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DISPLAY SYSTEM AND DISPLAY CONTROLLER

[0001] Japanese Patent Application No. 2002-372147,
filed on Dec. 24, 2002, is hereby incorporated by reference
in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a display system
and a display controller.

[0003] A liquid-crystal panel (generally speaking: a dis-
play panel; more generally speaking: a electro-optical
device) is used as a display section of an electronic appliance
such as a mobile phone, with the intention of making the
electronic appliance lighter, smaller, and more energy effi-
cient. Such a liquid-crystal panel is controlled by a display
controller that executes display control after receiving
instructions from a host (CPU) that imposes control over the
electronic appliance.

[0004] The liquid-crystal panel includes a plurality of scan
lines, a plurality of data lines, and a plurality of pixels. The
scan lines are scanned by a scan line drive circuit. The data
lines are driven by a data line drive circuit. A display
controller supplies display data to the data line drive circuit
and also performs timing control for the scan line drive
circuit and the data line drive circuit.

BRIEF SUMMARY OF THE INVENTION

[0005] One aspect of the present invention relates to a
display system comprising:

[0006] a display panel including a plurality of pixels,
a plurality of data lines, and a plurality of scan lines;

[0007] a display driver which drives the data lines;
and
[0008] a display controller which supplies display

data to the display driver and also controls the
display driver,

[0009]

[0010] includes first to (j+2)th data output terminals
(where j is a natural number) for outputting (j+2) bits
of display data out of display data that is output in a
k-bit unit (where k is an integer such that k=j+2);

[0011] outputs display data in a j-bit unit to the
display driver through the first to j-th data output
terminals;

[0012] outputs command data for controlling the dis-
play driver instead of the (j+1)th bit of display data,
through the (j+1)th data output terminal to the dis-
play driver; and

[0013] outputs a command identification signal for
identifying the command data instead of the (j+2)th
bit of display data, through the (j+2)th data output
terminal to the display driver, and wherein the dis-
play driver includes:

[0014] first to j-th data input terminals for inputting
display data in a j-bit unit;

[0015] alatch which fetches the command data that is
specified according to the command identification
signal,

wherein the display controller:
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[0016] a decoder which decodes the command data
fetched into the latch; and

[0017] a control section which outputs a control
signal corresponding to a decoding result by the
decoder, the display driver driving the data lines
based on the control signal and the display data that
has been input through the first to j-th data input
terminals.

[0018] Another aspect of the present invention relates to a
display system comprising:

[0019] adisplay panel including a plurality of pixels,
a plurality of data lines, and a plurality of scan lines;

[0020] a display driver which drives the data lines;
and
[0021] a display controller which supplies multi-

plexed data including display data to the display
driver and also controls the display driver,

[0022]

[0023] includes first to (j+1)th data output terminals
(where j is a natural number) for outputting (j+1) bits
of display data out of display data that is output in a
k1-bit unit (where k1 is an integer such that k1Zj+

D)

[0024] outputs multiplexed data in which display
data and command data has been time-division mul-
tiplexed within one horizontal scan period, in a j-bit
unit to the display driver through the first to j-th data
output terminals; and

[0025] outputs a command identification signal for
identifying the command data instead of the (j+1)th
bit of display data, to the display driver through the
(j+Dth data output terminal, and

[0026]

[0027] first to j-th data input terminals for inputting
display data in a j-bit unit;

[0028] a latch which fetches command data from the
multiplexed data, specified according to the com-
mand identification signal,

[0029] a decoder which decodes the command data
fetched into the latch; and

[0030] a control section which outputs a control
signal corresponding to a decoding result by the
decoder; the display driver driving the data lines
based on the control signal and the display data
included within the multiplexed data that has been
input through the first to j-th data input terminals.

wherein the display controller:

wherein the display driver includes:

[0031] A further aspect of the present invention relates to
a display system comprising:

