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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a bypass continuation of inter-
national patent application PCT/TP2015/005780, filed on
Nov. 18,2015 designating the United States of America. The
entire disclosure of the international patent application is
incorporated herein by reference in this entirety.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal
display device and a method of driving the liquid crystal
display device.

BACKGROUND

[0003] In the display device, a technique for determining
a selection order (scan order) of gate lines based on an input
image is conventionally proposed in order to achieve low
power consumption and downsizing of a power supply
circuit. For example, in a technique disclosed in a prior art
(for example, see Japanese Patent No. 5,378,613), the scan
order of gate lines is determined based on an input image
such that a plurality of source lines are driven by drive
power smaller than drive power of a plurality of source lines
required when a plurality of gate lines are selected in
arrangement order.

[0004] However, a problem of so-called DC burning arises
in the conventional technique. FIGS. 18A-18H are sche-
matic diagrams illustrating a generation principle of the DC
burning. FIGS. 18A-18D illustrate pieces of input image
data of first to fourth frames, and FIGS. 18E to 18H illustrate
the scan order of each of the first to fourth frames. At this
point, it is assumed that a display panel is constructed with
eight lines. It is also assumed that each frame image is
constructed with a white image (255 gradations), a gray
image (128 gradations), and a black image (0 gradation).
FIG. 19 is a timing chart illustrating gate signal G1 supplied
to first gate line GL1 and a source voltage supplied to a pixel
of a first line (Line 1). When the first to eighth lines are
selected in the scan order as illustrated in FIGS. 18E to 1811,
as illustrated in the timing chart of FIG. 19, an average value
of source voltages is shifted from a common voltage, and a
DC component remains. Consequently, the burning occurs
on a display screen.

SUMMARY

[0005] An object of the present disclosure, which has been
made of light of the above problemny, is to reduce the burning
on a display screen in a display device that determines the
scan order of gate lines based on an input image.

[0006] In one general aspect, the instant application
describes a display device which includes data lines extend-
ing in a first direction, gate lines extending in a second
direction, a source driver that supplies a data signal to the
data lines, a gate driver that supplies a gate signal to the gate
lines, and a timing controller that determines scan order of
the gate lines and outputs image data to the source driver
based on the scan order. The timing controller determines
the scan order of the gate lines based on an input image
corresponding to input image data input from an outside, and
switches first scan order and second scan order in each
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frame, the first scan order and the second scan order being
different from each other in the scan order.

[0007] The above general aspect may include one or more
of the following features. The first scan order may be
ascending order of a gradation of the input image data, and
the second scan order may be descending order of the
gradation of the input image data.

[0008] The timing controller determines the scan order in
units of N lines (N is an integer of 2 or more). In first line
data corresponding to a preceding-stage line and a plurality
of second line data corresponding to a plurality of lines
included in the N lines in the input image data, the timing
controller may determine the scan order based on a voltage
level difference between pixels corresponding to the iden-
tical data line in each of the first line data and the second line
data.

[0009] When the first scan order is determined, first virtual
line data in which a voltage level of each pixel is set to a
voltage level of halftone may be used as the first line data in
determining a line to be scanned first out of first N lines in
each frame, and when the second scan order is determined,
second virtual line data in which the voltage level of each
pixel may be set to a voltage level of a low gradation or a
high gradation in determining the line to be scanned first out
of the first N lines in each frame.

[0010] The timing controller may determine a line having
a mimmum sum of voltage level differences in the plurality
of lines as a line to be scanned next.

[0011] The timing controller may include a plurality of
line memories that store the input image data for each line.
The timing controller may sequentially read the input image
data from the plurality of line memories according to the
scan order, and outputs the input image data to the source
driver.

[0012] In another general aspect, a method for driving a
display device including: a plurality of data lines extending
in a first direction; a plurality of gate lines extending in a
second direction; a source driver that supplies a data signal
to the plurality of data lines; a gate driver that supplies a gate
signal to the plurality of gate lines; and a timing controller
that determines scan order of the plurality of gate lines and
outputs image data to the source driver based on the scan
order. The method includes determining the scan order of the
plurality of gate lines based on an input image correspond-
ing to input image data input from an outside; and scanning
the plurality of gate lines by switching first scan order and
second scan order in each plurality of frames, the first scan
order and the second scan order being different from each
other in the scan order.

[0013] According to the display device of the present
disclosure and the method for driving the display device, the
burning on the display screen can be reduced in the display
device that determines the scan order of the gate lines based
on the input image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a plan view illustrating a schematic
configuration of a liquid crystal display device according to
an exemplary embodiment;

[0015] FIG. 2 is a block diagram illustrating a schematic
configuration of timing controller according to the exem-
plary embodiment;
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[0016] FIG. 3 is a block diagram illustrating a specific
configuration of the timing controller according to the
exemplary embodiment;

[0017] FIG. 4A illustrates input image data;

[0018] FIG. 4B illustrates a data polarity corresponding to
a column inversion drive;

[0019] FIG. 5is a timing chart illustrating an operation of
timing controller according to the exemplary embodiment;
[0020] FIG. 6 is a graph illustrating a conversion charac-
teristic of an image data of a voltage level of the input image
data;

[0021] FIG. 7 illustrates the input image data converted
from the voltage level in one frame;

[0022] FIG. 8A illustrates a sum of the voltage level
differences before a scan order is switched;

[0023] FIG. 8B illustrates a sum of the voltage level
differences before the scan order (first scan order) is
switched;

[0024] FIG. 9 illustrates the input image data converted
from the voltage level in fifth frame;

[0025] FIG. 10A illustrates a sum of the voltage level
differences before a scan order is switched;

[0026] FIG. 10B illustrates a sum of the voltage level
differences before the scan order (second scan order) is
switched;

