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DRIVE CIRCUIT, DISPLAY, AND METHOD
OF DRIVING DISPLAY

BACKGROUND

[0001] The technology relates to a drive circuit that per-
forms gray-scale display with pulse width modulation
(PWM), and to a display having the drive circuit. The tech-
nology also relates to a method of driving the display.
[0002] Whena case of five bits (32-level gray scale) is taken
as an example, a gray-scale display method as illustrated in
FIG. 22 according to a comparative example, for instance, is
used in a digital-driving display that performs gray-scale
display with PWM. Specifically, as illustrated in FIG. 22, five
pieces of data in a 1:2:4:8:16 period ratio are prepared using
data of one bit with a width of a few milliseconds as a unit, for
instance. The 32-level gray scale is expressed by a combina-
tion of these five pieces of data.

[0003] Part (A) to Part (D) of FIG. 23 illustrate a relation-
ship between signal data in sequential scanning and selection
pulses applied to scanning lines, in typical digital driving
according to a comparative example. Here, a case of using
three scanning lines is illustrated for the sake of description.
As apparent from Part (A) to Part (D) of FIG. 23, in a display
oftypical digital driving, one frame period (1F) is divided into
subfields SF1 to SF5 corresponding to the respective bits (in
this case, a first bit to a fifth bit) of gray-scale data. The
subfields SF1 to SF5 are periods each depending on the
weight of the corresponding bit. The ratio of an ON period or
an OFF period to the 1F is controlled stepwise, by turning an
electro-optical device of a pixel on or off in accordance with
the bit corresponding to each of the subfields SF1 to SF5.
Writing data to the pixel through the scanning line is per-
formed in line-sequential scanning, for each of the subfields
SF1 to SF5. It is to be noted that information about the digital
driving is described in, for example, Japanese Unexamined
Patent Application Publication No. 2006-343609.

SUMMARY

[0004] When a gray-scale display method in which a black/
white-phase inversion occurs due to a slight difference in
gray-scale is used as illustrated in FIG. 22 according to a
comparative example, a liquid crystal disorder may take place
between pixels next to each other because of a transverse
electric field. For example, as illustrated in Part (A) and Part
(B) of FIG. 24, when an image having gradation in a vertical
direction (which will be hereinafter simply referred to as
“gradation image”) is displayed, a liquid crystal disorder
occurs between pixels each having an inverted black or white
phase. This liquid crystal disorder is visually recognized by a
viewer, as a black streak L1 illustrated in Part (B) of FIG. 24,
for example. This black streak [.1 significantly impairs image
quality.

[0005] It is desirable to provide a drive circuit resistant to
occurrence of a liquid crystal disorder, and a display having
this drive circuit. It is also desirable to provide a method of
driving a display resistant to occurrence of a liquid crystal
disorder.

[0006] According to an embodiment of the technology,
there is provided a drive circuit driving each of pixels that are
arranged in matrix in a display, in which each of the pixels is
provided with a built-in memory that includes a liquid crystal
cell. The drive circuit includes: a division section dividing one
frame period into a plurality of subfields, and dividing each of
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one or more of the plurality of subfields to generate a plurality
of division subfields, each of the plurality of subfields corre-
sponding to each bit of gray-scale data and having a period
corresponding to a weight of the corresponding bit, and each
of the one or more of the plurality of subfields having the
period that is relatively long and being divided into periods
each equal to the period of the subfield that is relatively short;
a correction section correcting, when bit arrays of the gray-
scale data corresponding to the respective two pixels next to
each other are different from one another, the bit array of the
gray-scale data corresponding to a first pixel of the two pixels
to bring this bit array closer to the bit array of the gray-scale
data corresponding to a second pixel of the two pixels, while
maintaining gray-scale; and an ON-OFF-period control sec-
tion controlling a ratio of an ON period or an OFF period to
the one frame period, by turning on or off the liquid crystal
cell of each of the pixels according to the bit corresponding to
each of the subfields and each of the division subfields.

[0007] According to an embodiment of the technology,
there is provided a display with a display region and a drive
circuit, in which the display region is provided with pixels
that are arranged in matrix and each having a built-in memory
that includes a liquid crystal cell, and the drive circuit drives
each of the pixels. The drive circuit includes: a division sec-
tion dividing one frame period into a plurality of subfields,
and dividing each of one or more of the plurality of subfields
to generate a plurality of division subfields, each of the plu-
rality of subfields corresponding to each bit of gray-scale data
and having a period corresponding to a weight of the corre-
sponding bit, and each of the one or more of the plurality of
subfields having the period that is relatively long and being
divided into periods each equal to the period of the subfield
that is relatively short; a correction section correcting, when
bit arrays of the gray-scale data corresponding to the respec-
tive two pixels next to each other are different from one
another, the bit array of the gray-scale data corresponding to
a first pixel of the two pixels to bring this bit array closer to the
bit array of the gray-scale data corresponding to a second
pixel of the two pixels, while maintaining gray-scale; and an
ON-OFF-period control section controlling a ratio of an ON
period or an OFF period to the one frame period, by turning on
or off the liquid crystal cell of each of the pixels according to
the bit corresponding to each of the subfields and each of the
division subfields.

[0008] According to an embodiment of the technology,
there is provided a method of driving a display, in which the
display is provided with pixels that are arranged in matrix and
each having a built-in memory that includes a liquid crystal
cell. The method includes: dividing one frame period into a
plurality of subfields, and dividing each of one or more of the
plurality of subfields to generate a plurality of division sub-
fields, each of the plurality of subfields corresponding to each
bit of gray-scale data and having a period corresponding to a
weight of the corresponding bit, and each of the one or more
of'the plurality of subfields having the period that is relatively
long and being divided into periods each equal to the period of
the subfield that is relatively short; correcting, when bit arrays
of the gray-scale data corresponding to the respective two
pixels next to each other are different from one another, the bit
array of the gray-scale data corresponding to a first pixel of
the two pixels to bring this bit array closer to the bit array of
the gray-scale data corresponding to a second pixel of the two
pixels, while maintaining gray-scale; and controlling a ratio
of'an ON period or an OFF period to the one frame period, by
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turning on or off the liquid crystal cell of each of the pixels
according to the bit corresponding to each of the subfields and
each of the division subfields.

[0009] In the drive circuit, the display, and the method of
driving the display according to the above-described embodi-
ments of the technology, each of the one or more of the
plurality of subfields having the period that is relatively long
is divided into the periods each equal to the period of the
subfield having the period that is relatively short. Further,
when the bit arrays of gray-scale data corresponding to the
respective two pixels next to each other are different, the bit
array of the gray-scale data corresponding to the first pixel of
the two pixels is brought closer to the bit array of the gray-
scale data corresponding to the second pixel of the two pixels,
while the gray-scale is maintained. This allows a reduction in
the ratio of a part where the bit arrays of gray-scale data
corresponding to the respective two pixels next to each other
are different.

[0010] According to the drive circuit, the display, and the
method of driving the display in the above-described embodi-
ments of the technology, there is a reduction in the ratio of the
part where the bit arrays of gray-scale data corresponding to
the respective two pixels next to each other are different.
Thus, a liquid crystal disorder is less likely to occur. As a
result, high image quality is allowed to be achieved.

