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A liquid crystal display is driven at, for example, a frame
frequency of 100 Hz or higher. There are provided a base-4
frame counter 2 and a source control signal generator section
controlling the polarity of the liquid crystal in pixels so as to
alternately repeat, for each frame, a horizontal reversal once
every m lines (m is 2 or a greater positive integer) and a
horizontal reversal once every m lines after shifting the
polarity of the lines in the preceding frame by n lines (n is
a positive integer equal to a half or less of m). The provision
achieves a liquid crystal display and a method of driving the
display, addresses insufficient charging at higher frame

(B1) Int. CL7 oo G09IG 3/36 frequencies and accomplishing higher display quality.
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FIG. 3
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FIG. 4
READING ON 0 1 ) ]
BASE-4 FRAME COUNTER
LINE NUMBER
1 1 1 0 0
2 1 0 0 1
3 0 0 1 1
4 0 1 1 0
5 1 1 0 0
6 1 0 0 1
7 0 0 1 1
8 0 1 1 0
9 1 1 0 0
10 1 0 0 1
11 0 0 1 1
12 0 1 1 0
13 1 1 0 0
14 1 0 0 1
15 0 0 1 1
16 0 1 1 0
17 1 1 0 0
18 1 0 0 1]
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FIG. 6
PRECEDING LINE HAS
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FIG. 7
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FIG. 8
READING ON
BASE-4 FRAME COUNTER 2 3
LINE NUMBER
1 LL HH LL HH
2 HH LL HH LL
3 LL HH LL HH
4 HH LL HH LL
5 LL HH LL HH
6 HH LL HH LL
1 LL HH LL HH
8 HH LL HH LL
9 LL HH LL HH
10 HH LL - HH LL
11 LL HH LL HH
12 HH LL HH LL
13 LL HH LL HH
14 HH LL HH LL
15 LL HH LL HH
16 HH LL HH LL
17 LL HH LL HH
18 HH LL HH LL
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FIG. 9
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FIG. 11
LINE n |
(SAME POLARITY AS
PRECEDING LINE) | TH-
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FIG. 12
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11 L H L H
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13 L H L H
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15 L H L H
16 H L H L
17 L H L H
18 H L H L
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FIG. 14
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FIG. 15
READING ON . 1 ) 3
BASE-4 FRAME COUNTER
LINE NUMBER

1 1l 0 0 1

2 1 1 0 0

3 0 0 1 1

4 0 1 1 0

5 1 0 0 1

6 1 1 0 0

7 0 0 1 1

8 0 1 1 0

9 1 0 0 1

10 1 1 0 0

11 0 0 1 1

12 0 1 1 0

13 1 0 0 1

14 1 1 0 0

15 0 0 1 1

16 0 1 1 0

17 1 0 0 1

18 1 1 0 0
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FIG. 16
PRECEDING LINE HAS
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FIG. 17
READING ON 0 1 9 3
BASE-4 FRAME COUNTER
LINE NUMBER
1 H L H L
2 L H L H
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FIG. 21
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FIG. 23
PRECHARGE | ACTUAL CHARGE
POLARITY CHANGE | GRAYSCALE | GRAYSCALE ‘(‘;‘;E’QE%QPLZ'\‘/‘EE
LEVEL LEVEL
SAME POLARITY 0 0 16
SAME POLARITY 1 0 18
SAME POLARITY 2 0 19
SAME POLARITY 3 0 91
SAME POLARITY 4 0 29
SAME POLARITY 0 1 17
SAME POLARITY : 1 19
SAME POLARITY 2 1 20
SAME POLARITY 3 1 22
OPPOSITE POLARITY 0 0 16
OPPOSITE POLARITY K 0 18
OPPOSITE POLARITY 2 0 19
OPPOSITE POLARITY 3 0 21
OPPOSITE POLARITY 4 0 22
OPPOSITE POLARITY 0 1 17
OPPOSITE POLARITY 1 1 19
OPPOSITE POLARITY 2 i 20
OPPOSITE POLARITY 3 1 22
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FIG. 25

READING ON
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FIG. 26
READING ON
BASE-6 FRAME 0 1 2 3 4 5
COUNTER
LINE NUMBER

1 0 1 1 0 0 0

2 1 1 0 0 0 1

3 0 0 0 1 1 1

4 0 1 1 1 0 0

S 1 1 0 0 0 1

6 0 0 0 1 1 1

1 0 1 1 1 0 0

8 1 1 0 0 0 1

9 0 0 0 1 1 1

10 0 1 1 1 0 0

11 1 1 0 0 0 1

12 0 0 0 1 1 1

13 0 1 1 1 0 0

14 1 1 0 0 0 1

15 0 0 0 1 1 1

16 0 1 1 1 0 0

17 1 1 0 0 0 1

18 4] 0 0 1 1 1
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FIG. 29
Nerectone | LeveLw | OS GRAYSOALE
FRAME _| CURRENT FRAME
0 0 5
0 32 78
0 64 117
0 96 144
0 128 178
0 160 204
0 192 222
0 | 224 248
0 2;5 255
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FIG. 30

GRAYSCALE LEVEL IN | GRAYSCALE LEVEL | OS GRAYSCALE

PRECEDING FRAME | IN CURRENT FRAME LEVEL

0 224 248
0] 225 248
0 226 248
0] 227 248
0 228 249
0 229 249
0] 230 249
0] 231 249
0 232 250
0 233 250
0] 234 250
0 235 250
0 236 251
0 237 251
0 238 251
0 239 251
0] 240 262
0 241 252
0 242 252
0 243 252
0 244 253
0 245 253
0] 246 253
0 247 253
0 248 254
0] 249 254
0 250 254
0 251 254
0] 252 255
0 253 255
0 254 255
0 255 255
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Patent Applications No. 2003-
406282 and No. 2004-318171 filed in Japan on Dec. 4, 2003
and Nov. 1, 2004 respectively, the entire contents of which
are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to active matrix liquid
crystal displays and their driving methods.

BACKGROUND OF THE INVENTION

[0003] Conventional liquid crystal displays for television
sets operate at frame frequencies from 50 Hz through 60 Hz.
Demands are however growing for those operating at double
the frequency, i.e. 100 Hz to 120 Hz, to produce smooth
motion pictures. Since liquid crystal is charged line by line
according to an active matrix scheme, doubling the frame
frequency means simply halving the charging time. A liquid
crystal element is equivalent to a capacitor and is only
insufficiently charged in half the charging time. The element
does not reach the potential required for a display, which
will result in an inaccurate grayscale display and poor
display quality.

[0004] High definition displays needs increased numbers
of scan lines representing each frame, reducing charging
time per line and causing similar insufficient charging. This
degrades display quality. For example, the number of lines
of vertical scan lines of conventional television ranged from
about 400 to 600. Meanwhile, coming high vision television
has double that number at 1080 lines.

[0005] These issues are addressed by, for example, the
conventional methods disclosed in Japanese published
patent applications 2-168229 (Tokukaihei 2-168229/1990;
published on Jun. 28, 1990) and 11-38379 (Tokukaihei
11-38379/1999; published on Feb. 12, 1999).

[0006] According to Tokukaihei 2-168229, the liquid crys-
tal is driven (scanned) a line at a time; at the same timing,
the liquid crystal is preliminarily scanned along at least
another line. The preliminary scanning applies a voltage of
a predicted value to pixels prior to actual scanning, and in
practice adds to the scan period for that line. Thus, this
approach prevents image quality degradation due to insuf-
ficient ON current.

[0007] According to Tokukaihei 11-38379, each scan sig-
nal line is fed with a scan signal during a secondary scan
period. A data signal during that secondary scan period is
diverted for the precharging of a cell. This approach allows
a simple structure to cut down on the charging time of a cell
in a primary scan period.

[0008] These techniques can solve insufficient charging.

[0009] However, the conventional liquid crystal display
still entails insufficient charging when it is expected to
produce a display at such high frame frequencies or a
high-definition display with such largely increased numbers
of horizontal lines as to halve the charging time.

SUMMARY OF THE INVENTION

[0010] The present invention has an objective to provide a
liquid crystal display and its driving method which is

Jun. 9, 2005

capable of addressing insufficient charging even at high
frame frequencies to achieve higher display quality.

[0011] A liquid crystal display of the present invention, to
achieve the objective, is a liquid crystal display in which
pixels are driven by active matrix drive and includes inter-
frame polarity control means controlling to alternately
repeat, for each frame, a first reversal pattern where a
polarity of liquid crystal in the pixels is subjected to a
horizontal reversal once every m lines (m is 2 or a greater
positive integer) and a second reversal pattern where polar-
ity reversal of lines in the first reversal pattern is shifted by
n lines (n is a positive integer equal to a half or less of m).

[0012] A method of driving a liquid crystal display of the
present invention, to achieve the objective, includes the
steps of: driving pixels by active matrix drive; and alter-
nately repeating, for each frame, a first reversal pattern
subjecting a polarity of liquid crystal in the pixels to a
horizontal reversal once every m lines (m is 2 or a greater
positive integer) and a second reversal pattern where the
polarity reversal of lines in the first reversal pattern is shifted
by n lines (n is a positive integer equal to a half or less of
m).

[0013] In other words, the conventional frame frequency
of 50 Hz through 60 Hz is in some cases doubled to 100 Hz
to 120 Hz to produce smooth moving images. In so doing,
if the polarity of the pixels was reversed every frame as in
conventional art, the charge time would be halved, resulting
in insufficient charging.

[0014] Accordingly, in the present invention, the inter-
frame polarity control means controls the polarity of the
liquid crystal in the pixels so that a first reversal pattern
subjecting the polarity of the liquid crystal in the pixels to a
horizontal reversal once every m lines (m is 2 or a greater
positive integer) and a second reversal pattern shifting the
polarity reversal of the lines in the first reversal pattern by
n lines (n is a positive integer equal to a half or less of m)
are alternately repeated for each frame.

[0015] As a result, a reversal takes place with at least two
frames as a unit. Replacing with the conventional frame
frequency of 50 Hz through 60 Hz, the human eye will
perceive as an average of sufficient charging and insufficient
charging due to a polarity change.

[0016] Thus, the liquid crystal display is realized which
addresses insufficient charging and achieves higher display
quality even at high frame frequencies.

[0017] The frame frequency for the active matrix drive is
preferably 100 Hz or higher. It may be however 50 Hz or
higher for the following reasons.

[0018] A conventional technique exists whereby the gray-
scale level r and the grayscale level s are alternately dis-
played between frames to produce an intermediate grayscale
level as part of pseudo-grayscale level technology (whereby
the number of apparent grayscale levels is increased by, for
example, simulating 8-bit color reproduction on hardware
capable of 6-bit color reproduction). With this technique,
grayscale levels can be averaged at ordinary frame frequen-
cies of 50 Hz through 60 Hz. Thus, the technique of the
present invention can be implemented also at 50 to 60 Hz.
Note that the pseudo-grayscale level technology still causes
some display quality degradation. When display quality is



US 2005/0122295 Al

the priority, it is desirable if the invention is implemented at
100 Hz or higher frame frequencies which is double the
conventional frame frequencies.

[0019] Another liquid crystal display of the present inven-
tion, to achieve the objective, is a liquid crystal display in
which pixels are driven by active matrix drive where a frame
frequency is 100 Hz or higher, and includes interframe
polarity control means controlling a polarity of liquid crystal
in the pixels every so that a horizontal reversal for every two
lines and a horizontal reversal for every line are alternately
repeated for each frame.

[0020] Another method of driving a liquid crystal display
in the present invention, to achieve the objective, includes
the steps of: driving pixels by active matrix drive at a frame
frequency of 100 Hz or higher; and alternately repeating, for
each frame, a horizontal reversal for every two lines and a
horizontal reversal for every line with respect to a polarity
of liquid crystal in the pixels.

[0021] According to the invention, the interframe polarity
control means controls the polarity of the liquid crystal in the
pixels so that a horizontal reversal for every two lines and a
horizontal reversal for every line are alternately repeated for
each frame.

[0022] Therefore, each pixels switches polarity only once
every two frames. However, since the use of double the
frame frequency or higher is a condition, the resultant
frequency is equal to that in conventional once-per-frame
switching. Also, the reversal pattern is complex in compari-
son with conventional cases because of the alternate repeti-
tion of a horizontal reversal for every two lines and a
horizontal reversal for every line. The nature of flickering
thus becomes more difficult to perceive in comparison with
conventional cases.

[0023] Another liquid crystal display of the present inven-
tion, to achieve the objective, is a liquid crystal display in
which pixels are driven by active matrix drive, wherein a
frame frequency is 100 Hz or higher; and the display
includes polarity control means subjecting, for each frame,
a polarity of liquid crystal in the pixels to a horizontal
reversal once for a number of lines.

[0024] Another method of driving a liquid crystal display
of the present invention, to achieve the objective, includes
the steps of: driving pixels by active matrix drive at a frame
frequency of 100 Hz or higher; and subjecting a polarity of
liquid crystal in the pixels to a horizontal reversal for a
number of lines for each frame.

[0025] In other words, when the conventional frame fre-
quency of 50 Hz through 60 Hz is, for example, doubled to
100 Hz through 120 Hz to produce smooth moving images,
if the polarity of the pixels was reversed every frame as in
conventional art, the charge time would be halved, resulting
in insufficient charging.

[0026] However, According to the present invention, the
polarity control means subjects, for each frame, a polarity of
liquid crystal in the pixels to a horizontal reversal once for
a number of lines.

[0027] Therefore, for example, when the frame frequency
is double the conventional frame frequency, by implement-
ing a horizontal reversal once every two lines, as a result, the
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same display quality as at the conventional frame frequency
of 50 Hz through 60 Hz is achieved.

[0028] Additional objects, advantages and novel features
of the invention will be set forth in part in the description
which follows, and in part will become apparent to those
skilled in the art upon examination of the following or may
be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a block diagram illustrating an embodi-
ment of the liquid crystal display in accordance with the
present invention.

[0030] FIG. 2 is a plan view illustrating the matrix
arrangement of subpixels in the liquid crystal panel of the
liquid crystal display.

