured by a liquid crystal
capacitance formed by the pixel electrode and the common
electrode Ec.

[0073] The pixel electrode in each pixel formation portion
is provided with a potential by the source driver 300 and the
gate driver 400 operating as will be described later, in accor-
dance with an image to be displayed. The common electrode
Ec is provided with a predetermined potential (common elec-
trode potential) Vcom from an unillustrated power supply
circuit. As a result, voltage is applied to the liquid crystal in
accordance with the difference in potential between the pixel
electrode and the common electrode Ec. The voltage appli-
cation controls the amount of light transmitted through the
liquid crystal layer, thereby allowing the image to be dis-
played.

[0074] The display control circuit 200 receives from an
external signal source a digital video signal Dv, which repre-
sents an image to be displayed, a horizontal synchronization
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 operation. 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
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display control circuit 200 outputs the video signal DV as the
digital image signal DA after performing as necessary, for
example, timing adjustments within internal 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 period based on the horizontal synchronization sig-
nal 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 signal 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.

[0075] Of the signals thus generated in the display control
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.

[0076] 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 driver 300 in the present embodi-
ment employs a drive method in which the data signals S(1) to
S(n) are outputted 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
between adjacent 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 horizontal scanning periods.
[0077] Here, the potential (midpoint potential) Vc to be
referenced to invert the polarity of the voltage being applied
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 there-
fore 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.

[0078] The liquid crystal display device employs the
charge-sharing method in which short circuit is caused
between adjacent source bus lines every horizontal scanning
period in order to reduce power consumption. Accordingly,
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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. Spe-
cifically, the output portion receives analog voltage signals
d(1) to d(n), which are generated based on the digital image
signal DA, and performs impedance conversion on the analog
voltage signals d(1) to d(n), thereby generating the data sig-
nals 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 first MOS transistor
SWa serving as a switching element is connected, and the data
signal S(i) (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. More-
over, the short-circuit control signal Csh is given to the gate
terminal of the second MOS transistor SWb between the
output terminals, whereas the output signal of the inverter 33,
ie., a logically-inverted signal to the short-circuit control
signal Csh is 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 SWa is 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 tran-
sistor 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 MOS 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 SWb. In the present embodiment, an adjacent
video signal line short-circuit portion is achieved by the
above-described configuration. Note that the above configu-
ration, 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 configura-
tion shown in FIG. 3 is not restrictive.

[0079] The gate driver 400 sequentially selects the gate bus
lines GL1 to GLm for approximately one horizontal 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 respective pixel formation portions (pixel
capacitances).

[0080] <2.Drive Method>

[0081] Next, the drive method in the present embodiment
will be described. FIGS. 4A to 4C are signal waveform dia-
grams for explaining generation of the short-circuit control
signal Csh to be sent from the display control circuit 200 to
the source driver 300. In the present embodiment, a first
short-circuit control signal Cshl that is brought into high
level for a period TA per horizontal scanning 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 sig-
nal Csh1 and the second short-circuit control signal Csh2 are
then alternately selected every horizontal scanning period,
and the selected signal is outputted from the display control
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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.

[0082] 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 period TA (here-
inafter, referred to as a “first charge-sharing 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
employs 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 approxi-
mately equal. Accordingly, the voltage of the data signal S(i),
which is (negative) white voltage, approximates black volt-
age during the first charge-sharing period. However, the
length of the first charge-sharing period TA is insufficient, and
therefore the voltage of the data signal S(i) does not com-
pletely conform with black voltage. After the first charge-
sharing period, a signal generated 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. Accord-
ingly, the voltage of the data signal S(i) rises to (positive)
white voltage. As a result, charging the pixel capacitances of
the pixel formation portions in the (2k-1)"th row is performed
by spending a period TH-TA.

[0083] Next, the 2H period will be described. When a gate
signal G (2k) 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(i) conforms
with black voltage or voltage close to the black voltage during
the second charge-sharing period. After the second charge-
sharing period, the voltage of the data signal S(i) 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 spending a period TH-TB.

[0084] Note that, regarding the period TH in which the gate
signalis “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 typi-
cally 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.
[0085] <3. Effects>
[0086] While the liquid crystal display device according to

the present embodiment employs both the 2-line dot-inver-
sion drive method and the charge-sharing method, conven-
tional liquid crystal display devices employing the same
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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 formation portions to be charged in the
1H period. In addition, the voltage of the data signal S(i) at the
beginning of charging in the 2H period is lower than in the
conventional art. As a result, the charging rate in the 2H
period is lower than in the conventional art, so that the charg-
ing rates in the 1H and 2H periods approximate each other. As
aresult, 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.

[0087] Also, as described above, the first charge-sharing
period TA and the second charge-sharing period TB are deter-
mined 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 equal-
ize the charging rates in the 1H and 2H periods, thereby
eliminating display irregularities.

[0088] <4. Variant>

[0089] 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 applicable to liquid crystal
display devices employing a dot-inversion drive method fora
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.

[0090] 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 signal 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 second charge-sharing period TB per
horizontal scanning period as shown in FIG. 5B, are gener-
ated in the display control circuit 200. However, in the present
variant, unlike in the above embodiment, the first control
signal Cshl or the second short-circuit control signal Csh2 is
selected per horizontal scanning period in the order: Cshl,
Csh2, Csh2, Cshl, Csh2, Csh2, and so on. Thus, the wave-
form of the short-circuit control signal Csh sent from the
display control circuit 200 to the source driver 300 is as shown
in FIG. 5C.