[0011] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
technology as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments and, together with the speci-
fication, serve to explain the principles of the technology.
[0013] FIG.11isaschematic diagram of a display according
to an embodiment of the technology.

[0014] Part (A) and Part (B) of FIG. 2 are schematic dia-
grams illustrating an example of signal data defined by sub-
fields.

[0015] FIG. 3 is a schematic diagram illustrating an
example of gray-scale data.

[0016] Part (A) and Part (B) of FIG. 4 are schematic dia-
grams illustrating an example of correction of gray-scale data
when a gray-scale display method in FIG. 3 is used.

[0017] Part (A) and Part (B) of FIG. 5 are schematic dia-
grams illustrating another example of the signal data defined
by subfields.

[0018] FIG. 6 is a schematic diagram illustrating another
example of the gray-scale data.

[0019] Part (A) and Part (B) of FIG. 7 are schematic dia-
grams illustrating an example of correction of gray-scale data
when a gray-scale display method in FIG. 6 is used.

[0020] FIG. 8 is a flowchart illustrating an example of a
procedure in which the correction in Part (A) and Part (B) of
FIG. 4 or Part (A) and Part (B) of FIG. 7 is readily performed.
[0021] Part (A)to Part (C) of FIG. 9 are diagrams illustrat-
ing the example of the procedure of the correction in FIG. 8,
in form of bits.

[0022] Part (A) to Part (C) of FIG. 10 are diagrams illus-
trating the bits in Part (A) to Part (C) of FIG. 9, in form of
black and white.
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[0023] Part (A) to Part (C) of FIG. 11 are diagrams illus-
trating another example of the procedure of the correction in
FIG. 8, in form of bits.

[0024] Part (A) to Part (C) of FIG. 12 are diagrams illus-
trating the bits in Part (A) to Part (C) of FIG. 11, in form of
black and white.

[0025] Part (A) and Part (B) of FIG. 13 are schematic dia-
grams illustrating an example of a change in gray-scale data
when the correction in FIG. 8 to Part (C) of FIG. 10 is
performed.

[0026] Part (A) and Part (B) of FIG. 14 are schematic dia-
grams illustrating an example of a change in gray-scale data
when the correction in FIG. 8, Part (A) to Part (C) of FIG. 11,
and Part (A) to Part (C) of FIG. 12 is performed.

[0027] FIG. 15 is a schematic diagram of a conversion
circuit in FIG. 1.

[0028] Part (A) to Part (D) of FIG. 16 are schematic dia-
grams illustrating an example of signal data and examples of
a selection pulse, in one frame period.

[0029] Part (A) to Part (D) of FIG. 17 are schematic dia-
grams illustrating another example of the signal data and
other examples of the selection pulse, in one frame period.
[0030] Part (A) to Part (C) of FIG. 18 are schematic dia-
grams illustrating an example of the gray-scale data after the
above-described correction, and an example of correction of
the gray-scale data after the above-described correction.
[0031] FIG. 19 is a flowchart illustrating an example of a
procedure of the correction in Part (C) of FIG. 18.

[0032] Part (A) to Part (C) of FIG. 20 are diagrams illus-
trating an example of a procedure of the correctionin FIG. 19,
in form of bits.

[0033] Part (A) to Part (C) of FIG. 21 are schematic dia-
grams used to describe another correction in the embodiment
or a modification thereof.

[0034] FIG. 22 is a schematic diagram illustrating an
example of gray-scale data according to a comparative
example.

[0035] Part (A) to Part (D) of FIG. 23 are schematic dia-
grams illustrating a typical example of signal data and typical
examples of a selection pulse, in one frame period according
to a comparative example.

[0036] Part (A) and Part (B) of FIG. 24 are schematic dia-
grams illustrating an example of a streak generated in a gra-
dation image.

DETAILED DESCRIPTION

[0037] Anembodiment of the technology will be described
below in detail with reference to the drawings. Itis to be noted
that the description will be provided in the following order.

[0038] 1.Embodiment (a display)

[0039] 2. Modifications (displays)

[0040] [1. Embodiment]

[0041] [Configuration]

[0042] FIG. 1 illustrates a schematic configuration of a

display 1 according to an embodiment of the technology. This
display 1 includes a display panel 10 and a peripheral circuit
20 driving the display panel 10.

Display Panel 10

[0043] The display panel 10 includes a plurality of scan-
ning lines WSL extending in a row direction, and a plurality
of data lines DTL extending in a column direction. The dis-
play panel 10 further includes a plurality of pixels 11 each
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corresponding to an intersection of each of the scanning lines
WSL and each of the data lines DTL. The plurality of pixels
11 in the display panel 10 are two-dimensionally arranged in
the row direction and the column direction, all over a pixel
region 10A of the display panel 10. The pixel 11 corresponds
to a point that is a minimum unit of a screen on the display
panel 10. When the display panel 10 is a color display panel,
the pixel 11 is equivalent to, for example, a subpixel that emits
light of single color such as red, green, or blue. When the
display panel 10 is a monochrome display panel, the pixel 11
is equivalent to a pixel that emits monochromatic light (e.g.,
white light).

[0044] The pixel 11 is a pixel with a built-in memory
including an electro-optical device, although not illustrated.
One type of the electro-optical device is a liquid crystal cell.
Examples of the type of the memory include SRAM (Static
Random Access Memory) and DRAM (Dynamic Random
Access Memory). When corresponding one of the scanning
lines WSL is selected, the pixel 11 enters an emission state or
an extinction state in response to writing of signal data (bit)
supplied to the corresponding data line DTL. Even when this
scanning line WSL is not selected anymore afterwards, the
emission state or the extinction state based on the writing
continues. Therefore, the peripheral circuit 20 achieves gray-
scale display, by controlling the ratio of a period during which
the pixel 11 is in the emission state (i.e. a lighted period) or a
period during which the pixel 11 is in the extinction state (i.e.
an extinguished period), to one frame period.

[0045] Thereis a concept called “subfield” serving as a unit
of the lighted period or the extinguished period of the pixel
11. The “subfield” corresponds to each bit of gray-scale data
defining gray-scale of the pixel 11, and indicates a unit of a
period depending on the weight of the corresponding bit. For
example, when 32-level gray scale is expressed by 5-bit gray-
scale data, as illustrated in FIG. 22 according to a comparative
example, for instance, five pieces of data in a 1:2:4:8:16
period ratio are prepared using, for example, data of one bit
having a width of a few milliseconds, as a unit. The 32-level
gray scale is expressed by a combination of these five pieces
ofdata. In this gray-scale display method, as illustrated in Part
(A) of FIG. 2, signal data is defined by subfields SF1 to SF5
corresponding to the respective bits (a first bit to a fifth bit) of
the gray-scale data. Each of the subfields SF1 to SF5 serves as
a period depending on the weight of the corresponding bit.