[0032] adisplay panel including a plurality of pixels,
a plurality of data lines, and a plurality of scan lines;

[0033] a display driver which drives the data lines;
and
[0034] a display controller which supplies display

data to the display driver and also controls the
display driver;
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[0035]

[0036] includes first to (j+p)th data output terminals
(where j is a natural number) for outputting (j+p) bits
of display data out of display data that is output in a
k2-bit unit (where k2 and p are positive integers such
that k22j+p);

[0037] outputs display data in a j-bit unit to the
display driver through the first to j-th data output
terminals; and

[0038] outputs command data instead of the (j+1)th
to (j+p)th bits of the display data through the (j+1)th
to (j+p)th data output terminals to the display driver,

wherein the display controller:

and
[0039] wherein the display driver includes:
[0040] first to j-th data input terminals for inputting

display data in a j-bit unit;
[0041]

[0042] a decoder which decodes the command data
fetched into the latch; and

[0043] a control section which outputs a control
signal corresponding to a decoding result by the
decoder, the display driver driving the data lines
based on the control signal and the display data that
has been input through the first to j-th data input
terminals.

a latch which fetches the command data;

[0044] Astill further aspect of the present invention relates
to a display controller which controls a display driver which
drives a data line of a display panel, based on display data
which is input in a j-bit unit (where j is a natural number);
the display controller including:

[0045]

[0046] amode setting register for setting an operation
mode of the display controller to a first or second
mode;

[0047] acommand data output section which outputs
command data for controlling the display driver and
a command identification signal for specifying the
command data; and

[0048] a display data output section which outputs
display data in a k-bit unit (where k is an integer such
that kZj+2) or a j-bit unit,

[0049]

[0050] outputs (j+2) bits of display data out of dis-
play data that is output in a k-bit unit, through the
first to (j+2)th data output terminals, in a first mode;
and

[0051] outputs display data in a j-bit unit through the
first to j-th data output terminals, and also outputs
command data instead of the (j+1)th bit of display
data through the (j+1)th data output terminal and the
command identification signal instead of the (j+2)th
bit of display data through the (j+2)th data output
terminal, in a second mode.

first to (j+2)th data output terminals,;

wherein the display data output section:

[0052] An even further aspect of the present invention
relates to a display controller which controls a display driver
which drives a data line of a display panel, based on display
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data which is input in a j-bit unit (where j is a natural
number); the display controller comprising:

[0053]

[0054] amode setting register for setting an operation
mode of the display controller to a first or second
mode;

[0055] a command data output section which outputs
a command identification signal for specifying com-
mand data for controlling the display driver; and

[0056] a display data output section which outputs
multiplexed data in which display data in a k1-bit
unit (where k1 is an integer such that k12j+1) or a
j-bit unit and the command data are multiplexed,
within one horizontal scan period,

[0057]

[0058] outputs the multiplexed data including (j+1)
bits of display data out of display data that is output
in a k1-bit unit, through the first to (j+1)th data
output terminals, in a first mode; and

[0059] outputs the multiplexed data including display
data in a j-bit unit through the first to j-th data output
terminals, and also outputs the command identifica-
tion signal at a time corresponding to command data
included within the display data instead of the
(j+Dth bit of display data, through the (j+1)th data
output terminal, in a second mode.

first to (j+1)th data output terminals;

wherein the display data output section:

[0060] A yet further aspect of the present invention relates
to a display controller which controls a display driver which
drives a data line of a display panel, based on display data
which is input in a j-bit unit (where j is a natural number);
the display controller comprising:

[0061] first to (1+p)th (where p is a natural number)
data output terminals;

[0062] amode setting register for setting an operation
mode of the display controller to a first or second
mode;

[0063] acommand data output section which outputs
command data for controlling the display driver; and

[0064] a display data output section which outputs
display data in a k2-bit unit (where k2 is a positive
integer such that k2Zj+p) or a j-bit unit,

[0065]

