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A display driver, a display unit, and an electronic instrument
that enables the simultaneous display of a still image and a
moving image on the same scan line. An X driver IC
includes at least display data RAM, in which is stored
still-image data for one frame, and a line memory, in which
is stored moving-image data for one scan line. A selector
circuit selects one of still-image data for one scan line in the
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DISPLAY DRIVER, DISPLAY UNIT, AND
ELECTRONIC INSTRUMENT

[0001] Japanese Patent Application No. 2001-46595, filed
on Feb. 2, 2001 and Japanese Patent Application No. 2002-
2302, filed on Jan. 9, 2002 are hereby incorporated by
reference in its entirety.

BACKGROUND

[0002] The present invention relates to a display driver, a
display unit, and an electronic instrument.

[0003] Taking a mobile telephone as an example of an
electronic instrument, a technique has been proposed for
receiving or transmitting image data that has been com-
pressed and encoded in accordance with the Moving Picture
Experts Group (MPEG) standard. Such a technique makes it
possible to display a moving image in a display area of a
display section that is used for a still image in the art, by way
of example.

[0004] In this example of a portable telephone, still-image
data, which is a part of the image data to be displayed on the
display section that involves a particularly light processing
load, is generated by a central processing unit (CPU) that
controls the portable telephone itself. The thus-generated
still-image data is sent to a display data RAM and is read out
in units of one scan line every frame period, by way of
example. This reduces the processing load of the CPU and
promotes a reduction in power consumption.

[0005] Moving-image data, on the other hand, involves
processing that is large-scale and necessitates real-time
capabilities, which means that a dedicated controller such as
a digital signal processor (DSP) is provided separately from
the CPU that has to handle processes such as the transfer of
other data and the actual telephony, and the moving-image
data is generated by that controller. The moving-image data
could also be transferred to the above-described display data
RAM, but it is possible to avoid complicating the circuitry
required for simultaneous processing with the still-image
data and also reduce the power consumption by using a
one-scan-line memory that stores only data for one scan line.

SUMMARY

[0006] According to one aspect of the present invention,
there is provided a display driver which drives a display
section based on still-image data and moving-image data,
the display driver comprising:

[0007] a randam access memory (RAM) from which
still-image data is read out for each scan line;

[0008] a line memory in which is stored moving-
image data in scan line units; and

[0009] a selector which selects and outputs one of a
scan line output from the RAM and a line memory
output for each column position, based on image
determination data.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0010] FIG. 1 is a schematic block diagram of an elec-
tronic instrument;
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[0011] FIG. 2 is a diagram showing a portable telephone
in which is installed the CPU and controller of FIG. 1;

[0012] FIG. 3 is a diagram showing an X driver IC acting
as a display driver of the first embodiment of the invention;

[0013] FIG. 4 is a timing chart showing an example of the
operation of the X driver IC of FIG. 3;

[0014] FIG. 5 is illustrative of column and line addresses
of the liquid crystal panel;

[0015] FIG. 6 is illustrative of line and column data for the
liquid crystal panel;

[0016] FIG. 7A is a truth table for the generation of
composite data from line data and column data and FIG. 7B
is a circuit diagram of a specific example of a structure for
generating composite data based on line data and column
data;

[0017] FIG. 8 is illustrative of the configuration of an
image determination data generation circuit that generates
image determination data in the first embodiment;

[0018] FIG. 9 is a block diagram of details of the block
structure of the X driver IC of this first embodiment;

[0019] FIG. 10 is a diagram showing an X driver IC acting
as a display driver of a second embodiment of the present
invention; and

[0020] FIG. 11A is illustrative of image determination
data for one scan line stored in the image determination data
RAM and FIG. 11B is illustrative of image determination
data for a number of scan lines stored in the image deter-
mination data RAM.

[0021] FIG.12is a diagram showing a liquid crystal panel
formed on the same substrate on which the display driver is
formed.

DETAILED DESCRIPTION

[0022] Embodiments of
described below.

the present invention are

[0023] Note that the embodiments described below do not
in any way limit the scope of the invention defined by the
claims laid out herein. Similarly, all the elements of the
embodiments described below should not be taken as essen-
tial requirements of the present invention.

[0024] Various techniques for the simultaneous display of
moving and still images have already been proposed, such as
the “Matrix Panel Display Device” of Japanese Patent
Application Laid-Open No. 8-76721 and the “Data Driver,
and Liquid Crystal Display Device and Information Pro-
cessing Device Using the Same” of Japanese Patent Appli-
cation Laid-Open No. 9-281933, by which one of still-image
data read from a display data RAM and moving-image data
for one scan line is selectively output by switching signals
for each scan line.

[0025] However, these techniques enable only the simul-
taneous display of still and moving images in units of one
scan line. In other words, it is not possible to simultaneously
display a still image and a moving image on the same scan
line. For that reason, it is not possible to display moving-
image data in a specific rectangular area within a display in
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which a still image is displayed such that still and moving
images are simultaneously displayed on the same scan line.

[0026] The embodiments of the present invention were
devised in the light of the above described technical problem
and provide a display driver that can drive a display with still
and moving images simultaneously displayed on the same
scan line, with a reduced power consumption and without
any complicated circuitry for the simultaneous processing of
the still and moving images, together with a display unit and
an electronic instrument using that display driver.