[0046] In the present embodiment, further, “division sub-
field” is applied to a subfield with a relatively-long period (i.e.
on a high gray-scale side), as a unit of the lighted period or the
extinguished period of the pixel 11. The “division subfield”
indicates a fragment subfield, which is generated by dividing
a subfield with a relatively-long period into periods each
equal to the period of a subfield with a relatively-short period.
For example, as illustrated in Part (B) of FIG. 2, the subfields
SF4 and SF5 corresponding to the fourth bit and the fifth bit
of the gray-scale data, respectively, are divided into periods
each equal to the period of the subfield SF3. The period of the
subfield SF3 is relatively shorter than the subfield SF4. As a
result, two division subfields SF4-1 and SF4-2 are generated
from the subfield SF4, and four division subfields SF5-1,
SF5-2, SF5-3, and SF5-4 are generated from the subfield SF5.
The period of each of the division subfields SF4-1, SF4-2,
SF5-1, SF5-2, SF5-3, and SF5-4 is longer than the period of
each of the subfields SF1 and SF2 on a low gray-scale side,
and is the longest period in the signal data.
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[0047] Here, the bit corresponding to the division subfield
is equal to the bit corresponding to the subfield that is a source
of'the division resulting in the division subfield. For example,
the bit corresponding to each of the division subfields SF4-1
and SF4-2 is equal to the bit corresponding to the subfield
SF4. Similarly, the bit corresponding to each of the division
subfields SF5-1, SF5-2, SF5-3, and SF5-4 is equal to the bit
corresponding to the subfield SF5. In the present embodi-
ment, when gray-scale data with 32-level gray scale
expressed by five bits (see FIG. 22) is inputted, for example,
nine pieces of data in a 4:4:4:4:1:2:4:4:4 period ratio are
prepared using, for example, data of one bit having a width of
a few milliseconds, as a unit, as illustrated in FIG. 3, for
instance. The 32-level gray scale is expressed by a combina-
tion of these nine pieces of data. In this case, the second
period and the eighth period from the lead correspond to the
division subfields SF4-1 and SF4-2, respectively.

[0048] In addition, the first period, the third period, the
seventh period, and the ninth period from the lead correspond
to the division subfields SF5-1, SF5-2, SF5-3, and SF5-4,
respectively. In this gray-scale display method, there is a
reduction in a degree to which a border between black and
white stays for a long time due to a slight difference in
gray-scale between two pixels next to each other, in compari-
son with the gray-scale display method illustrated in FIG. 22.
[0049] Inthe gray-scale display method described above, at
least a part of (one or more of) the division subfields are each
placed in a section different from that before the division, in
the one frame period. Further, the division subfields are
placed so that the subfields as a source of the division, each
divided into the division subfields next to each other, are
different from each other. For example, as illustrated in Part
(B) of FIG. 2, the division subfield SF4-1 generated from the
subfield SF4 is placed next to the division subfields SF5-1 and
SF5-2 generated from the subfield SFS. Further, the division
subfield SF4-2 generated from the subfield SF4 is placed next
to the division subfields SF5-3 and SF5-4 generated from the
subfield SF5. Similarly, the division subfield SF5-1 generated
from the subfield SF5 is placed at the lead of the signal data,
and also placed next to the division subfield SF4-1 generated
from the subfield SF4. Further, the division subfield SF5-2
generated from the subfield SF5 is placed next to the division
subfield SF4-1 generated from the subfield SF4 and also to the
subfield SF3 which is not divided. Furthermore, the division
subfield SF5-3 generated from the subfield SFS5 is placed next
to the division subfield SF4-2 generated from the subfield SF4
and also to the subfield SF2 which is not divided. The division
subfield SF5-4 generated from the subfield SFS5 is placed at
the tail of the signal data, and also placed next to the division
subfield SF4-2 generated from the subfield SF4.

[0050] Itis preferable that a part of the division subfields be
placed closer to the beginning of the one frame period. For
example, as illustrated in Part (B) of FIG. 2, the division
subfield SF5-1 generated from the subfield SF5 is placed at
the lead of the one frame period (the signal data). Further, for
example, the division subfield SF4-1 generated from the sub-
field SF4 is placed at the second position from the lead of the
one frame period (the signal data) as illustrated in Part (B) of
FIG. 2.

[0051] The subfields and the division subfields in 1F are
rearranged according to a predetermined rule. Specifically,
when bit arrays of gray-scale data, which correspond to the
respective two pixels 11 next to each other, are different from
each other, the bit array of the gray-scale data corresponding
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to one of the pixels 11 is corrected to become closer to that
corresponding to the other of the pixels 11, while maintaining
the gray-scale.

[0052] For example, suppose signal data is defined in an
order of SF5-1, SF4-1, SF5-2, SF3, SF1, SF2, SF5-3, SF4-2,
and SF5-4, sequentially from the lead, as illustrated in Part
(A) of FIG. 4. Further, suppose, when gray-scale correspond-
ing to a pixel A is 15 and gray-scale corresponding to a pixel
B next to the pixel A is 16, gray-scale data corresponding to
each of the pixel A and the pixel B is defined according to the
gray-scale display method in FIG. 3. Here, in each of the
subfields SF4-1 and SF3, the phase (black or white phase) of
the bit of the pixel A is different from that of the pixel B.
Specifically, in the subfield SF4-1, the bit of the pixel A is 0
(black), whereas the bit of the pixel B is 1 (white). Further, in
the subfield SF3, the bit of the pixel A is 1 (white), whereas the
bit of the pixel B is 0 (black).

[0053] In this way, when the phase of each bit of the gray-
scale data corresponding to the one of the two pixels 11 next
to each other is different from that corresponding to the other,
the bit array of the gray-scale data corresponding to the pixel
A is corrected to become closer to the bit array of the gray-
scale data corresponding to the pixel B. For example, as
illustrated in Part (B) of FIG. 4, in the bit array of the gray-
scale data corresponding to the pixel A, the bit corresponding
to the subfield SF4-1 and the bit corresponding to the subfield
SF3 having the same period as the bit corresponding to the
subfield SF4-1 are replaced with each other. Thus, in each of
the subfields SF4-1 and SF3, the phase (the black or white
phase) of the bit of the pixel A and that of the pixel B become
equal to each other. As a result, the bit array of the gray-scale
data corresponding to the pixel A is allowed to become closer
to the bit array of the gray-scale data corresponding to the
pixel B, while maintaining the gray-scale of the pixel A.

[0054] It is to be noted that the division subfields may be
arranged so that the subfields as a source of the division, each
divided into the division subfields next to each other, are equal
to each other. For example, as illustrated in Part (A) and Part
(B) of FIG. 5, the division subfields SF4-1 and SF4-2 gener-
ated from the subfield SF4 are placed at the position of the
subfield SF4. Further, for example, the division subfields
SF5-1, SF5-2, SF5-3, and SF5-4 generated from the subfield
SFS are placed at the position of the subfield SF5, as illus-
trated in Part (A) and Part (B) of FIG. 5.

[0055] Inthis case, when gray-scale data with 32-level gray
scale expressed by five bits (see FIG. 22) is inputted, for
example, nine pieces of data in a 1:2:4:4:4:4:4:4:4 period
ratio are prepared using, for example, data of one bit having a
width of a few milliseconds, as a unit, as illustrated in FIG. 6,
for instance. The 32-level gray scale is expressed by a com-
bination of these nine pieces of data. Here, the fourth period
and the fifth period from the lead correspond to the division
subfields SF4-1 and SF4-2, respectively. In addition, the sixth
period, the seventh period, the eighth period, and the ninth
period from the lead correspond to the division subfields
SF5-1, SF5-2, SF5-3, and SF5-4, respectively. In this gray-
scale display method, the degree to which the border between
black and white stays for a long time is equal to that in the
gray-scale display method illustrated in FIG. 22. In the gray-
scale display method of FIG. 6 however, the division subfield
is applied on the high gray-scale side. Therefore, the degree to
which the border between black and white stays for a long
time is reduced to be lower than that in the gray-scale display

Feb. 28,2013

method illustrated in FIG. 22, by performing rearrangement
which will be described below.