[0066] outputs (1+p) bits of display data out of dis-
play data that is output in a k2-bit unit, through the
first to (j+2)th data output terminals, in a first mode;
and

[0067] outputs display data in a j-bit unit through the
first to j-th data output terminals, and also outputs
command data instead of the (j+1)th to (j+p)th bits of
display data through the (j+1)th to (j+p)th data
output terminals, in a second mode.

wherein the display data output section:

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0068] FIG. 1 schematically shows a structure of a liquid-
crystal device,



US 2004/0140970 A1l

[0069] FIG. 2 is a schematic view showing the connective
relationship between a host, a controller, and a data line
drive circuit of the first embodiment;

[0070] FIG. 3 is a schematic view showing the connective
relationship between the controller and the data line drive
circuit of a first embodiment the present invention;

[0071] FIG. 4 is a block diagram of an example of the
configuration of the controller of the first embodiment;

[0072] FIG. 5 is a schematic view of the relationship
between command data and the command identification
signal in accordance with the first embodiment;

[0073] FIG. 6 is a block diagram of an example of the
configuration of the data line drive circuit of the first
embodiment;

[0074] FIG. 7 is a block diagram of an example of the
configuration of the data latch of the first embodiment;

[0075] FIG. 8 is a block diagram of an example of the
configuration of the latch of the first embodiment;

[0076] FIG. 9 is a timing chart of an example of the
operational timing of the data line drive circuit of the first
embodiment;

[0077] FIG. 10 is illustrative of an example of control by
a partial block selection command in accordance with the
first embodiment;

[0078] FIG. 11 is a schematic view of the connective
relationship between a controller and a data line drive circuit
of a second embodiment of the present invention;

[0079] FIG. 12 is a block diagram of an example of the
configuration of the controller of the second embodiment;

[0080] FIG. 13 is a schematic view of the relationship
between command data and the command identification
signal of the second embodiment.

[0081] FIG. 14 is a block diagram of an example of the
configuration of the data line drive circuit of the second
embodiment;

[0082] FIG. 15 is a block diagram of an example of the
configuration of the data latch of the second embodiment;

[0083] FIG. 16 is a block diagram of an example of the
configuration of the latch of the second embodiment;

[0084] FIG. 17 is a timing chart of an example of the
operational timing of the controller and the data line drive
circuit of the second embodiment;

[0085] FIG. 18 is a schematic view of the connective
relationship between a controller and a data line drive circuit
in accordance with a third embodiment of the present
invention;

[0086] FIG. 19 is a block diagram of an example of the
configuration of the controller of the third embodiment;

[0087] FIG. 20 is a timing chart of an example of com-
mand data multiplex timing in accordance with the third
embodiment;

[0088] FIG. 21 is a block diagram of an example of the
configuration of the data line drive circuit of the third
embodiment;
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[0089] FIG. 22 is a block diagram of an example of the
configuration of the latch of the third embodiment;

[0090] FIG. 23 is an illustrative view of an example of the
configuration of command data in accordance with the third
embodiment;

[0091] FIG. 24 is a block diagram of an example of the
configuration of the decoder of the third embodiment; and

[0092] FIG. 25 is a timing chart of an example of the
operational timing of the controller and the data line drive
circuit of the third embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0093] Embodiments of the present invention are
described below. Note that the embodiments described
below do not limit the scope of the present invention as laid
out in the claims herein. In addition, the entirety of the
configurations described with reference to these embodi-
ments are not limited to being essential structural compo-
nents of the present invention.

[0094] When a display controller that has received instruc-
tions from a host controls a data line drive circuit (generally
speaking: a display driver), one method that can be consid-
ered involves the display controller outputting control sig-
nals to control the data line drive circuit directly. However,
if the control details become complicated with this method,
the number of signal lines increases, which raises problems
concerning signal delays due to the wiring and the guaran-
teeing of sufficient area for the wiring, making it impossible
to design for lower power consumptions and costs.

