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7) ABSTRACT

A display controller has a display data RAM, and generates
a frame frequency in an internal oscillating circuit. A
memory area of the display data RAM corresponds to a
moving image display area of a liquid crystal panel. The
liquid crystal panel is driven by moving image data read
from the display data RAM at the frame frequency. In the
display controller, display data generated at a frame fre-
quency lower than the frame frequency from a display data
gencration circuit is written to the display data RAM. In this
case, a control operation is performed such that the display
data is read at the frame frequency after a write operation is
performed precedently by at least one scanning line.
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DISPLAY CONTROL METHOD, DISPLAY
CONTROLLER, DISPLAY UNIT AND
ELECTRONIC DEVICE

[0001] Japanese Patent Application No. 2000-299718,
filed Sep. 29, 2000, is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

[0002] The present invention relates to a display control
method, a display controller, a display unit and an electronic
device, and particularly relates to a display control method,
a display controller, a display unit and an electronic device
suitable for a moving picture display.

BACKGROUND

[0003] Various kinds of data with high information prop-
erty for a user such as a still image, a moving image. etc. can
be displayed as well as character letters such as numerals
and characters in a display section of an electronic device of
a portable type by the development of a communication
technique, a mounting technique, etc. in recent years.

[0004] With respect to data displayed in such an electronic
device, various kinds of data forms are proposed. For
example, in the case of a portable telephone, a technique for
receiving or transmitting image data compressed and coded
by the standard of a Moving Picture Experts Group (MPEG)
is proposed.

[0005] In this case, for example, a liquid crystal panel is
arranged as a display section of the portable telephone, and
a received moving or still image is displayed. Namely, for
example, in the liquid crystal panel, the received moving
image is displayed in a moving image display area, and the
still image such as an explanation with respect to this
moving image, operating information, etc. is displayed in a
still image display area. There is a liquid crystal driver
having a RAM utilized as a frame memory as one example
of a display controller for displaying and moving the moving
image or the still image with respect to such a liquid crystal
panel.

[0006] Ina memory area of the RAM of the liquid crystal
driver, it is necessary to rewrite moving image data in real
time to a moving image memory area corresponding to the
moving image display area of the liquid crystal panel
displaying the moving image. In contrast to this, the still
image displayed in the still image display area of the liquid
crystal panel is changed by a key operation of the portable
telephone, etc. Further, it is necessary to rewrite still image
data to be updated to a still image memory area correspond-
ing to the still image display area among the memory area
of the RAM of the liquid crystal driver.

[0007] Display data (moving image data, or still image
data) stored to the RAM of such a liquid crystal driver is read
every about Yo second in consideration of the visual char-
acteristics of a human being, and the liquid crystal panel is
driven. Accordingly, for example, when it is necessary to
perform extension processing with respect to compression
data as in the MPEG standard and no moving image data can
be rewritten to the RAM of the liquid crystal driver corre-
sponding to an area to be displayed at this reading rate of 60
Hz, the same image is continuously read over a plurality of
frames.
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[0008] The inventor in the present invention confirmed a
visual recognizing property of the liquid crystal panel being
driven by such a liquid crystal driver. It has been found from
this visual recognizing property that a level able to visually
recognize the moving image to a certain extent lies in a
range in which the moving image memory area of the RAM
of the liquid crystal driver is rewritten by a frame number
exceeding about 20 to 25 frames for one second, i.e., a range
in which the same image is continuously read by two frames
from the RAM of the liquid crystal driver.

[0009] In contrast to this, in the case of a range in which
the moving image memory area of the RAM of the liquid
crystal driver is rewritten by a frame number equal to or
smaller than about 20 to 25 frames for one second, ie., a
range in which the same image is continuously read by at
least three frames or more from the RAM of the liquid
crystal driver, the moving image displayed and moved by the
liquid crystal driver has a feeling of physical disorder in
connection with the previous frame, etc. Therefore, a tech-
nical problem has been found in the display and movement
of the moving image in the liquid crystal panel.

SUMMARY

[0010] In consideration of the above technical problems,
an object of the present invention is to provide a display
control method, a display controller, a display unit and an
electronic device able to display a moving image having no
feeling of physical disorder when a RAM for storing moving
image data generated at a rate lower than a reading rate is
built in.

[0011] A display control method according to one aspect
of the present invention is characterized in that the display
control method comprises:

[0012] a step of preparing a memory which stores
display data of at least one frame, a timing genera-
tion circuit generating a given display timing, and a
display section driven based on the display data from
the memory;

[0013] a step of sequentially reading the display data
for one scanning line from the memory based on the
display timing from the timing generation circuit,
and displaying images for at least three continuous
frames onto the display section, each of the frames
including the same image; and

[0014] a step of writing the display data for one
scanning line into the memory at a speed equal to or
higher than a reading speed of the display data in
synchronization with the display timing prior to the
reading of the display data for one scanning line
from the memory.

[0015] Further, a display controller according to another
aspect of the present invention drives a display section based
on display data for displaying images for at least three
continuous frames, each of which has the same image, and
includes:

[0016] a timing generation circuit generating a given
display timing;

[0017] a memory which stores the display data for at
least one frame;
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[0018] afirst control circuit which controls reading of
the display data for one scanning line stored in the
memory based on the display timing to display the
display section; and

[0019] a second control circuit which writes the dis-
play data for one scanning line inputted asynchro-
nously with the display timing into the memory at a
speed equal to or higher than a reading speed of the
display data stored in the memory prior to a read
operation.

[0020] A display control method according to further
aspect of the present invention comprises:

[0021] a step of preparing a memory which stores
display data of at least one frame, a timing genera-
tion circuit generating a given display timing, and a
display section driven based on the display data from
the memory;

[0022] a step of sequentially reading the display data
for one scanning line from the memory based on the
display timing from the timing generation circuit,
and displaying images for at least three continuous
frames onto the display section, each of the frames
including the same image; and

[0023] a step of reading the display data for one
scanning line for displaying the display section from
the memory at a speed equal to or higher than a
writing speed of the display data in synchronization
with the display timing prior to writing of the display
data for one scanning line into the memory in
synchronization with the display timing.

[0024] Adisplay controller according to still further aspect
of the present invention drives a display section based on
display data for displaying images for at least three continu-
ous frames, each of which has the same image, and includes:

[0025] a timing generation circuit generating a given
display timing;

[0026] a memory which stores the display data for at
least one frame;

[0027] a seccond control circuit writing the display
data inputted asynchronously with the display timing
into the memory; and

[0028] afirst control circuit which controls reading of
the display data for one scanning line stored to the
memory at a speed equal to or higher than a writing
speed of the display data for one scanning line into
the memory prior to a write operation in the write
control circuit in order to display the display section.