[0027] According to one embodiment of the present inven-
tion, there is provided a display driver which drives a display
section based on still-image data and moving-image data,
the display driver comprising:

[0028] a randam access memory (RAM) from which
still-image data is read out for each scan line;

[0029] a line memory in which is stored moving-
image data in scan line units; and

[0030] a selector which selects and outputs one of a
scan line output from the RAM and a line memory
output for each column position, based on image
determination data.

[0031] Note that the image determination data could be
generated within the display driver, or it could be supplied
from the exterior with other data such as still-image data.

[0032] This display driver has a line memory for storing
moving-image data for each scan line. For each column
position of each scan line in the display section, the display
driver selects and outputs either still-image data read from
the RAM or moving-image data read from the line memory,
based on the image determination data. Therefore, still and
moving images can be simultaneously displayed on the same
scan line with a reduced power consumption and without
any complicated circuitry for the simultaneous processing of
still and moving images.

[0033] In this case, a scan line could be a line that is
scanned in units of one pixel in the scan direction of the
display section, or a line that is scanned in units of two or
more pixels.

[0034] In this display driver, the image determination data
may be generated based on: a column address for specifying
a column position defining a display area that is driven on
the basis of the moving-image data or the still-image data;
and a line address for specifying a position of a scan line
defining the display area.

[0035] In this case, the image determination data could be
generated on the basis of column and line addresses within
the display driver, or it could be image determination data
that has been generated outside of the device on the basis of
column and line addresses and is supplied to the display
driver.

[0036] The display driver makes it possible to specify any
area within an image display region based on the line and
column addresses and display an image in which moving-
image data and still-image data are provided on the same
scan line thereof. It is therefore possible to display moving
and still images simultaneously in any display area with a
reduced power consumption.
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[0037] Inthisdisplay driver, the image determination data
may be generated according to a column position defining a
display area that is driven on the basis of the moving-image
data or the still-image data, for each scan line.

[0038] The display driver can simultaneously display still
and moving images by switching the image data in the
column position based on the image determination data ,for
each scan line. Therefore, the dimensions of circuitry
required for the simultaneous display can be greatly reduced
and also implement a reduced power consumption.

[0039] The display driver may further comprise:

[0040] a line data register which stores line data
indicating whether or not the display section is
driven based on the moving-image data, at each scan
line of one column;

[0041] a column data register which stores column
data indicating whether or not the display section is
driven based on the moving-image data, at each
column position of one scan line; and

[0042] an image determination data generation cir-
cuit which generates the image determination data
based on the line data and the column data, for each
column position of one scan line in the display
section.

[0043] The display driver can simultaneously display the
moving and still images for one frame, on the basis of only
the line data and the column data.

[0044] In this display driver, the RAM may relate the
image determination data that indicates whether or not the
display section is to be driven on the basis of the moving-
image data, with at least each column and store the image
determination data; and the selector may select and output
one of the scan line output from the RAM and the line
memory output for each column position, based on the
image determination data stored in the RAM.

[0045] Since the image determination data is linked to
each column of the display data RAM and stored, it is
possible to provide the scan line output and the line memory
output on the same scan line.

[0046] In this display driver, the RAM may store the
image determination data for each scan line; and

[0047] the selector may select and output one of the scan
line output from the RAM and the line memory output for
each column position of each scan line, based on the image
determination data stored in the RAM.

[0048] In this display driver, the RAM stores the image
determination data for each scan line and the selector selects
and outputs one of the RAM scan line output and the line
memory output, for each column position of each scan line.
Therefore, an image display area is not limited to a rectan-
gular shape when moving and still images are simulta-
neously displayed. In such a case, since there is a tendency
for the capacity of the display data RAM to increase with the
increasing number of gray scale levels, there is substantially
no effect on the circuit dimensions even when that image
determination data is stored with linkages to each column.

[0049] According to one embodiment of the present inven-
tion, there is provided a display unit comprising:
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[0050] a panel having electro-optical elements driven
by a plurality of signal electrodes and a plurality of
scan electrodes;

[0051] the above-described display driver for driving
the plurality of signal electrodes; and

[0052] a scan driver for driving the plurality of scan
electrodes.

[0053] According to this display unit, the simultaneous
display of moving and still images on the same scan line can
be implemented with a reduced cost and power consumption
and without increasing the dimensions of the circuitry.

[0054] An electronic instrument according to one embodi-
ment of the present invention comprises: the above-de-
scribed display unit, and an image data supply circuit which
supplies the still-image data and the moving-image data to
the display unit.

[0055] This electronic instrument enables the simulta-
neous provision of moving and still images on the same scan
line during the simultaneous display of moving and still
images by the display unit, and also enables a reduction in
the cost and power consumption of the device.

[0056] Embodiments of the present invention are
described in detail below with reference to the accompany-
ing drawings.

[0057] 1. First Embodiment

[0058] A first embodiment of the present invention is
described below.

[0059] 1.1 Electronic Instrument

[0060] A schematic block diagram of an electronic instru-
ment to which the present invention is applied is shown in
FIG. 1.

[0061] An electronic instrument 10 comprises a CPU 12,
a controller 14, and a display unit 20.

[0062] The CPU 12 generates still-image data used for
driving a display section of the display unit 20, in accor-
dance with a program or firmware stored in memory such as
RAM (not shown in the figure).

[0063] The controller 14 generates moving-image data
that has been decoded by the MPEG standard, and the
functions thereof are implemented by hardware such as an
ASIC (gate array) or DSP, or by a program or firmware
stored in RAM (not shown in the figure).

