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DISPLAY DEVICE, ITS DRIVE CIRCUIT, AND
DRIVE METHOD

TECHNICAL FIELD

[0001] The present invention relates to a hold type display
device such as a liquid crystal display device using switching
elements like thin film transistors, and a drive circuit and a
drive method for the display device.

BACKGROUND ART

[0002] In an impulse type display device such as a CRT
(Cathode Ray Tube), when focusing attention on individual
pixels, a light-on period during which an image is displayed
and a light-off period during which an image is not displayed
are alternately repeated. For example, also in a case where
display of a moving image is performed, a light-off period is
inserted when rewrite of an image for one screen is per-
formed, and thus an afterimage of a moving object does not
occur in human vision. Hence, a background and an object
can be clearly distinguished from each other and a moving
image is viewed without uncomfortable feeling.

[0003] On the other hand, in a hold type display device such
as a liquid crystal display device using TFTs (Thin Film
Transistors), luminance of an individual pixel is determined
by a voltage held in each pixel capacitance, and a voltage held
in a pixel capacitance is, once having been rewritten, main-
tained for one frame period. In this manner, in a hold type
display device, a voltage to be held in a pixel capacitance as
pixel data is, once having been written, held until the next
time the voltage is rewritten; as a result, an image of each
frame temporally approximates an image of its previous
frame. Accordingly, when a moving image is displayed, an
afterimage of a moving object occurs in human vision. For
example, as shown in FIG. 9, an afterimage Al occurs such
that an image OI representing a moving object leaves a trail
(such an afterimage is hereinafter referred to as a “trailing
afterimage”).

[0004] Inaholdtype display device suchasanactive matrix
type liquid crystal display device, such a trailing afterimage
occurs when a moving image is displayed, and thus, conven-
tionally it is common to adopt an impulse type display device
for a display of a television set, etc., on which moving image
display is mainly performed. However, in recent years, there
has been a strong demand for reduction in weight and slim-
ming down of a display of a television set, etc., and thus
adoption of a hold type display device, such as aliquid crystal
display device, that facilitates reduction in weight and slim-
ming down of such a display has rapidly progressed.

[0005] Patent Document 1: Japanese Unexamined Patent
Publication No. 9-212137

[0006] Patent Document 2: Japanese Unexamined Patent
Publication No. 9-243998

[0007] Patent Document 3: Japanese Unexamined Patent
Publication No. 11-30975

[0008] Patent Document 4: Japanese Unexamined Patent
Publication No. 2003-66918

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0009] As a method for improving the above-described
trailing afterimage in a hold type display device such as an
active matrix type liquid crystal display device, a method is
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known in which display in a liquid crystal display device is
made impulse display by, for example, inserting in one frame
period a period during which black display is performed
(hereinafter, referred to as “black insertion”) (e.g., Japanese
Unexamined Patent Publication No. 2003-66918 (Patent
Document 4)).

[0010] However, when impulse is implemented by the con-
ventional method in an active matrix type liquid crystal dis-
play device which is a hold type display device, due to black
insertion, a drive circuit and the like become complex and the
operation frequency of the drive circuit also increases and
thus the length of time that can be reserved for charging pixel
capacitances is also reduced.

[0011] Inview ofthis, itis anobject of the present invention
to provide a hold type display device, such as an active matrix
type liquid crystal display device, that is capable of imple-
menting impulse display while suppressing an increase in
complexity of a drive circuit and the like and an increase in
operation frequency, and a drive method for the display
device.

Means for Solving the Problems

[0012] According to a first aspect of the present invention,
there is provided an active matrix type display device includ-
ing:

[0013] aplurality of data signal lines;

[0014] a plurality of scanning signal lines intersecting the

plurality of data signal lines;

[0015] a plurality of pixel forming sections arranged in a
matrix form correspondingly to respective intersections of the
plurality of data signal lines and the plurality of scanning
signal lines, each pixel forming section capturing, as a pixel
value, a voltage of a data signal line passing through a corre-
sponding intersection when a scanning signal line passing
through the corresponding intersection is selected,

[0016] a common electrode provided to be shared by the
plurality of pixel forming sections;

[0017] adata signal line drive circuit for applying a plural-
ity of data signals representing an image to be displayed, to
the plurality of data signal lines, respectively, and for invert-
ing polarity of the plurality of data signals every predeter-
mined cycle in each frame period;

[0018] a black signal insertion circuit, provided inside or
eternal to the data signal line drive circuit, for causing, when
the polarity of the plurality of data signals is inverted, a
voltage of each data signal line to be a voltage corresponding
to black display during a predetermined black signal insertion
period; and

[0019] a scanning signal line drive circuit for applying a
scanning signal to each scanning signal line such that each of
the plurality of scanning signal lines goes to a selected state at
least once during an effective scanning period in each frame
period and a scanning signal line brought to a selected state
during the effective scanning period goes to a selected state at
least once during the black signal insertion period within a
period from when a predetermined pixel value holding period
has elapsed since the scanning signal line is changed from the
selected state to a non-selected state until the scanning signal
line goes to a selected state during an effective scanning
period in a next frame period, the effective scanning period
being a period other than the black signal insertion period.
[0020] According to a second aspect of the present inven-
tion, in the first aspect of the present invention, the scanning
signal line drive circuit causes a scanning signal line brought
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to a selected state during the effective scanning period to go to
a selected state a plurality of times during the black signal
insertion periods within a period from when the predeter-
mined pixel value holding period has elapsed since the scan-
ning signal line is changed from the selected state to a non-
selected state until the scanning signal line goes to a selected
state during an effective scanning period in a next frame
period.

[0021] According to a third aspect of the present invention,
in the first aspect of the present invention, the data signal line
drive circuit generates the plurality of data signals such that
data signals to be respectively applied to adjacent data signal
lines have different polarities, and

[0022] the black signal insertion circuit causes each data
signal line to be short-circuited to a data signal line adjacent
thereto during the black signal insertion period.

[0023] According to a fourth aspect of the present inven-
tion, in the first aspect of the present invention, the black
signal insertion circuit causes each data signal line to be
short-circuited to the common electrode during the black
signal insertion period.

[0024] According to a fifth aspect of the present invention,
in the first aspect of the present invention, the display device
further includes a display control circuit for generating a
signal to be provided to the scanning signal line drive circuit,
wherein

[0025] the scanning signal line drive circuit is composed of
aplurality of partial circuits and each partial circuit includes:
[0026] a shift register having an input terminal and an out-
put terminal for sequentially transferring a pulse to be pro-
vided to the input terminal, to the output terminal,

[0027] a clock input terminal for a clock signal to be sup-
plied to the shift register;

[0028] an output control input terminal for an output con-
trol signal for controlling an output of scanning signals to be
outputted from the partial circuit; and

[0029] combinational logic circuits for generating pulse
signals corresponding to the scanning signals to be outputted
from the partial circuit, based on output signals from respec-
tive stages ofthe shift register, a clock signal to be provided to
the clock input terminal, and an output control signal to be
provided to the output control input terminal,

[0030] the plurality of partial circuits are cascade-con-
nected by connecting an input terminal of a shift register in a
partial circuit to an output terminal of a shift register in
another partial circuit, and

[0031] the display control circuit provides a predetermined
clock signal in common to the clock input terminals of the
plurality of partial circuits and provides individual output
control signals to the output control input terminals of the
plurality of partial circuits, respectively.

[0032] According to asixth aspect of the present invention,
in the first aspect of the present invention, the display device
further includes a display control circuit for generating a
signal to be provided to the scanning signal line drive circuit,
wherein

[0033] the scanning signal line drive circuit is composed of
aplurality of partial circuits and each partial circuit includes:
[0034] a shift register having an input terminal and an out-
put terminal for sequentially transferring a pulse to be pro-
vided to the input terminal, to the output terminal;

[0035] a clock input terminal for a clock signal to be sup-
plied to the shift register;
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[0036] firstand second output control input terminals for an
output control signal for controlling an output of scanning
signals to be outputted from the partial circuit;

[0037] aselector switch for selecting any one of two output
control signals to be provided to the first and second output
control input terminals; and

[0038] combinational logic circuits for generating pulse
signals corresponding to the scanning signals to be outputted
from the partial circuit, based on output signals from respec-
tive stages of the shift register, a clock signal to be provided to
the clock input terminal, and an output control signal selected
by the selector switch,

[0039] the plurality of partial circuits are cascade-con-
nected by connecting an input terminal of a shift register in a
partial circuit to an output terminal of a shift register in
another partial circuit, and

[0040] the display control circuit provides a predetermined
clock signal in common to the clock input terminals of the
plurality of partial circuits, provides a predetermined first
output control signal in common to the first output control
input terminals of the plurality of partial circuits, and pro-
vides a predetermined second output control signal in com-
mon to the second output control input terminals of the plu-
rality of partial circuits.