[0029] The present invention is also characterized in that
the reading of the first control circuit is performed prece-
dently by at least one scanning line to the writing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a schematic block diagram of an elec-
tronic device to which a display controller in an embodiment
of the present invention is applied,;

[0031] FIG. 2 is a schematic block diagram of a portable
telephone as one example of the electronic device to which
the display controller in this embodiment is applied;
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[0032] FIG. 3 is an explanatory view for explaining an
operating principle of the display controller in this embodi-
ment,

[0033] FIGS. 4A and 4B are explanatory views typically
showing the relation of a writing position and a read position
in the display controller of this embodiment;

[0034] FIG. 5 is a schematic block diagram of an X-driver
IC as the display controller of this embodiment;

[0035] FIG. 6 is a schematic explanatory view of a display
data RAM and its peripheral circuit in this embodiment;

[0036] FIG. 7 is a view showing the construction of a
memory cell within the display data RAM of this embodi-
ment,

[0037] FIG. 8 is a timing chart showing write timing and
read timing of moving image data in the display controller
in this embodiment; and

[0038] FIG. 9 is a timing chart showing write timing and
read timing of the moving image data in the display con-
troller in a modified example of the present invention.

DETAILED DESCRIPTION

[0039] A display control method according to one embodi-
ment of the present invention comprises:

[0040] a step of preparing a memory which stores
display data of at least one frame, a timing genera-
tion circuit generating a given display timing, and a
display section driven based on the display data from
the memory;

[0041] a step of sequentially reading the display data
for one scanning line from the memory based on the
display timing from the timing generation circuit,
and displaying images for at least three continuous
frames onto the display section, each of the frames
including the same image; and

[0042] a step of writing the display data for one
scanning line into the memory at a speed equal to or
higher than a reading speed of the display data in
synchronization with the display timing prior to the
reading of the display data for one scanning line
from the memory.

[0043] A display controller according to another embodi-
ment of the present invention drives a display section based
on display data for displaying images for at least three
continuous frames, each of which has the same image, and
includes:

[0044] a timing generation circuit generating a given
display timing;

[0045] a memory which stores the display data for at
least one frame;

[0046] a first control circuit which controls reading of
the display data for one scanning line stored in the
memory based on the display timing to display the
display section; and

[0047] a second control circuit which writes the dis-
play data for one scanning line inputted asynchro-
nously with the display timing into the memory at a
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speed equal to or higher than a reading speed of the
display data stored in the memory prior to a read
operation.

[0048] In such a method and a device, the timing genera-
tion circuit and the memory are arranged, and the display
data stored to the memory used as e.g., a frame memory can
be read in accordance with the generated display timing. The
display section is driven based on the display data read from
the memory.

[0049] Here, the display data of an image including a same
image continuing for three frames or more mean display
data when a frame number equal to or smaller than a frame
number from 20 frames to about 25 frames for one second
is written to the memory when the display data 1s read from
the memory every e.g., 60 frames for one second (in a state
of 60 Hz in frame frequency). Namely, since it is necessary
to read the display data at the above frame frequency, a
plurality of frames or more are continuous and the same
frame image is read with respect to the display data stored
to the memory.

[0050] The display data may include still image data as
well as moving image data.

[0051] Further, the reading speed is a reading speed of the
display data for one scanning line, and is equivalent to a
reading rate when the reading speed is equal to a writing
speed on one scanning line.

[0052] Accordingly, when the display data is written, this
write operation is performed prior to the read operation.
Further, no write operation to the memory is outrun by the
read operation by setting the writing speed on one scanning,
line to be equal to or higher than the reading speed on one
scanning line. Thus, a fecling of physical disorder in con-
nection with the previous frame is removed, and the visual
recognizing property of a moving image can be particularly
greatly improved when the display section is driven by such
a display controller. When the writing speed on one scanning
line and the reading speed on one scanning line are equal to
each other, similar effects can be obtained by performing the
write operation at a frequency equal to or higher than the
frame frequency.

[0053] Inthe display control method and device in the one
embodiment of the present invention, a write operation of
the display data for one scanning line may be performed
precedently to a read operation of the display data for one
scanning line by at least one scanning line.

[0054] Namely, since the display timing is generated by
the timing generation circuit, read timing of the scanning
line can be also generated and the display data can be easily
read in this scanning line unit. Accordingly, the write opera-
tion of the display data for one scanning line is precedently
performed, and the write operation on one scanning line is
performed at a speed equal to or higher than the reading
speed on one scanning line. Thus, it becomes easy to
perform a control operation in which the write operation of
the display data for one scanning line is performed prior to
the read operation of the display data for one scanning line
at any time.

[0055] Inthe display control method and device in the one
embodiment of the present invention, after the display data
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for one scanning line to be controlled is written, the display
data for the one scanning line may be read.

[0056] Namely, the preceding concretely means a situation
in which the write operation is already performed on the
scanning line to be read with respect to the display data
when the scanning line of a certain control object is noticed.
Accordingly, after the write operation is performed on a
certain scanning line within the same frame, the read opera-
tion on this scanning line is performed so that a feeling of
physical disorder in connection with the previous frame is
removed. Thus, the visual recognizing property of a moving
image can be particularly greatly improved when the display
section is driven by such a display control method.

[0057] Further, in the display control method and device in
the one embodiment of the present invention, after the
display data for one frame is written at a given frame
synchronous timing, writing of the display data may be
stopped until the next frame synchronous timing (a frame
synchronous timing next to the given frame synchronous
timing).

[0058] Since the writing of the display data is performed
prior to the reading and the writing speed on one scanning
line is equal to or higher than the reading speed on one
scanning line, the writing of the display data of one frame is
always terminated before the reading of these display data is
terminated. Accordingly, after this termination, control
required in the writing such as a write clock, etc. is stopped
until the next frame begins to be written. Thus, it is possible
to reduce power consumption.

[0059] A display control method according to still another
embodiment of the present invention comprises:

[0060] a step of preparing a memory which stores
display data of at least one frame, a timing genera-
tion circuit generating a given display timing, and a
display section driven based on the display data from
the memory;

[0061] a step of sequentially reading the display data
for one scanning line from the memory based on the
display timing from the timing generation circuit,
and displaying images for at least three continuous
frames onto the display section, each of the frames
including the same image; and

[0062] a step of reading the display data for one
scanning line for displaying the display section from
the memory at a speed equal to or higher than a
writing speed of the display data in synchronization
with the display timing prior to writing of the display
data for one scanning line into the memory in
synchronization with the display timing.