[0027] FIG. 11 is a block diagram illustrating a specific
configuration of a gate driver according to the exemplary
embodiment;

[0028] FIG. 12 is a timing chart illustrating an operation of
the gate driver according to the exemplary embodiment;
[0029] FIG. 13 is a timing chart illustrating the output
timing of the liquid crystal display device according to the
exemplary embodiment;

[0030] FIG. 14A illustrates input image data;

[0031] FIG. 14B illustrates a data polarity corresponding
to a dot inversion drive;

[0032] FIG. 15 is a block diagram illustrating a specific
configuration of the timing controller according to the
exemplary embodiment;

[0033] FIG. 16 illustrates a calculation example of a
voltage level difference between two lines for units of four
lines;

[0034] FIG. 17 illustrates all combinations of a scan order
in units of four lines and a calculation example of the sum
of the voltage level differences in each scan order;

[0035] FIGS. 18A-18H are schematic diagrams illustrat-
ing a generation principle of a DC burning; and

[0036] FIG. 19 is a timing chart illustrating a scan order of
a conventional display device.

DETAILED DESCRIPTION

[0037] An embodiment of the present application is
described below with reference to the drawings. The
embodiment of the present application takes a liquid crystal
display device as an example of a display device of the
present application. However, the present application is not
limited thereto, but the display device may be another kind
of display, such as an organic EL display.

[0038] FIG. 1 is a plan view illustrating a schematic
configuration of the liquid crystal display device according
to the exemplary embodiment. Liquid crystal display device
100 includes display panel 10, source driver 20, gate driver
30, timing controller 40, and a backlight device (not illus-
trated).

Sep. 20,2018

[0039] A plurality of data lines 11 extending in a column
direction and a plurality of gate lines 12 extending in a row
direction are provided in display panel 10. Thin film tran-
sistor (TFT) 13 is provided in an intersection of each data
line 11 and each gate line 12. Each data line 11 is connected
to source driver 20, and each gate line 12 is connected to
gate driver 30. In display panel 10, a plurality of pixels 14
are arranged into a matrix shape (the row direction and the
column direction) corresponding to the intersections of data
lines 11 and gate lines 12. Although not illustrated, display
panel 10 includes a thin film transistor substrate (TFT
substrate), a color filter substrate (CF substrate), and a liquid
crystal layer sandwiched between the TFT substrate and the
CF substrate. In the TFT substrate, a plurality of pixel
electrodes 15 are provided corresponding to pixels 14.
Common electrode 16 common to pixels 14 is provided in
the CF substrate. Common electrode 16 may be provided in
the TFT substrate.

[0040] A data signal (data voltage) is supplied from source
driver 20 to each data line 11. A gate signal (gate voltage) is
supplied from gate driver 30 to each gate line 12. Common
voltage Vcom 1is supplied from a common driver (not
illustrated) to common electrode 16. When a gate-on voltage
is supplied to gate line 12, thin film transistor 13 connected
to gate line 12 is turned on, and the data voltage is supplied
to pixel electrode 15 through data line 11 connected to thin
film transistor 13. An electric field is generated by a differ-
ence between the data voltage supplied to pixel electrode 15
and common voltage Vcom supplied to common electrode
16. Liquid crystal is driven by the electric field to control
transmittance of light emitted from the backlight device,
thereby displaying an image. For color display, a desired
data voltage is supplied to data line 11 connected to pixel
electrode 15 of pixel 14 corresponding to each of red, green,
and blue, which are formed by a stripe color filter. To prevent
display burning or the like, for example, a positive data
voltage and a negative data voltage are alternately supplied
to each data line 11.

[0041] Timing controller 40 generates output image data
DA for image display and a plurality of control signals
defining operation timing in source driver 20 and gate driver
30. Specifically, timing controller 40 generates the plurality
of control signals including polarity control signal POL, data
start pulse DSP, data clock DCK, gate start pulse STV, gate
clock CPV, and gate select signal Gsel based on a timing
signal (clock signal CK, vertical synchronizing signal Vsyn,
and horizontal synchronizing signal Hsyn) supplied from an
external system (not illustrated). Timing controller 40 sup-
plies the plurality of generated control signals to source
driver 20 and gate driver 30, and controls drive of source
driver 20 and gate driver 30. Specifically, timing controller
40 supplies polarity control signal POL, data start pulse
DSP, data clock DCK, and output image data DA to source
driver 20. Timing controller 40 also supplies gate start pulse
STV, gate clock CPV, and gate select signal Gsel to gate
driver 30.

[0042] Polarity control signal POL is a control signal for
determining the polarity of the data voltage supplied to data
line 11. Polarity control signal POL is a signal switching
between a high level and a low level in each frame (or each
plurality of frames) or one line (or each plurality of lines).
For example, when polarity control signal POL is at the low
level, source driver 20 supplies voltage (positive data volt-
age) higher than common voltage Vcom to data line 11



US 2018/0268770 A1l

based on output image data DA. On the other hand, when the
polarity control signal POL is at the high level, source driver
20 supplies voltage (negative data voltage) lower than
common voltage Vcom to data line 11 based on output
image data DA. In this manner, source driver 20 supplies the
data voltage corresponding to output image data DA to data
line 11 while switching the polarity at a predetermined cycle.
Consequently, liquid crystal display device 100 performs the
image display by column inversion drive or dot inversion
drive.

[0043] FIG. 2 is a block diagram illustrating a schematic
configuration of timing controller 40. Timing controller 40
includes memory 41, calculator 42, image data output unit
43, and control signal generator 44. An image signal (input
image data Data) supplied from the system is stored in
memory 41 in units of one line or one frame. That is,
memory 41 functions as a line memory or a frame memory.
For example, memory 41 may include N line memories in
which a plurality of lines (N lines) are stored.