[0095] In contrast thereto, another method that could be
considered involves preparing command data corresponding
to the control details for a display controller, and having the
display controller set that command data in the data line
drive circuit. In such a case, the data line drive circuit
analyzes the thus set command data in those details, and
performs the control in accordance with the result of the
analysis. Since this has the advantage of simply increasing
the types of command data, even if the control details
become complicated, it enables expansion. However, this
method makes it necessary to provide the display controller
with command data input-output functions. If a general-
purpose controller is provided with functions for inputting
and outputting command data, therefore, the display con-
troller becomes more complicated, the chip dimensions
increase, and problems arise concerning fabrication costs
and times.

[0096] The embodiments described below make it pos-
sible to provide a display system and display controller that
can input command data even with a general-purpose con-
troller.

[0097] These embodiments are described below with ref-
erence to the accompanying figures. The description of the
embodiments below are based on a TFT panel that is an
active-matrix type of liquid-crystal panel, by way of
example, but the present invention is not limited thereto.

[0098]

[0099] An outline of the configuration of a liquid-crystal
device is shown in FIG. 1. This liquid-crystal device (gen-

1. First Embodiment
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erally speaking: a display system) could be incorporated in
any of a variety of electronic appliances, such as a mobile
phone, a portable information device (such as a PDA), a
digital camera, a projector, a portable audio player, a mass-
storage device, a video camera, an electronic organizer, or a
global positioning system (GPS) device.

[0100] In FIG. 1, a liquid-crystal device 10 includes a
liquid-crystal panel (generally speaking: a display panel;
more generally speaking: a electro-optical device) 20, a data
line drive circuit (more specifically: a source driver) 30, a
scan line drive circuit (more specifically: a gate driver) 40,
a controller 50, and a power circuit 60. The liquid-crystal
device 10 could be an electro-optical device. The data line
drive circuit 30 could be a display driver.

[0101] Note that not all of these circuit blocks are essential
for the liquid-crystal device 10; it is also possible to have a
configuration without some of these components.

[0102] The liquid-crystal panel 20 includes a plurality of
scan lines (gate lines), a plurality of data lines (source lines),
and a plurality of pixels such that each pixel is specified by
one scan line of the scan lines and one data line of the data
lines. Each pixel includes a TFT and a pixel electrode. The
TFT is connected to the data line and the pixel electrode is
connected to that TFT.

[0103] More specifically, the liquid-crystal panel 20 is
formed on a panel substrate such as a glass substrate, by way
of example. Disposed on the panel substrate are scan lines
GL, to GL,, (where M is an integer of at least two digits),
which are disposed in the Y direction in FIG. 1 in a plurality
of lines each extending in the X direction, and data lines DL,
to DLy (where N is an integer of at least two digits), which
are disposed in the X direction in a plurality of lines each
extending in the Y direction. A pixel PE_ is provided at a
position corresponding to the intersection between a scan
line GL, (where m is an integer such that 1=m=M) and a
data line DL, (where n is an integer such that 1=n=N). The
pixel PE__ includes a TFT,__ and a pixel electrode.

[0104] The gate electrode of TFT,,, is connected to the
scan line GL . The source electrode of TFT, is connected
to the data line DL . The drain electrode of TFT,_ is
connected to the pixel electrode. A liquid-crystal capacitance
CL,,, and a subsidiary capacitance CS_  are generated
between the pixel electrode and an opposing electrode COM
(common electrode) that faces that pixel electrode with a
liquid-crystal element (generally speaking: an electro-opti-
cal material) therebetween. The transmissivity of the pixel
varies with the voltage applied between the pixel electrode
and the opposing electrode COM. A voltage VCOM sup-
plied to the opposing electrode COM is created by the power
circuit 60.