[0041] According to a seventh aspect of the present inven-
tion, in the first aspect of the present invention, the pixel value
holding period is a period corresponding to 50% to 80% of
one frame period.

[0042] According to an eighth aspect of the present inven-
tion, there is provided a scanning signal line drive circuit for
an active matrix type display device including a plurality of
data signal lines for transmitting a plurality of data signals
representing an image to be displayed; a plurality of scanning
signal lines intersecting the plurality of data signal lines; and
aplurality of pixel forming sections arranged in a matrix form
correspondingly to respective intersections of the plurality of
data signal lines and the plurality of scanning signal lines,
each pixel forming section capturing, as a pixel value, a
voltage of a data signal line passing through a corresponding
intersection when a scanning signal line passing through the
corresponding intersection is selected, wherein

[0043] the scanning signal line drive circuit applies a scan-
ning signal to each scanning signal line such that each of the
plurality of scanning signal lines goes to a selected state at
least once during a horizontal scanning period in each frame
period and a scanning signal line brought to a selected state
during the horizontal scanning period goes to a selected state
at least once upon switching horizontal scanning periods
during a predetermined period within a period from when a
predetermined pixel value holding period has elapsed since
the horizontal scanning period until a horizontal scanning
period where the scanning signal line goes to a selected state
in a next frame period, the horizontal scanning period corre-
sponding to one line of the image.

[0044] According to a ninth aspect of the present invention,
there is provided a drive method for an active matrix type
display device including a plurality of data signal lines; a
plurality of scanning signal lines intersecting the plurality of
data signal lines; and a plurality of pixel forming sections
arranged in a matrix form correspondingly to respective inter-
sections of the plurality of data signal lines and the plurality of
scanning signal lines, each pixel forming section capturing,
as apixel value, a voltage of a data signal line passing through
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a corresponding intersection when a scanning signal line
passing through the corresponding intersection is selected,
the drive method including:

[0045] adatasignal line driving step of applying a plurality
of data signals representing an image to be displayed, to the
plurality of data signal lines, respectively, and inverting polar-
ity of the plurality of data signals every predetermined cycle
in each frame period;

[0046] a black signal inserting step of causing, when the
polarity of the plurality of data signals is inverted, a voltage of
each data signal line to be a voltage corresponding to black
display during a predetermined black signal insertion period,
and

[0047] a scanning signal line driving step of applying a
scanning signal to each scanning signal line such that each of
the plurality of scanning signal lines goes to a selected state at
least once during an effective scanning period in each frame
period and a scanning signal line brought to a selected state
during the effective scanning period goes to a selected state at
least once during the black signal insertion period within a
period from when a predetermined pixel value holding period
has elapsed since the scanning signal line is changed from the
selected state to a non-selected state until the scanning signal
line goes to a selected state during an effective scanning
period in a next frame period, the effective scanning period
being a period other than the black signal insertion period.

EFFECTS OF THE INVENTION

[0048] According to the first aspect of the present inven-
tion, during a black signal insertion period which is when the
polarity of data signals is inverted, the voltage of each data
signal line has a value corresponding to black display and
each scanning signal line goes to a selected state at least once
during the black signal insertion period after the lapse of a
predetermined pixel value holding period from when the
scanning signal line is selected during an effective scanning
period to write a pixel value. Accordingly, a black display
period exists until the next time the scanning signal line goes
to a selected state during an effective scanning period to write
a pixel value, and thus, black insertion of the same length is
performed on all display lines and without reducing the
charging period for a pixel capacitance for writing a pixel
value, by implementing impulse by reserving a sufficient
black insertion period, the display quality of a moving image
can be improved. In addition, the operating speed of a data
signal line drive circuit and the like does not need to be
increased for black insertion.

[0049] According to the second aspect of the present inven-
tion, a scanning signal line brought to a selected state during
an effective scanning period is brought to a selected state a
plurality of times during black signal insertion periods within
a period from when a predetermined pixel value holding
period has elapsed since the scanning signal line is changed
from the selected state to a non-selected state until the scan-
ning signal line goes to a selected state during an effective
scanning period in a next frame period. Accordingly, display
luminance can be set to a sufficient black level during a black
display period for implementing impulse.

[0050] According to the third aspect of the present inven-
tion, each data signal line obtains a voltage corresponding to
black display by being short-circuited to a data signal line
adjacent thereto during a black signal insertion period and
based on this voltage black insertion is performed. Accord-
ingly, in a liquid crystal display device of a dot-inversion
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drive scheme in which in order to reduce power consumption
adjacent data signal lines are short-circuited when the polar-
ity of data signals is inverted, impulse can be easily imple-
mented.

[0051] According to the fourth aspect of the present inven-
tion, each data signal line obtains a voltage corresponding to
black display by being short-circuited to a common electrode
during a black signal insertion period and based on this volt-
age black insertion is performed.

[0052] Accordingly, in a liquid crystal display device of a
scheme in which in order to reduce power consumption each
data signal is short-circuited to a common electrode when the
polarity of data signals is inverted, impulse can be easily
implemented.

[0053] According to the fifth aspect of the present inven-
tion, by using a plurality of existing gate driver IC chips as
partial circuits, appropriately inputting a start pulse signal
according to a pixel value write and black voltage application,
and appropriately inputting an output control signal to each
partial circuit, a scanning signal line drive circuit capable of
performing black insertion can be implemented. Accordingly,
without newly preparing gate driver IC chips, impulse drive
can be easily performed.

[0054] According to the sixth aspect of the present inven-
tion, by using a plurality of gate driver IC chips each includ-
ing a selector switch also for an output control signal, as
partial circuits, appropriately inputting a start pulse signal
according to a pixel value write and black voltage application,
inputting two-channel output control signals in common to
each partial circuit, and individually controlling the selector
switches on a partial-circuit-by-partial-circuit basis, a scan-
ning signal line drive circuit capable of performing black
insertion can be implemented. Accordingly, with addition of
only small quantities of new circuits, impulse drive can be
easily performed.

[0055] According to the seventh aspect of the present
invention, a period corresponding to 50% to 80% of one
frame period can be set as a pixel value holding period and a
period corresponding to the remaining 50% to 20% can be set
as a black display period. Accordingly, the effect of imple-
mentation of impulse can be sufficiently obtained and thus the
display quality of a moving image can be surely improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1is ablock diagram showing a configuration of
aliquid crystal display device according to an embodiment of
the present invention, together with an equivalent circuit of a
display section of the liquid crystal display device.

[0057] FIG. 2 is a circuit diagram showing an exemplary
configuration of an output section of a source driver in the
embodiment.

[0058] FIGS. 3(A) to 3(F) are signal waveform diagrams
for describing the operation of the liquid crystal display
device according to the embodiment.

[0059] FIGS. 4(A) and 4(B) are block diagrams showing a
first exemplary configuration of a gate driver in the embodi-
ment.

[0060] FIGS. 5(A) to 5(F) are signal waveform diagrams
for describing the operation of the gate driver of the first
exemplary configuration.

[0061] FIGS. 6(A) and 6(B) are block diagrams showing a
second exemplary configuration of the gate driver in the
embodiment.
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[0062] FIGS.7(A)to 7(T) are signal waveform diagrams for
describing the operation of the gate driver of the second
exemplary configuration.

[0063] FIG. 8 is a circuit diagram showing another exem-
plary configuration of the output section of the source driver
in the embodiment.