[0031] FIG. 3 is a perspective view illustrating the strue-
ture of a subpixel in the liquid crystal panel of the liquid
crystal display.

[0032] FIG. 4 shows a polarity signal output supplied to
lines from a source control signal generator section based on
a base-4 frame counter in the liquid crystal display.

[0033] FIG. 5(a) is a plan view representing the polarity
of liquid crystal in the subpixels of a line when the polarity
signal is [0]. FIG. 5(b) is a plan view representing the
polarity of liquid crystal in the subpixels of a line when the
polarity signal is [1].

[0034] FIG. 6 is a waveform diagram demonstrating how
a charging voltage for subpixels in the liquid crystal display
changes with the polarity of the preceding line.

[0035] FIG. 7 is a waveform diagram demonstrating how
a charging voltage for subpixels in the liquid crystal display
changes with the polarity of the preceding frame.

[0036] FIG. 8 shows the previous polarity of subpixels in
the liquid crystal display.

[0037] FIG. 9, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, is a waveform diagram demonstrating how a charging
voltage for subpixels in the liquid crystal display changes
with the polarity of the preceding line.

[0038] FIG.10is a waveform diagram showing timings in
the liquid crystal display at a typical gate voltage.

[0039] FIG. 11 is a waveform diagram showing timings of
the gate voltage in the liquid crystal display in FIG. 9.

[0040] FIG. 12 shows the previous polarity of subpixels in
the liquid crystal display in FIG. 9.

[0041] FIG. 13, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, is a block diagram illustrating the arrangement of a
liquid crystal display containing an output capability switch-
ing section in a source driver section.

[0042] FIG. 14 is a waveform diagram demonstrating how
a charging voltage for subpixels in the liquid crystal display
changes with the polarity of the preceding line.

[0043] FIG. 15, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
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tion, shows a polarity signal output from a source control
signal generator section in the liquid crystal display.

[0044] FIG. 16 is a waveform diagram demonstrating how
a charging voltage for subpixels in the liquid crystal display
changes with the polarity of the preceding line.

[0045] FIG. 17 shows the previous polarity of subpixels in
the liquid crystal display in FIG. 15.

[0046] FIG. 18, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, is a waveform diagram showing timings of the gate
voltage in the liquid crystal display.

[0047] FIG. 19 is a waveform diagram demonstrating how
a charging voltage for subpixels in the liquid crystal display
changes with the polarity of the preceding frame.

[0048] FIG. 20, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, is a waveform diagram demonstrating how a charging
voltage for subpixels in the liquid crystal display changes
with the polarity of the preceding frame.

[0049] FIG. 21 is a waveform diagram demonstrating how
a charging voltage for subpixels in the liquid crystal display
changes in actual charging.

[0050] FIG. 22 is a waveform diagram demonstrating how
a charging voltage for subpixels in the liquid crystal display
changes when the source voltage is corrected.

[0051] FIG. 23, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, shows a lookup table representing relationships
between the precharge voltage, the actual charge voltage,
and the actually applied voltage in terms of grayscale levels,
in relation to attributes of the preceding frame.

[0052] FIG. 24, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, is a block diagram illustrating the arrangement of a
liquid crystal display.

[0053] FIG. 25 shows a polarity signal output supplied to
lines from a source control signal generator section based on
a base-6 frame counter in the liquid crystal display when the
polarity of pixels is to be reversed.

[0054] FIG. 26 shows a polarity signal output supplied to
lines from a source control signal generator section based on
a base-6 frame counter in the liquid crystal display when the
polarity of pixels is to be reversed so that a horizontal
reversal occurs every two lines for some lines and every line
for other lines in each frame.

[0055] FIG. 27, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, is a block diagram illustrating the arrangement of a
liquid crystal display.

[0056] FIG. 28, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, is a conceptual drawing illustrating a frame interpola-
tion method.

[0057] FIG. 29 is a drawing illustrating an overshoot
grayscale level required by the liquid crystal display to make
a transition from grayscale level 0 to a current frame
grayscale level.
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[0058] FIG. 30 is a drawing illustrating an overshoot
grayscale level required by the liquid crystal display to make
a transition from grayscale level O to current frame grayscale
levels 224 to 255.

[0059] FIG. 31, relating to another embodiment of the
liquid crystal display in accordance with the present inven-
tion, is a conceptual drawing illustrating a frame interpola-
tion method.

DESCRIPTION OF THE EMBODIMENTS

Embodiment 1

[0060] The following will describe an embodiment of the
present invention in reference to FIG. 1 through FIG. 8.

[0061] A liquid crystal display 10, as the display of the
present embodiment, is connected a PC (personal computer),
TV tuner, or like device that outputs image data. As shown
in FIG. 1, the display 10 includes a data input section 1, a
base-4 frame counter 2, a source control signal generator
section 3, a gate control signal generator section 4, a source
driver section (source drive means) 5, a gate drive section
(zate drive means) 6, a liquid crystal panel 7, and a backlight
(not shown in the figure).

[0062] The liquid crystal panel 7 contains a matrix array of
subpixels 11 as shown in FIG. 2. FIG. 3 is a close-up of a
subpixel 11, includes a source bus line 12, a gate bus line 13,
a TFT transistor 14, a pixel electrode 15, and a common
electrode 16.

[0063] The data input section 11in FIG. 1 receives an input
signal from an external device (not shown), detects the edges
of frames and lines from input signals in reference to
synchronization signals, and sends signals indicating edge
detections to the base-4 frame counter 2, the source control
signal generator section 3, and the gate control signal
generator section 4.

[0064] The base-4 frame counter 2 is a base-4 counter for
frame edges. The counter increments: “0, 1, 2, 3,0, 1,2 ..
. ” The count is sent to the source control signal generator
section 3.

[0065] The source control signal generator section 3 gen-
erates control signals dictating the operation of the source
driver section 3, including clocks, source start pulses, latch
pulses, a polarity signal, and image data for the pixels. The
polarity signal is determined based on a line number and a
count given by the base-4 frame counter 2 in reference to the
table in FIG. 4. That is, either the polarity signal [0] or [1]
shown in FIG. 4 is output depending on a line number and
a count given by the base-4 frame counter 2. Therefore, the
source control signal generator section 3 and the base-4
frame counter 2 operate as interframe polarity control means
in accordance with the present invention.

[0066] The control signals are sent to the source driver
section 5. The gate control signal generator section 4 gen-
erates a gate clock and gate start pulses dictating the
operation of the gate drive section 6 to send data to the gate
drive section 6.

[0067] The source driver section 5 applies voltage to the
source bus lines 12 of the liquid crystal panel 7 in accor-
dance with the source control signals. The gate drive section
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6 applies voltage 1o the gate bus lines 13 sequentially, a line
at a time in accordance with the gate control signals.

[0068] The liquid crystal panel 7, which is an image
display device, is constructed of a matrix of subpixels 11.

[0069] The backlight (not shown) is disposed behind the
liquid crystal panel 7, to supply light to the liquid crystal
panel 7.

[0070] The source bus lines 12 are provided as many as the
columns of subpixels 11. The lines 12 are disposed in
vertical power supply lines in the liquid crystal panel 7. Each
source bus line 12 connects the source driver section 5 to the
TFT transistors 14 in the associated column of subpixels 11.

[0071] The gate bus lines 13 are provided as many as the
rows of subpixels 11. The lines 13 are disposed in horizontal
power supply lines in the liquid crystal panel 7. Each gate
bus line 13 connects the gate drive section 6 to the TFT
transistors 14 in the associated row of subpixels 11.

[0072] Each TFT transistor 14 is a transistor device,
applying the voltage on the source bus line 12 to the pixel
electrode 15 when the voltage on the gate bus line 13 is
greater than the voltage on the source bus line 12.

[0073] The pixel electrode 7 is formed on a panel glass
sheet. The common electrode 16 is formed on another panel
glass sheet. A voltage called a common voltage is applied to
the common electrode 16.

[0074] Liquid crystal is enclosed between the panel glass
sheets. The pixel electrodes 15 and the common electrode
16, provided respectively in the top and bottom panels,
develop an electric field across the liquid crystal so as to
move the liquid crystal molecule therein.

[0075] Now, the present embodiment will be described in
detail in terms of operation.

[0076] Assume that the data input section 1 receives
signals at a frame frequency of 120 Hz which is double the
ordinary frame frequency of 60 Hz. Also, assume dot-
reversal drive as the drive scheme.

[0077] First, the data input section 1 detects the edges of
frames and lines from input signals in reference to synchro-
nization signals, and sends signals indicating edge detec-
tions to the base-4 frame counter 2. The base-4 frame
counter 2 counts those frame edge detection signals. The
counter works in the base-4 number system and increments:
“0,1,2,3,0,1,2,3,0,1,...7" The source control signal
generator section 3 receives the line edge detection signals
and image data from the data input section 1 and the count
from the base-4 frame counter 2, to generate control signals
dictating the operation of the source driver section 5, includ-
ing clocks, source start pulses, latch pulses, a polarity signal,
and image data for the pixels.

[0078] Under these circumstances, a conventional liquid
crystal module would reverse the polarity of the liquid
crystal for each frame. In the present embodiment, polarity
reversal takes place based on the polarity signal [0] and [1]
as in FIG. 4, not for each frame.

[0079] In the present embodiment, owing to the polarity
signal [0] and [1], combined with the dot-reversal drive, the
subpixels 11 in each row switch polarity as demonstrated in
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FIGS. 5(a), 5(b) in which the “+” symbol indicates the
positive, and the symbol “~” the opposite.

[0080] Specifically, still referring to FIG. 4, when the
base-4 counter reads 0, indicating a first frame, the polarity
signal [1] is output during the horizontal period for line 1.
Next, the polarity signal [1] is output similarly during the
horizontal period for line 2. Then, the polarity signal [0] is
output during the horizontal periods for lines 3, 4. In this
manner, the polarity signal repeatedly switches between [1]
and [0] for every two lines until the first frame is complete.

[0081] As the base-4 counter changes to read 1, indicating
a second frame, the polarity signal [1] is output during the
horizontal period for line 1. Next, the polarity signal [0] is
output during the horizontal periods for lines 2, 3. Then, the
polarity signal [1] is output during the horizontal periods for
lines 4, 5. In this manner, the polarity signal repeatedly
switches between [1] and [0] for every two lines until the
second frame is complete.

[0082] As the base-4 counter changes further to read 2,
indicating a third frame, the polarity signal [0] is output
during the horizontal periods for lines 1, 2. Next, the polarity
signal [1] is output during the horizontal periods for lines 3,
4. Then, the polarity signal [0] is output during the horizon-
tal periods for lines 5, 6. In this manner, the polarity signal
repeatedly switches between [1] and [0] for every two lines
until the third frame is complete.

[0083] Moreover, as the base-4 counter changes to read 3,
indicating a fourth frame, the polarity signal [0] is output
during the horizontal period for line 1. Next, the polarity
signal [1] is output during the horizontal periods for lines 2,
3. Then, the polarity signal [0] is output during the horizon-
tal periods for lines 4, 5. In this manner, the polarity signal
repeatedly switches between [1] and [0] for every two lines
until the fourth frame is complete.

[0084] As to the succeeding frame, the base-4 counter
returns to 0. The polarity signal changes between [0] and [1]
as discussed in the above in accordance with the reading
count (0 to 3) given by the base-4 counter.

[0085] According to this polarity reversal scheme, a hori-
zontal reversal takes place once every two lines in the frame.
Further, comparing the reversal control while the base-4
counter is reading 0, that is, in the first frame with the
reversal control while the base-4 counter is reading 1, that is,
in the second frame, the reversal control for the second
frame differs from the reversal control for the first frame by
an equivalent to one line. Similarly, the reversal control for
the third frame differs from the reversal control for the
second frame by an equivalent to one line. The reversal
control for the fourth frame differs from the reversal control
for the third frame by an equivalent to one line.

[0086] The polarity signal, either [0] or [1], characterized
as above, is fed from the source control signal generator
section 3 to the source driver section 5.

[0087] Next, the source driver section 5 applies a voltage
to each source bus line 12 in accordance with the control
signals. For example, for a common voltage of about 6 V, the
positive voltage applied to the source bus line 12 will be set
to 6 V to 12 V depending on the image data, whereas the
opposite voltage applied will be set to 0 Vto 6 V.
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[0088] First, upon receiving frame edge and line edge
information from the data input section 1, the gate control
signal generator section 4 transmits control signals, includ-
ing gate start pulses and a gate clock, which dictate the
operation of the gate drive section 6, to the gate drive section
6. Upon receiving a gate start pulse, the gate drive section 6
applies HIGH voltage to line 1 and LOW voltage to the other
lines. On the next rise of the gate clock, the section 6 applies
HIGH voltage only to line 2 and LOW voltage to the other
lines. On the succeeding rise of the gate clock, the section 6
applies HIGH voltage only to line 3 and LOW voltage to the
other lines. The procedure is repeated for the following lines.
In other words, the HIGH voltage line is shifted sequentially
line by line.

[0089] The HIGH voltage applied to the gates is about 32
Vto 36 V, whereas the LOW voltage is about -9 Vito -6 V,
as an example. Voltage is thus applied to the subpixels 11
line by line. Switching the voltage of the source bus line 12
with respect to a common potential alternates the polarity of
the voltage applied to the liquid crystal. This polarity
reversal prevents display quality degradation due to polar-
ization of liquid crystal under a constant voltage. However,
a brightness difference between the anode and the cathode,
if present, is visible as flickering to the human eye. The
visibility varies depending on the brightness difference and
the frequency of changes.

[0090] In the case of the present embodiment, each pixel
switches polarity only once every two frames. However,
since the use of double the frame frequency is a condition,
the resultant frequency is equal to that in conventional
once-per-frame switching. The nature of flickering does not
differ between the present embodiment and conventional art.

[0091] Doubling the frame frequency improves smooth-
ness and continuity in playing video, producing crisp video
playback. A disadvantage is that the horizontal period of the
present embodiment, in which charging must be completed
to drive the liquid crystal, is halved. This is the cause of
insufficient charging which in turn results in the potential of
the liquid crystal failing to reach a predetermined value and
to produce a grayscale level display. Serious performance
degradation ensues. Differences develop over time and
across the screen between those regions where polarity is
reversed and those where it is not. The differences are visible
as, for example, stripes to the human eye. Further, white
brightness falls in normally black mode, and black bright-
ness rises in normally white mode. In other words, in
normally white, a black display does not appear sufficiently
black, but appears whitish under insufficient charging. This
is an increased level of black brightness.