[0056] The subfields and the division subfields in 1F are
rearranged according to a predetermined rule. Specifically,
when the phase of each bit of gray-scale data corresponding to
one of the two pixels 11 next to each other is different from
that corresponding to the other of the pixels 11, the bit array
of the gray-scale data corresponding to the one of the pixels
11 is corrected to become closer to that corresponding to the
other, while maintaining the gray-scale.

[0057] For example, suppose signal data is defined in an
order of SF1, SF2, SF3, SF4-1, SF4-2, SF5-1, SF5-2, SF5-3,
and SF5-4, sequentially from the lead, as illustrated in Part
(A) of FIG. 7. Further, suppose, when the gray-scale corre-
sponding to the pixel A is 15 and the gray-scale corresponding
to the pixel B next to the pixel A is 16, the gray-scale data
corresponding to each of the pixel A and the pixel B is defined
according to the gray-scale display method of FIG. 6. In this
case, in each of the subfields SF3, SF4-1, SF4-2, SF5-1,
SF5-2, and SF5-3, the phase (black or white phase) of the bit
of'the pixel A is different from that of the pixel B. Specifically,
in each of the subfields SF3, SF4-1, and SF4-2, the bit of the
pixel A is 1 (white), while the bit of the pixel B is 0 (black).
Further, in each of the subfields SF5-1, SF5-2, and SF5-3, the
bit of the pixel A is 0 (black), while the bit of the pixel Bis 1
(white).

[0058] Inthis way, when the phase of each bit of the gray-
scale data corresponding to the one of the two pixels 11 next
to each other is different from that corresponding to the other,
the bit array of the gray-scale data corresponding to the pixel
A is corrected to become closer to that corresponding to the
pixel B. For example, as illustrated in Part (B) of FIG. 7, the
bits corresponding to the respective subfields SF5-1, SF5-2,
and SF5-3 are replaced with the bits corresponding to the
respective subfields SF3, SF4-1, and SF4-2, respectively, in
the bit array of the gray-scale data corresponding to the pixel
A. The subfields SF5-1, SF5-2, and SF5-3 have the same
periods as those of the subfields SF3, SF4-1, and SF4-2,
respectively. Thus, in each of the subfields SF3, SF4-1, SF4-
2, SF5-1, SF5-2, and SF5-3, the phase (black or white phase)
of the bit in the pixel A and that in the pixel B become equal
to each other. As a result, since the bit array of the gray-scale
data corresponding to the pixel A is allowed to become closer
to the bit array of the gray-scale data corresponding to the
pixel B while maintaining the gray-scale of the pixel A, a
liquid crystal disorder is reduced.

[0059] Next, there will be described a simple way of cor-
recting a bit array of gray-scale data inputted from outside, to
make this bit array become a bit array exemplified by those in
Part (B) of FIG. 4 and Part (B) of FIG. 7. FIG. 8 is a flowchart
illustrating a procedure of correcting a bit array of gray-scale
data inputted from outside, to make this bit array become a
desired bit array. Part (A) to Part (C) of FIG. 9 illustrate an
example of the correction, when there is an input of gray-scale
data with gradation generated in a vertical direction. Part (A)
to Part (C) of FIG. 10 schematically illustrate the gray-scale
data in Part (A) to Part (C) of FIG. 9.

[0060] First, upon being inputted from outside, the gray-
scale data is stored in a predetermined memory (S101). For
example, as illustrated in Part (A) of FIG. 9 and Part (A) of
FIG. 10, when gray-scale data with 32-level gray scale
expressed by five bits is inputted from outside, the gray-scale
data is stored in the predetermined memory. Next, the gray-
scale data is read from the memory, and each subfield on the
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high-bit side of the gray-scale data is divided into division
subfields each having the same period as that of the subfield
onthe low-bit side of the gray-scale data (S102). For example,
as illustrated in Part (B) of FIG. 9 and Part (B) of FIG. 10, the
subfield of the fourth bit in the gray-scale data is divided into
the two division subfields each having the same period as that
of the subfield of the third bit in the gray-scale data. Further,
the subfield of the fifth bit in the gray-scale data is divided into
the four division subfields each having the same period as that
of the subfield of the third bit in the gray-scale data.

[0061] Next, the bits corresponding to the subfield and the
division subfields having the longest period are rearranged so
that 1 (white) and 1 (white), as well as O (black) and 0 (black),
are placed next to each other, respectively (S103). For
example, see Part (B) and Part (C) of FIG. 9, as well as Part
(B) and Part (C) of FIG. 10. In these figures, the bits corre-
sponding to SF3 to SF5-4, which are the subfield and the
division subfields having the longest period in the gray-scale
data after the division, are rearranged, so that 1s (whites) are
gathered on the low-bit side, and Os (blacks) are gathered on
the high-bit side. It is to be noted that the bits corresponding
to SF3 to SF5-4, which are the subfield and the division
subfields having the longest period in the gray-scale data after
the division, may be rearranged, so that 1s (whites) are gath-
ered on the high-bit side, and Os (blacks) are gathered on the
low-bit side. This is illustrated in Part (B) and Part (C) of FIG.
11, as well as Part (B) and Part (C) of FIG. 12, for example.
[0062] As aresult, forinstance, as illustrated in Part (A) and
Part (B) of FIG. 13, the bit array of the gray-scale data cor-
responding to the pixel B belonging to a line 17 is brought
closer to the bit array of the gray-scale data corresponding to
the pixel A belonging to a line 16 as well as next to the pixel
B. Alternatively, for example, as illustrated in Part (A) and
Part (B) of FIG. 14, the bit array of the gray-scale data cor-
responding to the pixel A belonging to the line 16 is brought
closer to the bit array of the gray-scale data corresponding to
the pixel B belonging to the line 17 as well as next to the pixel
A.

Peripheral Circuit 20

[0063] Next, a configuration of the peripheral circuit 20
will be described. The peripheral circuit 20 includes, for
example, a conversion circuit 30, a controller 40, a vertical
drive circuit 50, and a horizontal drive circuit 60, as illustrated
in FIG. 1.

[0064] The controller 40 generates control signals 40A,
40B, and 40C that control operation timing of the conversion
circuit 30, the vertical drive circuit 50, and the horizontal
drive circuit 60, based on a synchronization signal 20B sup-
plied from a host unit not illustrated. Examples of the syn-
chronization signal 20B include a vertical synchronizing sig-
nal, a horizontal synchronizing signal, and a dot clock signal.
Examples of the control signals 40A, 40B, and 40C include a
clock signal, a latch signal, a start of frame signal, and a
subfield start signal.