[0063] A display controller according to still another
embodiment of the present invention drives a display section
based on display data for displaying images for at least three
continuous frames, each of which has the same image, and
includes:

[0064] a timing generation circuit generating a given
display timing;

[0065] a memory which stores the display data for at
least one frame;
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[0066] a second control circuit writing the display
data inputted asynchronously with the display timing
into the memory; and

[0067] afirst control circuit which controls reading of
the display data for one scanning line stored to the
memory at a speed equal to or higher than a writing
speed of the display data for one scanning line into
the memory prior to a write operation in the write
control circuit in order to display the display section.

[0068] Thus, when the display data is written, the reading
of the display data is performed prior to the writing, and the
reading speed on one scanning line is set to be equal to or
higher than the writing speed on one scanning line so that no
reading from the memory is outrun by the writing. Thus, a
feeling of physical disorder in connection with the previous
frame is removed. Accordingly, the visual recognizing prop-
erty of a moving image can be particularly greatly improved
when the display section is driven by such a display control
method. When the writing speed on one scanning line and
the reading speed on one scanning line are equal to each
other, similar effects can be obtained by performing the write
operation at a frequency equal to or higher than the frame
frequency.

[0069] In display control method and device of the still
another embodiment of the present invention, a read opera-
tion of the display data for one scanning line may be
performed precedently by at least one scanning line to a
write operation of the display data for one scanning line.

[0070] Namely, since the display timing is generated by
the timing generation circuit, the timing of a reading scan-
ning line can be also generated, and the display data can be
easily read in this scanning line unit. Accordingly, the read
operation of the display data for one scanning line is
precedently performed, and the read operation is performed
at a speed equal to or higher than the writing speed on one
scanning line. Thus, it becomes easy to perform a control
operation in which the read operation on one scanning line
is performed prior to the write operation on one scanning
line at any time.

[0071] In the display control method and device of the still
another embodiment of the present invention, after the
display data for one scanning line to be controlled is read,
the display data for the one scanning line may be written.

[0072] Here, the preceding concretely means a situation in
which the read operation is already performed on the scan-
ning line to be written with respect to the display data when
the scanning line of a certain control object is noticed.
Accordingly, after the read operation is performed on a
certain scanning line within the same frame, the write
operation on this scanning line is performed so that a feeling
of physical disorder in connection with the previous frame
is removed. Thus, the visual recognizing property of a
moving image can be particularly greatly improved when
the display section is driven by such a display control
method.

[0073] Inthe display control method and device in each of
the embodiments of the present invention, the display data
written into the memory may be inputted in synchronization
with display timing generated by the display controller.

[0074] Thus, for example, even when the display data to
be written to the built-in memory is generated asynchro-
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nously with the display timing, the display data such as
moving image data important in connection with the previ-
ous frame is easily supplied by simple control.

[0075] In each of the various kinds of embodiments of the
present invention, a circuit for outputting the display timing
can be included.

[0076] The display timing is outputted from the display
controller in this way. Accordingly, for example, even when
the display data to be written to the built-in memory is
gencrated asynchronously with the display timing, the dis-
play data such as moving image data important in connec-
tion with the previous frame is easily supplied by simple
control.

[0077] In still another embodiment of the present inven-
tion, a display unit and an electronic device can be con-
structed by including the display controller.

[0078] Preferred embodiments of the present invention
will next be explained in more detail by using the drawings.

[0079] 1. An Electronic Device to Which the Display
Controller of This Embodiment is Applied

[0080] FIG. 1 shows a schematic block diagram of an
electronic device to which the display controller of this
embodiment is applied.

[0081] This electronic device includes an MPU (micro-
processor unit) 10 and a display unit 20.

[0082] The display unit 20 has a matrix panel having an
electro-optic element, e.g., a color liquid crystal panel 22, an
X-driver IC (display controller) 24 having a RAM (a
memory in a wide sense) operating this liquid crystal panel
22, and a Y-driver IC 26 for scanning.

[0083] The matrix panel 22 may be constructed by using
a liquid crystal having optical characteristics changed by
voltage application, and other electro-optic elements. The
liquid crystal panel 22 can be constructed by e.g., a simple
matrix panel. In this case, a liquid crystal is sealed between
a first substrate forming a plurality of segment electrodes
(first electrodes) thereon and a second substrate forming a
common electrode (second electrode) thereon. The liquid
crystal panel 22 may be also constructed by an active matrix
panel using a three-terminal element and a two-terminal
element such as a thin film transistor (TFT), a thin film diode
(TFD), etc. These active matrix panels also have a plurality
of signal electrodes (first electrodes) operated by the
X-driver IC 24 having a built-in RAM, and a plurality of
scanning electrodes (second electrodes) scanned by the
Y-driver IC 26.

[0084] In the liquid crystal panel 22, a still image and a
moving image can be simultaneously displayed. In this case,
as shown in FIG. 1, a moving image display area 22A
determined by an image size and a still image display area
(text data display arca) 22B except for the moving image
display area 22A are respectively set in the liquid crystal
panel.

[0085] As shown in FIG. 1, display command/still image
data and moving image data are mainly supplied from the
MPU 10 to the display unit 20. The display command is
typically constructed by a signal A0 showing the discrimi-
nation of command/data, an inversion reset signal XRES, an
inversion chip select signal XCS, an inversion read signal
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XRD, an inversion write signal XWR, etc. Data D7 to D0 are
command data (including address data for a still image and
a moving image) or still image data of 8 bits, and are
discriminated from each other by logic of the command/data
identification signal A0. The moving image data is con-
structed by e.g., R, G and B signals each having 6 bits, and
a clock signal CLK, a horizontal synchronous signal Hsync,
a vertical synchronous signal Vsync, etc. is also supplied.

[0086] FIG. 2 shows an example in which the MPU 10
and the display unit 20 of FIG. 1 are mounted to a portable
telephone 30. The MPU 10 shown in FIG. 2 has a CPU 12
for controlling an operation of the portable telephone 30. A
still image memory 14 and a digital signal processor (DSP)
16 are connected to this CPU 12. A moving image memory
18 a is connected to the DSP 16.

[0087] A modulation/demodulation circuit 34 for demodu-
lating a signal received through an antenna 32, or modulat-
ing a signal transmitted through the antenna 32 is arranged
in this portable telephone 30. Moving image data coded by
e.g., the standard of a layer IV of the MPEG can be
transmitted and received from the antenna 32.

[0088] For example, a digital video camera 36 can be also
arranged in this portable telephone 30. The moving image
data can be inputted through this digital video camera 36.
operation information required to transmit and receive data
in the portable telephone 30 and take a photograph in the
digital video camera 36, etc. is inputted through an operation
input section 38.