[0064] The display unit 20 comprises a matrix panel
having electro-optical elements, such as a color liquid crys-
tal panel 22, an X driver IC (generally speaking, a data
driver; more generally speaking, a display driver) 28 con-
taining a display data RAM 24 and a line memory 26, and
a 'Y driver (generally speaking, a scan driver) 30 for scan-
ning.

[0065] The liquid crystal panel 22 could use electro-
optical elements such as a liquid crystal having optical
characteristics that are changed by the application of a
voltage. The liquid crystal panel 22 could be configured of
a simple matrix panel, by way of example, in which case a
liquid crystal is inserted between a first substrate on which
is formed a plurality of segment electrodes (signal elec-
trodes, or first electrodes) and a second substrate on which
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is formed common electrodes (scan electrodes, or second
electrodes). The liquid crystal panel 22 could be an active
matrix panel using 3-terminal or 2-terminal elements such as
thin-film transistors (TFTs) or thin-film diodes (TFDs). Such
an active matrix panel could also be provided with a
plurality of signal electrodes (first electrodes) driven by the
X driver IC 28 which contains the display data RAM 24 and
the line memory 26, and a plurality of scan electrodes
(second electrodes) driven by the Y driver IC 30.

[0066] Note that a display drive circuit (generally speak-
ing, a display driver), which is functionally equivalent to the
X driver IC 28, may be formed on the glass substrate on
which the liquid crystal panel (generally speaking, a display
panel) 22 is formed, as shown in FIG. 12. In this case, the
liquid crystal panel 22 may include electro-optical element
driven by utilizing a plurality of signal electrodes and a
plurality of a scan electrodes, and the above-described
display drive circuit. A scan drive circuit, which is function-
ally equivalent to the Y driver 30, may also be formed on the
glass substrate.

[0067] The thus-configured liquid crystal panel 22 is
capable of simultaneously displaying a still image based on
still-image data and a moving image based on moving-
image data. In such a case, the liquid crystal panel 22 is
provided with a moving-image display area 22A and a
still-image display area 22B, as shown in FIG. 1.

[0068] The CPU 12 supplies display commands and still-
image data for the X driver IC 28. For that reason, the CPU
12 supplies the X driver IC 28 with control signals such as
an identification signal A0 for distinguishing between still-
image data and display commands, an inverted reset signal
XRES, an inverted chip select signal XCS, an inverted read
signal XRD, and an inverted write signal XWR. During this
time, data such as 8-bit data D7 to DO is identified as being
either still-image data or a display command by the logic of
the identification signal AQ. If still-image data has been
supplied to the X driver IC 28 by data D7 to DO, that
still-image data is stored in the display data RAM 24 in
one-frame units.

[0069] The controller 14 supplies moving-image data to
the X driver IC 28. For that reason, the controller 14 supplies
the X driver IC 28 with control signals such as a write clock
for writing the moving-image data, a writing vertical syn-
chronization signal Vsync, and a writing horizontal synchro-
nization signal Hsync. The moving-image data could be
6-bit R, G, and B signals, by way of example. This moving-
image data is stored in the line memory 26 in units of one
scan line.

[0070] The X driver IC 28 reads still-image data one scan
line at a time from the display data RAM 24 and moving-
image data one scan line at a time from the line memory 26,
every given horizontal scan period of the display unit 20,
and generates composite data formed of image data for the
column positions of one scan line. The image data for each
column position is obtained by selecting and outputting one
of the still-image data and the moving-image data for each
column position of each scan line, based on image determi-
nation data. The X driver IC 28 drives the liquid crystal
panel 22, based on this composite data.

[0071] The image determination data is generated based
on column addresses for specifying column positions defin-



US 2002/0113781 Al

ing a display area of the liquid crystal panel 22 and line
addresses for specifying positions of scan lines defining the
display area of the liquid crystal panel 22. This image
determination data could also be generated by the X driver
IC 28, or by the CPU 12 and the controller 14, by way of
example.

[0072] An outline of the configuration of a portable tele-
phone in which the CPU 12 and the controller 14 of FIG. 1
are installed is shown in FIG. 2.

[0073] This portable telephone (generally speaking, an
electronic instrument) 40 has structural components con-
trolled by the CPU 12. The CPU 12 is connected to a
still-image memory 42 and the controller 14. A moving-
image memory 44 is connected to the controller 14.

[0074] In this case, the CPU 12, the controller 14, the
still-image memory 42, and the moving-image memory 44
could be configured as an MPU 46 that is integrated as a
single chip. Programs for controlling the CPU 12 and the
controller 14 could be stored in the still-image memory 42
and the moving-image memory 44.

[0075] The portable telephone 40 is provided with a
modulation/demodulation circuit 50 for demodulating a sig-
nal that is received through an antenna 48, or modulating a
signal that is to be transmitted through the antenna 48. It is
also possible to transfer moving-image data that has been
encoded in accordance with a standard such as MPEG, by
way of example, from the antenna 48.

[0076] This portable telephone 40 can also be provided
with a digital video camera 52, by way of example. Moving-
image data can be obtained through this digital video camera
52. Operating information that is necessary for data transfer
by the portable telephone 40 and the taking of images by the
digital video camera 52 is input through an operating input
section 54.