[0064] FIG. 9 is a diagram for describing a problem in
moving image display in a hold type display device.

DESCRIPTION OF THE SYMBOLS

10: TFT (SWITCHING ELEMENT)

31: BUFFER (VOLTAGE FOLLOWER)

40: SHIFT REGISTER

41 and 43: AND GATE

45: OUTPUT SECTION

47: SELECTOR SWITCH

100: DISPLAY SECTION

[0072] 200: DISPLAY CONTROL CIRCUIT

[0073] 300: SOURCE DRIVER (DATA SIGNAL LINE
DRIVE CIRCUIT)

[0074] 400: GATE DRIVER (SCANNING SIGNAL
LINE DRIVE CIRCUIT)

[0075] 411,412, ..., 41¢: GATE DRIVER IC CHIP

[0076] 421,422, ...,424: GATE DRIVER IC CHIP

[0077] Cp: PIXEL CAPACITANCE

[0078] Ec: COMMON ELECTRODE

[0079] SWa: FIRST MOS TRANSISTOR (SWITCH-
ING ELEMENT)

[0080] SWbh: SECOND MOS
(SWITCHING ELEMENT)

[0081] SLi: SOURCE LINE (DATA SIGNAL LINE)
(=1,2,...,n)

[0082] GLj: GATE LINE (SCANNING SIGNAL LINE)
(G=1,2,...,m)

[0083] DA: DIGITAL IMAGE SIGNAL

[0084] SSP: DATA START PULSE SIGNAL

[0085] SCK: DATA CLOCK SIGNAL

[0086] GSP: GATE START PULSE SIGNAL

[0087] GCK: GATE CLOCK SIGNAL

[0088] Csh: SHORT-CIRCUIT CONTROL SIGNAL

[0089] COE: SWITCHING CONTROL SIGNAL

[0090] GOE: GATE DRIVER OUTPUT CONTROL
SIGNAL

[0091] GOEr: GATE DRIVER OUTPUT CONTROL
SIGNAL (~=1,2,...,q)

[0092] GOEa and GOEb: GATE DRIVER OUTPUT
CONTROL SIGNAL

[0093] S(i): DATA SIGNAL (i=1,2, ..., n)

[0094] G(j): SCANNING SIGNAL (=1, 2, ..., m)

[0095] Pw: PIXEL DATA WRITE PULSE

[0096] Pb: BLACK VOLTAGE APPLICATION PULSE

[0097] Thd: PIXEL DATA HOLDING PERIOD (PIXEL
VALUE HOLDING PERIOD)

[0098] Tbk: BLACK DISPLAY PERIOD

[0099] Tsh: SHORT-CIRCUIT PERIOD (BLACK SIG-
NAL INSERTION PERIOD)

[0065]
[0066]
[0067]
[0068]
[0069]
[0070]
[0071]

TRANSISTOR

BEST MODE FOR CARRYING OUT THE
INVENTION

[0100] An embodiment of the present invention will be
described below with reference to the accompanying draw-
ings.
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[0101] <I. Overall Configuration and Operation>

[0102] FIG. 1is ablock diagram showing a configuration of
aliquid crystal display device according to an embodiment of
the present invention, together with an equivalent circuit of a
display section of the liquid crystal display device. The liquid
crystal display device includes a source driver 300 serving as
a data signal line drive circuit, a gate driver 400 serving as a
scanning signal line drive circuit, an active matrix type dis-
play section 100, and a display control circuit 200 for con-
trolling the source driver 300 and the gate driver 400.

[0103] The display section 100 in the present embodiment
includes a plurality of (m) gate lines GL1 to GLm serving as
scanning signal lines; a plurality of (n) source lines SL.1 to
SLn serving as data signal lines and intersecting the gate lines
GL1 to GLm, respectively; and a plurality of (mxn) pixel
forming sections provided correspondingly to respective
intersections of the gate lines GL1 to GLm and the source
lines SL1 to SLn. The pixel forming sections are arranged in
amatrix form to configure a pixel array, and each pixel form-
ing section includes a TFT 10 which is a switching element
having a gate terminal connected to a gate line GLj passing
through a corresponding intersection and having a source
terminal connected to a source line SLi passing through the
intersection; a pixel electrode connected to a drain terminal of
the TFT 10; a common electrode Ec which is a counter elec-
trode provided to be shared by the plurality of pixel forming
sections; and a liquid crystal layer provided to be shared by
the plurality of pixel forming sections and sandwiched
between the pixel electrode and the common electrode Ec. By
aliquid crystal capacitance formed by the pixel electrode and
the common electrode Ec, a pixel capacitance Cp is com-
posed. Note that although normally in order to surely hold a
voltage in a pixel capacitance an auxiliary capacitance is
provided in parallel with a liquid crystal capacitance, the
auxiliary capacitance is not directly related to the present
invention and thus the description and graphic representation
thereof are not given.

[0104] To apixel electrode in each pixel forming section a
potential according to an image to be displayed is provided by
the source driver 300 and the gate driver 400 which operate in
a manner described later, and to the common electrode Ec a
predetermined potential (referred to as a “common electrode
potential”) Vcom is provided by a power supply circuit which
is not shown. Accordingly, a voltage according to a potential
difference between the pixel electrode and the common elec-
trode Ec is applied to a liquid crystal and by the voltage
application the amount of light transmission through the lig-
uid crystal layer is controlled, whereby image display is per-
formed. Note that to control the amount of light transmission
by voltage application to the liquid crystal layer a polarizing
plate is used and it is assumed that in the present embodiment
a polarizing plate is arranged so as to obtain normally black
mode.

[0105] The display control circuit 200 receives from an
external signal source a digital video signal Dv representing
an image to be displayed, a horizontal synchronizing signal
HSY and a vertical synchronizing signal VSY for the digital
video signal Dv, and a control signal Dc for controlling a
display operation, and generates and outputs, based on the
signals Dv, HSY, VSY, and D, a data start pulse signal SSP,
a data clock signal SCK, a short-circuit control signal Csh, a
digital image signal DA (a signal corresponding to the video
signal Dv) representing an image to be displayed, a gate start
pulse signal GSP, a gate clock signal GCK, and a gate driver
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output control signal GOE, as signals for displaying the
image represented by the digital video signal Dv on the dis-
play section 100. More specifically, after timing adjustment
and the like are performed on a video signal Dv in an internal
memory where necessary, the video signal Dv is outputted as
adigital image signal DA from the display control circuit 200.
Then, a data clock signal SCK is generated as a signal com-
posed of pulses for respective pixels of an image represented
by the digital image signal DA. A data start pulse signal SSP
1s generated, based on a horizontal synchronizing signal HSY,
as a signal that is at a high level (H level) during a predeter-
mined period every horizontal scanning period and a gate
start pulse signal GSP is generated, based on a vertical syn-
chronizing signal VSY, as a signal that is at an H level during
a predetermined period every frame period (vertical scanning
period). A gate clock signal GCK is generated based on the
horizontal synchronizing signal HSY and a short-circuit con-
trol signal Csh and a gate driver output control signal GOE
(GOEI to GOEq) are generated based on the horizontal syn-
chromizing signal HSY and a control signal Dc.

[0106] Of the signals generated in the display control cir-
cuit 200 in the above-described manner, the digital image
signal DA, the short-circuit control signal Csh, and the start
pulse signal SSP and clock signal SCK for the source driver
are inputted to the source driver 300 and the start pulse signal
GSP and clock signal GCK for the gate driver and the gate
driver output control signal GOE are inputted to the gate
driver 400.