[0089] The CPU 12 arranged in the MPU 10 determines a
size of the moving image from moving image information
when the moving image is displayed in the moving image
display area 22A of the liquid crystal panel 22. Namely, the
CPU 12 determines a start address SA and an end address
EA of the moving image shown in FIG. 1. For example, the
moving image display area 22A and the still image display
area 22B may be line-divided vertically. In this case, the start
address SA and the end address EA are similarly determined
from the size of the moving image.

[0090] The moving image displayed in this moving image
display area 22A is supplied from the antenna 32 or the
digital video camera 36 in this embodiment. A signal input-
ted from the antenna 32 is demodulated through the modu-
lation/demodulation circuit 34, and is processed by the DSP
16. This DSP 16 is connected to the moving image memory
18 the, and extends compressed data inputted through the
antenna 32 and the modulation/demodulation circuit 34.
Further, the DSP 16 decodes data coded by the standard of
the layer IV of the MPEG. Data transmitted through the
modulation/demodulation circuit 34 and the antenna 32 are
compressed by the DSP 16, and is encoded when the data is
coded and transmitted by the standard of the layer IV of the
MPEG. Thus, the DSP 16 can function as a decoder and an
encoder of e.g., the layer IV of the MPEG.

[0091] A signal from the digital video camera 36 is also
inputted to this DSP 16, and a signal inputted from the
antenna 32 or the digital video camera 36 is processed and
converted to an RGB signal by the DSP 16, and is supplied
to the display unit 20.

[0092] The CPU 12 outputs commands and still image
data required to display the still image displayed in the liquid
crystal panel 22 to the display unit 20 by using the still image
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memory 14 in accordance with necessity based on informa-
tion from the operation input section 38, etc.

[0093] For example, the moving image is movie informa-
tion distributed via the Internet, and information for preen-
gaging its theater ticket is displayed as the still image. The
ticket preengagement is executed based on information from
the operation input section 38. Therefore, the CPU 12 further
controls transmission of the still image information (e.g.,
preengaging information) through the modulation/demodu-
lation circuit 34 and the antenna 32. Further, the CPU 12 can
control the transmission of moving image information pho-
tographed by the digital video camera 36 through the
modulation/demodulation circuit 34 and the antenna 32 in
accordance with necessity.

[0094] 2. Features of the Display Controller of This
Embodiment
[0095] The display controller (the X-driver IC 24 in FIG.

1 in a narrow sense) of this embodiment has a RAM (a
memory in a wide sense) having an image memory arca
corresponding to an image display area of the liquid crystal
panel, and generates a frame frequency of e.g., 60 Hz as
display timing for performing a display operation of the
liquid crystal panel by an internal oscillating circuit (a
display timing generating means in a wide sense).

[0096] Since the RAM and the oscillating circuit having a
highest frequency are built in, power consumption can be
reduced when the display controller is mounted onto a
substrate of the liquid crystal panel.

[0097] Further, the display controller of this embodiment
writes display data for one scanning line of images for at
least three continuous frames, each of which including the
same image, at a speed equal to or higher than a reading
speed of display data for one scanning line already stored to
the RAM in the above display timing, and this write opera-
tion is performed prior to a read operation.

[0098] FIG. 3 shows an explanatory view for explaining
a principle operation of the display controller of this
embodiment. Here, FIG. 3 shows a case in which moving
image data displayed and processed at a frame frequency of
60 Hz is noticed as the display data, but still image data may
be also noticed.

[0099] A display controller 80 in this embodiment has a
display data RAM 82 for storing display data of at least one
frame, and generates a frame frequency of f; (e.g., f,=60 Hz)
by an unillustrated internal oscillating circuit. At least one
portion of a memory area of the display data RAM 82
corresponds to a moving image display area 84 of the liquid
crystal panel. The display controller 80 reads moving image
data 86 stored to the display data RAM 82 at this generated
frame frequency f,, and drives the liquid crystal panel so that
a moving image is displayed in this moving image display
area 84.

[0100] Moving image data 90 supplied from a display data
generation circuit 88 is written to the display data RAM 82
of the display controller 80. The display data generation
circuit 88 generates moving image data 90 by extending
compressed data 92 of the moving image at a frame fre-
quency f; (f;<f,) lower than the frame frequency f;, such as
about 15 frames for one second in e.g., the MPEG-4
standard.
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[0101] The display controller 80 reads the moving image
data at the frame frequency f, irrespective of stored contents
of the display data RAM 82. Accordingly, when the display
data generation circuit 88 must write the moving image data
to the display data RAM 82 at the frequency f; lower than
the frame frequency f, by the above extension processing,
etc., the display controller 80 reads the moving image data
of the same image over a plurality of continuous frames
from the display data RAM 82, and displays e.g., the moving
image by driving the liquid crystal panel.

[0102] Therefore, the display controller 80 of this embodi-
ment outputs a vertical synchronous signal 91 for display to
the display data generation circuit 88 with the frame fre-
quency f, as a frame synchronous signal for display. The
display data generation circuit 88 outputs the generated
moving image data 90 to the display controller 80 in
synchronization with this vertical synchronous signal 91 for
display. When the moving image data including a same
image continuing for three frames or more is written to the
display data RAM 82 in the display controller 80, a control
operation is performed such that the write operation is
precedently performed on at least one scanning line or more
with this vertical synchronous signal 91 for display as a
starting point, and the moving image data is then read from
the display data RAM 82 at the frame frequency f,. Thus, no
moving image displayed in the liquid crystal panel has a
feeling of physical disorder e.g., in connection with the
previous frame so that visual recognizing property can be
greatly improved.

[0103] FIGS. 4A and 4B typically show the relation of
write timing and read timing of the display data RAM in the
display controller of this embodiment. Here, the memory
area of the display data RAM is typically shown in a
scanning line unit of the moving image display area of the
liquid crystal panel.

[0104] FIG. 4A shows the relation of a write position and
a read position of the moving image data when the moving
image data on a first scanning line of a moving image
display arca 94 is written to the memory area of the display
data RAM corresponding to the moving image display area
94. Namely, as shown in FIG. 4A, after the write operation
on the first scanning line in the moving image display area
94 is performed, a read operation 96 on this first scanning
line is performed. Accordingly, when the read operation 96
on the first scanning line is performed, a write operation 98
on a second scanning line is already performed.

[0105] In this embodiment, the relation of the following
formula (1) is formed between a reading speed Vi of the
read operation 96 of display data for one scanning line of
display and a writing speed Vy;, of the write operation 98 of
the display data for one scanning line.