[0077] The CPU 12 determines the size of the moving
image from moving-image information, during the display
of that moving image in the moving-image display area 22A
of the liquid crystal panel 22. A column address indicating
a column position and a line address indicating a position of
a scan line are set in the X driver IC 28 for each of a start
address SA and an end address EA that specify the moving-
image display area 22A of the liquid crystal panel 22. The X
driver IC 28 generates composite data formed of image data
for the column positions of one scan line. The image data for
each column position is obtained by selecting and outputting
one of the still-image data and the moving-image data for
each column position of each scan line, based on those
addresses.

[0078] A moving image displayed in the moving-image
display area 22A is supplied from the antenna 48 or the
digital video camera 52. A signal input from the antenna 48
is demodulated by the modulation/demodulation circuit 50
and is subjected to signal processing by the controller 14.
The controller 14 is connected to the moving-image memory
44, it expands compressed data that has been input through
the antenna 48 and the modulation/demodulation circuit 50,
and it decodes data that has been encoded in accordance with
the MPEG standard. The controller 14 compresses data to be
transmitted through the modulation/demodulation circuit 50
and the antenna 48 and also encodes data to be sent in MPEG
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encoded form. This controller 14 has the function of acting
as an MPEG decoder and encoder.

[0079] A signal could also be input to the controller 14
from the digital video camera 52, and signals that have been
input from the antenna 48 or the digital video camera 52 are
processed into RGB signals in the controller 14 and are
supplied to the display unit 20.

[0080] The CPU 12 outputs to the display unit 20 the
display commands and still-image data that are necessary for
display of still images to be displayed on the liquid crystal
panel 22, using the still-image memory 42 if necessary,
based on information from the operating input section 54.

[0081] As an example, a movie trailer that has been
distributed as movie information over the Internet is dis-
played in the moving-image display area 22A of the liquid
crystal panel 22 and information concerning the reservations
of tickets for that movie is displayed in the still-image
display area 22B thereof. In such a case, the CPU 12 can
control the modulation/demodulation circuit 50 and the
antenna 48 and output ticket reservation requests input by
the operating input section 54, enabling the user to reserve
tickets for that movie.

[0082] 1.2 Display Driver

[0083] An outline of the configuration of the X driver IC
28 is shown in FIG. 3, as a display driver in accordance with
the first embodiment of the present invention.

[0084] 1t should be noted that components that are the
same as those of the X driver IC 28 of FIG. 1 are given the
same reference numbers and further description thereof is
omitted.

[0085] The X driver IC 28 of the first embodiment com-
prises at least the display data RAM 24 that stores still-
image data for one frame and the line memory 26 that stores
moving-image data one scan line.

[0086] The still-image data for at least one frame is written
into the display data RAM 24 by a RAM control circuit 60,
based on display commands (control signals) from the CPU
12. Still-image data for one frame is read out from the
display data RAM 24 by the RAM control circuit 60, every
given frame period of the display unit 20. The still-image
data for one scan line of the liquid crystal panel 22 is read
from the display data RAM 24, every horizontal scan period
of the liquid crystal panel 22.

[0087] Moving-image data for one scan line of the liquid
crystal panel 22 is written to the line memory 26. For that
reason, the moving-image data for one scan line that is
generated by the controller 14 is sequentially written to a
shift register 62 in synchronization with the write clock that
is input from the controller 14. If it is necessary to put N
items of data into one scan line, the writing horizontal
synchronization signal Hsync is input from the controller 14
every N clock cycles of the write clock, then N items of data
are latched into the line memory 26 from the shift register
62.

[0088] A sclector circuit 64 sclects either still-image data
that is read from the display data RAM 24 or moving-image
data that is read from the line memory 26, for each column
position, based on the image determination data, and outputs
it as composite data of still-image and moving-image data.
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[0089] Composite data for one scan line that has been
selected and output from the selector circuit 64 is synchro-
nized with a displaying horizontal synchronization signal
Hsync of the display unit 20, and is latched into an output
latch circuit 66.

[0090] A liquid crystal drive circuit 68 supplies the seg-
ment electrodes with drive voltages that have been shifted to
correspond to the display voltage of the liquid crystal panel
22 of the display unit 20, based on the composite data
latched by the output latch circuit 66.

[0091] An example of the operation of the X driver IC 28
of FIG. 3 is shown in FIG. 4.

[0092] In this case, assume that one frame of still-image
data has been written to the display data RAM 24 from the
CPU 12, by a display command.

[0093] The moving-image data that has been transferred
serially from the controller 14 in synchronization with the
write clock is written sequentially to the shift register 62.
The controller 14 generates the writing horizontal synchro-
nization signal Hsync every N write clock cycles. The N
items of serially transferred moving-image data that have
been written to the shift register 62 are written to the line
memory 26 in synchronization with the writing horizontal
synchronization signal Hsync.

[0094] The display unit 20 is driven on the basis of the
image data every given frame period generated by a display
timing control circuit (not shown in the figure). For that
purpose, still-image data is read for each scan line from the
display data RAM 24 by the RAM control circuit 60, every
frame period.

[0095] The image determination data indicates which of
still-image data or moving-image data is to be selected and
output for each column position of each scan line every
frame period. The selector circuit 64 selects only one of
still-image data to be read out from the display data RAM 24
and moving-image data to be read out from the line memory
26, for each column position, based on this image determi-
nation data, as a selector output.

[0096] 1.3 Image Determination Data
[0097] Determination by Address

[0098] The generation of this image determination data is
based on column and line addresses that specify the display
area of the liquid crystal panel 22 of the display unit 20, by
way of example.

[0099] An illustrative view of column and line addresses
of the liquid crystal panel 22 is shown in FIG. 5.