[0105] The data line drive circuit 30 drives the data lines
DL, to DLy of the liquid-crystal panel 20, based on display
data. The scan line drive circuit 40 scans the scan lines GL,
to GL,, of the liquid-crystal panel 20.

[0106] The controller 50 outputs control signals for the
data line drive circuit 30, the scan line drive circuit 40, and
the power circuit 60, in accordance with details set by a host
such as a central processing unit (hereinafter abbreviated to
CPU) that is not shown in the figure. More specifically, the
controller 50 supplies the data line drive circuit 30 and the
scan line drive circuit 40 with a horizontal synchronization
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signal and a vertical synchronization signal that are gener-
ated based on details such as the operating mode and
settings. The controller 50 also controls the polarity inver-
sion timing of the voltage VCOM of the opposing electrode
COM.

[0107] The power circuit 60 generates the various voltages
used by the liquid-crystal panel 20 and the voltage VCOM
of the opposing electrode COM, based on a reference
voltage supplied from the outside.

[0108] Note that FIG. 1 shows a configuration in which
the liquid-crystal device 10 includes the controller 50, but
the controller 50 could equally well be provided outside of
the liquid-crystal device 10. Alternatively, the configuration
could be such that both the controller 50 and the host (not
shown in the figure) are included within the liquid-crystal
device 10.

[0109] At least one of the scan line drive circuit 40, the
controller 50, and the power circuit 60 could be incorporated
into the data line drive circuit 30.

[0110] Similarly, some or all of the data line drive circuit
30, the scan line drive circuit 40, the controller 50, and the
power circuit 60 could be formed on the liquid-crystal panel
20. For example, the liquid-crystal panel (electro-optical
device) 20 could be configured to include a plurality of data
lines; a plurality of scan lines; a plurality of pixels, each
specified by one of the data lines and one of the scan lines;
and a data line drive circuit (display driver) for driving the
data lines.

[0111] The connective relationship between a host, the
controller 50, and the data line drive circuit 30 is shown in
FIG. 2. Ahost (CPU) 70 is connected to the controller 50 by
a data bus 72 having a bus width BW1. The host 70 supplies
display data and control data through the data bus 72 to the
controller 50. The bus width BW1 is determined with
reference to the bytes that are the processing units of the
CPU. The bus width BW1 could be 8 bits, 16 bits, 32 bits,
or 64 bits, by way of example.

[0112] The controller 50 is connected to the data line drive
circuit 30 by a data bus 74 having a bus width BW2. The
controller 50 supplies display data and command data cor-
responding to control details of the data line drive circuit 30
through the data bus 74 to the data line drive circuit 30. The
bus width BW2 is determined with reference to the number
of grayscale levels of each of an R color component (a first
color component), a G color component (a second color
component), and a B color component (a third color com-
ponent). The bus width BW2 could be 18 bits (where
grayscale data for each color component is 6 bits) or 24 bits
(where grayscale data for each color component is 8 bits), by
way of example.

[0113] Thus, the bus width of the data bus 72 connected to
the general-purpose host 70 differs from the bus width of the
data bus 74 connected to the data line drive circuit 30, which
is optimized for grayscale display. This means that the data
transfer efficiency from the host 70 to the data line drive
circuit 30 is bad.

[0114] Since the general-purpose controller 50 is not pro-
vided with command data input-output functions for con-
trolling the data line drive circuit 30, on the other hand, it is
not possible to control the data line drive circuit 30 effi-
ciently.
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[0115] With the first embodiment, if the data bus width
that can be output by the controller 50 differs from the data
bus width that can be input to the data line drive circuit 30,
and if the data bus width that can be output by the controller
50 (such as 18 bits) is greater than the data bus width that can
be input to the data line drive circuit 30 (such as 16 bits), the
surplus bus lines can be utilized for supplying command
data.

[0116] The connective relationship between the controller
50 and the data line drive circuit 30 in accordance with the
first embodiment is shown schematically in FIG. 3.