Vo =Vy D

[0106] Accordingly, as long as the write operation 98 is
performed prior to the read operation 96, no reading of the
moving image data for driving the liquid crystal panel
outruns the writing of new moving image data to the moving
image display area 94. Thus, a feeling of physical disorder
in connection of the previous frame is dissolved, and a
moving image smoothly moved can be displayed.

[0107] FIG. 4B shows the relation of a write position and
a read position of the moving image data when the moving
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image data on an M-th scanning line of the moving image
display area 94 is written to the memory area of the display
data RAM corresponding to the moving image display area
94. When the moving image data on the M-th scanning line
(M is a natural number) is read, the write operation on an
N-th scanning line (M<N, and N is a natural number) is
already performed from the formula (1).

[0108] Here, when the reading speed Vy; of the read
operation 96 of display data for one scanning line of display
and the writing speed Vy, of the write operation 98 of the
display data for one scanning line are equal to each other, the
relation of a reading rate f; and a writing rate f, is prescribed
as in the following formula (2).

T @

[0109] In the case of FIG. 3, the reading rate fy corre-
sponds to the frame frequency £, (=60 Hz). Accordingly, in
this case, the write operation must be performed at a rate
equal to or greater than 60 Hz.

[0110] 3. Construction of the Display Controller of This
Embodiment
[0111] FIG. 5 is a block diagram of the X-driver 1C 24

having a built-in RAM shown in FIG. 1 as the display
controller of this embodiment. An MPU interface 100, an
input-output buffer 102 and an input buffer 104 are arranged
as an input-output circuit of the X-driver IC 24 having the
built-in RAM shown in FIG. 5.

[0112] An inversion chip select signal XCS, an identifi-
cation signal A0 of commands/data, an inversion read signal
XRD, an inversion write signal XWR, an inversion reset
signal XRES, etc. are inputted to the MPU interface 100.

[0113] For example, commands or still image data D7 to
DO of 8 bits are inputted to the input-output buffer 102. FIG.
5 shows an example in which the signals D7 to DO are
inputted and outputted in parallel with each other. However,
when it is not necessary to read data from a display data
RAM 160 within the X-driver IC 24 to the MPU 10, a
leading bit may be set to the identification signal A0, and
subsequent signals D7 to DO may be serially inputted and
outputted. In this case, the number of terminals of the MPU
10 and the X-driver IC 24 can be reduced.

[0114] For example, moving image data constructed by R,
G, B signals each having 6 bits, and a clock signal CLK are
inputted to the input buffer 104. The R, G, B signals each
having 6 bits are inputted and outputted in parallel with each
other in synchronization with the clock signal CLK.

[0115] A first bus line 110 connected to the MPU interface
100 and the input-output buffer 102, and a second bus line
120 connected to the input buffer 104 are arranged in the
X-driver IC 24.

[0116] A bus holder 112 and a command decoder 114 are
connected to the first bus line 110, and a bus holder 122 is
connected to the second bus line 120. A status setting circuit
116 is connected to the input-output buffer 102 so that an
operating state of the X-driver IC 24 is outputted to the MPU
10. For example, this operating state is an internal state set
in the X-driver IC 24 such as a state as to whether the display
is a turning-on state or not, or a scroll mode in a given scroll
area within the screen. A given command inputted from the
MPU 10 is decoded in the command decoder 114 so that this
command is outputted.
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[0117] Both the first bus line 110 and the second bus line
120 are connected to an I/O buffer 162 of the display data
RAM 160, and read and written still image data and moving
image data are transmitted to the display data RAM 160.

[0118] An MPU-related control circuit 130, a column
address control circuit 140, a page address control circuit
150, a driver-related control circuit 170, a PMW decoder
circuit 180, a liquid crystal driving circuit 190, etc. are
arranged in the X-driver IC 24 in addition to the above
display data RAM 160 and the I/O buffer 162.

[0119] The MPU-related control circuit 130 controls read
and write operations with respect to the display data RAM
160 based on commands of the MPU 10 inputted through the
command decoder 114. The column address control circuit
140 and the page address control circuit 150 controlled by
this MPU-related control circuit 130 are arranged. In this
embodiment, the column address control circuit 140 has a
first column address control circuit 142 for designating a
write column address of still image data and read column
addresses of the static and moving image data, and a second
column address control circuit 144 for designating a write
column address of the moving image data. The page address
control circuit 150 has a first page address control circuit 152
for designating a write page address of the still image data
and read page addresses of the static and moving image data,
and a second page address control circuit 154 for designat-
ing a write page address of the moving image data. A
horizontal-vertical synchronous signal H Vsync from the
MPU 10 is inputted to the MPU-related control circuit 130
although this signal is not shown in FIG. 5. The horizontal
synchronous signal Hsync is used to set and reset counters
arranged within the second column page address control
circuits 144, 154 to restrain a display shift due to a writing
error caused by noises, etc. in writing of the moving image
data as much as possible. Further, the horizontal-vertical
synchronous signal H Vsync is used to return a column
address and a page address to a start address SA. The page
address control circuit 150 includes a display address control
circuit 156 controlled by the driver-related control circuit
170 and designating a display address every one scanning
line.

[0120] The driver-related control circuit 170 includes an
X-driver-related control circuit 172 and a Y-driver-related
control circuit 174. This driver-related control circuit 170
generates a vertical synchronous signal Vsync for display, a
gradation control pulse GCP, a polarity inversion signal FR,
a latch pulse LP for scanning, a start pulse YD for a Y-driver,
a scanning clock YCLK for the Y-driver, a write clock to the
display data RAM 160, etc. based on an oscillating output
from an oscillating circuit 176. The driver-related control
circuit 170 controls operations of the display address control
circuit 156, the PWM decode circuit 180, a power source
control circuit 178 and a Y-driver IC 26 independently of the
MPU-related control circuit 130.

[0121] The driver-related control circuit 170 of this
embodiment externally outputs the vertical synchronous
signal Vsync for display generated based on the oscillating
output from the oscillating circuit 176. An unillustrated
display data generation circuit supplies generated moving
image data to the X-driver IC 24 having the built-in RAM
as the display controller of this embodiment in synchroni-
zation with this vertical synchronous signal Vsync for dis-

play.
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[0122] The driver-related control circuit 170 writes the
moving image data supplied in accordance with this vertical
synchronous signal Vsync for display to the data RAM 160
for display as an image of a new frame every one scanning
line in synchronization with a write clock generated based
on the oscillating output from the oscillating circuit 176.