[0100] If the moving-image display area 22A is provided
in a rectangular area in the still-image display area 22B of
the liquid crystal panel 22, the start address SA and the end
address EA is set therefor. In other words, the moving-image
display area 22A is specified by the start address SA and the
end address EA. These start address SA and end address EA
are set by the CPU 12 with respect to the X driver IC 28.

[0101] The start address SA is defined by a start line
address and a start column address. The end address EA is
defined by an end line address and an end column address.

[0102] In the liquid crystal panel 22, the display for one
frame is started in synchronization with a displaying vertical
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synchronization signal Vsync, and the liquid crystal panel 22
is driven in one scan line units in synchronization with the
displaying horizontal synchronization signal Hsync.

[0103] In this case, the CPU 12 can determine for each
column position of each scan line whether an area to be
displayed is part of a still-image display area or a moving-
image display area, from a line address that specifies each
scan line updated by the displaying horizontal synchroniza-
tion signal Hsync and a column address that specifies each
column position of each scan line.

[0104] If the entire display area has been set as the
still-image display area, by way of example, it is possible to
determine that the start line address of the start address SA
and the end line address of the end address EA defines the
moving-image display area in the line direction. Similarly, it
is possible to determine that the start column address of the
start address SA and the end column address of the end
address EA in the column direction defines the moving-
image display area in the column direction. These determi-
nation results are supplied as image determination data to
the selector circuit 64 in synchronization with the displaying
horizontal synchronization signal Hsync.

[0105] Alternatively, this determination could be done by
the controller 14 based on the start address SA and the end
address EA set by the CPU 12, in synchronization with the
writing horizontal synchronization signal, the moving-im-
age display area that has been set by the CPU 12, and the
result is supplied to the X driver IC 28 together with the
moving-image data that is transferred in units of one scan
line. In that case, the X driver IC 28 could have only to select
and output one of the still-image data and the moving-image
data in units of one scan line, based on that determination
result transferred thereto.

[0106] Note that the moving-image display area 22A is set
within the area of the still-image display area 22B in this
case, but a similar determination is equally possible if the
still-image display area 22B is placed within the area of the
moving-image display area 22A.

[0107] Determination by Data

[0108] The generation of the image determination data of
the first embodiment of the present invention is not limited
to a basis on line and column addresses, as described above.
It is equally possible to set 1-bit image determination data
that indicates whether a still image or a moving image is to
be displayed beforehand as respective line and column data,
and base the generation on that line and column data. This
makes is possible to greatly reduce the circuit dimensions
and also enables a further reduction in power consumption,
in comparison with the case described above.

[0109] Column data is data that indicates whether a still
image or a moving image is to be displayed at each column
position of each scan line. Line data is data that indicates
whether a still image or a moving image is to be displayed
at each scan line position of each column.

[0110] A illustrative view of line and column data of the
liquid crystal panel 22 is shown in FIG. 6.

[0111] Ifitis assumed that the logic level is low (L) for the
display of a still image and high (H) for the display of a
moving image in this case, the column data could be “LL . . .
LHH ... HL ... LL” that indicates the display of either



US 2002/0113781 Al

a moving image or a still image at each column position of
one scan line, for example. If each column position of one
scan line has only still-image data, for example, the column
datais “LL. .. LL”, whereas if each column position of one
scan line has only moving-image data, the column data is
“HH ... HH”.

[0112] Similarly, the line data could be “LL....LHH ...
HL . . . LL” that indicates the display of either a moving
image or a still image at each scan line of one column
position, for example. If each scan line at one column
position has only still-image data, by way of example, the
line data is “LL . . . LL”, whereas if each scan line at one
column position has only moving-image data, the line data
is “HH . . . HH”.

[0113] A truth table for generating composite data from
this column data and line data is shown in FIG. 7A. A
specific circuit structural example for the generation of
composite data from line data and column data is shown in
FIG. 7B.

[0114] 1In other words, an area in which both the line data
and the logic level of the column data are high becomes the
moving-image display area 22A, as shown in FIGS. 6 and
TA.

[0115] 1In this case, if the logic levels of both the line data
and the column data are high, image determination data is
generated in such a manner that moving-image data is
selected for output, as shown in FIG. 7B.

[0116] An example of the configuration of an image
determination data generation circuit that generates the
above-described image determination data is shown in FIG.

8.

[0117] The image determination data generation circuit
comprises a line data register 80 in which is stored the above
described line data, a column data register 82 in which is
stored the above described column data, and a data genera-
tion circuit 84 provided for each column position of one scan
line, to generate the image determination data.

[0118] The line data register 80 shifts the line data one bit
sequentially, starting from the first scan line of the liquid
crystal panel 22 in the scan direction, in synchronization
with the writing horizontal synchronization signal Hsync.
This shift output is supplied to the data generation circuit 84
that is provided for each column position of one scan line.

[0119] The column data register 82 outputs the column
data indicating whether a still image or a moving image is
to be output at each column position of one scan line, in
synchronization with the displaying horizontal synchroniza-
tion signal Hsync. Each bit of the column data is supplied to
the corresponding data generation circuit 84 provided for
each column position.

[0120] The data generation circuit 84 generates the image
determination data for each column position, based on the
1-bit output from the line data register 80 and the column
data for each column in the column data register 82 in
synchronization with the displaying horizontal synchroniza-
tion signal Hsync, in such a manner that moving-image data
is selected for output when the logic levels of both the
column data and the line data are high, as shown in FIG. 7A.