[0092] A cause of the insufficient charging is a voltage
difference between the source bus line 12 which has the
same polarity as the preceding line and that which has an
opposite polarity to the preceding line, as shown in FIG. 6.
This is a result of the horizontal reversal taking place once
every two lines. FIG. 6 demonstrates a rising waveform.
The same can be said about a falling waveform.

[0093] Another cause of the insufficient charging, which
can happen in the present embodiment, is a difference in
voltage of the pixel electrodes 15 after charging, depending
on whether the polarity is changed or maintained from the
preceding frame, as shown in FIG. 7. This is a result of
polarity being changed for some pixel electrodes and main-
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tained for the other pixel electrodes between frames. FIG. 7
demonstrates a rising waveform. The same can be said about
a falling waveform. The reversal of the present embodiment
however is based on FIG. 4, thus ultimately achieving the
polarity conditions shown in FIG. 8. Each symbol in the
table is made up two letters, either “L” or “H.” The left-hand
letter refers to the polarity of the preceding line, with an L
indicating an opposite polarity and an H indicating the same
polarity. The right-hand letter refers to the polarity in the
preceding frame, with an L indicating an opposite polarity
and an H indicating the same polarity. “HH” shows the same
charging taking place as at a frame frequency of 60 Hz,
which results in sufficient charging. In contrast, “LL” shows
the same charging taking place as a horizontal reversal for
every line and for every frame at a frame frequency of 120
Hz.

[0094] This drive scheme causes changes in brightness
over time. However, an alternation typically occurs at
double the frame frequency and looks like an average of LL
and HH to the human eye. This is because the difference in
brightness between LL and HH is smaller than differences in
brightness between typical moving images and hard to
perceived for the human eye.

[0095] Brightness is unstable, and sufficient grayscale
levels cannot be reproduced, when charging is insufficient.
The problem is addressed by mixing with the HH brightness
where a sufficient grayscale level display is achieved. Thus,
stability, hence grayscale level reproduction ability, is
improved.

[0096] With these measures implemented, in comparison
with simply raising the frame frequency with conventional
technology, grayscale level displays are produced in a more
stable manner, and performance degradation where white
brightness falls in normally black mode and black brightness
rises in normally white mode is addressed, in 120 Hz drive.

[0097] The foregoing description has assumed dot reversal
as an example. The same effects are achieved with simpler
line reversal.

[0098] In this manner, in the liquid crystal display 10 of
the present embodiment, the pixels are driven by an active
matrix scheme at 100 Hz or higher frame frequencies. There
is provided the base-4 frame counter 2 and the source control
signal generator section 3 which control the polarity of the
liquid crystal in the pixels so that a horizontal reversal for
every two lines in each frame and a horizontal reversal for
every two lines after shifting the polarity of the lines in the
preceding frame by one line are alternately repeated.

[0099] In other words, the conventional frame frequency
of 50 Hz through 60 Hz is in some cases doubled to 100 Hz
to 120 Hz to produce smooth moving images. In so doing,
if the polarity of the pixels was reversed every frame as in
conventional art, the charge time would be halved, resulting
in insufficient charging.

[0100] Accordingly, in the present embodiment, the
base-4 frame counter 2 and the source control signal gen-
erator section 3 control the polarity of the liquid crystal in
the pixels so that a horizontal reversal for every two lines in
each frame and a horizontal reversal for every two lines after
shifting the polarity of the lines in the preceding frame by
one line are alternately repeated.
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[0101] As a result, a reversal takes place with at least two
frames as a unit. Therefore, the human eye will perceive as
an average of sufficient charging and insufficient charging
due to a polarity change, that is, the conventional frame
frequency of 50 Hz through 60 Hz.

[0102] Thus, the liquid crystal display 10 is realized which
addresses insufficient charging and achieves higher display
quality even at high frame frequencies.

[0103] Further, in the liquid crystal display 10 of the
present embodiment, the pixels are driven by an active
matrix scheme at 100 Hz or higher frame frequencies. There
is provided the base-4 frame counter 2 as polarity control
means subjecting the polarity of the liquid crystal in the
pixels to horizontal reversal once for a certain number of
lines for each frame for each frame.

[0104] In other words, when the conventional frame fre-
quency of 50 Hz through 60 Hz is, for example, doubled to
100 Hz through 120 Hz to produce smooth moving images,
if the polarity of the pixels was reversed every frame as in
conventional art, the charge time would be halved, resulting
in insufficient charging.

[0105] However, according to the present embodiment,
the base-4 frame counter 2 subjects the polarity of the liquid
crystal in the pixels to horizontal reversal once for a certain
number of lines for each frame.

[0106] Therefore, for example, when the frame frequency
is double the conventional frame frequency, by implement-
ing a horizontal reversal once every two lines, as a result, the
same display quality as at the conventional frame frequency
of 50 Hz through 60 Hz is achieved.

[0107] The foregoing description has assumed doubling
the frame frequency. Alternatively, the embodiment can be
implemented at the original frequency. It is conventionally
known to alternately display the grayscale level r and the
grayscale level s between frames to produce an intermediate
grayscale level as part of pseudo-grayscale level technology
(whereby the number of apparent grayscale levels is
increased by, for example, simulating 8-bit color reproduc-
tion on hardware capable of 6-bit color reproduction). With
this technique, grayscale levels can be averaged at ordinary
frame frequencies of 50 Hz through 60 Hz. Thus, the
technique of the present embodiment can be implemented
also at 50 Hz through 60 Hz. Note that the pseudo-grayscale
level technology still causes some display quality degrada-
tion. When display quality is the priority, it is desirable if the
embodiment is implemented at 100 Hz or higher frame
frequencies which is double the conventional frame frequen-
cies.

[0108] In addition, in the liquid crystal display 10 of the
present embodiment, are employed the liquid crystal panel
7, source drive section 3, and gate drive section 6 which are
all typical. Therefore, in a liquid crystal display 10 contain-
ing a typical liquid crystal panel 7, source drive section 5,
and gate drive section 6, insufficient charging is addressed
and higher display quality is achieved even at high frame
frequencies.

Embodiment 2

[0109] The following will describe another embodiment in
accordance with the present invention in reference to FIG.

Jun. 9, 2005

9 through FIG. 12. The present embodiment shares the
arrangement as embodiment 1 unless otherwise stated. In
addition, for convenience, members of the present embodi-
ment that have the same arrangement and function as
members of embodiment 1, and that are mentioned in that
embodiment are indicated by the same reference numerals
and description thereof is omitted.

[0110] As mentioned in embodiment 1, again in the
present embodiment, the liquid crystal display 10 switches
the polarity signal between [0] and [1] as shown in FIGS. 4,

5(a), 5(b).

[0111] Therefore, each pixel switches polarity only once
every two frames. However, since the use of double the
frame frequency is a condition, the resultant frequency is
equal to that in conventional once-per-frame switching. The
nature of flickering does not differ between the present
embodiment and conventional art.

[0112] Doubling the frame frequency improves smooth-
ness and continuity in playing video, producing crisp video
playback. A disadvantage is that the horizontal period of the
present embodiment, in which charging must be completed
to drive the liquid crystal, is halved. This is the cause of
insufficient charging which in turn results in the potential of
the liquid crystal failing to reach a predetermined value and
to produce a grayscale level display. Serious performance
degradation ensues. Differences develop over time and
across the screen between those regions where polarity is
reversed and those where it is not. The differences are visible
as, for example, stripes to the human eye. Further, white
brightness falls in normally black mode, and black bright-
ness rises in normally white mode. A cause of the insufficient
charging is a voltage difference between the source bus line
which has the same polarity as the preceding line and that
which has an opposite polarity to the preceding line. This is
due to the 2H reversal.

[0113] Accordingly, in the present embodiment, as shown
in FIG. 9, the charge time is varied depending on the
polarity of the preceding line to eliminate the differences
between the values reached by the voltages. In other words,
The values reached by the voltages are made equal by
selecting a in 1H-c. when the preceding line has the same
polarity and in 1H+a when the preceding line has an
opposite polarity. “1H” refers to the time of one horizontal
scan period.

[0114] In the present embodiment, a reversal is imple-
mented using 2H. The length equivalent to two lines is
1H-a+1H+0=2H, which is equal to the original length, 2H,
of two lines. No surplus or shortage occurs in the process.
The process is readily implemented by manipulating the
pulses applied to the gate bus lines. In addition, the wave-
form, shown in FIG. 10, which is applied to the gate bus
lines is readily realized by altering as shown in FIG. 11. The
foregoing description has assumed positive changes. The
same can be said about opposite changes.

[0115] Another cause of the insufficient charging, which
can happen in present embodiment 2, is a difference in
voltage of the pixel electrodes after charging, depending on
whether the polarity is changed or maintained from the
preceding frame, as shown in FIG. 7. This is a result of
polarity being changed for some pixel electrodes and main-
tained for the other pixel electrodes between frames.
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[0116] FIG. 7 demonstrates a rising waveform. The same
can be said about a falling waveform. The reversal of the
present embodiment however is based on FIG. 4, thus
achieving the polarity conditions shown in FIG. 12.

[0117] In the figure, the “L” symbol indicates that the
preceding line is of an opposite polarity, “H” indicates that
the preceding line is of the same polarity. “H” shows the
same charging taking place as at a frame frequency of 60 Hz,
which results in sufficiently charging. “L” shows the same
charging taking place as a 1H reversal 1-frame reversal at a
frame frequency of 120 Hz.

[0118] The drive scheme causes changes in brightness
over time. However, an alternation typically occurs at
double the frame frequency and looks like an average of L
and H to the human eye. This is because the difference in
brightness between L and H is smaller than differences in
brightness between typical moving images and hard to
perceive for the human eye.

[0119] Brightness is unstable due to variations between
liquid crystal panels 7 and other factors, and sufficiently
grayscale levels cannot be reproduced, when charging is
insufficient. The problem is addressed by mixing colors with
the H brightness where a sufficient grayscale level display is
achieved. Thus, stability, hence grayscale level reproduction
ability, is improved.

[0120] With these measures implemented, in comparison
with simply raising the frame frequency with conventional
technology, grayscale level displays are produced in a more
stable manner, and performance degradation where white
brightness falls in normally black mode and black brightness
rises in normally white mode is addressed, in 120 Hz drive.

[0121] Present embodiment 2 has assumed dot reversal.
The same effects are achieved with simpler line reversal.

[0122] In this manner, in the liquid crystal display 10 of
the present embodiment, there is provided the gate drive
section 6 as gate drive means regulating the gate pulse width
on each of the two lines during a horizontal scan period
which covers two lines when implementing a horizontal
reversal once every two lines.

[0123] In addition, in the liquid crystal display 10 of the
present embodiment, the gate drive section 6 regulates the
gate pulse width on each line in accordance with the polarity
of the pixels in the preceding line.

[0124] In other words, charge insufficient occurs depend-
ing on whether the polarity of the pixels in the preceding line
is of the same or opposite polarity, which appears like stripes
to the human eye.

[0125] Accordingly, in the present embodiment, the gate
drive section 6 regulates the gate pulse width on each of the
two lines during a horizontal scan period which covers two
lines when implementing a horizontal reversal once every
two lines. Thus, even when the gate pulse width is increased/
decreased in any of the lines, no problem occurs as a drive
scheme provided that the widths as a whole make up a
horizontal scan period covering two lines. In other words, it
would suffice to increase the gate pulse width when charging
is insufficient due to the relationship with the polarity in the
preceding line and decrease, by the time of the width, the
time for the gate pulse width where charge is sufficient due
to the relationship with the polarity in the preceding line.
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[0126] Thus, there can be provided the liquid crystal
display 10 capable of addressing insufficient charging and
achieving higher display quality.

Embodiment 3

[0127] The following will describe another embodiment in
accordance with the present invention in reference to FIG.
13 and FIG. 14. The present embodiment shares the arrange-
ment as embodiments 1, 2 unless otherwise stated. In
addition, for convenience, members of the present embodi-
ment that have the same arrangement and function as
members of embodiments 1, 2, and that are mentioned in
that embodiment are indicated by the same reference numer-
als and description thereof is omitted.

[0128] As mentioned in embodiment 1, again in the
present embodiment, the liquid crystal display 10 switches
the polarity signal between [0] and [1] as shown in FIGS. 4,
5(a), 5(b).

[0129] Therefore, each pixel switches polarity only once
every two frames. However, since the use of double the
frame frequency is a condition, the resultant frequency is
equal to that in conventional once-per-frame switching. The
nature of flickering does not differ between the present
embodiment and conventional art.

[0130] Doubling the frame frequency improves smooth-
ness and continuity in playing video, producing crisp video
playback. A disadvantage is that the horizontal period, in
which charging must be completed to drive the liquid
crystal, is halved. This is the cause of insufficient charging
which in turn results in the potential of the liquid crystal
failing to reach a predetermined value and to produce a
grayscale level display. Serious performance degradation
ensues. Differences develop over time and across the screen
between those regions where polarity is reversed and those
where it is not. The differences are visible as, for example,
stripes to the human eye. Further, white brightness falls in
normally black mode, and black brightness rises in normally
white mode.

[0131] A cause of the insufficient charging is a voltage
difference between the source bus line which has the same
polarity as the preceding line and that which has an opposite
polarity to the preceding line. This is due to the 2H reversal.

[0132] Accordingly, in present embodiment 3, since it is
known in advance whether the preceding line is of the same
or opposite polarity, as shown in FIG. 13, the source driver
section 5 is provided with an output ability switching section
5a as source voltage switch means switching the output
applied to the source bus lines 12. The output ability is
switched between, for example, 16 mA when the preceding
line has an opposite polarity and 8 mA when the preceding
line has the same polarity.