[0044] Based on the voltage level of input image data Data
supplied from the system, calculator 42 determines the
readout order of the plurality of input image data Data stored
in memory 41 and the scan order of the plurality of gate lines
12. For example, calculator 42 determines the readout order
of the pieces of input image data Data of four lines stored in
the four line memories and the scan order of four gate lines
12 that select the pixel lines corresponding to respective
input image data Data.

[0045] Image data output unit 43 sequentially reads input
image data Data from memory 41 according to a predeter-
mined rule based on a calculation result of calculator 42, and
outputs input image data Data to source driver 20. A specific
method for reading input image data Data from memory 41
will be described later.

[0046] Based on the timing signal (clock signal CK,
vertical synchronizing signal Vsyn, and horizontal synchro-
nizing signal Hsyn) supplied from the system, control signal
generator 44 generates polarity control signal POL, data
start pulse DSP, data clock DCK, gate start pulse STV, and
gate clock CPV. Control signal generator 44 also generates
gate select signal Gsel based on the timing signal and the
calculation result of calculator 42. Control signal generator
44 supplies polarity control signal POL, data start pulse
DSP, and data clock DCK to source driver 20. Control signal
generator 44 also supplies gate start pulse STV, gate clock
CPV, and gate select signal Gsel to gate driver 30.

[0047] When sequentially acquiring output image data DA
from image data output unit 43, source driver 20 supplies the
data voltage corresponding to output image data DA to data
line 11 in the acquired order based on the timing signals of
data start pulse DSP and data clock DCK. Source driver 20
switches the polarity of the data voltage based on polarity
control signal POL.

[0048] Based on gate start pulse STV, gate clock CPV, and
gate select signal Gsel, which are input from image data
output unit 43, gate driver 30 sequentially selects the plu-
rality of gate lines 12 and supplies the gate voltage to
selected gate lines 12.

[0049] Liquid crystal display device 100 having the above
configuration determines the readout order of the plurality of
input image data Data stored in memory 41 and the scan
order of the plurality of gate lines 12 based on the input
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image corresponding to input image data Data. The specific
method for reading input image data Data from memory 41
will be described below.

[0050] FIG. 3 is a block diagram illustrating a specific
configuration of timing controller 40. Timing controller 40
determines the scan order such that the line in which a sum
of the voltage level differences with the preceding-stage line
for each pixel (a sum of the voltage level differences for each
pixel of one line) is minimized becomes a line to be driven
next in units of N lines (N is an integer of 2 or more) with
respect to input image data Data. The voltage level differ-
ence means a difference in voltage level between two pixels
connected (corresponding) to the identical data line 11. In
FIG. 3, units of four lines are taken as an example. That is,
memory 41 in FIG. 3 is constructed with four line memories.
Timing controller 40 further includes D/V converter 421,
selector 422, preceding-stage line selector 423, difference
totalizer 424, difference minimum line decision unit 425,
read object memory controller 426, a write controller, and a
read controller, which constitute calculator 42 (see FIG. 2).
[0051] D/V converter 421 converts input image data Data
of digital data into the voltage level actually applied to the
liquid crystal. D/V converter 421 includes an input converter
that converts the voltage level of current-line input image
data Data supplied from the system, a first converter that
converts the voltage level of input image data Data-1.1 read
from a first line memory, a second converter that converts
the voltage level of input image data Data-L.2 read from a
second line memory, a third converter that converts the
voltage level of input image data Data-L.3 read from a third
line memory, and a fourth converter that converts the voltage
level of input image data Data-1.4 read from a fourth line
memory.

[0052] Selector 422 includes a first selector to which
image data Data-M0 output from the input converter and
image data Data-M1 output from the first converter are
input, a second selector to which image data Data-M0 and
image data Data-M2 output from the second converter are
input, a third selector to which image data Data-M0 and
image data Data-M3 output from the third converter are
input, and a fourth selector to which image data Data-M0
and image data Data-M4 output from the fourth converter
are input. The first selector outputs one of image data
Data-M0 and image data Data-M1 as image data Data-Q1
based on a switching signal output from read object memory
controller 426. The second selector outputs one of image
data Data-M0 and image data Data-M2 as image data
Data-Q2 based on the switching signal. The third selector
outputs one of image data Data-M0 and image data Data-M3
as image data Data-Q3 based on the switching signal. The
fourth selector outputs one of image data Data-M0 and
image data Data-M4 as image data Data-Q4 based on the
switching signal.

[0053] Preceding-stage line selector 423 selects image
data Data corresponding to line memory number informa-
tion output from difference minimum line decision unit 425,
out of image data Data-M1 to M4, and outputs selected
image data Data as image data Data-Q0 to difference total-
izer 424.

[0054] Difference totalizer 424 includes a first difference
totalizer to which image data Data-Q0 output from preced-
ing-stage line selector 423 and image data Data-Q1 output
from the first selector are input, a second difference totalizer
to which image data Data-Q0 and image data Data-Q2
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output from the second selector are input, a third difference
totalizer to which image data Data-Q0 and image data
Data-Q3 output from the third selector are input, and a
fourth difference totalizer to which image data Data-Q0 and
image data Data-Q4 output from the fourth selector are
input. The first difference totalizer adds the voltage level
differences between the pixels corresponding to identical
data line 11 in image data Data-Q0 and image data Data-Q1
to calculate difference sum S1 for one line. The second
difference totalizer adds the voltage level differences
between the pixels corresponding to identical data line 11 in
image data Data-Q0 and image data Data-Q2 to calculate
difference sum S2 for one line. The third difference totalizer
adds the voltage level differences between the pixels corre-
sponding to identical data line 11 in image data Data-Q0 and
image data Data-Q3 to calculate difference sum S3 for one
line. The fourth difference totalizer adds the voltage level
differences between the pixels corresponding to identical
data line 11 in image data Data-Q0 and image data Data-Q4
to calculate difference sum S4 for one line.