[0121] In such a manner, the simultaneous display of still
and moving images in any rectangular area within the

Aug. 22,2002

display area for one frame is enabled by the column data and
line data. It is also possible to greatly reduce the circuit
dimensions, enabling a further reduction of power consump-
tion.

[0122] Note that the above data generation circuit could
supply the image determination data to the X driver IC 28
together with the moving-image data in units of one scan
line, in synchronization with the writing horizontal synchro-
nization signal. In addition, the controller 14 could also
generate the above-described line data and the column data
based on the start address SA and the end address EA set by
the CPU 12. In either case, the X driver IC 28 has only to
select and output one of the still-image data and the moving-
image data for each scan line, based on the transferred image
determination data.

[0123] The thus-configured X driver IC 28 of this first
embodiment of the invention makes it possible to display
moving and still images on the same scan line, without
complicating the circuit structure and with a low power
consumption. This also makes it possible to separate the
controller for generating the moving-image data completely
from the CPU for still images, enabling distributed process-
ing and reduction of the load on the CPU.

[0124] 1.4 Structural Example of X Driver IC

[0125] A detailed example of the structure of the X driver
IC 28 described above is shown in FIG. 9.

[0126] This X driver IC 28 is provided with a CPU
interface 100, an input-output buffer 102, and an input buffer
104 as input-output circuitry.

[0127] Signals such as the inverted chip select signal XCS,
the command/data identification signal A0, the inverted read
signal XRD, the inverted write signal XWR, and the
inverted reset signal XRES are input to the CPU interface
100. Data such as 8-bit display commands or still-image data
D7 to DO is input to the input-output buffer 102. Note that
in this case the data D7 to DO is input and output in parallel,
but if it is not necessary to read data from the display data
RAM within the X driver IC 28 to the CPU 12, the data
could be input and output in series with the first bit being the
identification signal A0, followed by the bits of data D7 to
DO0. In that case, it is possible to reduce the number of
terminals of the CPU 12 and the X driver IC 28 relating to
the driving of the display section.

[0128] Moving-image data that consists of 6-bit R, G, and
B signals, by way of example, and a clock signal CLK are
input to the input buffer 104. The 6-bit R, G, and B signals
are input in parallel, in synchronization with the clock signal
CLK.

[0129] The X driver IC 28 is provided with a first bus line
110 connected to the CPU interface 100 and the input-output
buffer 102 and a second bus line 120 connected to the input
buffer 104.

[0130] A bus holder 112 and a command decoder 114 are
connected to the first bus line 110 and another bus holder
122 is connected to the second bus line 120. Note that a
status setting circuit 116 is connected to the input-output
buffer 102, with the configuration thereof being such that the
operating state of the X driver IC 28 is output to the CPU 12.
This operating state is an internal state that is set by the X
driver IC 28 such as whether or not the display is in an on



US 2002/0113781 Al

state and whether or not a given scroll area on the screen is
in a scroll mode. This operating state is output by the X
driver IC 28 after a given command that is input from the
CPU 12 is decoded by the comman decoder 114.

[0131] The first bus line 110 is connected to an I/O buffer
162 of the display data RAM 24 for the transfer of still-
image data to be read from or written to the display data
RAM 24.

[0132] The second bus line 120 is connected to the line
memory 26 for the transfer of moving-image data to be
written in scan line units into this line memory 26.

[0133] In addition to the above-described display data
RAM 24, 1/0 buffer 162, and line memory 26, the X driver
IC 28 is provided with components such as a CPU-system
control circuit 130, a column address control circuit 140, a
page address control circuit 150, a driver-system control
circuit 170, a selector circuit 180, a PWM decoder circuit
190, and the liquid crystal drive circuit 68.

[0134] The CPU-system control circuit 130 controls read
and write operations with respect to the display data RAM
24, based on display commands of the CPU 12 that are input
through the command decoder 114. The column address
control circuit 140 and the page address control circuit 150
that are controlled by this CPU-system control circuit 130
are also provided. The reading/writing destination of the
display data RAM 24 is specified by a column address
indicated by the column address control circuit 140 and a
page address indicated by the page address control circuit
150.

[0135] Note that the writing horizontal and vertical syn-
chronization signals Hsync and Vsync from the CPU 12 are
input to the CPU-system control circuit 130, although this is
not shown in FIG. 9. The writing horizontal synchronization
signal Hsync is used to set and reset counters within the
column address control circuit 140 and the page address
control circuit 150, to suppress any problems such as display
slippage due to erroneous write by noise or the like during
the writing of moving-image data, as far as possible. In
addition, the writing horizontal and vertical synchronization
signals Hsync and Vsync are used for returning the column
address and the page address to the start address SA.

[0136] The driver-system control circuit 170 comprises an
X-driver-system control circuit 172 and a Y-driver-system
control circuit 174. This driver-system control circuit 170
generates signals such as the displaying vertical synchroni-
zation signal Vsync, a gray scale control pulse GCP, a
polarity inversion signal FR, a scanning latch pulse LP, a Y
driver start pulse YD, a Y driver scan clock YCLK, and the
write clock to the display data RAM 24, based on an
oscillation output from an oscillation circuit 176, to control
the selector circuit 180, a PWM decoder circuit 190, a power
control circuit 178, and the Y driver IC 30, independently of
the CPU-system control circuit 130.