[0133] Thus, since the rise rate of the voltage applied to
the source bus lines 12 increases at high ability, as shown in
FIG. 14, the voltage of the source bus lines 12 when the
preceding line has the same polarity can be rendered equal
to that when the preceding line has an opposite polarity.

[0134] Similarly to embodiment 1, another cause of the
insufficient charging, which can happen in present embodi-
ment 3, is a difference in voltage of the pixel electrodes after
charging, depending on whether the polarity is changed or
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maintained from the preceding frame, as shown in FIG. 7.
This is a result of polarity being changed for some pixel
electrodes and maintained for the other pixel electrodes
between frames. FIG. 7 demonstrates a rising waveform.
The same can be said about a falling waveform. The reversal
of present embodiment 3 however is based on FIG. 4, thus
achieving the polarity conditions shown in FIG. 12. simi-
larly to embodiment 2.

[0135] In the figure, the “L” symbol indicates that the
preceding line is of an opposite polarity, “H” indicates that
the preceding line is of the same polarity. Here, “H” shows
the same charging taking place as at a frame frequency of 60
Hz, which results in sufficiently charging. “L” shows the
same charging taking place as a 1H reversal 1-frame reversal
at a frame frequency of 120 Hz.

[0136] This drive scheme causes changes in brightness
over time. However, an alternation typically occurs at
double the frame frequency and looks like an average of L
and H to the human eye. This is because the difference in
brightness between L and H is smaller than differences in
brightness between typical moving images and hard to
perceive for the human eye.

[0137] Brightness is unstable due to variations between
liquid crystal panels 7 and other factors, and sufficient
grayscale levels cannot be reproduced, when charging is
insufficient. The problem is addressed by mixing colors with
the H brightness where a sufficient grayscale level display is
achieved. stability, hence grayscale level reproduction abil-
ity, is improved.

[0138] With these measures implemented, in comparison
with simply raising the frame frequency with conventional
technology, grayscale level displays are produced in a more
stable manner, and performance degradation where white
brightness falls in normally black mode and black brightness
rises in normally white mode is addressed, in 120 Hz drive.

[0139] Present embodiment 3 has assumed dot reversal.
The same effects are achieved with simpler line reversal.

[0140] In this manner, in the liquid crystal display 10 in
accordance with the present invention, there is provided the
source driver section 5 as source drive means regulating the
source voltage output when implementing a horizontal
reversal once every two lines.

[0141] In other words, charging may be insufficient in
some cases in relation to the polarity in the preceding line
when implementing a horizontal reversal once every two
lines.

[0142] However, according to the present embodiment,
the source driver section 5 regulates the source voltage
output when implementing a horizontal reversal once every
two lines. Specifically, when charging is insufficient in
relation to the polarity in the preceding line, the charge
action is quickly done by raising the source potential,
eliminating insufficient charging.

[0143] In addition, in the liquid crystal display 10 of the
present embodiment, there is provided the output ability
switching section Sa regulating the source voltage output by
switching the source voltage between two preset values in
accordance with the polarity of the pixels in the preceding
line. Thus, two types source voltages are specified, one for
insufficient charging and the other for sufficient charging,
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between which the source voltage is switched. Therefore,
the source voltage output can be readily regulated.

Embodiment 4

[0144] The following will describe another embodiment in
accordance with the present invention in reference to FIG.
15 through FIG. 17. The present embodiment shares the
arrangement as embodiment 1 through embodiment 3 unless
otherwise stated. In addition, for convenience, members of
the present embodiment that have the same arrangement and
function as members of embodiments 1 to 3, and that are
mentioned in that embodiment are indicated by the same
reference numerals and description thereof is omitted.

[0145] In the liquid crystal display 10 of present embodi-
ment 4, unlike in embodiment 1 to embodiment 3, the
polarity signal is switched between [0] and [1] as shown in
FIG. 15. In other words, control is done so that a horizontal
reversal for every two lines and a horizontal reversal for
every line are alternately repeated.

[0146] Specifically, as shown in FIG. 15, when the base-4
counter reads 0, indicating a first frame, the polarity signal
[1]is output during the horizontal period for line 1 in the first
frame. Next, the polarity signal [1] is output similarly also
during the horizontal period for line 2. Then, the polarity
signal [0] is output during the horizontal periods for lines 3,
4. In this manner, the polarity signal repeatedly switches
between [1] and [0] for every two lines until the first frame
is complete.

[0147] As the base-4 counter changes to read 1, indicating
a second frame, the polarity signal [0] is output first during
the horizontal period for line 1. Next, the polarity signal [1]
is output during the horizontal period for line 2. Then, the
polarity signal [0] is output during the horizontal period for
line 3. During the horizontal period for line 4, the polarity
signal [1] is output. In this manner, the polarity signal
repeatedly switches between [0] and [1] for each line until
the second frame is complete.

[0148] As the base-4 counter changes further to read 2,
indicating a third frame, the polarity signal [0] is output
during the horizontal periods for lines 1, 2. Next, the polarity
signal [1] is output during the horizontal periods for lines 3,
4. Then, the polarity signal [0] is output during the horizon-
tal periods for lines 5, 6. In this manner, the polarity signal
repeatedly switches between [1] and [0], [0] for every two
lines until the third frame is complete.

[0149] Moreover, as the base-4 counter changes to read 3,
indicating a fourth frame, the polarity signal [1] is output
first during the horizontal period for line 1. Then, the
polarity signal [0.] is output during the horizontal period for
line 2. Then, the polarity signal [1] is output during the
horizontal period for line 3. During the horizontal period for
line 4, the polarity signal [0] is output. In this manner, the
polarity signal repeatedly switches between [1] and [0] for
each line until the fourth frame is complete.

[0150] As to the succeeding frame, the base-4 counter
returns to 0. The polarity signal changes between [0] and [1]
as discussed in the above in accordance with the reading
count (0 to 3) given by the base-4 counter.

[0151] According to this polarity reversal scheme, a
2-horizontal reversal and a 1-horizontal reversal repeat
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alternately. The polarity signal, either [0] or [1], is fed from
the source control signal generator section 3 to the source
driver section 5.

[0152] Voltage is applied to the subpixels 11 a line at a
time. The voltage of the source bus lines 12 reverses the
voltage applied to the liquid crystal by changing the sign
between “+” and “~” in reference to the common potential.
This polarity reversal prevents display quality degradation
due to polarization of liquid crystal under a constant voltage.
However, a brightness difference between the anode and the
cathode, if present, is visible as flickering to the human eye.
The visibility varies depending on the brightness difference
and the frequency of changes.

[0153] In the case of present embodiment 4, each pixel
switches polarity only once every two frames. However,
since the use of double the frame frequency is a condition,
the resultant frequency is equal to that in conventional
once-per-frame switching. The pattern specified in the FIG.
15 is more complex because a 1H reversal and a 2H reversal
are switched every frame in comparison with conventional
cases. The nature of flickering therefore becomes more
difficult to perceive than in conventional cases.

[0154] Doubling the frame frequency improves smooth-
ness and continuity in playing video, producing crisp video
playback. A disadvantage is that the horizontal period of
present embodiment 4, in which charging must be completed
to drive the liquid crystal, is halved. This is the cause of
insufficient charging which in turn results in the potential of
the liquid crystal failing to reach a predetermined value and
to produce a grayscale level display. Serious performance
degradation ensues. Differences develop over time and
across the screen between those regions where polarity is
reversed and those where it is not. The differences are visible
as, for example, stripes to the human eye. Further, white
brightness falls in normally black mode, and black bright-
ness rises in normally white mode.

[0155] A cause of the insufficient charging is voltage
differences on the source bus lines 12 which develop due to
the presence of three types, depending whether the preced-
ing line is of the same or opposite polarity in the 1H reversal
frame and in the 2H reversal frame. In this situation, the
differences are rendered so that the potentials on the source
bus lines 12 are equal, by changing the width of the pulse
applied to the gate bus lines 13 for every line, as shown in
FIG. 16.

[0156] Alternatively, for example, as in embodiment 3,
since it is known in advance whether the preceding line is of
the same or opposite polarity, the source driver section 5
may be provided with a function which switches the output
applied to the source bus lines 12 to switch the output ability.

[0157] Another cause of the insufficient charging, which
can happen in present embodiment 4, is a difference in
voltage of the pixel electrodes 15 after charging, depending
on whether the polarity is changed or maintained from the
preceding frame, similarly to the case shown in FIG. 7. This
is a result of polarity being changed for some pixel elec-
trodes and maintained for the other pixel electrodes between
frames. FIG. 7 demonstrates a rising waveform. The same
can be said about a falling waveform. The reversal of present
embodiment 4 however is based on FIG. 14, thus achieving
the polarity conditions shown in FIG. 16.
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[0158] In the figure, the “L” symbol indicates that the
preceding line is of an opposite polarity, “H” indicates that
the preceding line is of the same polarity. Here, “H” shows
the same charging taking place as at a frame frequency of 60
Hz, which results in sufficiently charging. “L” shows the
same charging taking place as a 1H reversal 1-frame reversal
at a frame frequency of 120 Hz.

[0159] This drive scheme causes changes in brightness
over time. However, an alternation typically occurs at
double the frame frequency and looks like an average of L
and H to the human eye. This is because the difference in
brightness between L and H is smaller than differences in
brightness between typical moving images and hard to
perceive for the human eye.

[0160] Brightness is unstable due to variations between
liquid crystal panels 7 and other factors, and sufficiently
grayscale levels cannot be reproduced, when charging is
insufficient. The problem is addressed by mixing colors with
the H brightness where a sufficient grayscale level display is
achieved. Thus, stability, hence grayscale level reproduction
ability, is improved.

[0161] With these measures implemented, in comparison
with simply raising the frame frequency with conventional
technology, grayscale level displays are produced in a more
stable manner, and performance degradation where white
brightness falls in normally black mode and black brightness
rises in normally white mode is addressed, in 120 Hz drive.

[0162] Present embodiment 4 has assumed dot reversal.
The same effects are achieved with simpler line reversal.

[0163] In this manner, in the liquid crystal display 20 of
the present embodiment, the base-4 frame counter 2 and the
source control signal generator section 3 as interframe
polarity control means control the polarity of the liquid
crystal in the pixels so as to alternately repeat a horizontal
reversal for every two lines and a horizontal reversal for
every line for each frame.

[0164] Therefore, each pixel switches polarity only once
every two frames. However, since the use of double the
frame frequency or higher is a condition, the resultant
frequency is equal to that in conventional once-per-frame
switching. Also, the reversal pattern is complex in compari-
son with conventional cases because of the alternate repeti-
tion of a horizontal reversal for every two lines and a
horizontal reversal for every line. The nature of flickering
thus becomes difficult to perceive in comparison with con-
ventional cases.

Embodiment 5

[0165] The following will describe another embodiment in
accordance with the present invention in reference to FIG.
18 and FIG. 19. The present embodiment shares the arrange-
ment as embodiment 1 through embodiment 4 unless oth-
erwise stated. In addition, for convenience, members of the
present embodiment that have the same arrangement and
function as members of embodiments 1 to 4, and that are
mentioned in that embodiment are indicated by the same
reference numerals and description thereof is omitted.

[0166] In present embodiment 5, the liquid crystal display
10 again implements the polarity signal reversal between [0]
and [1] illustrated in embodiment 1 in reference to FIG. 4
and FIGS. 5(a), 5(b).
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[0167] The source driver section 5 applies a voltage to
each source bus line 12 in accordance with the control
signals. For example, for a common voltage of about 6 V, the
positive voltage applied to the source bus line 12 will be set
to 6 V to 12 V depending on the image data, whereas the
opposite voltage applied will be set to 0 Vto 6 V.

[0168] In contrast, upon receiving frame edge and line
edge information from the data input section 1, the gate
control signal generator section 4 transmits control signals,
including gate start pulses and a gate clock, which dictates
the operation of the gate drive section 6, to the gate drive
section 6. Upon receiving a gate start pulse, the gate drive
section 6 normally applies HIGH voltage to line 1 and LOW
voltage to the other lines. On the next rise of the gate clock,
the section 6 applies HIGH voltage only to line 2 and LOW
voltage to the other lines. On the succeeding rise of the gate
clock, the section 6 applies HIGH voltage only to line 3 and
LOW voltage to the other lines. The procedure is repeated by
sequentially shifting a line at a time. This voltage application
to liquid crystal through a gate pulse signal, which is
normally done, will be referred to as actual charging.

[0169] In present embodiment 5, as shown in FIG. 18,
besides the actual charging, a pulse is applied, for charging,
to a line immediately preceding the line to which the same
polarity is written. This charging via pulse will be referred
to as precharging. Since present embodiment 5 implements
a 2H reversal, precharging takes place 4 lines earlier. Simi-
larly, a 1H reversal will result in precharging taking place 2
lines earlier. A 3H reversal will result in precharging taking
place 6 lines earlier.

[0170] Assume under these circumstances as examples of
applied voltages, the use of a gate HIGH voltage of about 32
Vto 36 V and a gate LOW voltage of about -9 Vto -6 V.
Thus, a voltage is applied to the subpixels 11 two lines at a
time. The voltage of the source bus lines 12 reverses the
voltage applied to the liquid crystal by changing the sign
between “+” and “~” in reference to the common potential.
This polarity reversal prevents display quality degradation
due to polarization of liquid crystal under a constant voltage.
However, a brightness difference between the anode and the
cathode, if present, is visible as flickering to the human eye.
The visibility varies depending on the brightness difference
and the frequency of changes.

[0171] In the case of present embodiment 5, each pixel
switches polarity only once every two frames. However,
since the use of double the frame frequency is a condition,
the resultant frequency is equal to that in conventional
once-per-frame switching. The nature of flickering does not
differ between the present embodiment and conventional art.

[0172] Doubling the frame frequency improves smooth-
ness and continuily in playing video, producing crisp video
playback. A disadvantage is that the horizontal period of
present embodiment 5, in which charging must be completed
to drive the liquid crystal, is halved. This is the cause of
insufficient charging which in turn results in the potential of
the liquid crystal failing to reach a predetermined value and
to produce a grayscale level display. Serious performance
degradation ensues. Differences develop over time and
across the screen between those regions where polarity is
reversed and those where it is not. The differences are visible
as, for example, stripes to the human eye. Further, white
brightness falls in normally black mode, and black bright-
ness rises in normally white mode.
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[0173] A cause of the insufficient charging is a voltage
difference between the source bus line 12 which has the
same polarity as the preceding line and that which has an
opposite polarity to the preceding line as shown in FIG. 6.
This is due to the 2H reversal. FIG. 6 demonstrates a rising
waveform. The same can be said about a falling waveform.