[0055] Difference minimum line decision unit 425 deter-
mines a line memory number that minimizes a difference
total value out of difference sums S1 to S4 output from
difference totalizer 424, and outputs the line memory num-
ber information. The line memory number information is
input to preceding-stage line selector 423, read object
memory controller 426, the write controller, and output
selector 430.

[0056] Based on the line memory number information,
read object memory controller 426 determines the line
memory that is of an object for selecting a line to be driven
next (a line having the minimum sum of the voltage level
differences with the preceding-stage line for each pixel).
Specifically, read object memory controller 426 determines
the object line memory by excluding the line memory
having the line memory number indicated by the line
memory number information from the read object memory
of the previous line.

[0057] Information on the determined object line memory
is input to the read controller, selector 422, and difference
minimum line decision unit 425.

[0058] The write controller writes input image data Data
in the desired line memory based on the line memory
number information.

[0059] Output selector 430 reads input image data Data
from the line memory having the line memory number
indicated by the line memory number information, and
outputs input image data Data as output image data DA to
source driver 20. Tmage data output unit 43 includes output
selector 430 (see FIG. 2).

[0060] Operation of timing controller 40 will be described
with a specific example. FIG. 4 illustrates input image data
Data (digital data) and the data polarity corresponding to the
column inversion drive. Schematically, timing controller 40
determines the scan order such that the line in which the sum
of the voltage level differences with the preceding-stage line
for each pixel is minimized becomes a line to be driven next
in units of four lines with respect to input image data Data.
Timing controller 40 determines first scan order by a first
method, determines second scan order by a second method,
and switches the first scan order and the second scan order
in each plurality of frames. FIG. 5 is a timing chart illus-
trating the operation of timing controller 40. Line 1 indicates
the image data of the first line.
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[0061] The first method for determining the first scan
order will be described below. First, the operation performed
on input image data Data-I.1 (Line 1) to Data-L.4 (Line 4) of
the first to fourth lines of the first frame will be described.
[0062] When input image data Data is input from the
external system to timing controller 40, memory 41 stores
input image data Data-L.1 (Line 1) of the first line in the first
line memory, and stores input image data Data-1.2 (Line 2)
of the second line in the second line memory, stores input
image data Data-1.3 (Line 3) of the third line in the third line
memory, and stores input image data Data-L4 (Line 4) of the
fourth line in the fourth line memory. Input image data
Data-1.4 is stored in the fourth line memory, and input to the
input converter as the current-line input image data. At this
point, based on the line memory number information (in this
case, the first line memory, the second line memory, and the
third line memory) output from read object memory con-
troller 426, the read controller reads input image data
Data-L1 to input input image data Data-L1 to the first
converter, reads input image data Data-[.2 to input input
image data Data-L.2 to the second converter, reads input
image data Data-1.3 to input input image data Data-L3 to the
third converter, and reads input image data Data-1.4 to input
input image data Data-14 to the fourth converter. Each
converter of D/V converter 421 converts the voltage level of
input image data Data based on, for example, a conversion
characteristic in FIG. 6. FIG. 7 illustrates converted image
data Data. Although the pixel data of a virtual line (Line 0)
at the preceding-stage of the first line is strictly at the voltage
level of the last line of the previous frame. the voltage
having the different polarity is normally applied as the
source voltage of the previous frame for the column inver-
sion drive. Thus, it can be assumed that the converted
voltage level is 256 for all the pixels. The input converter
converts input image data Data-L4 into image data Data-M0
(Line 4), the first converter converts input image data
Data-L1 into image data Data-M1 (Line 1), the second
converter converts input image data Data-1.2 into image data
Data-M2 (Line 2), the third converter converts input image
data Data-L.3 into image data Data-M3 (Line 3), and the
fourth converter converts input image data Data-L4 into
image data Data-M4 (Line 4). In this case, image data
Data-M0 and image data Data-M4 have the identical voltage
level.

[0063] Then, selector 422 selects converted image data
Data based on the line memory number information (the first
line memory, the second line memory, and the third line
memory). The first selector selects image data Data-M1
(Line 1) to output image data Data-M1 as image data
Data-Q1 (Line 1), the second selector selects image data
Data-M2 (Line 2) to output image data Data-M2 as image
data Data-Q2 (Line 2), the third selector selects image data
Data-M3 (Line 3) to output image data Data-M3 as image
data Data-Q3 (Line 3), and the fourth selector selects image
data Data-M0 (Line 4) to output image data Data-M0 as
image data Data-Q4 (Line 4).

[0064] Preceding-stage line selector 423 outputs input
image data Data of the preceding-stage line (in this case, the
virtual line (Line 0)) out of image data Data-M1 to Data-M4
to difference totalizer 424 as image data Data-Q0.

[0065] Then, the first difference totalizer calculates the
sum (difference sum S1=570) of the voltage level differ-
ences between the pixels corresponding to identical data line
11 in image data Data-Q0 of the preceding-stage line and
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image data Data-Q1 (Line 1) of the first line. The second
difference totalizer calculates the sum (difference sum
S2=581) of the voltage level differences between the pixels
corresponding to identical data line 11 in image data Data-
QO of the preceding-stage line and image data Data-Q2
(Line 2) of the second line. The third difference totalizer
calculates the sum (difference sum S3=577) of the voltage
level differences between the pixels corresponding to iden-
tical data line 11 in image data Data-Q0 of the preceding-
stage line and image data Data-Q3 (Line 3) of the third line.
The fourth difference totalizer calculates the sum (difference
sum S4=595) of the voltage level differences between the
pixels corresponding to identical data line 11 in image data
Data-Q0 of the preceding-stage line and image data Data-Q4
(Line 4) of the fourth line.