[0065] The conversion circuit 30 includes, for example, a
frame memory 31, a write circuit 32, a read circuit 33, and a
decoder 34, as illustrated in FIG. 15. The frame memory 31 is
a memory for image display, and has a memory capacity at
least larger than the resolution of a display region 10A. The
frame memory 31 is capable of storing, for example, a row
address, a column address, and gray-scale data of each of the
pixels 11 associated with the row address and the column
address. The write circuit 32 generates a write address Wad of
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animage signal 20A by using the synchronization signal 20B,
and outputs the generated write address Wad to the frame
memory 31 synchronously with the synchronization signal
20B. The write address Wad includes, for example, the row
address and the column address. The read circuit 33 generates
a reading address Rad based on the control signal 40A, and
outputs the generated reading address Rad to the frame
memory 31. The decoder 34 outputs the gray-scale data out-
putted from the frame memory 31, as signal data 30A.
[0066] The vertical drive circuit 50 outputs a scanning
pulse used to select each of the pixels 11 row by row. The
scanning pulse is outputted to the scanning line WSL, based
on a control signal 60A (which will be described later) input-
ted from the horizontal drive circuit 60, and address data
identified by the control signal 40C. For instance, the vertical
drive circuit 50 sequentially outputs a selection pulse to each
of the scanning lines WSL, corresponding to sequential posi-
tions and periods of SF5-1, SF4-1, SF5-2, SF3, SF1, SF2,
SF5-3, SF4-2, and SF5-4, as illustrated in Part (A) to Part (D)
of FIG. 16. It is to be noted that the vertical drive circuit 50
may sequentially output a selection pulse to each of the scan-
ning lines WSL, corresponding to the sequential positions
and periods of SF1, SF2, SF3, SF4-1, SF4-2, SF5-1, SF5-2,
SF5-3, and SF5-4, as illustrated in Part (A) to Part (D) of FIG.
17, for example.

[0067] The horizontal drive circuit 60 controls the ratio of
the ON period or the OFF period to 1F stepwise, by turning on
or off the electro-optical device of the pixel 11 based on the
control signal 40B and the signal data 30A.

[0068] The horizontal drive circuit 60 divides the subfield
on the high-bit side of the signal data 30A into the division
subfields each having the same period as that of the subfield
on the low-bit side of the signal data 30A (S102 of FIG. 8).
When the gray-scale data with 32-level gray scale expressed
by five bits (see (A) of FIG. 2) is inputted as the signal data
30A, the horizontal drive circuit 60 divides each of the sub-
fields SF4 and SF5 corresponding to the fourth bit and the
fifth bit of the gray-scale data, respectively. Here, each of the
subfields SF4 and SF5 is divided into periods that are each
equal to the period of the subfield SF3, as illustrated in Part
(B) of FIG. 2, for example. The period of the subfield SF3 is
relatively shorter than that of the subfield SF4. As a result, the
two division subfields SF4-1 and SF4-2 are generated from
the subfield SF4, and the four division subfields SF5-1, SF5-
2, SF5-3, and SF5-4 are generated from the subfield SF5S.
[0069] Next, the horizontal drive circuit 60 places at least a
part of (each of one or more of) the division subfields in a
section different from that before the division, in the one
frame period. Further, the horizontal drive circuit 60 places
each of the division subfields, so that the subfields as a source
of'the division, each divided into the division subfields next to
each other, are different from each other. Specifically, for
example, the horizontal drive circuit 60 places the subfields
SF1, SF2, and SF3 as well as the division subfields SF4-1,
SF4-2, SF5-1, SF5-2, SF5-3, and SF5-4, in an order of SF5-1,
SF4-1, SF5-2, SF3, SF1, SF2, SF5-3, SF4-2, and SF5-4 as
illustrated in Part (B) of FIG. 2.

[0070] At this moment, it is preferable that the horizontal
drive circuit 60 place a part of the division subfields at a
position closer to the beginning of the one frame period. For
example, as illustrated in Part (B) of FIG. 2, the horizontal
drive circuit 60 places the division subfield SF5-1 at the lead
ofthe one frame period (signal data). Further, for instance, the
horizontal drive circuit 60 places the division subfield SF4-1
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in the position second from the lead of the one frame period
(signal data), as illustrated in Part (B) of FIG. 2.

[0071] The horizontal drive circuit 60 rearranges the sub-
fields and the division subfields in 1F according to a prede-
termined rule (S103 of FIG. 8). Specifically, when the bit
arrays of the gray-scale data, which correspond to the respec-
tive two pixels 11 next to each other, are different from each
other, the horizontal drive circuit 60 performs the following
correction. That is, the horizontal drive circuit 60 corrects the
bit array of the gray-scale data corresponding to one of the
two pixels 11, to bring this bit array closer to the bit array of
the gray-scale data corresponding to the other of the two
pixels 11, while maintaining the gray-scale.

[0072] The horizontal drive circuit 60 corrects the bit array
of the gray-scale data corresponding to the pixel A, to bring
this bit array closer to the bit array of the gray-scale data
corresponding to the pixel B, as illustrated in Part (A) and Part
(B) of FIG. 4, for example. For instance, the horizontal drive
circuit 60 replaces the bit corresponding to the subfield SF4-1
and the bit corresponding to the subfield SF3 with each other,
in the bit array of the gray-scale data corresponding to the
pixel A, as illustrated in Part (A) and Part (B) of FIG. 4. The
bit corresponding to the subfield SF3 has the same period as
that of the subfield SF4-1. Thus, in each of the subfields SF4-1
and SF3, the pixel A and the pixel B become equal to each
other, in terms of the phase (black or white phase) of the bit.
As aresult, the bit array of the gray-scale data corresponding
to the pixel A is allowed to become closer to the bit array of the
gray-scale data corresponding to the pixel B, while maintain-
ing the gray-scale of the pixel A.

[0073] The horizontal drive circuit 60 may correct the bit
array of the gray-scale data corresponding to the pixel A to
bring this bitarray closer to the bit array of the gray-scale data
corresponding to the pixel B, as illustrated in Part (A) and (B)
of FIG. 7, for example. For instance, the horizontal drive
circuit 60 may replace the bits corresponding to the respective
subfields SF3, SF4-1, and SF4-2 with the bits corresponding
to the subfields SF5-1, SF5-2, and SF5-3, respectively, in the
bit array of the gray-scale data corresponding to the pixel A,
as illustrated in Part (A) and (B) of FIG. 7. The subfields
SFS5-1, SF5-2, and SF5-3 have the same periods as those of the
subfield SF3, SF4-1, and SF4-2, respectively. Thus, in each of
the subfields SF3, SF4-1, SF4-2, SF5-1, SF5-2, and SF5-3,
the pixel A and the pixel B become equal to each other, in
terms of the phase (black or white phase) of the bit. As aresult,
the bit array of the gray-scale data corresponding to the pixel
A is allowed to become closer to the bit array of the gray-scale
data corresponding to the pixel B, while maintaining the
gray-scale of the pixel A.