[0174] Another cause of the insufficient charging, which
can happen in present embodiment 5, is a difference in
voltage of the pixel electrodes after charging. This is a result
of polarity being changed for some pixel electrodes and
maintained for the other pixel electrodes between frames.

[0175] However, in the present embodiment, as shown in
FIG. 19, precharging is done prior to actual charging. The
precharging reduces a difference due to the polarity condi-
tion in the preceding frame, thus reducing difference in
charging the pixel electrodes 15 after the termination of
actual charging to a very low level.

[0176] The reversal of the present embodiment however is
based on FIG. 4, similarly to embodiment 1, thus achieving
the polarity conditions shown in FIG. 8. Each symbol in the
table is made up of two letters, either “L” or “H.” The
left-hand letter refers to the polarity of the preceding line,
with an L indicating an opposite polarity and an H indicating
the same polarity. The right-hand letter refers to the polarity
in the preceding frame, with an L indicating an opposite
polarity and an H indicating the same polarity. Here, “HH”
shows the same charging taking place as at a frame fre-
quency of 60 Hz, which results in sufficiently charging.
“LL” shows the same charging taking place as a 1H reversal
1-frame reversal at a frame frequency of 120 Hz.

[0177] This drive scheme causes changes in brightness
over time. However, an alternation typically occurs at
double the frame frequency and looks like an average of LL
and HH to the human eye. This is because the difference in
brightness between LL and HH is smaller than differences in
brightness between typical moving images and hard to
perceive for the human eye.

[0178] In addition, comparing these two effects, the effect
of the polarity in the preceding frame is greater. Therefore,
present embodiment 5 can reduce the effect to a very low
level. Thus, sufficient grayscale level display are produced
whereas brightness under insufficient charging is too
unstable to reproduce sufficient grayscale levels.

[0179] With these measures implemented, in comparison
with simply raising the frame frequency with conventional
technology, grayscale level displays are produced in a more
stable manner, and performance degradation where white
brightness falls in normally black mode and black brightness
rises in normally white mode is addressed, in 120 Hz drive.

[0180] Present embodiment 5 has assumed dot reversal.
The same effects are achieved with simpler line reversal.

[0181] In this manner, in the liquid crystal display 10 of
the present embodiment, a difference in voltage of the pixels
after charging develops. This is a result of polarity being
changed for some pixel electrodes and maintained for the
other pixel electrodes between frames.

[0182] Accordingly, in the present embodiment, the gate
drive section 6 as gate drive means implements a gate 2
pulse drive to subject the pixels to precharging and actual
charging during a horizontal scan period for one line. In
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addition, the source driver section 5 as source drive means
adjusts the source voltage in actual charging in accordance
with whether the polarity of the pixel changes or remains
unchanged between frames when the gate drive section 6
implements the gate 2 pulse drive.

[0183] Therefore, prior to actual charging, precharging is
done. Therefore, a difference due to the polarity condition in
the preceding frame is small. Therefore, the difference in
charging the pixels after the termination of actual charging
becomes very small.

Embodiment 6

[0184] The following will describe another embodiment in
accordance with the present invention in reference to FIG.
20 through FIG. 23. The present embodiment shares the
arrangement as embodiment 1 through embodiment 5 unless
otherwise stated. In addition, for convenience, members of
the present embodiment that have the same arrangement and
function as members of embodiments 1 to 5, and that are
mentioned in that embodiment are indicated by the same
reference numerals and description thereof is omitted.

[0185] In the liquid crystal display 10 of present embodi-
ment 6, as shown in FIG. 17 in relation to embodiment 5,
a pulse is again applied, for charging, to a line immediately
preceding the line to which the same polarity is written,
besides the actual charging. In other words, precharging is
done.

[0186] Since present embodiment 6 implements a 2H
reversal, precharging takes place 4 lines earlier. Similarly, a
1H reversal will result in precharging taking place 2 lines
earlier which is double the number of reversal lines. A 3H
reversal will result in precharging taking place 6 lines earlier
which is also double the number of reversal lines.

[0187] Thus, similarly to embodiment 5, e¢ach pixel
switches polarity only once every two frames. However,
since the use of double the frame frequency is a condition,
the resultant frequency is equal to that in conventional
once-per-frame switching. The nature of flickering does not
differ between the present embodiment and conventional art.

[0188] Doubling the frame frequency improves smooth-
ness and continuity in playing video, producing crisp video
playback. A disadvantage is that the horizontal period of
present embodiment 6, in which charging must be completed
to drive the liquid crystal, is halved. This is the cause of
insufficient charging which in turn results in the potential of
the liquid crystal failing to reach a predetermined value and
to produce a grayscale level display. Serious performance
degradation ensues. Differences develop over time and
across the screen between those regions where polarity is
reversed and those where it is not. The differences are visible
as, for example, stripes to the human eye. Further, white
brightness falls in normally black mode, and black bright-
ness rises in normally white mode.

[0189] A cause of the insufficient charging is a voltage
difference between the source bus line 12 which has the
same polarity as the preceding line and that which has an
opposite polarity to the preceding line as shown in FIG. 6.
This is due to the 2H reversal. FIG. 6 demonstrates a rising
waveform. The same can be said about a falling waveform.

[0190] Another cause of the insufficient charging, which
can happen in present embodiment 6, is a difference in
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voltage of the pixel electrodes after charging. This is a result
of polarity being changed for some pixel electrodes and
maintained for the other pixel electrodes between frames.

[0191] However, in present embodiment 6, as shown in
FIG. 20, prior to actual charging, precharging is done.
Therefore, a difference due to the polarity condition in the
preceding frame is small. Therefore, the difference in charg-
ing the pixel electrodes 15 after the termination of actual
charging becomes very small. However, charging in a pre-
charging interval can accumulate charges by charging in an
opposite polarity followed by precharging in the same
polarity. However, the voltage applied in a precharging
interval is the source application voltage on the line sub-
jected to actual charging at that time (the fourth line as
counted back from that line in the case of a 2H reversal).
Therefore, as shown in FIG. 21, even when the application
voltage in actual charging is identical, the voltage ultimately
applied to the pixels differs if the potential at the time of the
termination of precharging differs like potential “a” and
potential “b.”

[0192] Accordingly, in present embodiment 6, for
example, as shown in FIG. 22, the source potential applied
in actual charging is changed by potential “a” and potential
“b” at the time of the termination of precharging. Specifi-
cally, the potential after precharging terminates is uniquely
determined from the relation with the polarity in the pre-
ceding frame and the grayscale level of the image data in
precharging. Further, from the grayscale level of the image
data in actual charging, the table shown in FIG. 23, from
which is read the grayscale level of the image data for input
to the source driver section 5 corresponding to the voltage to
be applied to the source, is prepared and the grayscale level
is read. Thus, effects of precharging irregularities can be
reduced.

[0193] The reversal of present embodiment 6 however is
based on FIG. 4 of embodiment 1, thus achieving the
polarity conditions shown in FIG. 8 of embodiment 1. Each
symbol in the table is made up of two letters, either “L” or
“H.” The left-hand letter refers to the polarity of the pre-
ceding line, with an L indicating an opposite polarity and an
H indicating the same polarity. The right-hand letter refers to
the polarity in the preceding frame, with an L indicating an
opposite polarity and an H indicating the same polarity.
Here, “HH” shows the same charging taking place as at a
frame frequency of 60 Hz, which results in sufficiently
charging. “LLL” shows the same charging taking place as a
1H reversal 1-frame reversal at a frame frequency of 120 Hz.

[0194] This drive scheme causes changes in brightness
over time. However, an alternation typically occurs at
double the frame frequency and looks like an average of LL
and HH to the human eye. This is because the difference in
brightness between LI and HH is smaller than differences in
brightness between typical moving images and hard to
perceive for the human eye.

[0195] In addition, comparing these two effects, the effect
of the polarity in the preceding frame is greater. Therefore,
present embodiment 6 can reduce the effect to a very low
level. Thus, sufficient grayscale level display are produced
whereas brightness under insufficient charging is too
unstable to reproduce sufficient grayscale levels.

[0196] With these measures implemented, in comparison
with simply raising the frame frequency with conventional
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technology, grayscale level displays are produced in a more
stable manner, and performance degradation where white
brightness falls in normally black mode and black brightness
rises in normally white mode is addressed, in 120 Hz drive.

[0197] Present embodiment 6 has assumed dot reversal.
The same effects are achieved with simpler line reversal.

[0198] In this manner, in the liquid crystal display 10 of
the present embodiment, there are provided: the gate drive
section 6 as gate drive means implementing a gate 2 pulse
drive to subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and the source
driver section 5 as source drive means adjusting the source
voltage in actual charging in accordance with the polarity of
the pixels in the preceding frame and the potential of the
source output in precharging when the gate drive section 6
implements the gate 2 pulse drive.

[0199] Inother words, in the aforementioned liquid crystal
display 10, a difference in voltage of the pixels after charg-
ing develops. This is a result of polarity being changed for
some pixel electrodes and maintained for the other pixel
electrodes between frames.

[0200] However, according to the present embodiment,
the source driver section 5 adjusts the source voltage in
actual charging in accordance with the polarity of the pixels
in the preceding frame and the potential of the source output
in precharging when the gate drive section 6 implements the
gate 2 pulse drive.

[0201] Therefore, since the source voltage in actual charg-
ing is adjusted based on the polarity of the pixels in the
preceding frame and the potential of the source output in
precharging, differences in charged voltage between pixels
can be reliably prevented which develop due to some pixels
changing polarity between frames and the others remaining
unchanged in polarity.

Embodiment 7

[0202] The following will describe another embodiment in
accordance with the present invention in reference to FIG.
24 through FIG. 26. The present embodiment shares the
arrangement as embodiment 1 through embodiment 6 unless
otherwise stated. In addition, for convenience, members of
the present embodiment that have the same arrangement and
function as members of embodiments 1 to 6, and that are
mentioned in that embodiment are indicated by the same
reference numerals and description thereof is omitted.

[0203] In embodiments 1 to 3, 5, and 6, based on the
reversal of the polarity signal [0], [1] discussed in embodi-
ment 1 in reference to FIG. 4 and FIGS. 5(a), 5(b), the
polarity of the liquid crystal in the pixels for each frame is
repeatedly subjected alternately to a horizontal reversal for
every two lines and to a horizontal reversal for every two
lines after shifting the polarity of the lines in the preceding
frame by one line.

[0204] However, an alternative reversal method may be
adopted. For example, it is preferable if for example, a larger
frame counter, such as a base-6 frame counter, is used in
place of the aforementioned base-4 frame counter 2 when
the reversal cycle becomes longer.

[0205] Areason for so dosing is possibility of cases where
the frame frequency may be increased to three times the
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frame frequency of input signals or greater, although
embodiments 1 to 6 assumed frame frequencies of 100 Hz
through 120 Hz which is double the frame frequency of 50
Hz through 60 Hz of input signals.

[0206] From this, the liquid crystal display 20 as the
display of present embodiment 7 contains, as shown in FIG.
24, a data input section 1, a base-6 frame counter 22, a
source control signal generator section 3, a gate control
signal generator section 4, a source driver section 5, a gate
drive section 6, a liquid crystal panel 7, and a backlight (not
shown).

[0207] The base-6 frame counter 22 is a base-6 counter for
frame edges. The counter increments: “0, 1, 2, 3, 4, 5, 0, 1
... " The count is sent to the source control signal generator
section 3.

[0208] In addition, in the present embodiment, the polarity
signal is switched between [0] and [ 1] as shown in FIG. 25.

[0209] In other words, as shown in FIG. 25, the polarity
of the liquid crystal in the pixels for each frame is repeatedly
subjected alternately to a horizontal reversal for every three
lines and to a horizontal reversal for every three lines after
shifting the polarity of the lines in the preceding frame by
one line. The polarity signal, either [0] or [1], is fed from the
source control signal generator section 3 to the source driver
section 5.

[0210] Thus, when the frame frequency of input signals is
as high as three times, as in present embodiment 7, with the
arrangement using the table in FIG. 25, the polarity reversal
in each frame, as well as the processing as in embodiments
1 to 6, is carried out to address insufficient charging and
achieve higher display quality.

[0211] This is not necessarily limited to the reversal
method, but can be generalized as follows. The polarity of
the liquid crystal in the pixels for each frame is repeatedly
subjected alternately to a horizontal reversal for every m
lines (m is 2 or a greater positive integer) and to a horizontal
reversal for every m lines after shifting the polarity of the
lines in the preceding frame by n lines (n is a positive integer
equal to a half or less of m).

[0212] For example, FIG. 25 shows a horizontal reversal
for every three lines for each frame. Alternatively, a reversal
may take place every four, five, . . . lines. Further, FIG. 25
shows the polarity of the lines in the preceding frame being
shifted by one line for each frame. Alternatively, the polarity
may be shifted by two, three, . . . lines. These make it
possible to address insufficient charging and achieve higher
display quality.

[0213] This line of concept may be enhanced. For
example, as shown in FIG. 26, a horizontal reversal for
every two lines and a horizontal reversal for every line may
be mixed for each frame. In other words, reversals may be
mixed.

[0214] Such reversals, together with the process of
embodiments 1 to 6, make it possible to address insufficient
charging and achieve higher display quality.

[0215] This means that the reversal method for each frame
is as arbitrary as possible when the frame frequency of input
signals 1s increased. When that is the event, the reversal
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method for each frame is not necessarily limited to this, but
may be arbitrary in multiple frames.

[0216] In other words, using the base-6 frame counter 22,
a reversal arbitrarily takes place between frames and lines
with six frames as a unit. Therefore, the reversal method in
the preceding six frames is repeated in the succeeding six
frames. In addition, for example, the base-4 frame counter 2
can carry out an arbitrary reversal between frames and lines
with four frames as a unit.