[0123] Further, the driver-related control circuit 170 reads
an image of one frame from the data RAM 160 for display
every one scanning line in a state in which a latch pulse LP
for scanning generated based on the oscillating output from
the oscillating circuit 176 is set to a reference. This read
operation is performed after the write operation on at least
one scanning line is performed. Further, in this read opera-
tion, a writing speed of display data for one scanning line to
the display data RAM 160 is set to be equal to or higher than
a reading speed of the display data for one scanning line of
display from the display data RAM 160.

[0124] The PWM decode circuit 180 latches data read
from the display data RAM 160 every one scanning line, and
outputs a signal of a pulse width according to a gradation
value in accordance with a polarity inversion period. The
liquid crystal driving circuit 190 shifts the signal from the
PWM decode circuit 180 to a voltage according to the
voltage of an LCD display-related system, and supplies this
signal to a segment electrode SEG of the liquid crystal panel
20 shown in FIG. 1.

[0125] 3.1 Display Data RAM and its Peripheral Circuit

[0126] FIG. 6 shows a schematic circuit diagram of the
display data RAM 160 and its peripheral circuit. FIG. 6
shows first and second column address decoders 142A,
144 A, first and second page address decoders 152A, 154A
and a display address decoder 156 A arranged at respective
final stages of the first and second column address control
circuits 142, 144, the first and second page address control
circuits 152, 154, and the display address control circuit 156.

[0127] FIG. 6 further shows memory cells C10,C11, - - -,
C20, C21, - - - on first and second lines. First to third word
lines W1 to W3, a first bit line pair B1, /B1 and a second bit
line pair B2, /B2 are connected to each memory cell shown
in FIG. 6.

[0128] The first column address decoder 142A outputs a
signal for turning on and off a first column switch SW1
connected to the first bit line pair B1, /B1. The second
column address decoder 144 A outputs a signal for turning on
and off a second column switch SW2 connected to the
second bit line pair B2, /B2. The first page address decoder
152 A supplies a signal for setting the first word line W1 to
be active. The second page address decoder 154A supplies
a signal for setting the second word line W2 to be active. The
display address decoder 156 A supplies a signal for setting
the third word line W3 to be active.

[0129] The second column and page address decoders
144A, 154 A are used only when column and page addresses
for write moving image data (R, G, B) are designated. The
moving image data (R, G, B) is written by this address
designation to a memory cell through the second bus line
120 and the second column switch SW2.

[0130] The first column and page address decoders 142A,
152 A designate column and page addresses when still image
data is written and the static and moving image data are read.
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Data is read and written by this address designation with
respect to the display data RAM 160 through the first bus
line 110 and the first column switch SW1.

[0131] The display address decoder 156 A reads data of all
memory cells on one scanning line to a display data output
line OUT by sequentially setting the third word line W3 to
be active one by one. The read data is supplied to the PWM
decoder circuit 180 shown in FIG. § and are used to operate
a liquid crystal.

[0132] 3.2 Construction of Memory Cell

[0133] FIG. 7 illustrates a circuit diagram showing the
memory cell C10 within the display data RAM 160. The
memory cell C10 has the same construction as the other
memory cells. This memory cell C10 has a memory element
200 constructed by two CMOS inverters 210, 202. The two
MOS inverters 201, 202 have first and second wirings 204,
206 for connecting inputs and outputs of these MOS invert-
ers to each other. A first N-type MOS transistor 210 (first
switch) is connected between the first wiring 204 and the bit
line B1, and its gate is connected to the first word line W1.
Similarly, a second N-type MOS transistor 212 (first switch)
is connected between the second wiring 206 and the bit line
/B1, and its gate is connected to the first word line W1.

[0134] In the above construction, when the first word line
W1 attains a logic level “H” (hereinafter, simply abbreviated
as H) by an active signal from the first page address decoder
152A, the first and second N-type transistors 210, 212 are
turned on. Thus, the memory cell C10 is connected to the
first pair of bit lines B1, /B1. At this time, when the first
column switch SW1 is turned on by the active signal from
the first column address decoder 142A, data with respect to
the memory cell C10 can be read and written.

[0135] First and second P-type MOS transistors 220, 222
are connected between a power supply line VDD and the
display data output line OUT. A gate of the first P-type MOS
transistor 220 is connected to the second wiring 206, and a
gate of the second P-type MOS transistor 222 is connected
to the third word line W3.

[0136] Before data of the memory cell C10 is read to the
display data output line OUT, this display data output line
OUT is precharged to a logic level “L” (hereinafter, simply
abbreviated as L). After this precharge operation, data of the
display data output line OUT is latched by the PWM decoder
circuit 180 in a state in which the third word line W3 is set
to L and the second P-type MOS transistor 222 is turned on.
At this time, when an electric potential of the second wiring
206 is H (an electric potential of the first wiring 204 is L),
the display data output line OUT is L as it is. In contrast to
this, when the electric potential of the second wiring 206 is
L (the electric potential of the first wiring 204 is H), the
display data output line OUT becomes H. Thus, display data
from the display data RAM 160 can be simultaneously read
on one scanning line.

[0137] In this embodiment, the second word line W2 and
the second bit line pair B2, /B2 are further arranged.
Therefore, a third N-type MOS transistor 230 (second
switch) is connected between the first wiring 204 and the bit
line B2, and its gate is connected to the second word line
W2. Similarly, a fourth N-type MOS transistor 232 (second
switch) is connected between the second wiring 206 and the
bit line /B2, and its gate is connected to the second word line
W2.
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[0138] In the above construction, when the second word
line W2 becomes H by an active signal from the second page
address decoder 154A, the third and fourth N-type transis-
tors 230, 232 are turned on, and the memory cell C10 is
connected to the second pair of bit lines B2, /B2. At this
time, when the second column switch SW2 is turned on by
the active signal from the second column address decoder
144 A, moving image data with respect to the memory cell
C10 can be written.

[0139] 4. Operation Timing of Display Controller of This
Embodiment

[0140] The MPU 10 knows and obtains a page address and
a column address of the display data RAM 160 correspond-
ing to start and end addresses SA, EA of the moving image
display area 22A shown in FIG. 1 from moving image
information in advance. Therefore, the MPU 10 can repeat-
edly designate the column address and the page address of
an area corresponding to the moving image display area 22A
among an area of the display data RAM 160 in accordance
with a given writing frequency. The column address and the
page address of the area corresponding to this moving image
display area 22A are inputted to the second column address
control circuit 144 and the second page address control
circuit 154 via the input-output buffer 102 of the X-driver IC
24 and the MPU-related control circuit 130. Finally, column
and page addresses of the display data RAM 160 are
designated through the second column address decoder
144 A and the second page address decoder 154A shown in
FIG. 6. The moving image data can be transmitted in real
time in a path different from the bus line 110 of still image
data by transmitting the moving image data via the input
buffer 104 and the second bus line 120. Thus, the moving
image data can be rewritten in real time.