[0137] The driver-system control circuit 170 of this first
embodiment of the invention outputs to the exterior the
displaying vertical synchronization signal Vsync that is
generated on the basis of the oscillation output from the
oscillation circuit 176. The controller 14 supplies the gen-
erated moving-image data to the X driver IC 28 in synchro-
nization with the displaying vertical synchronization signal
Vsync.
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[0138] The driver-system control circuit 170 writes the
supplied moving-image data to the line memory 26 in
synchronization with the write clock generated on the basis
of the oscillation output from the oscillation circuit 176.

[0139] The driver-system control circuit 170 also reads an
image for one frame, one scan line at a time, with reference
to the scanning latch pulse LP generated on the basis of the
oscillation output from the oscillation circuit 176.

[0140] The selector circuit 180 has the functions of the
selector circuit 64 and the output latch circuit 66 of FIG. 3.
The driver-system control circuit 170 includes the above
described image determination data generation circuit and
generates composite data from one scan line of still-image
data that has been read from the display data RAM 24 and
one scan line of moving-image data from the line memory
26, in synchronization with the scanning latch pulse LP as
the displaying horizontal synchronization signal Hsync.

[0141] The PWM decoder circuit 190 latches the compos-
ite data for each scan line generated by the selector circuit
180 and outputs a signal of pulse widths corresponding to
gray scale values in accordance with the polarity inversion
period. The liquid crystal drive circuit 68 supplies the signal
from the PWM decoder circuit 190 to the segment electrodes
SEG of the liquid crystal panel 22 of FIG. 1, after shifting
it to a voltage corresponding to the LCD display voltage.

[0142] 2. Second Embodiment

[0143] The X driver IC 28 of the first embodiment is
configured to generate composite data including still-image
data and moving-image data for the same scan line, in
accordance with image determination data that has been
generated based on line and column addresses or on line and
column data supplied from the CPU 12 or the controller 14
for each scan line.

[0144] An X driver IC in accordance with a second
embodiment of the present invention is configured in such a
manner that the above described image determination data to
which at least corresponding column positions of the display
section are linked is stored beforehand in the display data
RAM 24. In such a case, it is preferable that this image
determination data is previously stored in the display data
RAM 24 for each line of the display section.

[0145] An outline of the configuration of an X driver IC
that is a display driver in accordance with this second
embodiment of the invention is shown in FIG. 10.

[0146] Note that components that are the same as those of
the X driver IC 28 of FIG. 3 are given the same reference
numbers and further description thereof is omitted.

[0147] An X driver IC 200 in accordance with this second
embodiment comprises at least the display data RAM 24 that
stores still-image data for one frame and the line memory 26
that stores moving-image data for one scan line.

[0148] The X driver IC 200 of the second embodiment
also has a RAM 210 comprising the display data RAM 24,
and this RAM 210 also comprises an image determination
data RAM 220 where read and write thereof is controlled by
the RAM control circuit 212. The image determination data
RAM 220 stores image determination data to which at least
corresponding column positions are related. This image
determination data is stored in the image determination data
RAM 220 for each scan line.
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[0149] The still-image data for one frame is written to the
display data RAM 24 by the RAM control circuit 212, based
on a display command (control signal) from the CPU 12.
The column and scan line positions in the display data RAM
24 correspond to column and line positions of the display
section.

[0150] The image determination data is written by one bit
in scan line units by the RAM control circuit 212 to
corresponding to columns of the display data RAM 24,
based on the display command (control signal) from the
CPU 12. The image determination data for several scan lines
are also written at a time by the CPU 12 in correspondence
with the scan lines of the display data RAM 24.

[0151] Still-image data and image determination data for
one scan line of the liquid crystal panel 22 is read from the
display data RAM 24 and the image determination data
RAM 220 every horizontal scan period of the liquid crystal
panel 22.

[0152] The selector circuit 64 selects either still-image
data that is read from the display data RAM 24 or moving-
image data that is read from the line memory 26 for each
column position of each scan line, based on the image
determination data that has been read from the image
determination data RAM 220, and outputs it as composite
data of still-image and moving-image data.

[0153] The composite data for one scan line that has been
selected and output from the selector circuit 64 is latched
into the output latch circuit 66 in synchronization with the
displaying horizontal synchronization signal Hsync.

[0154] The liquid crystal drive circuit 68 supplies the
segment electrodes with drive voltages that have been
shifted in accordance with the display voltages of the liquid
crystal pancl 22 of the display unit 20, based on the
composite data latched by the output latch circuit 66.

[0155] Since the image determination data RAM 220 is
provided and image determination data is stored in scan line
units by one bit in correspondence with each column, the
simultaneous display of moving and still images on the same
scan line is enabled.

[0156] In particular, when only the image determination
data corresponding to each column position is stored in the
image determination data RAM 220 as shown in FIG. 11A,
the configuration is such that image determination data for
a number of scan lines can be stored in the image determi-
nation data RAM 220 and composite data of still-image and
moving-image data can be selected and output every scan
period, as described above and shown in FIG. 11B, so that
the area in which the moving image is displayed within the
still-image display area is not limited to a rectangular shape.

[0157] Since there is a tendency for the capacity of the
display data RAM to increase with the increasing number of
gray scale levels, the above described increase in the number
of bits has substantially no effect on the circuit dimensions.

[0158] The operation of the X driver IC 200 of this second
embodiment is similar to that of the X driver IC 28 of the
first embodiment, so further description thereof is omitted.