[0217] Further expanding the concept, for example, a
random reversal between frames and lines is possible using
a base-2 frame counter, a base-3 frame counter, a base-5
frame counter, a base-7 frame counter, . . . , with two frames,
three frames, five frames, seven frames, . . . as a unit.

[0218] In this manner, the liquid crystal display 20 of the
present embodiment drives the pixels by an active matrix
drive at 100 Hz or higher frame frequencies. There is
provided the base-6 frame counter 22 and the source driver
section § as interframe polarity control means controlling
the polarity of the liquid crystal in the pixels for each frame
so as to alternately repeat a horizontal reversal for every
three lines and a horizontal reversal for every three lines
after shifting the polarity of the lines in the preceding frame
by one line.

[0219] Therefore, it is possible to provide a liquid crystal
display capable of addressing insufficient charging and
achieving higher display quality even at high frame frequen-
cies.

[0220] In addition, the liquid crystal display 20 of the
present embodiment drives the pixels by an active matrix
drive at 100 Hz or higher frame frequencies. There is
provided the base-6 frame counter 22 as polarity control
means subjecting the polarity of the liquid crystal in the
pixels to a horizontal reversal once for a certain number of
lines for each frame.

[0221] In other words, when the conventional frame fre-
quency of 50 Hz through 60 Hz is, for example, doubled to
100 Hz through 120 Hz to produce smooth moving images,
if the polarity of the pixels was reversed every frame as in
conventional art, the charge time would be halved, resulting
in insufficient charging.

[0222] However, according to the present embodiment,
the base-6 frame counter 22 subjects the polarity of the
liquid crystal in the pixels to a horizontal reversal once for
a certain number of lines for each frame.

[0223] Therefore, for example, when the frame frequency
is double the conventional frame frequency, by implement-
ing a horizontal reversal once every two lines, as a result, the
same display quality as at the conventional frame frequency
of 50 Hz through 60 Hz is achieved.

[0224] In addition, in the liquid crystal display 20 of the
present embodiment, the base-6 frame counter 22 imple-
ments a horizontal reversal while different types of horizon-
tal reversals for a certain number of lines are mixed for each
frame. Therefore, the reversal pattern is complex in com-
parison with conventional cases, and the nature of flickering
becomes difficult to perceive in comparison with conven-
tional cases.

[0225] In addition, in the liquid crystal displays 10, 20 of
present embodiment 1 through embodiment 7, there are
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provided the base-4 frame counter 2 or base-6 frame counter
22 and the source driver section 5 as interframe polarity
control means controlling to alternately repeat, for each
frame, a first reversal pattern where the polarity of the liquid
crystal in the pixels is subjected to a horizontal reversal once
every m lines (m is 2 or a greater positive integer) and a
second reversal pattern where the polarity reversal of the
lines in the first reversal pattern is shifted by n lines (n is a
positive integer equal to a half or less of m).

[0226] In other words, in the liquid crystal display driving
the pixels by an active matrix drive, there is provided
interframe polarity control means controlling the polarity of
the liquid crystal in the pixels so as to alternately repeat, in
each frame, a horizontal reversal once every m lines (m is 2
or a greater positive integer) and a horizontal reversal once
every m lines after shifting the polarity of the lines in the
preceding frame by n lines (n is a positive integer equal to
a half or less of m).

[0227] Therefore, it is possible to provide a liquid crystal
display capable of addressing insufficient charging and
achieving higher display quality even at high frame frequen-
cies.

[0228] The liquid crystal display 20 of the present embodi-
ment can drive the pixels by an active matrix drive at a
popular frame frequency of 50 Hz or higher. In other words,
a conventional technique exists whereby the grayscale level
r and the grayscale level s are alternately displayed between
frames to produce an intermediate grayscale level as part of
pseudo-grayscale level technology (whereby the number of
apparent grayscale levels is increased by, for example,
simulating 8-bit color reproduction on hardware capable of
6-bit color reproduction). With this technique, grayscale
levels can be averaged at ordinary frame frequencies of 50
Hz through 60 Hz. Thus, the technique of the present
embodiment can be implemented also at 50 Hz through 60
Hz. Note that the pseudo-grayscale level technology still
causes some display quality degradation. When display
quality is the priority, it is desirable if the embodiment is
implemented at 100 Hz or higher frame frequencies which
is double the conventional frame frequencies.

[0229] In addition, in the liquid crystal displays 10, 20 of
present embodiment 1 through embodiment 7, there is
provided the base-4 frame counter 2 or base-6 frame counter
22 as multiple-frame unit control means subjecting the
polarity of the liquid crystal in the pixels to a reversal with
multiple frames as a unit.

[0230] Therefore, the multiple-frame unit control means is
provided; therefore, the polarity of the liquid crystal in the
pixels can be reversed with multiple frames as a unit. A
different reversal can be carried out from the conventional
reversal which takes place in every frame.

[0231] Therefore, it is possible to provide a liquid crystal
display capable of addressing insufficient charging and
achieving higher display quality even at high frame frequen-
cies.

Embodiment &8

[0232] The following will describe another embodiment in
accordance with the present invention in reference to FIG.
27. The present embodiment shares the arrangement as
embodiment 1 through embodiment 7 unless otherwise
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stated. In addition, for convenience, members of the present
embodiment that have the same arrangement and function as
members of embodiments 1 to 7, and that are mentioned in
that embodiment are indicated by the same reference numer-
als and description thereof is omitted. In the present embodi-
ment, as shown in FIG. 27, the source drive section 5 as
source drive means is divided into an upper source drive
section Sa and a lower source drive section 5b, both being
provided on the liquid crystal panel 7 which is also divided
into an upper panel 7z and a lower panel 7b which are driven
by the respective upper and lower drive sections 5a and 5b.

[0233] This is a method addressing insufficient gate ON
times in the production of a display by dividing the screen
into upper and lower halves. In a liquid crystal display 30 as
such a display device, as shown in the figure, the upper
source drive section Sa and the lower source drive section 5b
are placed on the liquid crystal panel 7, and the gate drive
section 6 as gate drive means is also divided into an upper
gate drive section 6a and a lower gate drive section 6b. The
upper panel 7a is driven by the upper gate drive section 6a
and the upper source drive section Sa. The lower panel 7b is
driven by the lower gate drive section 6b and the lower
source drive section Sb. This drive scheme can simulta-
neously writes the upper gate drive section 6a and the lower
gate drive section 6b. Each H time is thus doubled. the gate
ON time also increases with this extended time.

[0234] This technique enables the liquid crystal to operate
at increased frame frequencies when the technique is used in
combination with a drive method of alternately repeating in
each frame the first reversal pattern where the polarity of the
liquid crystal in the pixels is subjected to a horizontal
reversal once every m lines (m is 2 or a greater positive
integer) and the second reversal pattern where the polarity
reversal of the lines in the first reversal pattern is shifted by
n lines (n is a positive integer equal to a half or less of m).

[0235] Going into more detail, the liquid crystal display
30, as shown in the figure, contains a data input section 1,
a data divide section 31, an upper base-4 frame counter 24,
a lower base-4 frame counter 2b, an upper source control
signal generator section 3a, a lower source control signal
generator section 3b, a gate control signal generator section
4, an upper source drive section 5a, a lower source drive
section 5b, an upper gate drive section 6a, a lower gate drive
section 6b, an upper panel 7a, a lower panel 7b, and a
backlight (not shown).

[0236] The data input section 1 receives a signal input
from an external device (not shown), detects a frame edge
and a line edge of the input signal from synchronization
signals, and feeds a signal representing that edge detection
to the data divide section 31, the upper base-4 frame counter
2a, the lower base-4 frame counter 2b, the upper source
control signal generator section 3a, the lower source control
signal generator section 3b, and the gate control signal
generator section 4.

[0237] The data divide section 31 divides data for the
upper half of the liquid crystal panel 7 and for the lower half
of the liquid crystal panel 7 for transmission to the upper
source control signal generator section 3a, the lower source
control signal generator section 3b respectively. The upper
base-4 frame counter 2a and the lower base-4 frame counter
2b counts the synchronization signals for the frames and
sends the counter reading to the upper source control signal
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generator section 3¢ and the lower source control signal
generator section 3b. The upper source control signal gen-
erator section 3a and the lower source control signal gen-
erator section 3b generate drive signals from the synchro-
nization signal, data, and base-4 counter reading for a
transmission to the upper source drive section 3¢ and the
lower source drive section 5b. The gate control signal
generator section 4 generates drive signals from the syn-
chronization signal for a transmission to the upper gate drive
section 6a and the lower gate drive section 6b. The upper
source drive section 5a and the lower source drive section 5b
generate a voltage which will be applied to the source bus
lines 12 on the liquid crystal panel 7. The upper gate drive
section 6a and the lower gate drive section 6b generate a
voltage which will be applied to the gate bus lines 13 on the
liquid crystal panel 7. The upper panel 7a and the lower
panel 7b are completely divided for the upper and lower
halves respectively so that they can independently operate.

[0238] In this manner, in the liquid crystal display 30 of
the present embodiment, the liquid crystal panel 7 is divided
into two parts, one for a first screen and the other for a
second screen. Thus, the liquid crystal display 30 provides
a hardware means to address charge insufficiency for higher
display quality even at high frame frequencies. This reduces
the charging time to a quarter of the original when digital
high vision involving twice the number of lines specified in
conventional broadcast standards is displayed at double the
frame frequency, which can be dealt with the technique of
the present embodiment.

Embodiment 9

[0239] The following will describe another embodiment in
accordance with the present invention in reference to FIG.
28 to FIG. 31. The present embodiment shares the arrange-
ment as embodiment 1 through embodiment 8 unless oth-
erwise stated. In addition, for convenience, members of the
present embodiment that have the same arrangement and
function as members of embodiments 1 to &, and that are
mentioned in that embodiment are indicated by the same
reference numerals and description thereof is omitted.

[0240] The liquid crystal display of the present embodi-
ment improves efficiency in overshoot drive by means of
built-in functions of frame frequency doubling for an input
signal and interframe interpolation.

[0241] 1In other words, the liquid crystal display of the
present embodiment is aimed at high frame frequency
operation. Typical TV and monitor signals have frame
frequencies from about 50 Hz to as high as about 85 Hz. The
use of frame frequencies beyond 100 Hz in the present
embodiment is to achieve smooth a TV display.

[0242] To this end, in the present embodiment, input
signals are subjected to interpolation, and their frame fre-
quencies are raised, so that the interpolated signals are
inserted between the input signals.

[0243] Specifically, to double the frame frequency, as
shown in FIG. 28, upon the inputs of frames as input signals,
a signal for a frame between two successive frames is
generated to interpolate the signals for the two frames.
Thereafter, the interpolated frame is inserted between the
signals for two successive frames. Thus, the frame count
doubles. Therefore, these doubled frames are processed at
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double the frame frequency. This process is normally carried
out immediately before the liquid crystal display.

[0244] The present embodiment uses this technique to
further improve the display quality of the liquid crystal.
Incidentally, the adoption of this technique entails the slow
response speed of the liquid crystal display, a defect of such
a display, becoming an issue.

[0245] The issue can be addressed by overshoot drive
(also termed overdrive).

[0246] According to overshoot drive, when the liquid
crystal’s response is too slow compared to interframe gray-
scale level changes, the response speed is increased by
applying greater grayscale level changes than actual to the
liquid crystal.

[0247] Specifically, for example, as shown in FIG. 29, to
change the grayscale level from 0 to 32, a signal is sent
which causes a change to grayscale level 78 instead of
grayscale level 32.

[0248] In contrast, in this example, FIG. 30 shows in
detail the part where the preceding frame is at grayscale
level 0 and the current frame changes from grayscale level
224 to grayscale level 225. As can be seen from the figure,
for example, for current frames of grayscale levels 224 to
227, a signal is sent which causes a change to grayscale level
248 as overshoot drive. Similarly, for current frames of
grayscale levels 228 to 231, a signal is sent which causes a
change to grayscale level 249 as overshoot drive. For current
frames of lower grayscale levels, the same overshoot drive
grayscale level signal is sent for every four grayscale levels.
To put it differently, this means that sending a signal which
causes a change to, for example, grayscale level 248 as
overshoot drive results only in one of 224 to 227 grayscale
level representations as the current frame grayscale level.
Therefore, there actually are 32 grayscale levels from 224
grayscale levels to 255 grayscale levels, whereas there are
only 8 grayscale levels that can be represented. Represen-
tation capability is degraded by that amount.

[0249] Accordingly, before double speed drive, overshoot
drive is done in the case of a change to an interpolated frame,
whereas no overshoot is done in the case of a change from
an interpolated frame to an input signal screen. Thus, the
grayscale level is not damaged to an image formed from an
input signal. A grayscale level feel is not lost with respect to
input signals.

[0250] In other words, since the human eye is sensitive to
brightness change points, it reacts sensitively if a grayscale
level change point disappears. For example, in grayscale
display, etc., the viewer will feel unpleasant if the grayscale
level change disappears. Conversely, the human eye is not
sensitive to absolute brightness. Therefore, it is important
for a difference in brightness to exist between different
grayscale levels. There is no problem with respect to inter-
polated frames even if grayscale levels are somewhat off
correct values, because they are data generated by interpo-
lation. Frames are interpolated for additional frames for
insertion for smooth movement displays, because the human
eye is precise for outlines.

[0251] An afterimage feel due to a drop in response speed
can be reduced by overshooting and thus improving the
response speed by that amount.
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[0252] Specifically, VA (Vertical Alignment) mode liquid
crystal is slowest at 100 ms (approximately equivalent to a
5 frame period at 60 Hz) around the change of a voltage
applied to the liquid crystal from 0 V to 1 V. An equivalent
to the about 5 frame period can be accommodated in a 1
frame period by overshooting because it is a change in the
grayscale level. Since in the present embodiment, overshoot
is carried out when changing to an interpolated frame, a
response time is accommodated in each frame of an original
input signal. As a result, an afterimage feel is reduced.