[0066] Then, difference minimum line decision unit 425
determines the line memory number that minimizes the
difference total value out of difference sums S1 to S4, and
outputs the line memory number information. Since differ-
ence sum S1 is the minimum value (570), difference mini-
mum line decision unit 425 outputs the line memory number
information indicating the first line memory.

[0067] Then, output selector 430 reads input image data
Data-L1 (Line 1) of the first line memory based on the line
memory number information (first line memory), and out-
puts input image data Data-L1 as output image data DA to
source driver 20. At the same time as reading of input image
data Data-L1 (Line 1), the write controller writes input
image data Data-L.5 (Line 5) of the fifth line in the first line
memory based on the line memory number information (first
line memory) (see “W/R” of the first line memory in FIG. 5).
[0068] Then, difference minimum line decision unit 425
determines the line memory number that minimizes the
difference total value out of difference sums S2 to S4 except
for difference sum S1 of the minimum value, and outputs the
line memory number information. Since difference sum S3
is the minimum value (51), difference minimum line deci-
sion unit 425 outputs the line memory number information
indicating the third line memory. Output selector 430 reads
input image data Data-L.3 (Line 3) of the third line memory
based on the line memory number information (third line
memory), and outputs input image data Data-L.3 as output
image data DA to source driver 20. At the same time as the
read of input image data Data-L3 (Line 3), the write con-
troller writes input image data Data-1.6 (Line 6) of the sixth
line in the third line memory based on the line memory
number information (third line memory) (see “W/R” of the
third line memory in FIG. 5).

[0069] Then, difference minimum line decision unit 425
determines the line memory number that minimizes the
difference total value (S2=720) out of difference sums S2
and S4 except for difference sums S1 and S3 of the mini-
mum values, and outputs the line memory number informa-
tion. Since difference sums S2 and S4 are equal to each
other, difference sums S2 and S4 are determined according
to the input order. Output selector 430 reads input image
data Data-L2 (Line 2) of the second line memory based on
the line memory number information (second line memory),
and outputs input image data Data-1.2 as output image data
DA to source driver 20. At the same time as reading of input
image data Data-L.2 (Line 2), the write controller writes
input image data Data-1.7 (Line 7) of the seventh line in the
second line memory based on the line memory number
information (second line memory) (see “W/R” of the second
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line memory in FIG. 5). Finally, output selector 430 reads
input image data Data-1.4 (Line 4) of the fourth line
memory, and outputs input image data Data-[.4 as output
image data DA to source driver 20.

[0070] In this manner, input image data Data-L1 to Data-
L4 (Line 1 to Line 4) of the first to fourth lines of the first
frame are output to source driver 20 in the order of Line
1—Line 3—Line 2—Line 4.

[0071] The operation performed on input image data Data-
L5 (Line 5) to Data-1.8 (Line 8) of the fifth to eighth lines
of the first frame will be described below.

[0072] When input image data Data-1.8 (Line 8) of the
eighth line is stored in the fourth line memory subsequent to
the above operation, input image data Data-L.8 is simulta-
neously input to the input converter as input image data of
the current line. At this point, based on the line memory
number information (the first line memory, the second line
memory, and the third line memory) output from read object
memory controller 426, the read controller reads input
image data Data-L5 to input input image data Data-L5 to the
first converter, reads input image data Data-16 to input input
image data Data-L6 to the third converter, reads input image
data Data-L7 to input input image data Data-L7 to the
second converter, and reads input image data Data-L8 to
input input image data Data-1.8 to the fourth converter. FIG.
7 illustrates image data Data after the voltage level is
converted by D/V converter 421. The input converter con-
verts input image data Data-L8 into image data Data-M0
(Line 8), the first converter converts input image data
Data-L5 into image data Data-M1 (Line 5), the second
converter converts input image data Data-L7 into image data
Data-M2 (Line 7), the third converter converts input image
data Data-L6 into image data Data-M3 (Line 6), and the
fourth converter converts input image data Data-L8 into
image data Data-M4 (Line 8). In this case. image data
Data-M0 and image data Data-M4 have the identical voltage
level.

[0073] Then, selector 422 selects converted image data
Data based on the line memory number information (the first
line memory, the second line memory, and the third line
memory). The first selector selects image data Data-M1
(Line 5) to output image data Data-M1 as image data
Data-Q1 (Line 5), the second selector selects image data
Data-M2 (Line 7) to output image data Data-M2 as image
data Data-Q2 (Line 7), the third selector selects image data
Data-M3 (Line 6) to output image data Data-M3 as image
data Data-Q3 (Line 6), and the fourth selector selects image
data Data-M0 (Line 8) to output image data Data-M0 as
image data Data-Q4 (Line 8).

[0074] Preceding-stage line selector 423 selects image
data Data-M4 (Line 4) corresponding to input image data
Data of the preceding-stage line (in this case, the fourth line
(Line 4)) out of image data Data-M1 to Data-M4 to output
image data Data-M4 as image data Data-Q0 (Line 4) to
difference totalizer 424.