[0141] On the other hand, the MPU 10 designates a
column address and a page address of an area corresponding
to the still image display area 22A among the area of the
display data RAM 160, and executes data rewriting at a
given writing frequency only when the still image data is
changed such as when there is an information input from the
operation input section 38, etc.

[0142] Thus, in this embodiment, the address designation
and the data transmission are respectively executed in sepa-
rate routes when the still image and the moving image are
written to the display data RAM 160. The memory cell is
constructed such that data of each of the static and moving
images can be written to the memory cell. Accordingly, the
still image and the moving image can be simultaneously
written to different memory cells in a page unit, and it is not
necessary to stop data writing of one of the static and
moving images.

[0143] Further, since the memory cell is constructed such
that the data of each of the still image and the moving image
is written to the memory cell, the moving image display area
22A can be arbitrarily changed.

[0144] Here, when the moving image is displayed in the
moving image display area 22A of the liquid crystal panel
22, display data is read from the display data RAM 160 in
accordance with display timing able to display frames e.g.,
at 60 Hz, i.e., display 60 frames for one second. In contrast
to this, write timing to the display data RAM 160 is set prior
to its read timing as mentioned above, and a writing speed
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of the display data for one scanning line is set to be equal to
or higher than a reading speed of the display data for one
scanning line.

[0145] FIG. 8 shows the write timing of moving image
data in the display controller of this embodiment.

[0146] Namely, the output of a write clock (CLK) is
started in a state in which an edge of the vertical synchro-
nous signal Vsync for display generated in one frame unit
based on an internally generated oscillating output of the
oscillating circuit is set to a reference. The moving image
data of one frame is sequentially written to a moving image
memory area corresponding to the moving image display
area 22A set in the display data RAM 160 every one
scanning line.

[0147] On the other hand, the output of a latch pulse LP for
scanning is started with the edge of the vertical synchronous
signal Vsync for display as a reference. However, a read
operation is sequentially performed from the moving image
memory area corresponding to the moving image display
area 22Aset in the display data RAM 160 in synchronization
with a second latch pulse delayed by one scanning line with
respect to the vertical synchronous signal Vsync for display
as a frame synchronous signal. Namely, after the write
operation is precedently performed by one scanning line, the
read operation is performed.

[0148] For example, when a size of the moving image
memory area corresponding to the moving image display
area 22A set in the display data RAM 160 is set to 120
scanning lines, a write clock is fixedly set to H when the
write operation on the 120 scanning lines is terminated.
Thus, the operation of the write clock is stopped.

[0149] Thereafter, when the moving image data is written
to the display data RAM 160, the display data RAM 160 is
accessed in a similar relation with respect to the write timing
and the read timing every one frame.

[0150] 5. Modified Example

[0151] The display controller in this embodiment writes
the display data to the built-in display data RAM prece-
dently by at least one scanning line, and then reads the
display data. However, the present invention is not limited
to this case. The display controller in this modified example
reads the display data from the built-in display data RAM
precedently by one scanning line, and then writes the display
data of a subsequent one frame.

[0152] The display controller in this modified example has
a construction similar to that of the display controller in this
embodiment. Therefore, an explanation of this display con-
troller is omitted.

[0153] In this modified example, the relation of the fol-
lowing formula (3) is formed between a reading speed V'
of the display data for one scanning line of display and a
writing speed V_' of the display data for one scanning line.

VR'Z2Vy'>Vig 3)

[0154] Here, Vo shows a minimum value of the reading
speed at which the display data on a first scanning line of the
next frame begin to be read when it is further delayed. In this
case, when the writing speed V' of the display data for one
scanning line is equal to or lower than the reading speed Vg,
of the display data for one scanning line, reading of the
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display data of the next frame is started, and there is a
possibility that a feeling of physical disorder is left in visual
recognizing property of a moving image displayed in the
liquid crystal panel.

[0155] However, as long as the read operation is per-
formed prior to the write operation and the writing speed of
the display data for one scanning line has the relation of the
formula (3), no write operation of new moving image data
in the moving image display area outruns the read operation
of the moving image data of a frame for driving the liquid
crystal panel. In this case, it is also possible to dissolve the
feeling of physical disorder in connection with the previous
frame.

[0156] FIG. 9 shows write timing and read timing of the
moving image data in the display controller of this modified
example.

[0157] Namely, the output of a latch pulse LP for scanning
is started in a state in which an edge of the vertical
synchronous signal Vsync for display outputted in one frame
unit is set to a reference. The moving image data of one
frame is sequentially read from a moving image memory
area corresponding to the moving image display area 22A
set in the display data RAM 160 every one scanning line.

[0158] On the other hand, the moving image data is
sequentially written to the moving image memory area
corresponding to the moving image display area 22A set in
the display data RAM 160 every one scanning line in
synchronization with a second latch pulse LP delayed by one
scanning line among latch pulses LP for scanning outputted
in synchronization with the edge of the vertical synchronous
signal Vsync for display as a frame synchronous signal.
Namely, after the read operation is precedently performed by
one scanning line, the write operation is performed.

[0159] Thereafter, when the moving image data is written
to the display data RAM 160, the display data RAM 160 is
accessed in a similar relation with respect to the write timing
and the read timing every one frame.

[0160] Here, when the reading speed Vy' of the display
data for one scanning line and the writing speed V' of the
display data for one scanning line is equal to each other, the
relation of a reading rate fy' of the display data for one
scanning line and a writing rate £y, of the display data for
one scanning line is prescribed as in the following formula
4).

/=t >f0 @
[0161] In the case of FIG. 3, the reading rate f;' corre-
sponds to the frame frequency f, (=60 Hz). Further, frq
shows a minimum frame frequency at which the display data
of the next frame begin to be read at a rate lower than this
rate.

[0162] In the above explanation, the display controller in
each of this embodiment and this modified example writes
the moving image data of one frame to the moving image
memory area corresponding to the moving image display
area set in the built-in display data RAM 160, but the present
invention is not limited to this case. For example, the display
controller can similarly write the moving image data of one
frame to the moving image memory area corresponding to
the moving image display area with the entire memory area
of the built-in display data RAM 160 as the moving image
display area.
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[0163] Further, in the above explanation, the RAM built in
the display controller in each of this embodiment and this
modified example is set to a three-port RAM, but the present
invention is not limited to this case. The built-in RAM may
be similarly set to a two-port RAM. In this case, it is
necessary to perform complicated control in which e.g., still
image data is written to the display data RAM while the
moving image data of one frame and the moving image data
of the next frame is written to the display data RAM.