[0253] Going into more detail, a liquid crystal display 40
as the display of the present embodiment, as shown in FIG.
31, contains an interpolate/overshoot section 50 between the
data input section 1 and the base-4 frame counter 2, source
control signal generator section 3, and gate control signal
generator section 4, all in the liquid crystal display 10
detailed in embodiment 1.

[0254] The interpolate/overshoot section 50 contains a
first frame memory 51, a second frame memory 52, an
interpolated frame generator section 53 as frame interpolate
means, an overshoot circuit 54 as overshoot drive means, a
buffer memory 55, and a data readout section 56. The data
input section 1 receives external signals and stores incoming
data to the first frame memory 51 and the second frame
memory 52. The first frame memory 51 outputs data for the
preceding frame. The second frame memory 52 outputs data
for the frame immediately before the preceding frame. The
interpolated frame generator section 53 generates data half-
way between the preceding frame and the frame immedi-
ately before that preceding frame (one-and-half frames ago)
from data for the preceding frame and data for the frame
immediately before that preceding frame.

[0255] The overshoot circuit 54 calculates overshooting
from the data for the frame immediately before the preced-
ing frame and the data one-and-half frames ago (interpo-
lated) to correct data one-and-half frames ago.

[0256] Since the signal for the preceding frame and the
signal one-and-half frames ago are simultaneously gener-
ated, the buffer memory 55 temporarily stores data in
memory, thereby first outputting the signal one-and-half
frames ago and then outputting the signal for the preceding
frame.

[0257] The data readout section 56 reads data from the
buffer memory 55, reattach a synchronization signal for
output. The section 56 feeds data only to the source control
signal generator section 3, and sends the synchronization
signal to the source control signal generator section, the
base-4 frame counter 2, and the gate control signal generator
section 4. Here, since the section 56 processes at double the
2 frame frequency of the input signal, the control signal
needs be remade.

[0258] Otherwise, the arrangement is similar the liquid
crystal display 10 of embodiment 1. Detailed description is
omitted.

[0259] Here, In the present embodiment, the interpolate/
overshoot section 50 has two mechanisms: interpolation and
overshooting. Alternatively, either one of mechanisms will
do. In other words, for example, whatever the overshooting,
an interpolated frame is produced inside the liquid crystal
display for use to improve liquid crystal display quality.
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[0260] In addition, the foregoing description assumed
operation at double the frame frequency as an example.
Alternatively, for example, similar operation is possible at
1.5 times the frequency, in which case, an image is produced
first from an input signal, then by interpolation, and again by
interpolation, and the process is repeated to produce a
display.

[0261] In this case, similar processing is possible by again
performing no overshoot when changing to an input signal
frame and performing overshoot when changing to an inter-
polated image.

[0262] In this manner, in the liquid crystal display 40 of
the present embodiment, the interpolated frame generator
section 53 inserts an interpolated frame between frames.
Therefore, since changes in movements in images are dis-
played in detail for the amount of the interpolated frames
with respect to video and other input signals, the display
appears smooth.

[0263] In addition, the frame frequency of the input signal
can be multiplied by k in the data readout section 56 which
functions as clock means. Therefore, any number of inter-
polated frames may be inserted between frames.

[0264] In addition, in the liquid crystal display 40 of the
present embodiment, the overshoot circuit 54 applies a
voltage corresponding to a higher grayscale level than the
grayscale level represented by the input signal to pixels.
Therefore, even at reduced frame frequencies, pixels are
sufficiently charged.

[0265] As in the foregoing, a liquid crystal display of the
present invention includes: a liquid crystal display screen
composed of pixels arranged in a matrix; gate drive means
outputting a gate pulse to gate lines connected to gates of
thin film transistors in the pixels; and source drive means
outputting a source voltage to source lines connected to
sources of the thin film transistors in the pixels.

[0266] According to the invention, insufficient charging is
addressed for higher display quality even at high frame
frequencies, with liquid crystal displays typically including
a liquid crystal display screen, gate drive means, and source
drive means.

[0267] Inaddition,in a liquid crystal display of the present
invention, the liquid crystal display screen is divided into
two: a first screen and a second screen; the gate drive means
is divided into two: first gate drive means outputting a gate
pulse to gate lines connected to gates of thin film transistors
in pixels in the first screen and second gate drive means
outputting a gate pulse to gate lines connected to gates of
thin film transistors in pixels in the second screen; and the
source drive means is divided into two: first source drive
means outputting a source voltage to source lines connected
to sources of the thin film transistors in the pixels in the first
screen and second source drive means outputting a source
voltage to source lines connected to sources of the thin film
transistors in the pixels in the second screen.

[0268] In other words, at high frame frequencies, the
voltage charge period to the pixels is short, possibly result-
ing in failure to apply a desired voltage to all the pixels in
one frame period.

[0269] Accordingly, in the present invention, the liquid
crystal display screen is divided into two: the first screen and
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the second screen. Thus, a liquid crystal display is provided
which addresses insufficient charging by means of hardware
for higher display quality even at high frame frequencies.

[0270] In addition, when a liquid crystal display of the
present invention implements a horizontal reversal once
every m lines, the gate drive means regulates a gate pulse
width on each of the m lines during a horizontal scan period
which covers m lines.

[0271] Inaddition, in a liquid crystal display of the present
invention, the gate drive means regulates the gate pulse
width on each line in accordance with the polarity of pixels
in the preceding line.

[0272] In other words, insufficient charging may occur
depending on whether the polarity of pixels in the preceding
line is of an identical or opposite polarity, which appears like
stripes to the human eye.

[0273] Accordingly, in the present invention, the gate
drive means regulates the gate pulse width on each of the m
lines during a horizontal scan period which covers m lines
when implementing a horizontal reversal once every m
lines. Thus, even when the gate pulse width is increased/
decreased in any of the lines, no problem occurs as a drive
scheme provided that the widths as a whole make up a
horizontal scan period covering m lines. In other words, it
would suffice to increase the gate pulse width when charging
is insufficient due to the relationship with the polarity in the
preceding line and decrease, by the time of the width, the
time for the gate pulse width where charge is sufficient due
to the relationship with the polarity in the preceding line.

[0274] Thus, there can be provided the liquid crystal
display capable of addressing insufficient charging and
achieving higher display quality.

[0275] 1Inaddition, in a liquid crystal display of the present
invention, the source drive means regulates a source voltage
output when implementing a horizontal reversal once every
m lines.

[0276] In other words, when implementing a horizontal
reversal once every m lines, charging may in some cases be
insufficient due to the relationship with the polarity in the
preceding line.

[0277] However, according to the present invention, the
source drive means regulates the source voltage output when
implementing a horizontal reversal once every m lines.
Specifically, when charging is insufficient due to the rela-
tionship with the polarity in the preceding line, since charg-
ing is done quickly by raising the source potential, the
insufficient charging is solved.

[0278] In addition, a liquid crystal display of the present
invention, the source drive means includes source voltage
switch means regulating the source voltage output by
switching between predetermined two source voltages in
accordance with the polarity of pixels in the preceding line.

[0279] According to the invention, source voltage switch
means is provided which regulates the source voltage output
by switching between predetermined two source voltages in
accordance with the polarity of pixels in the preceding line.
Two source voltages are specified, one for insufficient charg-
ing and another for sufficient charging, between which
switching can be made. Therefore, the source voltage output
can be readily regulated.
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[0280] In addition, in the liquid crystal display of the
present invention, in the liquid crystal display driving pixels
by active matrix drive at a frame frequency of 100 Hz or
higher, there is provided interframe polarity control means
controlling the polarity of the liquid crystal in the pixels so
as to alternately repeat, for each frame, a horizontal reversal
for every two lines and a horizontal reversal for every line.

[0281] In addition, a method of driving a liquid crystal
display of the present invention, to solve the problems, in a
method of driving a liquid crystal display driving pixels by
active matrix drive at a frame frequency of 100 Hz or higher,
a horizontal reversal for every two lines and a horizontal
reversal for every line are alternately repeated for each frame
with respect to the polarity of the liquid crystal in the pixels.

[0282] According to the invention, the interframe polarity
control means controls the polarity of the liquid crystal in the
pixels so as to alternately repeat, for each frame, a horizontal
reversal for every two lines and a horizontal reversal for
every line.

[0283] Therefore, each pixel switches polarity only once
every two frames. However, since the use of double the
frame frequency or higher is a condition, the resultant
frequency is equal to that in conventional once-per-frame
switching. Also, the reversal pattern is complex in compari-
son with conventional cases because of the alternate repeti-
tion of a horizontal reversal for every two lines and a
horizontal reversal for every line. The nature of flickering
thus becomes difficult to perceive in comparison with con-
ventional cases.

[0284] Inaddition, in a liquid crystal display of the present
invention, the gate drive means implements a gate 2 pulse
drive to subject the pixels to precharging and actual charging
during a horizontal scan period for one line. When the gate
drive means implements the gate 2 pulse drive, the source
drive means adjusts the source voltage in actual charging in
accordance with whether the pixels have identical or oppo-
site polarities between frames.

[0285] In other words, in the aforementioned invention,
the polarity may or may not change between frames, result-
ing in different potential charged to the pixels.

[0286] However, according to the present invention, the
gate drive means implements a gate 2 pulse drive to subject
the pixels to precharging and actual charging during a
horizontal scan period for one line. In addition, when the
gate drive means implements the gate 2 pulse drive, the
source drive means adjusts the source voltage in actual
charging in accordance with whether the pixels have iden-
tical or opposite polaritics between frames.

[0287] Therefore, since precharging takes place before
actual charging, differences due to the polarity in the pre-
ceding frame are small, and differences in charging to pixels
after actual charging is completed are very small.

[0288] Inaddition,in a liquid crystal display of the present
invention, the gate drive means implements a gate 2 pulse
drive to subject the pixels to precharging and actual charging
during a horizontal scan period for one line, and when the
gate drive means implements the gate 2 pulse drive, the
source drive means adjusts the source voltage in actual
charging based on the polarity of the pixels in the preceding
frame and the source output potential in precharging.
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[0289] According to the invention, when the gate drive
means implements the gate 2 pulse drive, the source drive
means adjusts the source voltage in actual charging based on
the polarity of the pixels in the preceding frame and the
source output potential in precharging.

[0290] Therefore, the source voltage in actual charging is
adjusted based on the polarity of the pixels in the preceding
frame and the source output potential in precharging, which
prevents differences in the potential charged to the pixels
from developing due to the fact that the polarity may surely
or may not change between frames.

[0291] In addition, in a liquid crystal display of the present
invention, in the liquid crystal display driving pixels by
active matrix drive at a frame frequency of 100 Hz or higher,
there is provided polarity control means implementing, for
cach frame, a horizontal reversal once for a number of lines
with respect to the polarity of the liquid crystal in the pixels.

[0292] In addition, a method of driving a liquid crystal
display of the present invention, in a method of driving a
liquid crystal display driving pixels by active matrix drive at
a frame frequency of 100 Hz or higher, the polarity of the
liquid crystal in the pixels is subjected to a horizontal
reversal once for a number of lines for each frame.

[0293] In other words, when the conventional frame fre-
quency of 50 Hz through 60 Hz is, for example, doubled to
100 Hz through 120 Hz to produce smooth moving images,
if the polarity of the pixels was reversed every frame as in
conventional art, the charge time would be halved, resulting
in insufficient charging.

[0294] However, according to the present embodiment,
the polarity control means subjects the polarity of the liquid
crystal in the pixels to a horizontal reversal once for a certain
number of lines for each frame.

[0295] Therefore, for example, when the frame frequency
is double the conventional frame frequency, by implement-
ing a horizontal reversal once every two lines, as a result, the
same display quality as at the conventional frame frequency
of 50 Hz through 60 Hz is achieved.

[0296] In addition, in the liquid crystal display of the
present invention, the polarity control means implements a
horizontal reversal while different types of horizontal rever-
sals for a certain number of lines are mixed for each frame.

[0297] According to the invention, the polarity control
means implements a horizontal reversal with different types
of horizontal reversals once for a number of lines being
mixed for each frame. Therefore, the reversal pattern is
complex in comparison with conventional cases, and the
nature of flickering becomes difficult to perceive in com-
parison with conventional cases.

[0298] 1Inaddition, in a liquid crystal display of the present
invention, there is provided multiple-frame-unit control
means subjecting the polarity of the liquid crystal in the
pixels to a reversal with multiple frames as a unit.

[0299] According to the invention, multiple-frame-unit
control means is provided; therefore, the polarity of the
liquid crystal in the pixels can be reversed with multiple
frames as a unit. A different reversal from the conventional
once-per-frame reversal is implemented.
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[0300] Therefore, a liquid crystal display is provided
which addresses insufficient charging for higher display
quality even at high frame frequencies.

[0301] Inaddition,in a liquid crystal display of the present
invention, there is provided clock means multiplying a
frame frequency of an input signal by k and frame interpo-
late means inserting an interpolated frame between frames.

[0302] According to the invention, the frame interpolate
means inserts an interpolated frame between frames. There-
fore, since interpolated frames are further inserted into video
and other input signals, the display appears smooth.

[0303] In addition, the frame frequency of the input signal
can be multiplied by k in the clock means. Therefore, any
number of interpolated frames may be inserted between
frames.

[0304] Inaddition,in a liquid crystal display of the present
invention, there is provided overshoot drive means applying
to the pixels a voltage corresponding to a higher grayscale
level than a grayscale level represented by an input signal.

[0305] According to the invention, the overshoot drive
means applies a voltage corresponding to a higher grayscale
level than a grayscale level represented by an input signal to
the pixels. Therefore, pixels are sufficiently charged at high
frame frequencies.

[0306] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

What is claimed is:

1. A liquid crystal display in which pixels are driven by
active matrix drive, the display comprising interframe polar-
ity control means controlling to alternately repeat, for each
frame, a first reversal pattern where a polarity of liquid
crystal in the pixels is subjected to a horizontal reversal once
every m lines (m is 2 or a greater positive integer) and a
second reversal pattern where polarity reversal of lines in the
first reversal pattern is shifted by n lines (n is a positive
integer equal to a half or less of m).