[0091] 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 portions of the pixel capaci-
tances in the (3k-2)’th row is performed 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
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spending a period TH-TB. Similarly, after the 3H charge-
sharing period, charging the pixel formation portions of the
pixel capacitances in the 3k’th row is performed by spending
aperiod TH-TB.

[0092] According to the 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 peri-
ods 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(i) at the beginning of charge is lower than conven-
tionally. As a result, 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 employ-
ing 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.

[0093] 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 scan-
ning period previous thereto to be longer than the charge-
sharing period of the horizontal scanning period with the data
signal S(i) having an inverse polarity to that in one horizontal
scanning period previous thereto, it becomes 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.

1. An active matrix-type display device comprising:

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

a plurality of scanning signal lines crossing the video sig-
nal 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;

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 differ-
ent polarities, and the polarity of each video signal is
inverted per a plurality of horizontal scanning periods
within each frame period;

a scanning signal line drive circuit for sequentially select-
ing the scanning signal lines per a predetermined hori-
zontal scanning period within each frame period; and

an adjacent video 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 period,

wherein a second charge-sharing period, which is the
charge-sharing period within a horizontal scanning
period 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 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.

2. 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.
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3. The display device according to claim 1, wherein 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.

4. 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 hori-
zontal 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.

5. 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 for-
mation portions arranged in a matrix in association with inter-
sections 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 differ-
ent polarities, and the polarity of each video signal is
inverted per a plurality of horizontal scanning periods
within each frame period;

a scanning signal line drive circuit for sequentially select-
ing the scanning signal lines per a predetermined hori-
zontal scanning period within each frame period; and

an adjacent video signal line short-circuit portion for 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
period 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 period, which is the charge-sharing period
within a horizontal scanning periodin which the polarity
of each video signal is the same as that in one horizontal
scanning period previous thereto.

6. 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.

7. The drive circuit according to claim 5, wherein 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.

8. 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 hori-
zontal 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.
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9. A drive method 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 for-
mation portions arranged in a matrix in association with inter-
sections of the video signal lines and the scanning signal
lines, the method comprising:

avideo signal line drive step of 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 polarity of each video signal is
inverted per a plurality of horizontal scanning periods
within each frame period;

a scanning signal line drive step of sequentially selecting
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
period in which the polarity of each video signal is
different from that in one horizontal scanning period
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previous thereto, is longer in time than a first charge-
sharing period, which is the charge-sharing period
within a horizontal scanning periodin which the polarity
of each video signal is the same as that in one horizontal
scanning period previous thereto.

10. 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.

11. 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 polarity of each video
signal is inverted per two horizontal scanning periods within
each frame period.

12. 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 hori-
zontal 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.



patsnap

TREBHR(OF) ETREE , AR BERERHE
[F(2E)F US20100238151A1 [ (r&)B 2010-09-23
BiES US12/308577 RiEH 2007-04-12

AR E (TR AGER) JEILHER
SHIMOSHIKIRYOH FUMIKAZU
ASIKENTARO

RE (TR AGE) JeiL R
SHIMOSHIKIRYOH FUMIKAZU
AJIKENTARO

HAHB(ERMR)AGR) JbILHEE
SHIMOSHIKIRYOH FUMIKAZU
ASIKENTARO

(PRI KB A KITAYAMA MASAE
SHIMOSHIKIRYOH FUMIKAZU
IRIE KENTARO

LN KITAYAMA, MASAE
SHIMOSHIKIRYOH, FUMIKAZU
IRIE, KENTARO

IPCH %S G09G3/36 G09G5/00

CPCH%S G09G3/3614 G09G3/3648 G09G2310/0248 G09G2310/027 G09G2330/023 G09G2320/0204
G09G2320/0223 G09G2320/0247 G09G2310/061

£ £ 2006252099 2006-09-19 JP

H At 07 30k US8427465

SNEBEEE Espacenet USPTO

FEOF) § *L—I_, w0

EREBALTSRE REE, AEPNENETRE—HETRE R R

ZETRREEBHERETLRZANTARNERTS RN ERTH PR e SM s 56) SG-1) S

N, BB EZEBORANDEGEN  FEREH—ATEDR | VT (o

EEGBBANSE. o ERAMAR BB A AN BT AW R T e

REREEBETR  E-BNHERE (TB) 2ATEBITE (2HRE ) K s R N L e

WERAENR, ERSIBEESHRMESHZ I — AN KERHE “ sl J{ ,{ 3 - rz nf

BWEORIEER  RREARTE- ARG (TA) , HRAFA || |» we o | F ‘.J(:‘c\cp K2

HE RN B ERER ( HES ) RPSMEBESHRESZHN CICT B HE R G

—AKFEAKBBORETE, R, 2H BRA T B BTG T 1H TR A L

At 5 PR Y 7 B R St} N PN N T F
6(m L6Ln 1? 13 L¥ __________ l? j

P2t eee ol ol

ewofE?? 2 R



https://share-analytics.zhihuiya.com/view/fc2188ed-feae-4d8d-8944-2affef1760ac
https://worldwide.espacenet.com/patent/search/family/039200306/publication/US2010238151A1?q=US2010238151A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100238151%22.PGNR.&OS=DN/20100238151&RS=DN/20100238151