[0164] Further, in the above explanation, the display con-
troller in each of this embodiment and this modified example
is set to the X-driver IC, but the present invention is not
limited to this case. For example, the function of a Y-driver
IC may be also built in the display controller as well as the
function of the X-driver IC, and the X-driver IC and the
Y-driver IC may be also formed as one chip.

[0165] Furthermore, the display controller in each of this
embodiment and this modified example may be also con-
structed by separating the liquid crystal driving circuit
requiring a high withstand voltage property into two chips.

[0166] The present invention is not limited to this embodi-
ment and this modified example, but various kinds of
modifications can be embodied within the scope of features
of the present invention.

What is claimed is:
1. A display control method comprising:

astep of preparing a memory which stores display data of
at least one frame, a timing generation circuit generat-
ing a given display timing, and a display section driven
based on the display data from the memory;

a step of sequentially reading the display data for one
scanning line from the memory based on the display
timing from the timing generation circuit, and display-
ing images for at least three continuous frames onto the
display section, each of the frames including the same
image; and

a step of writing the display data for one scanning line into
the memory at a speed equal to or higher than a reading
speed of the display data in synchronization with the
display timing prior to the reading of the display data
for one scanning line from the memory.

2. The display control method according to claim 1,

wherein a write operation of the display data for one
scanning line is performed precedently to a read opera-
tion of the display data for one scanning line by at least
one scanning line.

3. The display control method according to claim 1,

wherein after the display data for one scanning line to be
controlled is written, the display data for the one
scanning line is read.

4. The display control method according to claim 1,

wherein after the display data for one frame is written at
a given frame synchronous timing, writing of the
display data is stopped until the next frame synchro-
nous timing.

5. The display control method according to claim 1,

wherein the display data written into the memory is
inputted in synchronization with display timing gener-
ated by the timing generation circuit.
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6. A display control method comprising:

a step of preparing a memory which stores display data of
at least one frame, a timing generation circuit generat-
ing a given display timing, and a display section driven
based on the display data from the memory;

a step of sequentially reading the display data for one
scanning line from the memory based on the display
timing from the timing generation circuit, and display-
ing images for at least three continuous frames onto the
display section, each of the frames including the same
image; and

a step of reading the display data for one scanning line for
displaying the display section from the memory at a
speed equal to or higher than a writing speed of the
display data in synchronization with the display timing
prior to writing of the display data for one scanning line
into the memory in synchronization with the display
timing.

7. The display control method according to claim 6,

wherein a read operation of the display data for one
scanning line is performed precedently by at least one
scanning line to a write operation of the display data for
one scanning line.

8. The display control method according to claim 6,

wherein after the display data for one scanning line to be
controlled is read, the display data for the one scanning
line is written.

9. The display control method according to claim 6,

wherein the display data written into the memory is
inputted in synchronization with display timing gener-
ated by the timing generation circuit.

10. A display controller for driving a display section based
on display data for displaying images for at least three
continuous frames, each of which has the same image, and
including:

a timing generation circuit generating a given display
timing;

a memory which stores the display data for at least one
frame;

a first control circuit which controls reading of the display
data for one scanning line stored in the memory based
on the display timing to display the display section; and

a second control circuit which writes the display data for
one scanning line inputted asynchronously with the
display timing into the memory at a speed equal to or
higher than a reading speed of the display data stored
in the memory prior to a read operation.

11. The display controller according to claim 10,

wherein a write operation of the display data for one
scanning line controlled by the second control circuit is
performed precedently by at least one scanning line to
a read operation of the display data for one scanning
line controlled by the first control circuit.

12. The display controller according to claim 10,

wherein after the display data for one scanning line to be
controlled is written by the second control circuit, the
display data for the one scanning line is read by the first
control circuit.
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13. The display controller according to claim 10,

wherein after the display data for one frame is written at
a given frame synchronous timing, the second control
circuit stops writing of the display data until the next
frame synchronous timing.

14. The display controller according to claim 10,

wherein a circuit for outputting the display timing is
included.
15. A display unit comprising;:

a panel having an electro-optic element driven by a
plurality of first electrodes and a plurality of second
electrodes;

a display controller for driving the plurality of first
electrodes based on display data for displaying images
for at least three continuous frames, each of the frames
including the same image; and

a scanning driver scanning the plurality of second elec-
trodes,

wherein the display controller includes:

a timing generation circuit generating a given display
timing;

a memory which stores the display data for at least one
frame;

a first control circuit which controls reading of the
display data for one scanning line stored in the
memory based on the display timing to display the
display section; and

a second control circuit which writes the display data
for one scanning line inputted asynchronously with
the display timing into the memory at a speed equal
to or higher than a reading speed of the display data
stored in the memory prior to a read operation.

16. An clectronic device comprising:

a display unit as defined by claim 15; and

a circuit for supplying the display data to the display unit.
17. A display controller for driving a display section based
on display data for displaying images for at least three
continuous frames, each of which has the same image, and
including:
a timing generation circuit generating a given display
timing;
a memory which stores the display data for at least one
frame;

a write control circuit writing the display data inputted
asynchronously with the display timing into the
memory; and
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a read control circuit which controls reading of the display
data for one scanning line stored to the memory at a
speed equal to or higher than a writing speed of the
display data for one scanning line into the memory
prior to a write operation in the write control circuit: in
order to display the display section.

18. A display controller according to claim 17,

wherein a read operation of the display data for one
scanning line in the read control circuit is performed
precedently by at least one scanning line to a write
operation of the display data for one scanning line in
the write control circuit.

19. A display controller according to claim 17,

wherein after the display data for one scanning line to be
controlled is read by the read control circuit, the display
data for the one scanning line is written by the write
control circuit.
20. A display controller according to claim 17, further
comprising a circuit for outputting the display timing.
21. A display unit comprising:

a panel having an electro-optic element driven by a
plurality of first electrodes and a plurality of second
electrodes;

a display controller for driving the plurality of first
electrodes based on display data for displaying images
for at least three continuous frames, each of the frames
including the same image; and

a scanning driver scanning the plurality of second elec-
trodes,

wherein the display controller includes:
a timing generation circuit generating a given display
timing;
a memory which stores the display data for at least one
frame;

a write control circuit which writes the display data
inputted asynchronously with the display timing into
the memory; and

a read control circuit which controls reading of the
display data for one scanning line stored in the
memory at a speed equal to or higher than a writing
speed of the display data for one scanning line into
the memory prior to a write operation in the write
control circuit to display the display section.

22. An electronic device including:

a display unit as defined by claim 21; and

a circuit which supplies the display data to the display
unit.
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