[0107] The source driver 300 sequentially generates, based
on the digital image signal DA and the start pulse signal SSP
and clock signal SCK for the source driver, data signals S(1)
to S(n) every horizontal scanning period, as analog voltages
corresponding to pixel values for respective horizontal scan-
ning lines of an image represented by the digital image signal
DA and the data signals S(1) to S(n) are applied to the source
lines SL1 to SLn, respectively. The source driver 300 in the
present embodiment adopts a drive scheme in which the data
signals S(1) to S(n) are outputted such that the polarity of a
voltage applied to the liquid crystal layer is inverted every
frame period and is also inverted every gate line and every
source line in each frame, i.e., a dot-inversion drive scheme.
Therefore, the source driver 300 inverts the polarity of a
voltage applied to the source lines SL1 to SLn every source
line and inverts the polarity of a voltage of a data signal S(i)
applied to each source line SLi every horizontal scanning
period. Here, the potential that serves as a reference for polar-
ity inversion of a voltage applied to the source lines has a
direct current level (potential corresponding to a direct cur-
rent component) of the data signals S(1) to S(n) and the direct
current level does not generally match a direct current level of
the common electrode Ec and is different from the direct
current level of the common electrode Ec by a level shift
(field-through voltage) AVd caused by a parasitic capacitance
Cgd between a gate and a drain of a TFT in each pixel forming
section. Note, however, that when the level shift AVd caused
by the parasitic capacitance Cgd is sufficiently small relative
to an optical threshold voltage Vth of aliquid crystal the direct
current level of the data signals S(1) to S(n) can be considered
to be equal to the direct current level of the common electrode
Ec, and thus, it may be considered that the polarity of the data
signals S(1)to S(n), 1.e., the polarity of a voltage applied to the
source lines, is inverted every horizontal scanning period with
the potential of the common electrode Ec as a reference.
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[0108] The source driver 300 also adopts a charge sharing
scheme in which in order to reduce power consumption adja-
cent source lines are short-circuited when the polarity of the
data signals S(1) to S(n) is inverted. Therefore, an output
section which is a portion ofthe source driver 300 that outputs
the data signals S(1) to S(n) is configured as shown in FIG. 2.
Specifically, the output section receives analog voltage sig-
nals d(1) to d(n) generated based on a digital image signal DA
and performs an impedance conversion on the analog voltage
signals d(1) to d(n) and thereby generates data signals S(1) to
S(n) as video signals to be transmitted by the source lines SL.1
to SLn, and has n buffers 31 as voltage followers for the
impedance conversion. To an output terminal of each buffer
31 is connected a first MOS transistor SWa serving as a
switching element, and a data signal S(i) from each buffer 31
is outputted from an output terminal of the source driver 300
through a first MOS transistor SWa (i=1, 2, . . ., n). Adjacent
output terminals of the source driver 300 are connected by a
second MOS transistor SWb serving as a switching element.
To a gate terminal of the second MOS transistor SWb
between the output terminals is provided a short-circuit con-
trol signal Csh, and to a gate terminal of the first MOS tran-
sistor SWa connected to the output terminal of each buffer 31
is provided an output signal from an inverter 33, i.e., a logi-
cally inverted signal of the short-circuit control signal Csh.
Hence, when the short-circuit control signal Csh is non-active
(at a low level), the first MOS transistors SWa are turned on
and the second MOS transistors SWb are turned off and thus
a data signal from each buffer 31 is outputted from the source
driver 300 through a corresponding first MOS transistor SWa.
On the other hand, when the short-circuit control signal Csh is
active (at a high level) the first MOS transistors SWa are
turned off and the second MOS transistors SWb are turned on
and thus a data signal from each buffer 31 is not outputted and
adjacent source lines in the display section 100 are short-
circuited through the second MOS transistors SWh.

[0109] Inthe source driver 300 in the present embodiment,
as shown in FIG. 3(A), an analog voltage signal d(i) is gen-
erated as a video signal whose polarity is inverted every
horizontal scanning period (1H) and in the display control
circuit 200, as shown in FIG. 3(B), a short-circuit control
signal Csh is generated which is at a high level (H level)
during a predetermined period (a short period of the order of
one horizontal blanking period) Tsh when the polarity of each
analog voltage signal d(i) is inverted (a period during which
the short-circuit control signal Csh is at an H level is herein-
after referred to as a “short-circuit period”). As described
above, when the short-circuit control signal Csh is at a low
level (L level), each analog voltage signal d(i) is outputted as
adatasignal S(i) and when the short-circuit control signal Csh
is at an H level, adjacent source lines are short-circuited to
each other. Since in the present embodiment the dot-inversion
drive is adopted, the voltages of adjacent source lines have
opposite polarities to each other and moreover the absolute
values of the voltages are substantially equal to each other.
Therefore, the value of each data signal S(i), 1.e., the voltage
of each source line SLi, is a voltage corresponding to black
display (which may also be simply referred to as a “black
voltage”) during the short-circuit period Tsh. In the present
embodiment, the polarity of each data signal S(i) is inverted
with a direct current level VSdc of the data signal S(i) as a
reference and thus, as shown in FIG. 3(C), during the short-
circuit period. Tsh, the level of each data signal S(i) is sub-
stantially equal to the direct current level VSdc of the data
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signal S(i). Note that the configuration in which adjacent
source lines are thus short-circuited when the polarity of data
signals is inverted, whereby the voltage of each source line is
made substantially equal to a black voltage (the direct current
level VSdc of the data signals S(i) or the common electrode
potential Vcom) has been conventionally proposed as a
means of reducing power consumption (see Japanese Unex-
amined Patent Publication No. 9-212137 (Patent Document
1), Japanese Unexamined Patent Publication No. 9-243998
(Patent Document 2), and Japanese Unexamined Patent Pub-
lication No. 11-30975 (Patent Document 3), for example) and
thus the configuration is not limited to the one shown in FIG.
2

[0110] The gate driver 400 sequentially selects, based on
the start pulse signal GSP and clock signal GCK for the gate
driver and a gate driver output control signal GOEr (r=1, 2, .
.. q), the gate lines GL.1 to GLm substantially every horizon-
tal scanning period in each frame period (each vertical scan-
ning period) of the digital image signal DA, so as to write data
signals S(1) to S(n) into (the pixel capacitances of) their
corresponding pixel forming sections, and selects a gate line
GL;j (j=1 to m) during a predetermined period when the polar-
ity of data signals S(i) (i=1 to n) is inverted, so as to perform
black insertion which will be described later. Specifically, the
gate driver 400 applies scanning signals G(1) to G(m) each
including a pixel data write pulse Pw and black voltage appli-
cation pulses Pb, such as those shown in FIGS. 3(D) and 3(E),
to the gate lines GL1 to GLm, respectively, and a gate line GLj
to which the pulses Pw and Pb are applied goes to a selected
state and a TFT 10 connected to the gate line GLj being in the
selected state goes to an on state (a TFT 10 connected to a gate
linein a non-selected state goes to an off state). Here, the pixel
data write pulse Pw is at an H level during an effective
scanning period of a horizontal scanning period (1H) corre-
sponding to a display period, whereas the black voltage appli-
cation pulse Pb is at an H level during a short-circuit period
Tsh of a horizontal scanning period (1H) corresponding to a
blanking period. In the present embodiment, as shown in
FIGS. 3(D) and 3(E), in each scanning signal G(j), the time
interval between a pixel data write pulse Pw and a black
voltage application pulse Pb which is the first one to appear
after the pixel data write pulse Pw is a %4 frame period and
three black voltage application pulses Pb successively appear
in one frame period (1V) at intervals of one horizontal scan-
ning period (1H)