[0074] Itis to be noted that the horizontal drive circuit 60
may correct the bit array of the signal data 30A, to bring this
bit array closer to a bit array exemplified by those in Part (B)
of FIG. 4 and Part (B) of FIG. 7, in the following manner.
Specifically, when the signal data 30A is inputted from out-
side, the horizontal drive circuit 60 stores the signal data 30A
in the predetermined memory (S101 of FIG. 8). For example,
when the gray-scale data with 32-level gray scale expressed
by five bits is inputted from outside as the signal data 30 A, the
horizontal drive circuit 60 stores the signal data 30A in the
predetermined memory, as illustrated in Part (A) of FIG. 9
and Part (A) of FIG. 10. Next, at predetermined timing, the
horizontal drive circuit 60 reads the signal data 30A from the
memory. The horizontal drive circuit 60 then divides the
subfield on the high-bit side of the signal data 30A, into the
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division subfields each having the same period as that of the
subfield on the low-bit side of the signal data 30A (S102 of
FIG. 8). For example, the horizontal drive circuit 60 divides
the subfield of the fourth bit in the signal data 30 A into the two
division subfields each having the same period as that of the
subfield of the third bit in the signal data 30A, as illustrated in
Part (B) of FIG. 9 and Part (B) of FIG. 10. Further, the
horizontal drive circuit 60 divides the subfield of the fifth bit
in the signal data 30A into the four division subfields each
having the same period as that of the subfield of the third bit
in the signal data 30A.

[0075] Next, the horizontal drive circuit 60 rearranges the
bits corresponding to the subfield and the division subfields
having the longest period, so that 1 (white) and 1 (white) as
well as 0 (black) and 0 (black) are placed next to each other,
respectively (S103 of FIG. 8). For example, the horizontal
drive circuit 60 rearranges the bits corresponding to SF3 to
SF5-4, which are the subfield and the division subfields hav-
ing the longest period, in the signal data 30A after the divi-
sion, as illustrated in Part (B) and Part (C) of FIG. 9, as well
as Part (B) and Part (C) of FIG. 10. Thus, 1s (whites) are
gathered on the low-bit side, whereas Os (blacks) are gathered
on the high-bit side. It is to be noted that the horizontal drive
circuit 60 may rearrange the bits corresponding to SF3 to
SF5-4, which are the subfield and the division subfields hav-
ing the longest period, in the signal data 30A after the divi-
sion, as illustrated in Part (B) and Part (C) of FIG. 11, as well
as Part (B) and Part (C) of FIG. 12. Thus, 1s (whites) are
gathered on the high-bit side, whereas Os (blacks) are gath-
ered on the low-bit side.

[0076] As aresult, forinstance, as illustrated in Part (A) and
Part (B) of FIG. 13, the bit array of the signal data 30A
corresponding to the pixel B belonging to the line 17 is
brought closer to the bit array of the signal data 30A corre-
sponding to the pixel A belonging to the line 16 as well as next
to the pixel B. Alternatively, for example, as illustrated in Part
(A) and Part (B) of FIG. 14, the bit array of the signal data 30A
corresponding to the pixel A belonging to the line 16 is
brought closer to the bit array of the signal data 30A corre-
sponding to the pixel B belonging to the line 17 as well as next
to the pixel A.

[0077] The horizontal drive circuit 60 outputs the signal
data 30A after the correction, to each of the data lines DTL,
corresponding to the sequential positions and the periods of
the subfields and the division subfields of the signal data 30A
after the correction. For example, the horizontal drive circuit
60 outputs the signal data 30A after the correction, to each of
the data lines DTL, corresponding to the sequential positions
and the periods of SF5-1, SF4-1, SF5-2, SF3, SF1, SF2,
SF5-3, SF4-2, and SF5-4, as illustrated in Part (A) of FIG. 16.
It is to be noted that, for instance, the horizontal drive circuit
60 may output the signal data 30A after the correction, to each
of the data lines DTL, corresponding to the sequential posi-
tions and the periods of SF1, SF2, SF3, SF4-1, SF4-2, SF5-1,
SF5-2, SF5-3, and SF5-4, as illustrated in Part (A) of FIG. 17.

[0078] Further, the horizontal drive circuit 60 outputs the
control signal 60A to the vertical drive circuit 50, correspond-
ing to the sequential positions and the periods of the subfields
and the division subfields of the signal data 30A after the
correction.
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Effects

[0079] Now, effects of the display 1 of the present embodi-
ment will be described, by making a comparison with digital
driving according to a comparative example.

[0080] In PWM-digital driving, for instance, a gray-scale
display method like the one illustrated in FIG. 22 according to
a comparative example may be used when a case of five bits
(32-level gray scale) is taken as an example. Specifically, as
illustrated in FIG. 22, for instance, five pieces of data in a
1:2:4:8:16 period ratio are prepared, using data of one bit
having a width of a few milliseconds as a unit, for instance,
and the 32-level gray scale is expressed by a combination of
these five pieces of data.

[0081] Part (A) to Part (D) of FIG. 23 illustrate a relation-
ship between signal data in sequential scanning and selection
pulses applied to scanning lines, in the typical digital driving
according to a comparative example. Here, a case of using the
three scanning lines is illustrated for the sake of description.
As apparent from Part (A) to Part (D) of FIG. 23, in a display
ofthe typical digital driving, one frame period (1F) is divided
into subfields SF1 to SF5 corresponding to the respective bits
(in this case, the first bit to the fifth bit) of gray-scale data. The
subfields SF1 to SF5 are periods each depending on the
weight of the corresponding bit. The ratio of an ON period or
an OFF period to the 1F is controlled stepwise, by turning an
electro-optical device of a pixel on or off in accordance with
the bit corresponding to each of the subfields SF1 to SF5.
Further, writing data to the pixel through the scanning line is
performed in line-sequential scanning for each of the sub-
fields SF1 to SF5.

[0082] Meanwhile, as illustrated in FIG. 22 according to a
comparative example, when there is used a gray-scale display
method in which a black/white-phase inversion occurs due to
a slight difference in gray-scale, a liquid crystal disorder may
take place between pixels next to each other because of a
transverse electric field. For example, as illustrated in Part (A)
and Part (B) of FIG. 24, when an image having gradation in a
vertical direction (which will be hereinafter simply referred
to as “gradation image”) is displayed, a liquid crystal disorder
occurs between pixels each having an inverted black or white
phase. This liquid crystal disorder is visually recognized by a
viewer, as a black streak L1 illustrated in Part (B) of FIG. 24,
for example. This black streak [.1 significantly impairs image
quality.

[0083] Inthe present embodiment, in contrast, the “division
subfield” is applied to the subfield having a relatively long
period (i.e. on the high gray-scale side), as a unit of the lighted
period or the extinguished period of the pixel 11. In other
words, each of one or more of the subfields each having a
relatively long period is divided into the periods each equal to
the period of the subfield having a relatively short period.
Further, when the bit arrays of gray-scale data corresponding
to the two pixels 11 next to each other are different, the bit
array of the gray-scale data corresponding to one of the two
pixels 11 is corrected to become closer to the bit array of the
gray-scale data corresponding to the other of the two pixels
11, while maintaining the gray-scale. This allows a reduction
in the ratio of a place where the bit arrays of gray-scale data
corresponding to the two pixels 11 next to each other are
different from each other, which allows the liquid crystal
disorder to be less likely to occur. As a result, achievement of
high image quality is allowed.
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2. Modifications

[Modification 1]

[0084] Meanwhile, in some cases, a part where phases are
still different remains, even after the bit array of the gray-
scale data corresponding to the one of the two pixels 11 is
corrected to be closer to the bit array of the gray-scale data
corresponding to the other of the two pixels 11 while main-
taining the gray-scale as described above. Part (A) of FIG. 18
is equivalent to Part (B) of FIG. 4, and indicates a dashed line
surrounding the above-mentioned part where the phases are
still different remains after the correction. Part (B) of FIG. 18
is equivalent to Part (B) of FIG. 7, and indicates a dashed line
surrounding the above-mentioned part where the phases are
still different remains after the correction. In some cases,
when the part with the different phases remains as illustrated
in each of Part (A) and Part (B) of FIG. 18, the liquid crystal
disorder may occur to the extent of being visually recognized,
depending on the remaining amount thereof. In that case,
gray-scale data with higher gray-scale is corrected as neces-
sary to have higher gray-scale. For instance, in the example
illustrated in Part (C) of FIG. 18, the pixel B is higher in
gray-scale than the pixel A and therefore, the gray-scale data
corresponding to the pixel B is corrected to have higher gray-
scale. This reduces the liquid crystal disorder, thereby allow-
ing high image quality to be achieved.