[0075] Then, the first difference totalizer calculates the
sum (difference sum S1=790) of the voltage level differ-
ences between the pixels connected to identical data line 11
in image data Data-Q0 (Line 4) of the preceding-stage line
and image data Data-Q1 (Line 5) of the fifth line. The second
difference totalizer calculates the sum (difference sum
S2=469) of the voltage level differences between the pixels
connected to identical data line 11 in image data Data-Q0
(Line 4) of the preceding-stage line and image data Data-Q2
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(Line 4) of the seventh line. The third difference totalizer
calculates the sum (difference sum S3=399) of the voltage
level differences between the pixels connected to identical
data line 11 in image data Data-Q0 (Line 4) of the preceding-
stage line and image data Data-Q3 (Line 6) of the sixth line.
The fourth difference totalizer calculates the sum (difference
sum S4=477) of the voltage level differences between the
pixels connected to identical data line 11 in image data
Data-QO0 (Line 4) of the preceding-stage line and image data
Data-Q4 (Line 8) of the eighth line.

[0076] Then, difference minimum line decision unit 425
determines the line memory number that minimizes the
difference total value out of difference sums S1 to S4, and
outputs the line memory number information. Since differ-
ence sum S3 is the minimum value (399), difference mini-
mum line decision unit 425 outputs the line memory number
information indicating the third line memory.

[0077] Then, output selector 430 reads input image data
Data-L6 (Line 6) of the third line memory based on the line
memory number information (third line memory), and out-
puts input image data Data-L.6 as output image data DA to
source driver 20. At the same time as reading of input image
data Data-L6 (Line 6), the write controller writes input
image data Data-1.9 (Line 9) of the ninth line in the third line
memory based on the line memory number information
(third line memory) (see “W/R” of the third line memory in
FIG. 3).

[0078] Then, difference minimum line decision unit 425
determines the line memory number that minimizes the
difference total value out of difference sums S1, S2, S4
except for difference sum S3 of the minimum value, and
outputs the line memory number information. Since differ-
ence sum S2 is the minimum value (70), difference mini-
mum line decision unit 425 outputs the line memory number
information indicating the second line memory. Output
selector 430 reads input image data Data-1.7 (Line 7) of the
second line memory based on the line memory number
information (second line memory), and outputs input image
data Data-L7 as output image data DA to source driver 20.
At the same time as reading of input image data Data-1.7
(Line 7), the write controller writes input image data Data-
L10 (Line 10) of the tenth line in the second line memory
based on the line memory number information (second line
memory) (see “W/R” of the second line memory in FIG. 5).
[0079] Then, difference minimum line decision unit 425
determines the line memory number that minimizes the
difference total value (S4=54) out of difference sums S1 and
S4 except for difference sums S2 and S3 of the minimum
values, and outputs the line memory number information.
Output selector 430 reads input image data Data-L8 (Line 8)
of the fourth line memory based on the line memory number
information (fourth line memory), and outputs input image
data Data-1.8 as output image data DA to source driver 20.
At the same time as reading of input image data Data-1L8
(Line 8), the write controller writes input image data Data-
L11 (Line 11) of the eleventh line in the fourth line memory
based on the line memory number information (fourth line
memory). Finally, output selector 430 reads input image data
Data-L5 (Line 5) of the first line memory, and outputs input
image data Data-15 as output image data DA to source
driver 20.

[0080] In this manner, input image data Data-L5 to Data-
L8 (Line 5 to Line 8) of the fifth to eighth lines in the first
frame are output to source driver 20 in the order of Line
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6—Line 7—=Line 8—Line 5. In the operations performed on
input image data Data-L9 (Line 9) to Data-L12 (Line 12) of
the ninth to twelfth lines in the next first frame, preceding-
stage line selector 423 selects image data Data-M1 (Line 5)
corresponding to input image data Data of the preceding-
stage line (in this case, the fifth line (Line 5)), out of input
image data Data-M1 to Data-M4, and outputs image data
Data-M1 as image data Data-Q0 (Line 5) to difference
totalizer 424. That is, image data Data-Q0 (Line 5) of the
fifth line (Line 5)) becomes the preceding-stage line. Here-
after, timing controller 40 repeatedly performs the above
operation on the first frame in units of four lines. Thus, the
first scan order is determined.

[0081] According to the above configuration, as illustrated
in FIG. 8, after the scan order is switched, the sum of the
voltage level differences for the pixels of N lines (in this
case, four lines) becomes smaller than before the switching
of the scan order. Thus, the drive power can be reduced. The
operation in the first scan order determined by the first
method is performed on a plurality of consecutive frames
(for example, the first to fourth frames).

[0082] The second method for determining the second
scan order will be described below. The operations per-
formed on input image data Data-[.1 (Line 1) to Data-[.4
(Line 4) of the first to fourth lines of the fifth frame will be
described. The second method differs from the first method
in that the converted voltage level of the pixel data corre-
sponding to the virtual line (Line 0) at the preceding stage
of the first line is set to 512 and 0 as illustrated in FIG. 9.
Specifically, in the column inversion drive, the voltage level
of a column of the positive polarity (+) in virtual line Line
0 is set to a high gradation (for example, 512), and the
voltage level of a column of the negative polarity (-) in
virtual line Line 0 is set to the low gradation (for example,
zero). When the voltage level of virtual line Line 0 is set to
a center level (halftone; for example, 256) (first method), the
line closer to a black level is selected in order (in the
ascending order of the gradation of input image data Data).
On the other hand, when the voltage level of the column of
the positive polarity (+) in virtual line Line 0 is set to 512
and the voltage level of the column of the negative polarity
(=) in virtual line Line 0 is set to zero (the second method),
the line closer to a white level is selected in order (in the
descending order of the gradation of input image data Data).
The gradation of input image data Data means the sum of the
gradations of the pixels corresponding to the image signal
(input image data Data) (for one line) input in one horizontal
scan period. As illustrated in FIG. 10B, the scan order can
substantially be reversed with respect to the scan order by
the first method (first scan order) (FIG. 8B). That is, in the
above example, in the first frame (first scan order), the order
is Line 1—=Line 3—Line 2—Line 4—Line 6—Line 7—Line
8—Line 5 (see FIG. 8B), in the fifth frame (second scan
order), the order is Line 4—Line 2—Line 3—Line 1—=Line
5—Line 8—Line 7—Line 6 (see FIG. 10B). In this manner,
the scan order is reversed. The operation in the second scan
order determined by the second method is performed on a
plurality of consecutive frames (for example, the fifth to
eighth frames). The operation in the first scan order deter-
mined by the first method is performed on the subsequent
ninth to twelfth frames. In this manner, the first virtual line
data in which the voltage level of each pixel is set to the
voltage level of halftone (“256” in the above example) is
used as the line data of the preceding-stage line in deter-