[0111] Next, with reference to FIG. 3, the drive of the
display section 100 (see FIG. 1) by the above-described
source driver 300 and gate driver 400 will be described. In
each pixel forming section in the display section 100, by a
pixel data write pulse Pw being applied to a gate line GI;
connected to a gate terminal of a TFT 10 included in the pixel
forming section, the TFT 10 is turned on and a voltage of a
source line SLi connected to a source terminal of the TFT 10
is written into the pixel forming section as a value of a data
signal S(i). That is, the voltage of the source line SLi is held
in a pixel capacitance Cp. Thereafter, the gate line GLj goes,
to a non-selected state during a period Thd which is before a
black voltage application pulse Pb appears, and thus, the
voltage written into the pixel forming section is held as it is.
Ablack voltage application pulse Pb is applied to the gate line
GL,j during a short-circuit period Tsh which is after the period
of the non-selected state (hereinafter, referred to as a “pixel
data holding period”) Thd. As described above, during the
short-circuit period Tsh, a value of each data signal S(i), i.e.,
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a voltage of each source line SLi, is substantially equal to a
direct current level of the data signal S(i) (i.e., a black volt-
age). Thus, by the application of the black voltage application
pulse Pb to the gate line GLj, the voltage held in the pixel
capacitance Cp of the pixel forming section changes toward a
black voltage. However, since the pulse width of the black
voltage application pulse Pb is short, in order to surely make
the voltage held in the pixel capacitance Cp a black voltage, as
shown in FIGS. 3(D) and 3(E), three black voltage applica-
tion pulses Pb are successively applied to the gate line GLj in
each frame period at intervals of one horizontal scanning
period (1H). Accordingly, luminance (the amount of trans-
mitted light to be determined by a voltage held in a pixel
capacitance) L (j, 1) of a pixel formed by the pixel forming
section connected to the gate line GLj changes in the manner
shown in FIG. 3(F). Accordingly, in one display line corre-
sponding to pixel forming sections connected to each gate
line GLj, during a pixel data holding period Thd, display
based on a digital image signal DA is performed and during a
period Tbk from when the above-described three black volt-
age application pulses Pb have been applied after the display
until the next time a pixel data write pulse Pw is applied to the
gate line GLj, black display is performed. By the period
during which black display is performed (hereinafter,
referred to as a “black display period”) Tbk being thus
inserted in each frame period, implementation of impulse
display by the liquid crystal display device is performed.
[0112] As can also be seen from FIGS. 3(D) and 3(E), since
the point in time when a pixel data write pulse Pw appears is
shifted by one horizontal scanning period (1H) on each scan-
ning signal G(j), the point in time when a black voltage
application pulse Pb appears is also shifted by one horizontal
scanning period (1H) on each scanning signal G(j). Accord-
ingly, black insertion of the same length is performed on all
display lines such that a black display period Tbk is also
shifted by one horizontal scanning period (1H) on each dis-
play line. In this manner, without reducing the charging
period for a pixel capacitance Cp for writing pixel data, a
sufficient black insertion period is reserved. In addition, the
operating speed of the source driver 300 and the like does not
need to be increased for black insertion.

[0113] <2. Configuration of Gate Driver>
[0114] <2.1 First Exemplary Configuration>
[0115] FIGS. 4(A) and 4(B) are block diagrams showing a

first exemplary configuration of the gate driver 400 that oper-
ates in the manner shown in FIGS. 3(D) and 3(E). The gate
driver 400 of the exemplary configuration is composed of a
plurality of (q) gate driver IC (Integrated Circuit) chips 411,

412, .. ., 41q each including a shift register, which serve as
partial circuits.
[0116] Each gate driver IC chip includes, as shown in FIG.

4(B), a shift register 40, first and second AND gates 41 and 43
provided for each stage of the shift register 40, and an output
section 45 that outputs scanning signals G1 to Gp based on
output signals gl to gp from the second AND gates 43, and
receives from an outside source a start pulse signal SPi, a
clock signal CK, and an output control signal OE. The start
pulse signal SPi is provided to an input terminal of the shift
register 40, and from an output terminal of the shift register 40
is outputted a start pulse signal SPo to be inputted to a sub-
sequent gate driver IC chip. To each of the first AND gates 41
is inputted a logically inverted signal of the clock signal CK,
and to each of the second AND gates 43 is inputted a logically
inverted signal of the output control signal OE. An output
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signal Qk (k=1 to p) from each stage of the shift register 40 is
inputted to a first AND gate 41 provided for the stage and an
output signal from the first AND gate 41 is inputted to a
second AND gate 43 provided for the stage.

[0117] The gate driver 400 of the present exemplary con-
figuration is, as shown in FIG. 4(A), implemented by the
plurality of (q) gate driver IC chips 411 to 414 of the above-
described configuration being cascade-connected to one
another. Specifically, an output terminal (an output terminal
for a start pulse signal SPo) of a shift register in each gate
driver IC chip is connected to an input terminal (an input
terminal for a start pulse signal SPi) of a shift register in a
subsequent gate driver IC chip such that the shift registers 40
in the gate driver IC chips 411 to 41¢ form one shift register
(the shift registers thus formed by cascade connection are
hereinafter referred to as “coupled shift registers™). Note,
however, to an input terminal of a shift register in the first gate
driver IC chip 411 a gate start pulse signal GSP is inputted
from the display control circuit 200, and an output terminal of
a shift register in the last gate driver IC chip 41¢g is not
connected to an outside source. Note also that a gate clock
signal GCK from the display control circuit 200 is inputted in
common to each of the gate driver IC chips 411 to 414 as a
clock signal CK. On the other hand, a gate driver output
control signal GOE generated in the display control circuit
200 is composed of first to qth gate driver output control
signals GOE1 to GOEq and the gate driver output control
signals GOE1 to GOEq are individually inputted to the gate
driver IC chips 411 to 41¢, respectively, as output control
signals OF.

[0118] Next, with reference to FIG. 5, the operation of the
gate driver 400 of the above-described first exemplary con-
figuration will be described. The display control circuit 200
generates, as a gate start pulse signal GSP, as shown in FIG.
5(A), a signal that is at an H level (active) during a period
Tspw where a pixel data write pulse Pw appears and a period
Tspbw where three black voltage application pulses Pb
appear and generates, as shown in FIG. 5(B), a gate clock
signal GCK which is at an H level during a predetermined
period every horizontal scanning period (1H). When such a
gate start pulse signal GSP and a gate clock signal GCK are
inputted to the gate driver 400 in FIG. 4, a signal such as the
one shown in FIG. 5(C) is outputted as an output signal Q1
from the first stage of the shift register 40 in the first gate
driver IC chip 411. The output signal Q1 includes, in each
frame period, one pulse Pqw corresponding to a pixel data
write pulse Pw and one pulse Pgbw corresponding to three
black voltage application pulses Pb and the two pulses Pqw
and Pgbw are spaced apart by substantially a pixel data hold-
ing period Thd. Such two pulses Pqw and Pgbw are sequen-
tially transferred through the coupled shift registers in the
gate driver 400, according to the gate clock signal GCK.
Accordingly, from each stage of the coupled shift registers a
signal having a waveform, such as the one shown in FIG.
5(C), is sequentially outputted so as to be shifted by one
horizontal scanning period (1H).

[0119] The display control circuit 200 also generates, as
described above, gate driver output control signals GOEL to
GOEq to be provided to the gate driver IC chips 411 to 41¢
composing the gate driver 400. Here, a gate driver output
control signal GOEr to be provided to an rth gate driver IC
chip 41~ is at an L level during a period where a pulse Pqw
corresponding to a pixel data write pulse Pw is outputted from
any one of the stages of a shift register 40 in the gate driver IC
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chip 41r, except that the gate driver output control signal
GOEr is at an H level for adjustment of the pixel data write
pulse Pw during a predetermined period near a pulse of the
gate clock signal GCK, and during the other period the gate
driver output control signal GOFr is at an H level except that
the gate driver output control signal GOFr is at an L level
during a predetermined period Toe (the predetermined period
Toe is set so as to be included in a short-circuit period Tsh)
which is immediately after the gate clock signal GCK is
changed to an L level from an H level. For example, a gate
driver output control signal GOE1, such as the one shown in
FIG. 5(D), is provided to the first gate driver IC chip 411. Note
that a pulse that is included in the gate driver output control
signals GOE1 to GOEq for adjustment of a pixel data write
pulse Pw (which corresponds to that the pulse is at an H level
during the above-described predetermined period and which
is hereinafter referred to as a “write period adjustment pulse™)
rises earlier than the rise of the gate clock signal GCK or falls
later than the fall of the gate clock signal GCK, according to
a necessary pixel data write pulse Pw. Alternatively, without
using such a write period adjustment pulse, a pixel data write
pulse Pw may be adjusted only by the gate clock signal GCK.
[0120] In each gate driver IC chip 417 (r=1 to q), based on
output signals Qk (k=1 to p) from the respective stages of a
shift register 40, a gate clock signal GCK, and a gate driver
output control signal GOEr, such as those described above,
internal scanning signals g1 to gp are generated by first and
second AND gates 41 and 43 and the internal scanning signals
g1 to gp are level-converted by an output section 45, whereby
scanning signals G1 to Gp to be applied to gate lines are
outputted. Accordingly, as shown in FIGS. 5(E) and 5(F), a
pixel data write pulse Pw is sequentially applied to the gate
lines GL1 to GLm, and in each gate line GLj (=1 tom) ablack
voltage application pulse Pb is applied at the point in time
when a pixel data holding period Thd has elapsed since the
pixel data write pulse is applied, and thereafter, two black
voltage application pulses Pb are applied at intervals of one
horizontal scanning period (1H). After the three black voltage
application pulses Pb are thus applied, an L level is main-
tained until a pixel data write pulse Pw for a next frame period
is applied. That is to say, a black display period Tbk exists
during a period from when the above-described three black
voltage application pulses Pb have been applied until a next
pixel data write pulse Pw is applied.