[0085] Next, a specific example of the foregoing additional
correction will be described. FIG. 19 is a flowchart illustrat-
ing a procedure, in which the bit array of the signal data 30A
(which will be hereinafter simply referred to as the “signal
data30A”) after being already corrected in the embodiment is
further corrected to be a desired bit array. Part (A) to Part (C)
of FIG. 20 illustrate an example of the additional correction,
when the signal data 30A is gray-scale data in which grada-
tion is generated in a vertical direction.

[0086] First, the horizontal drive circuit 60 detects the pres-
ence or absence of a phase difference in gray-scale data
between two pixels next to each other in the signal data 30A,
for every subfield and division subfield common to the two
pixels (S201). Here, the phase difference refers to a difference
in bit or a difference in black and white. When detecting the
absence of the phase difference, the horizontal drive circuit 60
ends operation without making the additional correction.
When detecting the presence of the phase difference, on the
other hand, the horizontal drive circuit 60 creates a correction
value for the gray-scale data with higher gray-scale, as illus-
trated in Part (A) of FIG. 20, for example (S202). For
instance, as illustrated in Part (B) of FIG. 20, the horizontal
drive circuit 60 creates gray-scale data with a gray-scale level
of 1, as the correction value. It is to be noted that the correc-
tion value is not necessarily the gray-scale data with the
gray-scale level of 1. The horizontal drive circuit 60 then
corrects the gray-scale of the gray-scale data with higher
gray-scale (S203). For example, the horizontal drive circuit
60 adds the gray-scale data with the gray-scale level of 1 to the
gray-scale data with higher gray-scale, as illustrated in Part
(C) of FIG. 20. As a result, the gray-scale data with higher
gray-scale is corrected to have higher gray-scale. This
reduces the liquid crystal disorder or increases the gray-scale
of the pixel with higher gray-scale to thereby offset a decline
in luminance of the liquid crystal disorder, which makes the
liquid crystal disorder less easy to recognize. Therefore, high
image quality is allowed to be achieved.
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[Modification 2]

[0087] In the embodiment or the modification 1, the hori-
zontal drive circuit 60 may add the correction value common
to all the pixels to the signal data 30A corresponding to all the
pixels, and periodically change the correction value, for every
frame. For example, as illustrated in Part (A) to Part (C) of
FIG. 21, the horizontal drive circuit 60 may sequentially
repeat and add the followings to the signal data 30A corre-
sponding to all the pixels, for every frame.

[0088] +100000000 (gray-scale data raising the gray-scale

level by +1)

[0089] +100000000 (gray-scale data raising the gray-scale
level by +1)
[0090] -010000000 (gray-scale data lowering the gray-

scale level by -3)
[0091] +100000000 (gray-scale data raising the gray-scale
level by +1)
In this case, the streak 1.1 generated by the liquid crystal
disorder oscillates with predetermined amplitude over time
within an image display surface, as illustrated in Part (C) of
FIG. 21, making it difficult for a viewer to visually recognize
the streak L1. This allows achievement of high image quality.
[0092] The technology has been described using the
example embodiment and the modifications, butis not limited
thereto and may be variously modified.
[0093] For example, in the example embodiments and the
modifications, driving of the conversion circuit 30, the verti-
cal drive circuit 50, and the horizontal drive circuit 60 is
controlled by the controller 40. However, this driving may be
controlled by other circuit. In addition, the control of the
conversion circuit 30, the vertical drive circuit 50, and the
horizontal drive circuit 60 may be performed with hardware
(a circuit) or software (a program).
[0094] Accordingly, it is possible to achieve at least the
following configurations from the above-described example
embodiments and the modifications of the disclosure.
[0095] (1) A drive circuit driving each of pixels that are
arranged in matrix in a display, each of the pixels being
provided with a built-in memory that includes a liquid
crystal cell, the drive circuit including:

[0096] a division section dividing one frame period into
aplurality of subfields, and dividing each of one or more
of the plurality of subfields to generate a plurality of
division subfields, each of the plurality of subfields cor-
responding to each bit of gray-scale data and having a
period corresponding to a weight of the corresponding
bit, and each of the one or more of the plurality of
subfields having the period that is relatively long and
being divided into periods each equal to the period of the
subfield that is relatively short;

[0097] acorrection section correcting, when bit arrays of
the gray-scale data corresponding to the respective two
pixels next to each other are different from one another,
the bit array of the gray-scale data corresponding to a
first pixel of the two pixels to bring this bit array closer
to the bit array of the gray-scale data corresponding to a
second pixel of the two pixels, while maintaining gray-
scale; and

[0098] an ON-OFF-period control section controlling a
ratio of an ON period or an OFF period to the one frame
period, by turning on or off the liquid crystal cell of each
of the pixels according to the bit corresponding to each
of the subfields and each of the division subfields.
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[0099] (2) Thedrive circuitaccording to (1), wherein, when
the bit arrays of the respective two pixels are still different
even after the bit array of the gray-scale data corresponding
to the first pixel is brought closer to the bit array of the
gray-scale data corresponding to the second pixel while the
gray-scale is maintained, the correction section corrects
one of the gray-scale data of the respective two pixels that
has the higher gray-scale to be increased.

[0100] (3) Thedrive circuit according to (1) or (2), wherein
the correction section adds a correction value common to
all the pixels to the gray-scale data corresponding to each
of all the pixels and periodically changes the correction
value for every frame.

[0101] (4) A display with a display region and a drive cir-
cuit, the display region being provided with pixels that are
arranged in matrix and each having a built-in memory that
includes a liquid crystal cell, and the drive circuit driving
each of the pixels, the drive circuit including:

[0102] a division section dividing one frame period into
a plurality of subfields, and dividing each of one or more
of the plurality of subfields to generate a plurality of
division subfields, each of the plurality of subfields cor-
responding to each bit of gray-scale data and having a
period corresponding to a weight of the corresponding
bit, and each of the one or more of the plurality of
subfields having the period that is relatively long and
being divided into periods each equal to the period of the
subfield that is relatively short;

[0103] acorrection section correcting, when bit arrays of
the gray-scale data corresponding to the respective two
pixels next to each other are different from one another,
the bit array of the gray-scale data corresponding to a
first pixel of the two pixels to bring this bit array closer
to the bit array of the gray-scale data corresponding to a
second pixel of the two pixels, while maintaining gray-
scale; and

[0104] an ON-OFF-period control section controlling a
ratio of an ON period or an OFF period to the one frame
period, by turning on or off the liquid crystal cell of each
of the pixels according to the bit corresponding to each
of the subfields and each of the division subfields.