US 2018/0268770 A1l

mining the line to be scanned first out of the first N lines (in
this case, four lines) of each frame when the first scan order
is determined, and the second virtual line data in which the
voltage level of each pixel is set to the voltage level of the
low gradation or the high gradation (“512”, “0” in the above
example) is used as the line data of the preceding-stage line
in determining the line to be scanned first out of the first N
lines of each frame when the second scan order is deter-
mined.

[0083] Timing controller 40 switches the first scan order
determined by the first method and the second scan order
determined by the second method for each plurality of
frames. Consequently, the average value of the source
voltage is prevented from shifting from the common voltage
(see FIG. 19), so that the burning on the display screen can
be reduced. When the polarity is inverted every odd-num-
bered frame (for example, for one-frame inversion drive),
timing controller 40 preferably switches the first scan order
and the second scan order for each even-numbered frame.
Similarly, when the polarity is inverted every even-num-
bered frame (for example, for two-frame inversion drive),
timing controller 40 preferably switches the first scan order
and the second scan order for each odd-numbered frame.
Consequently, the average value of the source voltage can be
brought closer to the common voltage.

[0084] The method for reversing the scan order is not
limited to the above method. For example, the head line to
be driven first in each frame may be determined as the first
line or the fourth line, and the scan order for every N lines
may be determined by switching the head line between the
first line and the fourth line in each plurality of frames.

[0085] A specific configuration of gate driver 30 will be
described below. FIG. 11 is a block diagram illustrating the
specific configuration of gate driver 30. Gate driver 30
includes a plurality of gate selectors and a plurality of shift
registers. N gate lines 12 are electrically connected to each
gate selector. The plurality of gate selectors are connected to
each shift register. Gate start pulse STV and gate clock CPV
output from timing controller 40 are input to the first-stage
shift register. The shift clock output from the preceding-
stage shift register and gate clock CPV output from timing
controller 40 are input to the shift registers at the second and
subsequent stages. Each shift register sequentially selects
the gate selector based on gate clock CPV. Gate select signal
Gsel output from timing controller 40 is input to the gate
selector.

[0086] FIG. 12 is a timing chart illustrating the operation
of gate driver 30. In FIG. 12, the case (n=4) that four gate
lines are connected to one gate selector is exemplified
according to the above example (FIG. 5 and the like). As
illustrated in FIG. 12, the gate selectors of the first to fourth
lines are selected by selector selection signal B1, and gate
line 12 is selected in the order of first line G1—>third line
G3—second line G2—fourth line G4 according to gate
select signal Gsel. Subsequently, the gate selectors of the
fifth to eighth lines are selected by selector selection signal
B2, and gate line 12 is selected in the order of sixth line
G6—seventh line G7—eighth line G8—fifth line G5 accord-
ing to gate select signal Gsel. Gate driver 30 is not limited
to the above configuration, but a known configuration can be
adopted.
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[0087] Output timing of timing controller 40, source
driver 20, and gate driver 30 will be described below. FIG.
13 is a timing chart illustrating the output timing of liquid
crystal display device 100.

[0088] A 4-line counter is reset at the beginning of every
four lines of input image data Data, and circulates around
counter values 0 to 3. The timing of writing input image data
Data in the line memory is set identical to the timing of
switching the counter value of the 4-line counter. Counter
value holding unit 410 (see FIG. 3) is provided in each line
memory of memory 41, and gate select information (counter
value) is added to the head of input image data Data when
input image data Data is written in the line memory. Gate
clock CPV is generated by inverting a high-order bit of the
4-line counter. Since output image data DA is delayed by 1
H in source driver 20, a 1 H delay circuit (see FIG. 3) is
provided at the subsequent stage of the 4-line counter in
order to adjust the timing of gate clock CPV. The output
timing of gate selector 45 is set identical to the output timing
of output selector 430. Consequently, the output timing of
source driver 20 is set identical to the output timing of gate
select signal Gsel, and the source voltage is supplied to the
pixels of a predetermined line. The 4-line counter, gate
selector 45, and the delay circuit in FIG. 3 are included in
control signal generator 44 (see FIG. 2).

[0089] With the above configuration, liquid crystal display
device 100 determines the readout order of the plurality of
input image data Data stored in memory 41 and the scan
order of the plurality of gate lines 12 based on the input
image corresponding to input image data Data, and displays
the image.

[0090] Although the column inversion drive is taken as an
example in the above configuration, liquid crystal display
device 100 is not limited to the column inversion drive, but
liquid crystal display device 100 may perform the display
operation by the dot inversion drive. For dot inversion drive
(FIG. 14B), D/V converter 421 converts input image data
Data (see FIG. 4A) into the voltage level in FIG. 14A. Other
operations are identical to those of liquid crystal display
device 100. The sums of voltage level differences with the
preceding-stage line for each pixel are compared in the
above configuration. However, liquid crystal display device
100 is not limited to the comparison of the sums of voltage
level differences, but the sums of power differences with the
preceding-stage line for each pixel may be compared. In this
case, for example, the sum of the squares of the voltage level
differences with the preceding-stage line for each pixel may
be obtained and compared.