[0121] In the above-described manner, by the gate driver
400 of the configuration shown in FIGS. 4(A) and 4(B),
impulse drive, such as that shown in FIGS. 3(C) to 3(F), can
be implemented in the liquid crystal display device.

[0122] <2.2 Second Exemplary Configuration>

[0123] FIGS. 6(A) and 6(B) are block diagrams showing a
second exemplary configuration of the gate driver 400 that
operates in the manner shown in FIGS. 3(D) and 3(E). The
gate driver 400 of the exemplary configuration is also com-
posed of a plurality of (q) gate driver IC chips 421,422, .. .,
42¢ each including a shift register, which serve as partial
circuits.

[0124] Each gate driver IC chip is configured in the manner
shown in FIG. 6(B). In the present exemplary configuration,
unlike the first exemplary configuration in which one output
control signal OF is received from an outside source, two-
channel output control signals including a first output control
signal OFa and a second output control signal OEb are
received from an outside source. The gate driver IC chips
according to the present exemplary configuration each
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include a selector switch 47 and first and second output con-
trol signals OEa and OEb are inputted to the selector switch
47. The selector switch 47 selects, based on a predetermined
switching control signal COE, first and second output control
signals OFa and OFb during first and second periods, respec-
tively, which are determined in advance for the gate driver IC
chip and outputs each of the first and second output control
signals OEa and OEb as an output control signal OF, and a
logically inverted signal of the output control signal OF is
inputted to each of second AND gates 43 as in the first exem-
plary configuration. A switching control signal COE is gen-
erated in each gate driver IC chip 427 based on another intet-
nal signal or generated in the display control circuit 200 as a
control signal for each gate driver IC chip 427 (r=1 to q). A
specific signal waveform of the switching control signal COE
will be described later. Other configuration of the gate driver
1C chips according to the present exemplary configuration is
the same as that of the gate driver IC chips according to the
first exemplary configuration shown in FIG. 4(B) and thus the
same parts are denoted by the same symbols and description
thereof is not repeated.

[0125] As shown in FIG. 6(A), the gate driver 400 of the
present exemplary configuration is also implemented by the
plurality of (q) gate driver IC chips 421 to 424 of the above-
described configuration being cascade-connected to one
another, and shift registers in the gate driver IC chips 421 to
424 are cascade-connected to one another to form one shift
register (hereinafter, referred to as “coupled shift registers” as
in a case of the first exemplary configuration). In the present
exemplary configuration, a gate clock signal GCK from the
display control circuit 200 is inputted in-common to each of
the gate driver IC chips 421 to 42¢ as a clock signal CK.
However, in a case of the present exemplary configuration,
unlike in a case of the first exemplary configuration, in the
display control circuit 200, as a gate driver output control
signal GOE, a first gate driver output control signal GOEa
such as the one shown in FIG. 7(D) and a second gate driver
output control signal GOEb such as the one shown in FIG.
7(E) are generated in the display control circuit 200, and the
two-channel gate driver output control signals GOFEa and
GOED are inputted in common to each of the gate driver IC
chips 421 to 42¢ as output control signals OFa and OEb.
Other configuration of the gate driver 400 of the present
exemplary configuration is the same as that of the first exem-
plary configuration and thus detailed description thereof is
not repeated.

[0126] Next, with reference to FIG. 7, the operation of the
gate driver 400 of the above-described second exemplary
configuration will be described. Also in the present exem-
plary configuration as in the first exemplary configuration, a
gate start pulse signal GSP and a gate clock signal GCK as
shown in FIGS. 7(A) and 7(B) are provided to the gate driver
400, and output signals from the respective stages of the
coupled shift registers formed by cascade connection of the
shift registers 400 in the respective gate driver IC chips 427
(r=1 to q) are also the same as those in a case of the first
exemplary configuration. For example, an output signal Q1
from the first stage of a shift register 40 in the first gate driver
IC chip 421 is a signal such as the one shown in FIG. 7(C).

[0127] Here, a first gate driver output control signal GOEa
is a signal that is at an H level for adjustment of a pixel data
write pulse Pw during a predetermined period near a pulse of
the gate clock signal GCK and is at an L level during the other
period. On the other hand, a second gate driver output control
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signal GOED is a signal that is at an L level during a prede-
termined period Toe (the predetermined period Toe is set so as
to be included in a short-circuit period Tsh) which is imme-
diately after the gate clock signal GCK is changed to an L
level from an H level, and is at an H level during the other
period. Therefore, when a first gate driver output control
signal GOEa is selected as an internal output control signal
OE by a selector switch 47 of each gate driver IC chip 427, by
the configuration shown in FIG. 6(B), as a scanning signal Gk
corresponding to an output signal Qk which is at an H level
among output signals Q1 to Qp from the respective stages of
the shift register 40, a pixel data write pulse Pw which is a
pulse whose width is substantially equal to one horizontal
scanning period (1H) is generated. On the other hand, when a
second gate driver output control signal GOEDb is selected as
an internal output control signal OE, as a scanning signal Gk
corresponding to an output signal Qk which is at an H level
among output signals Q1 to Qp from the respective stages of
the shift register 40, a black voltage application pulse Pb
which is a pulse whose width is equal to the above-described
predetermined period Toe is generated. Note that a pulse that
is included in the first gate driver output control signal GOEa
for adjustment of a pixel data write pulse Pw (which corre-
sponds to that the pulse is at an H level during the above-
described predetermined period and which is hereinafter
referred to as a “write period adjustment pulse”™) rises earlier
than the rise of the gate clock signal GCK or falls later than the
fall of the gate clock signal GCK, according to a necessary
pixel data write pulse Pw. Alternatively, without using such a
write period adjustment pulse, the first gate driver output
control signal GOEa may be fixed to an L level and a pixel
data write pulse Pw may be adjusted only by the gate clock
signal GCK.

[0128] A selector switch 47 of each gate driver IC chip 427
(r=1 to q) selects and outputs a first gate driver output control
signal GOEa when a switching control signal COE isatan L
level, and selects and outputs a second gate driver output
control signal GOEb when a switching control signal COE is
atan H level. A switching control signal COE provided to the
selector switch 47 of each gate driver IC chip 427 (r=1 to q) is
atan [ level during a period where a pulse Pqw corresponding
to apixel data write pulse Pw is outputted from any one of the
stages of a shift register 40 in the gate driver IC chip 427, and
is at an H level during the other period. Hence, a switching
control signal COE differs from gate driver IC chip to gate
driver IC chip; for example, a switching control signal COE to
be provided to a selector switch 47 of the first gate driver IC
chip 421 is a signal such as the one shown in FIG. 7(F) On the
other hand, as shown in FIG. 7(C), an output signal Qk (k=1
to p) from each stage of a shift register 40 in each gate driver
IC chip 427 includes, in each frame period, one pulse Pqw
corresponding to a pixel data write pulse Pw and one pulse
Pgbw corresponding to three black voltage application pulses
Pb and the two pulses Pqw and Pgbw are spaced apart by
substantially a pixel data holding period Thd. Such two pulses
Pqw and Pqbw are sequentially transferred to the coupled
shift registers in the gate driver 400, according to a gate clock
signal GCK. Accordingly, from each stage of the coupled
shift registers a signal having a waveform, such as the one
shown in FIG. 7(C), is sequentially outputted so as to be
shifted by one horizontal scanning period.