2. The liquid crystal display as set forth in claim 1, further
comprising:

a liquid crystal display screen composed of pixels
arranged 1n a matrix;

gate drive means outputting a gate pulse to gate lines
connected to gates of thin film transistors in the pixels;
and

source drive means outputting a source voltage to source
lines connected to sources of the thin film transistors in
the pixels.
3. The liquid crystal display as set forth in claim 2,
wherein:

the liquid crystal display screen is divided into two: a first
screen and a second screen;

the gate drive means is divided into two: first gate drive
means outputting a gate pulse to gate lines connected to
gates of thin film transistors in pixels in the first screen
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and second gate drive means outputting a gate pulse to
gate lines connected to gates of thin film transistors in
pixels in the second screen; and

the source drive means is divided into two: first source
drive means outputting a source voltage to source lines
connected to sources of the thin film transistors in the
pixels in the first screen and second source drive means
outputting a source voltage to source lines connected to
sources of the thin film transistors in the pixels in the
second screen.

4. The liquid crystal display as set forth in claim 2,
wherein when implementing a horizontal reversal once
every m lines, the gate drive means regulates a width of the
gate pulse on lines in the m lines during a horizontal scan
period equivalent to m lines.

5. The liquid crystal display as set forth in claim 3,
wherein when implementing a horizontal reversal once
every m lines, the gate drive means regulates a width of the
gate pulse on lines in the m lines during a horizontal scan
period equivalent to m lines.

6. The liquid crystal display as set forth in claim 2,
wherein the gate drive means regulates a width of the gate
pulse on lines in accordance with a polarity of pixels in a
preceding line.

7. The liquid crystal display as set forth in claim 3,
wherein the gate drive means regulates a width of the gate
pulse on lines in accordance with a polarity of pixels in a
preceding line.

8. The liquid crystal display as set forth in claim 2,
wherein the source drive means regulates an output of the
source voltage when implementing a horizontal reversal
once every m lines.

9. The liquid crystal display as set forth in claim 3,
wherein the source drive means regulates an output of the
source voltage when implementing a horizontal reversal
once every m lines.

10. The liquid crystal display as set forth in claim 8,
wherein the source drive means includes source voltage
switch means regulating the output of the source voltage by
switching between predetermined two source voltages in
accordance with a polarity of pixels in a preceding line.

11. The liquid crystal display as set forth in claim 9,
wherein the source drive means includes source voltage
switch means regulating the output of the source voltage by
switching between predetermined two source voltages in
accordance with a polarity of pixels in a preceding line.

12. The liquid crystal display as set forth in claim 1,
wherein the active matrix drive has a frame frequency of 50
Hz or higher.

13. The liquid crystal display as set forth in claim 2,
wherein the active matrix drive has a frame frequency of 50
Hz or higher.

14. The liquid crystal display as set forth in claim 3,
wherein the active matrix drive has a frame frequency of 50
Hz or higher.

15. The liquid crystal display as set forth in claim 12,
wherein the active matrix drive has a frame frequency of 100
Hz or higher.

16. The liquid crystal display as set forth in claim 13,
wherein the active matrix drive has a frame frequency of 100
Hz or higher.

17. The liquid crystal display as set forth in claim 14,
wherein the active matrix drive has a frame frequency of 100
Hz or higher.
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18. A liquid crystal display in which pixels are driven by
active matrix drive, wherein:

a frame frequency is 100 Hz or higher; and

the display comprises interframe polarity control means
controlling a polarity of liquid crystal in the pixels
every so that a horizontal reversal for every two lines
and a horizontal reversal for every line are alternately
repeated for each frame.
19. The liquid crystal display as set forth in claim 18,
further comprising:

a liquid crystal display screen composed of pixels
arranged in a matrix;

gate drive means outputting a gate pulse to gate lines
connected to gates of thin film transistors in the pixels;
and

source drive means outputting a source voltage to source
lines connected to sources of the thin film transistors in
the pixels.
20. The liquid crystal display as set forth in claim 19,
wherein:

the liquid crystal display screen is divided into two: a first
screen and a second screen;

the gate drive means is divided into two: first gate drive
means outputting a gate pulse to gate lines connected to
gates of thin film transistors in pixels in the first screen
and second gate drive means outputting a gate pulse to
gate lines connected to gates of thin film transistors in
pixels in the second screen; and

the source drive means is divided into two: first source
drive means outputting a source voltage to source lines
connected to sources of the thin film transistors in the
pixels in the first screen and second source drive means
outputting a source voltage to source lines connected to
sources of the thin film transistors in the pixels in the
second screen.

21. The liquid crystal display as set forth in claim 2,

wherein:

the gate drive means implements a gate 2 pulse drive to
subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and

the source drive means adjusts the source voltage in actual

charging in accordance with whether the pixels have

identical or opposite polarities between frames when

the gate drive means implements the gate 2 pulse drive.

22. The liquid crystal display as set forth in claim 3,
wherein:

the gate drive means implements a gate 2 pulse drive to
subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and

the source drive means adjusts the source voltage in actual

charging in accordance with whether the pixels have

identical or opposite polarities between frames when

the gate drive means implements the gate 2 pulse drive.

23. The liquid crystal display as set forth in claim 19,
wherein:

the gate drive means implements a gate 2 pulse drive to
subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and
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the source drive means adjusts the source voltage in actual
charging in accordance with whether the pixels have
identical or opposite polarities between frames when
the gate drive means implements the gate 2 pulse drive.

24. The liquid crystal display as set forth in claim 20,
wherein:

the gate drive means implements a gate 2 pulse drive to
subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and

the source drive means adjusts the source voltage in actual
charging in accordance with whether the pixels have
identical or opposite polarities between frames when
the gate drive means implements the gate 2 pulse drive.

25. The liquid crystal display as set forth in claim 2,
wherein:

the gate drive means implements a gate 2 pulse drive to
subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and

the source drive means adjusts the source voltage in actual
charging from a polarity of the pixels in a preceding
frame and a source output potential in precharging
when the gate drive means implements the gate 2 pulse
drive.

26. The liquid crystal display as set forth in claim 3,
wherein:

the gate drive means implements a gate 2 pulse drive to
subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and

the source drive means adjusts the source voltage in actual
charging from a polarity of the pixels in a preceding
frame and a source output potential in precharging
when the gate drive means implements the gate 2 pulse
drive.

27. The liquid crystal display as set forth in claim 19,
wherein:

the gate drive means implements a gate 2 pulse drive to
subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and

the source drive means adjusts the source voltage in actual
charging from a polarity of the pixels in a preceding
frame and a source output potential in precharging
when the gate drive means implements the gate 2 pulse
drive.

28. The liquid crystal display as set forth in claim 20,
wherein:

the gate drive means implements a gate 2 pulse drive to
subject the pixels to precharging and actual charging
during a horizontal scan period for one line; and

the source drive means adjusts the source voltage in actual
charging from a polarity of the pixels in a preceding
frame and a source output potential in precharging
when the gate drive means implements the gate 2 pulse
drive.

29. Aliquid crystal display in which pixels are driven by
active matrix drive, wherein:
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a frame frequency is 100 Hz or higher; and

the display comprises polarity control means subjecting,
for each frame, a polarity of liquid crystal in the pixels
to a horizontal reversal once for a number of lines.

30. The liquid crystal display as set forth in claim 29,
wherein the polarity control means implementing, for each
frame, a horizontal reversal with different types of horizontal
reversals once for a number of lines being mixed.

31. The liquid crystal display as set forth in claim 1,
further comprising multiple-frame-unit control means sub-
jecting the polarity of the liquid crystal in the pixels to a
reversal with multiple frames as a unit.

32. The liquid crystal display as set forth in claim 2,
further comprising multiple-frame-unit control means sub-
jecting the polarity of the liquid crystal in the pixels to a
reversal with multiple frames as a unit.

33. The liquid crystal display as set forth in claim 3,
further comprising multiple-frame-unit control means sub-
jecting the polarity of the liquid crystal in the pixels to a
reversal with multiple frames as a unit.

34. The liquid crystal display as set forth in claim 18,
further comprising multiple-frame-unit control means sub-
jecting the polarity of the liquid crystal in the pixels to a
reversal with multiple frames as a unit.

35. The liquid crystal display as set forth in claim 19,
further comprising multiple-frame-unit control means sub-
jecting the polarity of the liquid crystal in the pixels to a
reversal with multiple frames as a unit.

36. The liquid crystal display as set forth in claim 20,
further comprising multiple-frame-unit control means sub-
jecting the polarity of the liquid crystal in the pixels to a
reversal with multiple frames as a unit.

37. The liquid crystal display as set forth in claim 29,
further comprising:

a liquid crystal display screen composed of pixels
arranged in a matrix;

gate drive means outputting a gate pulse to gate lines
connected to gates of thin film transistors in the pixels;
and

source drive means outputting a source voltage to source
lines connected to sources of the thin film transistors in
the pixels.
38. The liquid crystal display as set forth in claim 37,
wherein:

the liquid crystal display screen is divided into two: a first
screen and a second screen;

the gate drive means is divided into two: first gate drive
means outputting a gate pulse to gate lines connected to
gates of thin film transistors in pixels in the first screen
and second gate drive means outputting a gate pulse to
gate lines connected to gates of thin film transistors in
pixels in the second screen; and

the source drive means is divided into two: first source
drive means outputting a source voltage to source lines
connected to sources of the thin film transistors in the
pixels in the first screen and second source drive means
outputting a source voltage to source lines connected to
sources of the thin film transistors in the pixels in the
second screen.
39. The liquid crystal display as set forth in claim 1,
further comprising:

20
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clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame
between frames.
40. The liquid crystal display as set forth in claim 2,
further comprising:

clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame
between frames.
41. The liquid crystal display as set forth in claim 3,
further comprising:

clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame
between frames.
42. The liquid crystal display as set forth in claim 18,
further comprising:

clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame
between frames.
43. The liquid crystal display as set forth in claim 19,
further comprising:

clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame
between frames.
44. The liquid crystal display as set forth in claim 20,
further comprising:

clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame
between frames.
45. The liquid crystal display as set forth in claim 29,
further comprising:

clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame
between frames.
46. The liquid crystal display as set forth in claim 30,
further comprising:

clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame
between frames.
47. The liquid crystal display as set forth in claim 31,
further comprising:

clock means multiplying a frame frequency of an input
signal by k; and

frame interpolate means inserting an interpolated frame

between frames.

48. The liquid crystal display as set forth in claim 1,
further comprising overshoot drive means applying to the
pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.
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49. The liquid crystal display as set forth in claim 2,
further comprising overshoot drive means applying to the
pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.

50. The liquid crystal display as set forth in claim 3,
further comprising overshoot drive means applying to the
pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.

51. The liquid crystal display as set forth in claim 18,
further comprising overshoot drive means applying to the
pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.

52. The liquid crystal display as set forth in claim 19,
further comprising overshoot drive means applying to the
pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.

53. The liquid crystal display as set forth in claim 20,
further comprising overshoot drive means applying to the
pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.

54. The liquid crystal display as set forth in claim 29,
further comprising overshoot drive means applying to the
pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.

55. The liquid crystal display as set forth in claim 30,
further comprising overshoot drive means applying to the
pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.

56. The liquid crystal display as set forth in claim 31,
further comprising overshoot drive means applying to the
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pixels a voltage corresponding to a higher grayscale level
than a grayscale level represented by an input signal.

57. Amethod of driving a liquid crystal display, compris-
ing the steps of:

driving pixels by active matrix drive; and

alternately repeating, for each frame, a first reversal
pattern subjecting a polarity of liquid crystal in the
pixels to a horizontal reversal once every m lines (m is
2 or a greater positive integer) and a second reversal
pattern where the polarity reversal of lines in the first
reversal pattern is shifted by n lines (n is a positive
integer equal to a half or less of m).

58. A method of driving a liquid crystal display, compris-

ing the steps of:

driving pixels by active matrix drive at a frame frequency
of 100 Hz or higher; and

alternately repeating, for each frame, a horizontal reversal
for every two lines and a horizontal reversal for every
line with respect to a polarity of liquid crystal in the
pixels.
59. A method of driving a liquid crystal display, compris-
ing the steps of:

driving pixels by active matrix drive at a frame frequency
of 100 Hz or higher; and

subjecting a polarity of liquid crystal in the pixels to a
horizontal reversal for a number of lines for each frame.

I S T T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

REERERERR T E

US20050122295A1 NI (AE)E

US11/001180

FFEILDAIICHI

L DAIICHI

Bk att

2005-06-09

2004-12-02

patsnap

SOURCE DRIVER SEGTICN

LIGUD CRYSTAL PAKEL

[ﬁ\]ﬂi‘ B A SAWABE DAIICHI
KEAA SAWABE, DAIICHI
IPCo S G02F1/133 G02F1/136 G09G3/20 G09G3/36 HO1L29/786
CPCH k5 G09G3/3614 G09G3/3648 G09G3/3666 G09G2310/0251 G09G2340/16 G09G2320/0252 G09G2320
/10 G09G2340/0435 G09G2310/08
L&A 2003406282 2003-12-04 JP
2004318171 2004-11-01 JP
H N FF sk US7548226
SNEBEEE Espacenet USPTO
HE(R)
% B REE B I100HZ R E M WAIRE) . $RHE T — N EAMIITHER2 :
M—NREEIES X EREBY , CEREHGETRIBORE , LEEMR BASE-4 FRAME
BEESEMT K ERE (mBI2RE K ) EFH — MR THREE GHUNTER
fnfF (nEZETmH—¥REIIERN ) 25 , SmT—RALRE. | b a
BAREAT HEE RENRHEREMSE , RTERSWATH  oanmeur |
ZERRURSNESHNETRE, 3ECTION SECTION
GATE
CONTROL GATE »
SIGHAL DRIVE
GEMERATOR SECTION
SECTION

=T



https://share-analytics.zhihuiya.com/view/08e5efff-e407-44ba-832b-ae7ba8efb7a0
https://worldwide.espacenet.com/patent/search/family/034635653/publication/US2005122295A1?q=US2005122295A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050122295%22.PGNR.&OS=DN/20050122295&RS=DN/20050122295