[0105] (5) A method of driving a display, the display being
provided with pixels that are arranged in matrix and each
having a built-in memory that includes a liquid crystal cell,
the method including:

[0106] dividing one frame period into a plurality of sub-
fields, and dividing each of one or more of the plurality
of subfields to generate a plurality of division subfields,
each of the plurality of subfields corresponding to each
bit of gray-scale data and having a period corresponding
to a weight of the corresponding bit, and each of the one
or more of the plurality of subfields having the period
that is relatively long and being divided into periods each
equal to the period of the subfield that is relatively short;

[0107] correcting, when bit arrays of the gray-scale data
corresponding to the respective two pixels next to each
other are different from one another, the bit array of the
gray-scale data corresponding to a first pixel of the two
pixels to bring this bit array closer to the bit array of the
gray-scale data corresponding to a second pixel of the
two pixels, while maintaining gray-scale; and

[0108] controlling a ratio of an ON period or an OFF
period to the one frame period, by turning on or off the
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liquid crystal cell of each of the pixels according to the
bit corresponding to each of the subfields and each of the
division subfields.
[0109] The disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2011-189928 filed in the Japan Patent Office on Aug. 31,
2011, the entire content of which is hereby incorporated by
reference.
[0110] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A drive circuit driving each of pixels that are arranged in
matrix in a display, each of the pixels being provided with a
built-in memory that includes a liquid crystal cell, the drive
circuit comprising:

adivision section dividing one frame period into a plurality
of subfields, and dividing each of one or more of the
plurality of subfields to generate a plurality of division
subfields, each of the plurality of subfields correspond-
ing to each bit of gray-scale data and having a period
corresponding to a weight of the corresponding bit, and
each of the one or more of the plurality of subfields
having the period that is relatively long and being
divided into periods each equal to the period of the
subfield that is relatively short;

a correction section correcting, when bit arrays of the gray-
scale data corresponding to the respective two pixels
next to each other are different from one another, the bit
array of the gray-scale data corresponding to a first pixel
of the two pixels to bring this bit array closer to the bit
array of the gray-scale data corresponding to a second
pixel of the two pixels, while maintaining gray-scale;
and

an ON-OFF-period control section controlling a ratio of an
ON period or an OFF period to the one frame period, by
turning on or off the liquid crystal cell of each of the
pixels according to the bit corresponding to each of the
subfields and each of the division subfields.

2. The drive circuit according to claim 1, wherein, when the
bit arrays of the respective two pixels are still different even
after the bit array of the gray-scale data corresponding to the
first pixel is brought closer to the bit array of the gray-scale
data corresponding to the second pixel while the gray-scale is
maintained, the correction section corrects one of the gray-
scale data of the respective two pixels that has the higher
gray-scale to be increased.

3. The drive circuit according to claim 1, wherein the
correction section adds a correction value common to all the
pixels to the gray-scale data corresponding to each of all the
pixels and periodically changes the correction value for every
frame.
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4. A display with a display region and a drive circuit, the
display region being provided with pixels that are arranged in
matrix and each having a built-in memory that includes a
liquid crystal cell, and the drive circuit driving each of the
pixels, the drive circuit comprising:

a division section dividing one frame period into a plurality
of subfields, and dividing each of one or more of the
plurality of subfields to generate a plurality of division
subfields, each of the plurality of subfields correspond-
ing to each bit of gray-scale data and having a period
corresponding to a weight of the corresponding bit, and
each of the one or more of the plurality of subfields
having the period that is relatively long and being
divided into periods each equal to the period of the
subfield that is relatively short;

a correction section correcting, when bit arrays of the gray-
scale data corresponding to the respective two pixels
next to each other are different from one another, the bit
array of the gray-scale data corresponding to a first pixel
of the two pixels to bring this bit array closer to the bit
array of the gray-scale data corresponding to a second
pixel of the two pixels, while maintaining gray-scale;
and

an ON-OFF-period control section controlling a ratio of an
ON period or an OFF period to the one frame period, by
turning on or off the liquid crystal cell of each of the
pixels according to the bit corresponding to each of the
subfields and each of the division subfields.

5. A method of driving a display, the display being provided
with pixels that are arranged in matrix and each having a
built-in memory that includes a liquid crystal cell, the method
comprising;

dividing one frame period into a plurality of subfields, and
dividing each of one or more of the plurality of subfields
to generate a plurality of division subfields, each of the
plurality of subfields corresponding to each bit of gray-
scale data and having a period corresponding to a weight
of the corresponding bit, and each of the one or more of
the plurality of subfields having the period that is rela-
tively long and being divided into periods each equal to
the period of the subfield that is relatively short;

correcting, when bit arrays of the gray-scale data corre-
sponding to the respective two pixels next to each other
are different from one another, the bit array of the gray-
scale data corresponding to a first pixel of the two pixels
to bring this bit array closer to the bit array of the gray-
scale data corresponding to a second pixel of the two
pixels, while maintaining gray-scale; and

controlling a ratio of an ON period or an OFF period to the
one frame period, by turning on or off the liquid crystal
cell of each of the pixels according to the bit correspond-
ing to each of the subfields and each of the division
subfields.



patsnap

TRAFROE) R , B RERMIRE S REEN I E
[F(RE)E US20130050304A1 K (aH)A 2013-02-28
HiES US13/567669 HiE A 2012-08-06
#RIEEE(EFR)A(IE) FTOMORO
BE (T RR)AGE) % , TOMORO
HEHFERIPOAGE) RELQT
¥R &8 A YOSHINAGA TOMORO
KA YOSHINAGA, TOMORO
IPCH#S G09G3/36
CPCH S G09G3/36 G09G3/2033 G09G2310/027 G09G2320/0266 G09G2320/0209
£ 8 2011189928 2011-08-31 JP
H AN FF Sk US8963967
IEheE Espacenet USPTO
BEGE) o
W EBEEREE  MoHr , B— P MEBRINS B+, HD5— 1N 2
A FHPHE—MAT LD T REDS , YN TFREASHHS » . _62° ,,,,,,,,,,,,,,,,,,,,,,
BENEBENARES KRB | B EREBRIBEAOSEESI N TFH 204 | e —— J
MEEWE—BERNEIERTN N TFAMRENE - GRENRER s ronEESON — |
ERMIRED | FIAT RIS AL FION-OFFit B2 #I%0 % | HBURIESS iy e e
N3 B9 17 58 ST 45 1MR FE 9 R 8 2 5T SRR HIONBY B s OF F S0
—_ 3] A =R /\/\x = o : = : 3
BE—WRHNLEER, I8N M XFFE ‘ T 40A igs UZJ ‘ "D _tl 't]
{ [0 10 |0
0 =i
Bl
777777777777777777777777777777 _5§ ) 1(0 1é)A


https://share-analytics.zhihuiya.com/view/2f9b5cfb-dac1-4a2a-bd2b-39de766c6f2b
https://worldwide.espacenet.com/patent/search/family/047743058/publication/US2013050304A1?q=US2013050304A1
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=%2220130050304%22.PGNR.&OS=DN/20130050304&RS=DN/20130050304