[0129] In each gate driver IC chip 427 (r=1 to q), based on
output signals Qk (k=1 to p) from the respective stages of a
shift register 40, a gate clock signal GCK, and an output
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control signal OF which is selected by a selector switch 47,
such as those described above, internal scanning signals gl to
gp are generated by first and second AND gates 41 and 43 and
the internal scanning signals gl to gp are level-converted by
an output section 45, whereby scanning signals G1to Gpto be
applied to gate lines are outputted. Accordingly, as in the first
exemplary configuration, as shown in FIGS. 7(%) and 7(i) a
pixel data write pulse Pw is sequentially applied to the gate
lines GL1 to GLm, and in each gate line GLj (j=1 to m) ablack
voltage application pulse Pb is applied at the point in time
when a pixel data holding period Thd has elapsed since, the
pixel data write pulse Pw is applied, and thereafter, two black
voltage application pulses Pb are applied at intervals of one
horizontal scanning period. After the three black voltage
application pulses Pb are thus applied, an L level is main-
tained until a pixel data write pulse PW for a next frame
period is applied. That is to say, a black display period Thk
exists during a period from when the above-described three
black voltage application pulses Pb have been applied until a
next pixel data write pulse Pw is applied.

[0130] In the above-described manner, also by the gate
driver 400 of the configuration shown in FIGS. 6(A) and 6(B),
impulse drive, such as that shown in FIGS. 3(C) to 3(F), can
be implemented in the liquid crystal display device.

[0131] <3. Effects>

[0132] As described above, according to the present
embodiment, during each short-circuit period Tsh which is
when the polarity of data signals S(i) is inverted, the voltage
of each source line SLi has a value corresponding to black
display (FIG. 3(C)), and to each gate line GL;j three black
voltage application pulses Pb each are applied during a short-
circuit period Tsh at intervals of one horizontal scanning
period after the lapse of a pixel data holding period Thd with
a length of a %4 frame period from the application of a pixel
data write pulse Pw (FIGS. 3(D) and 3(E)). Accordingly, a
black display period Tbk exists until the next time a pixel data
write pulse Pw is applied and thus black insertion of the order
of substantially a %4 frame period is performed for each frame.
That s, black insertion of the same length is performed on all
display lines such that a black display period Tbk for imple-
menting impulse drive is shifted by one horizontal scanning
period (1H) on each display line (FIGS. 3(D) and 3(E)).
Accordingly, without reducing the charging period for a pixel
capacitance Cp for writing pixel data, a sufficient black inser-
tion period is reserved, and moreover, the operating speed of
the source driver 300 and the like does not need to be
increased for black insertion.

[0133] Although in the above-described embodiment three
black voltage application pulses Pb are applied to each gate
line GLj for each frame period, the number of black, voltage
application pulses Pb for one frame period is not limited to
three and can be any as long as the number allows display to
have a black level. As can be seen from FIG. 3(F), by chang-
ing the number of black voltage application pulses Pb for one
frame period, the black level (display luminance) during a
black display period Tbk can be set to a desired value. Note
that the number of black voltage application pulses Pb for one
frame period can be easily adjusted by changing the setting of
a period Tspbw of a gate start pulse signal GSP (FIG. 5(A)
and FIG. 7(A)).

[0134] Although in the above-described embodiment a
black voltage application pulse Pb is applied to each gate line
GL,j at the point in time when a pixel data holding period Thd
with a length of a %4 frame period has elapsed since a pixel
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data write pulse Pw is applied (FIGS. 3(D) and 3(E)) and
black insertion of the order of substantially a '/ frame period
is performed for each frame, a black display period Tbk is not
limited to a ¥4 frame period. Extending the black display
period Thk increases the effect of implementation of impulse
and thus is effective in improving the display quality of a
moving image (suppressing a trailing afterimage, etc.) but
results in reduction in display luminance, and thus, an appro-
priate black display period Tbk is to be set taking into account
the effect of implementation of impulse and display lumi-
nance. Note, however, that in order to sufficiently obtain the
effect of implementation of impulse a black insertion period
is preferably 50% to 20% of one frame period. According to
the above-described embodiment, by changing timing at
which a black voltage application pulse appears by changing
a pixel data holding period Thd by the setting of a gate start
pulse signal GSP, a black display period Tbk can be easily
adjusted (FIGS. 5 and 7).

[0135] Inthe above-described embodiment, when adopting
a gate driver 400 of the first exemplary configuration, as can
be seen from FIG. 4(A), only by using a plurality of existing
gate driver IC chips and appropriately setting gate driver
output control signals GOEr (r=1 to q) to be inputted to the
respective gate driver IC chips, impulse drive can be imple-
mented. When adopting a gate driver 400 of the second exem-
plary configuration, as can be seen from FIGS. 6(A) and 6(B)
only by using a plurality of existing gate driver IC chips,
preparing two-channel gate driver output control signals
GOEa and GOEDb, and adding small quantities of circuits such
as selector switches 47 to the respective gate driver IC chips,
impulse drive can be implemented.

[0136] <4. Variant>

[0137] 1Inthe above-described embodiment, the configura-
tion is such that by short-circuiting adjacent source lines
when the polarity of data signals S(1) to S(n) is inverted each
source line SLi (i=1 to n) obtains a voltage corresponding to
black display. Instead of this, the configuration may be such
that when the polarity of data signals S(1) to S(n) is inverted
each source line SLi is short-circuited to a common electrode
Ec (see Japanese Unexamined Patent Publication No.
11-30975 (Patent Document 3), for example). Specifically,
the configuration may be such that in the configuration shown
in FIG. 2, in place of second MOS transistors SWb connect-
ing between adjacent source lines, as shown in FIG. 8, third
MOS transistors SWc are provided as switching elements
connecting between a common electrode Ec and output ter-
minals connected to respective source lines in a source driver
300 and a short-circuit control signal Csh is provided to gate
terminals of the third MOS transistors SWe.

[0138] The potential of each source line SLi goes to a
common electrode potential Vcom and is provided to a pixel
electrode through a TFT 10 being in an on state, when the
source line SLi is short-circuited to the common electrode Ec.
Thereafter, when the TFT 10 is changed to an off state, the
potential of the pixel electrode changes from the common
electrode potential Vcom by an amount corresponding to a
field-through voltage AVd due to a parasitic capacitance Cgd
of the TFT 10 (a level shift AVd occurs in the pixel electrode
potential). However, when a level shift AVd caused by a
parasitic capacitance Cgd is sufficiently small relative to an
optical threshold voltage Vth of a liquid crystal, black display
is performed until the next time the TFT 10 goes to an on state.
Thus, in this case, in a liquid crystal display device including
a source driver 300 whose output section is configured in the
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manner shown in FIG. 8, by configuring a gate driver in the
manner shown in FIGS. 4(A) and 4(B) or FIGS. 6(A) and
6(B) and causing the gate driver to operate in the manner
shown in FIG. 5 or 7, the same effects as those obtained in the
above-described embodiment can be obtained.

[0139] More generally, the present invention can be applied
as long as a source driver 300 and the like are configured such
that when the polarity of data signals S(1) to S(n) is inverted
each source line SLi obtains a voltage corresponding to black
display. That is to say, application of the present invention is
possible as long as the configuration is such that upon switch-
ing horizontal display lines a black signal (a signal corre-
sponding to black display) is inserted in data signals S(1) to
S(n) during a period corresponding to the above-described
short-circuit period Tsh.

[0140] In the above-described embodiment, a circuit that
causes each source line SLi (i=1 to n) to have a black voltage
(a voltage corresponding to black display) during a short-
circuit period Tsh serving as a black signal insertion period,
i.e., a black signal insertion circuit, is implemented by first
and second MOS transistors SWaand SWband an inverter 33.
In the above-described variant, a black signal insertion circuit
that causes each source line SLi (i=1 to n) to have a black
voltage during a short-circuit period Tsh serving as a black
signal insertion period is implemented by first and third MOS
transistors SWa and SWe and an inverter 33. Although in the
above-described embodiment and variant such a black signal
insertion circuit is provided in a source driver 300, the con-
figuration may be such that such a black signal insertion
circuit is provided external to the source driver 300, e.g., the
black signal insertion circuit is integrally provided with an
pixel array in a display section 100 using TFTs.