[0159] A detailed structural example of the X driver IC
200 would be similar to that of the first embodiment shown
in FIG. 8, except that the image determination data RAM
220 is provided in addition to the display data RAM 24. In
other words, the composite data is generated in this second
embodiment by having the driver-system control circuit 170
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write the image determination data, reading image determi-
nation data for one scan line corresponding to still-image
data in the display data RAM 24, and having the selector
circuit 180 select the data for output.

[0160] Note that the present invention is not limited to the
embodiments described above, and thus it is possible to
devise many modifications thereof within the scope of the
invention.

What is claimed is:

1. A display driver which drives a display section based on
still-image data and moving-image data, the display driver
comprising:

a randam access memory (RAM) from which still-image
data is read out for each scan line;

a line memory in which is stored moving-image data in
scan line units; and

a selector which selects and outputs one of a scan line
output from the RAM and a line memory output for
each column position, based on image determination
data.

2. The display driver as defined in claim 1, wherein the

image determination data is generated based on:

a column address for specifying a column position defin-
ing a display area that is driven on the basis of the
moving-image data or the still-image data; and

a line address for specifying a position of a scan line

defining the display area.

3. The display driver as defined in claim 1, wherein the
image determination data is generated according to a column
position defining a display area that is driven on the basis of
the moving-image data or the still-image data, for each scan
line.

4. The display driver as defined in claim 3, further
comprising:

a line data register which stores line data indicating
whether or not the display section is to be driven based
on the moving-image data, at each scan line of one
column;

a column data register which stores column data indicat-
ing whether or not the display section is to be driven
based on the moving-image data, at each column posi-
tion of one scan line; and

an image determination data generation circuit which
generates the image determination data based on the
line data and the column data, for each column position
of one scan line in the display section.

5. The display driver as defined in claim 1, wherein:

the RAM relates the image determination data that indi-
cates whether or not the display section is to be driven
on the basis of the moving-image data, with at least
each column and stores the image determination data,
and

the selector selects and outputs one of the scan line output
from the RAM and the line memory output for each
column position, based on the image determination
data stored in the RAM.

6. The display driver as defined in claim 5, wherein:

the RAM stores the image determination data for each
scan line; and
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the selector selects and outputs one of the scan line output
from the RAM and the line memory output for each
column position of each scan line, based on the image
determination data stored in the RAM.

7. A display unit comprising:

a panel having electro-optical elements driven by a plu-
rality of signal electrodes and a plurality of scan
electrodes;

the display driver for driving the plurality of signal
electrodes as defined in claim 1; and

a scan driver for driving the plurality of scan electrodes.
8. A display unit comprising:

a panel having electro-optical elements driven by a plu-
rality of signal electrodes and a plurality of scan
electrodes;

the display driver for driving the plurality of signal
electrodes as defined in claim 2; and

a scan driver for driving the plurality of scan electrodes.
9. A display unit comprising:

a panel having electro-optical elements driven by a plu-
rality of signal electrodes and a plurality of scan
electrodes;

the display driver for driving the plurality of signal
electrodes as defined in claim 3; and

a scan driver for driving the plurality of scan electrodes.
10. A display unit comprising:

a panel having electro-optical elements driven by a plu-
rality of signal electrodes and a plurality of scan
electrodes;

the display driver for driving the plurality of signal
electrodes as defined in claim 4; and

a scan driver for driving the plurality of scan electrodes.
11. A display unit comprising:

a panel having electro-optical elements driven by a plu-
rality of signal electrodes and a plurality of scan
electrodes;

the display driver for driving the plurality of signal
electrodes as defined in claim 5; and

a scan driver for driving the plurality of scan electrodes.
12. A display unit comprising:

a panel having electro-optical elements driven by a plu-
rality of signal electrodes and a plurality of scan
electrodes;

the display driver for driving the plurality of signal
electrodes as defined in claim 6; and

a scan driver for driving the plurality of scan electrodes.
13. A display panel comprising:

electro-optical elements driven by a plurality of signal
electrodes and a plurality of scan electrodes; and
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the display driver that drive the plurality of signal elec-
trodes as defined in claim 1.

14. An electronic instrument comprising:
the display unit as defined in claim 7, and

an image data supply circuit which supplies the still-
image data and the moving-image data to the display
unit.

15. An electronic instrument comprising:

the display unit as defined in claim 8, and

an image data supply circuit which supplies the still-
image data and the moving-image data to the display
unit.

16. An electronic instrument comprising:
the display unit as defined in claim 9, and

an image data supply circuit which supplies the still-
image data and the moving-image data to the display
unit.

17. An electronic instrument comprising:

the display unit as defined in claim 10, and

an image data supply circuit which supplies the still-
image data and the moving-image data to the display
unit.

18. An electronic instrument comprising:
the display unit as defined in claim 11, and

an image data supply circuit which supplies the still-
image data and the moving-image data to the display
unit.

19. An electronic instrument comprising:
the display unit as defined in claim 12, and

an image data supply circuit which supplies the still-
image data and the moving-image data to the display
unit.

20. An electronic instrument comprising:
the display panel as defined in claim 13, and

an image data supply circuit which supplies the still-
image data and the moving-image data to the display
panel.
21. Adriving method which drives a display section based
on a still-image data and a moving-image data, comprising
the steps of:

generating an image data for one scan line including the
still-image data and the moving-image data selected for
each column position based on image determination
data; and

driving the display section based on the image data.

® * * * ®
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