[0091] The method for determining the scan order of the
plurality of gate lines 12 is not limited to the above method.
For example, in units of N lines, the sum of the voltage level
differences between the pixels connected to identical data
line 11 is calculated between two adjacent lines, and the scan
order in which the sum is minimized among all combina-
tions of the scan order may be determined. FIG. 15 is a block
diagram illustrating a specific configuration of timing con-
troller 40 for performing this method. The block diagram in
FIG. 15 differs from the block diagram in FIG. 3 in voltage
sum calculator 431 and scan order decision unit 432, and
other configurations are identical. The voltage sum calcula-
tor 431 calculates the sum of the voltage level differences
between the pixels connected to identical data line 11
between two adjacent lines, and calculates the sum of the
voltage level differences among all the combinations of the
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scan order. The scan order decision unit 432 determines the
scan order of gate lines 12 based on the calculation result of
voltage sum calculator 431.

[0092] FIG. 16 illustrates a calculation example of the
voltage level difference between two lines for units of four
lines. FIG. 17 illustrates all the combinations of the scan
order in units of four lines and a calculation example of the
sum of the voltage level differences in each scan order.
According to the examples in FIGS. 16 and 17, the first scan
order becomes the combination in which the sum of the
voltage level differences is minimized (A+D+E+H=1363),
that is, the order of Line 1—=Line 3—Line 2—Line 4. As
illustrated in FIG. 9, the second scan order is determined in
the manner similar to the examples in FIGS. 16 and 17 after
the converted voltage level of the pixel data corresponding
to the virtual line (Line 0) at the preceding stage of the first
line is set to 512 and O (second method). Liquid crystal
display device 100 scans gate line 12 by switching the first
scan order and the second scan order, which are determined
in this manner in each plurality of frames.

[0093] The method for determining the scan order of the
plurality of gate lines 12 may be the following method. For
example, in units of N lines, the scan order may be deter-
mined such that the scanning is performed in the ascending
order (or the descending order) of the total value of the
voltage levels of each line (the digital data value or the
gradation of input image data Data). Specifically, among the
blocks constructed in units of N lines, the odd-numbered
block is scanned in the ascending order of the voltage level
(first scanning order), and the even-numbered block is
scanned in the descending order of the voltage level (second
scan order). Then, for each plurality of frames, the first scan
order and the second scan order are switched.

[0094] In the above method, memory 41 may be con-
structed with a frame memory. In this case, timing controller
40 determines the scan order in units of frames. For
example, timing controller 40 performs the scanning in the
first scan order (for example, in the ascending order of the
frame with respect to the voltage level (or gradation) in four
frames) determined by the first method in the first to fourth
frames, and timing controller 40 performs the scanning in
the second scan order (for example, in the descending order
of the frame with respect to the voltage level (or gradation)
in four frames) determined by the second method in the fifth
to eighth frames. In this case, the gradation of input image
data Data means the sum of the gradations of the pixels
corresponding to the image signal (input image data Data)
(for one frame) input in one vertical scan period.

[0095] While there have been described what are at pres-
ent considered to be certain embodiments of the application,
it will be understood that various modifications may be
made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A display device comprising:

a plurality of data lines extending in a first direction;

a plurality of gate lines extending in a second direction;

a source driver that supplies a data signal to the plurality
of data lines;

a gate driver that supplies a gate signal to the plurality of
gate lines; and
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a timing controller that determines scan order of the
plurality of gate lines and outputs image data to the
source driver based on the scan order,

wherein the timing controller determines the scan order of
the plurality of gate lines based on an input image
corresponding to input image data input from an out-
side, and switches first scan order and second scan
order in each plurality of frames, the first scan order
and the second scan order being different from each
other in the scan order.

2. The display device according to claim 1, wherein

the first scan order is ascending order of a gradation of the
input image data, and

the second scan order is descending order of the gradation
of the input image data.

3. The display device according to claim 1, wherein

the timing controller determines the scan order in units of
N lines (N is an integer of 2 or more), and

in first line data corresponding to a preceding-stage line
and a plurality of second line data corresponding to a
plurality of lines included in the N lines in the input
image data, the timing controller determines the scan
order based on a voltage level difference between
pixels corresponding to the identical data line in each of
the first line data and the second line data.

4. The display device according to claim 3, wherein

when the first scan order is determined, first virtual line
data in which a voltage level of each pixel is set to a
voltage level of halftone is used as the first line data in
determining a line to be scanned first out of first N lines
in each frame, and

when the second scan order is determined, second virtual
line data in which the voltage level of each pixel is set
to a voltage level of a low gradation or a high gradation
in determining the line to be scanned first out of the first
N lines in each frame.

5. The display device according to claim 3, wherein the
timing controller determines a line having a minimum sum
of voltage level differences in the plurality of lines as a line
to be scanned next.

6. The display device according to claim 1, wherein

the timing controller includes a plurality of line memories
that store the input image data for each line, and

the timing controller sequentially reads the input image
data from the plurality of line memories according to
the scan order, and outputs the input image data to the
source driver.

7. A method for driving a display device including:

a plurality of data lines extending in a first direction;

a plurality of gate lines extending in a second direction;

a source driver that supplies a data signal to the plurality
of data lines;

a gate driver that supplies a gate signal to the plurality of
gate lines; and

a timing controller that determines scan order of the
plurality of gate lines and outputs image data to the
source driver based on the scan order,

the method comprising:

determining the scan order of the plurality of gate lines
based on an input image corresponding to input image
data input from an outside; and
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scanning the plurality of gate lines by switching first scan
order and second scan order in each plurality of frames,
the first scan order and the second scan order being
different from each other in the scan order.

N I I
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