INDUSTRIAL APPLICABILITY

[0141] The present invention is to be applied to a hold type
display device and is particularly suitable for use in an active
matrix type liquid crystal display device using switching
elements such as thin film transistors.

1. An active matrix type display device comprising:

a plurality of data signal lines;

aplurality of scanning signal lines intersecting the plurality
of data signal lines;

a plurality of pixel forming sections arranged in a matrix
form correspondingly to respective intersections of the
plurality of data signal lines and the plurality of scanning
signal lines, each pixel forming section capturing, as a
pixel value, a voltage of a data signal line passing
through a corresponding intersection when a scanning
signal line passing through the corresponding intersec-
tion 1s selected;

a common electrode provided to be shared by the plurality
of pixel forming sections;

a data signal line drive circuit for applying a plurality of
data signals representing an image to be displayed, to the
plurality of data signal lines, respectively, and for invert-
ing polarity of the plurality of data signals every prede-
termined cycle in each frame period,

ablack signal insertion circuit, provided inside or eternal to
the data signal line drive circuit, for causing, when the
polarity of the plurality of data signals is inverted, a
voltage of each data signal line to be a voltage corre-
sponding to black display during a predetermined black
signal insertion period; and
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a scanning signal line drive circuit for applying a scanning
signal to each scanning signal line such that each of the
plurality of scanning signal lines goes to a selected state
at least once during an effective scanning period in each
frame period and a scanning signal line brought to a
selected state during the effective scanning period goes
to a selected state at least once during the black signal
insertion period within a period from when a predeter-
mined pixel value holding period has elapsed since the
scanning signal line is changed from the selected state to
anon-selected state until the scanning signal line goes to
a selected state during an effective scanning period in a
next frame period, the effective scanning period being a
period other than the black signal insertion period.

2. The display device according to claim 1, wherein the
scanning signal line drive circuit causes a scanning signal line
brought to a selected state during the effective scanning
period to go to a selected state a plurality of times during the
black signal insertion periods within a period from when the
predetermined pixel value holding period has elapsed since
the scanning signal line is changed from the selected state to
a non-selected state until the scanning signal line goes to a
selected state during an effective scanning period in a next
frame period.

3. The display device according to claim 1, wherein

the data signal line drive circuit generates the plurality of
data signals such that data signals to be respectively
applied to adjacent data signal lines have different
polarities, and

the black signal insertion circuit causes each data signal
line to be short-circuited to a data signal line adjacent
thereto during the black signal insertion period.

4. The display device according to claim 1, wherein the
black signal insertion circuit causes each data signal line to be
short-circuited to the common electrode during the black
signal insertion period.

5. The display device according to claim 1 further compris-
ing a display control circuit for generating a signal to be
provided to the scanning signal line drive circuit, wherein

the scanning signal line drive circuit is composed of a
plurality of partial circuits and each partial circuit
includes:

a shift register having an input terminal and an output
terminal for sequentially transferring a pulse to be pro-
vided to the input terminal, to the output terminal,

a clock input terminal for a clock signal to be supplied to
the shift register;

an output control input terminal for an output control signal
for controlling an output of scanning signals to be out-
putted from the partial circuit; and

combinational logic circuits for generating pulse signals
corresponding to the scanning signals to be outputted
from the partial circuit, based on output signals from
respective stages of the shift register, a clock signal to be
provided to the clock input terminal, and an output con-
trol signal to be provided to the output control input
terminal,

the plurality of partial circuits are cascade-connected by
connecting an input terminal of a shift register in a
partial circuit to an output terminal of a shift register in
another partial circuit, and

the display control circuit provides a predetermined clock
signal in common to the clock input terminals of the
plurality of partial circuits and provides individual out-
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put control signals to the output control input terminals
of the plurality of partial circuits, respectively.

6. The display device according to claim 1 further compris-
ing a display control circuit for generating a signal to be
provided to the scanning signal line drive circuit, wherein

the scanning signal line drive circuit is composed of a
plurality of partial circuits and each partial circuit
includes:

a shift register having an input terminal and an output
terminal for sequentially transferring a pulse to be pro-
vided to the input terminal, to the output terminal,

a clock input terminal for a clock signal to be supplied to
the shift register;

first and second output control input terminals for an output
control signal for controlling an output of scanning sig-
nals to be outputted from the partial circuit;

aselector switch for selecting any one of two output control
signals to be provided to the first and second output
control input terminals; and

combinational logic circuits for generating pulse signals
corresponding to the scanning signals to be outputted
from the partial circuit, based on output signals from
respective stages of the shift register, a clock signal to be
provided to the clock input terminal, and an output con-
trol signal selected by the selector switch,

the plurality of partial circuits are cascade-connected by
connecting an input terminal of a shift register in a
partial circuit to an output terminal of a shift register in
another partial circuit, and

the display control circuit provides a predetermined clock
signal in common to the clock input terminals of the
plurality of partial circuits, provides a predetermined
first output control signal in common to the first output
control input terminals of the plurality of partial circuits,
and provides a predetermined second output control sig-
nal in common to the second output control input termi-
nals of the plurality of partial circuits.

7. The display device according to claim 1, wherein the
pixel value holding period is a period corresponding to 50%
to 80% of one frame period.

8. A scanning signal line drive circuit for an active matrix
type display device including a plurality of data signal lines
for transmitting a plurality of data signals representing an
image to be displayed; a plurality of scanning signal lines
intersecting the plurality of data signallines; and a plurality of
pixel forming sections arranged in a matrix form correspond-
ingly to respective intersections of the plurality of data signal
lines and the plurality of scanning signal lines, each pixel
forming section capturing, as a pixel value, a voltage of'a data
signal line passing through a corresponding intersection
when a scanning signal line passing through the correspond-
ing intersection is selected, wherein

the scanning signal line drive circuit applies a scanning
signal to each scanning signal line such that each of the
plurality of scanning signal lines goes to a selected state

11
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at least once during a horizontal scanning period in each
frame period and a scanning signal line brought to a
selected state during the horizontal scanning period goes
to a selected state at least once upon switching horizon-
tal scanning periods during a predetermined period
within a period from when a predetermined pixel value
holding period has elapsed since the horizontal scanning
period until ahorizontal scanning period where the scan-
ning signal line goes to a selected state in a next frame
period, the horizontal scanning period corresponding to
one line of the image.

9. A drive method for an active matrix type display device
including a plurality of data signal lines; a plurality of scan-
ning signal lines intersecting the plurality of data signal lines;
and a plurality of pixel forming sections arranged in a matrix
form correspondingly to respective intersections of the plu-
rality of data signal lines and the plurality of scanning signal
lines, each pixel forming section capturing, as a pixel value, a
voltage of a data signal line passing through a corresponding
intersection when a scanning signal line passing through the
corresponding intersection is selected, the drive method com-
prising:

adatasignal line driving step of applying a plurality of data
signals representing an image to be displayed, to the
plurality of data signal lines, respectively, and inverting
polarity of the plurality of data signals every predeter-
mined cycle in each frame period;

a black signal inserting step of causing, when the polarity
of the plurality of data signals is inverted, a voltage of
each data signal line to be a voltage corresponding to
black display during a predetermined black signal inser-
tion period; and

a scanning signal line driving step of applying a scanning
signal to each scanning signal line such that each of the
plurality of scanning signal lines goes to a selected state
at least once during an effective scanning period in each
frame period and a scanning signal line brought to a
selected state during the effective scanning period goes
to a selected state at least once during the black signal
insertion period within a period from when a predeter-
mined pixel value holding period has elapsed since the
scanning signal line is changed from the selected state to
anon-selected state until the scanning signal line goes to
a selected state during an effective scanning period in a
next frame period, the effective scanning period being a
period other than the black signal insertion period.

10. The drive method according to claim 9, wherein

in the data signal line driving step, the plurality of data
signals are generated such that data signals to be respec-
tively applied to adjacent data signal lines have different
polarities, and

in the black signal inserting step, each data signal line is
short-circuited to a data signal line adjacent thereto dur-
ing the black signal insertion period.

L
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