[0117] When the data line drive circuit 30 drives the data
lines, based on display data that has been input in a j-bit unit
(where j is a natural number), the controller 50 can output
display data in a k-bit unit (where k is an integer such that
kZj+2). For that reason, the controller 50 has first to (+2)th
data output terminals D, to D, for outputting (j+2) bits of
display data, of the display data that is output in a k-bit unit.

[0118] Bus lines that are connected to the first 1o j-th data
output terminals D, to D; of the controller 50 are connected
to first to j-th data input terminals D, to D; of the data line
drive circuit 30. A bus line connected to the (j+1)th data
output terminal D;,, of the controller 50 is connected (o a
command data input terminal CD of the data line drive
circuit 30. Similarly, a bus line that is connected to the
(7+2th data output terminal D;,, of the controller 50 is
connected to a command identification signal input terminal
CMD of the data line drive circuit 30.

[0119] The controller 50 outputs display data, which
includes grayscale data generated by the host, in a k-bit unit
or a j-bit unit to the data line drive circuit 30, in synchro-
nization with the display timing. If it outputs the display data
in a k-bit unit, the controller 50 outputs (j+2) bits of display
data through the first to (j+2)th data output terminals. If it
outputs the display data in a j-bit unit, the controller 50
outputs it through the first to j-th data output terminals.

[0120] In addition, if the controller 50 outputs the display
data in a j-bit unit, it also outputs through the (j+2)th data
output terminal D;,, a command identification signal for
specifying the position of command data amidst the data that
is output through the (j+1)th data output terminal D;,;.

[0121] Note that the command data in this first embodi-
ment is described at being output as 1-bit-wide serial data,
but it could equally well be output as data of a plurality of
bits.

[0122] The data line drive circuit 30 has the command
identification signal input terminal CMD and the command
data input terminal CD. Command data is specified by the
data line drive circuit 30, based on the command identifi-
cation signal that is input from the controller 50 through the
command identification signal input terminal CMD, from
data that has been input to the command data input terminal
CD. That command data is decoded by the data line drive
circuit 30 and control corresponding to the result of that
decoding is performed.

[0123] The command data is data corresponding to a
command for executing a function such as setting one of the
operating modes of the data line drive circuit 30. A com-
mand is a partial block selection command for partial
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driving, an output block selection command, or an output
timing setting command, by way of example.

[0124] A partial block selection command is a command
for selecting individual blocks that are units of pluralities of
data lines, for driving the display of data lines by the data
line drive circuit 30. A grayscale voltage corresponding to
grayscale data synchronized to the display timing is applied
to the data lines of a block selected for this display driving
by a partial block selection command. For the data lines in
blocks that are selected for non-display driving by the partial
block selection command, the voltage VCOM supplied to
the opposing electrode COM could be applied in such a
manner that the transmissivity of the pixels (liquid-crystal
elements) connected to the TFTs in those data lines does not
change, by way of example.

[0125] The output block selection command is a command
for selecting either drive-on or drive-off by the data line
drive circuit 30, for data lines in individual blocks. A
grayscale voltage corresponding to the grayscale data is
applied to data lines in a block that has been set to drive-on
by the output block selection command, in synchronization
with the display timing. The outputs to data lines in a block
that has been set to drive-off by the output block selection
command are set to a high impedance state.

[0126] The output timing setting command is a command
for finely setting the output timings to the data lines by the
data line drive circuit 30, to ensure reduced power consump-
tions.

[0127] The description now turns to an example of the
configuration of this first embodiment.

[0128] An example of the configuration of the controller
50 of the first embodiment is shown in FIG, 4. The con-
troller 50 includes a display data output section 80, a
command data output section 82, first and second switch
output sections 84 and 86, a2 mode setting register 88, and a
control section 90.

[0129] The display data output section 80 outputs display
data from the host in a k-bit unit or a j-bit unit. The command
data output section 82 generates command data correspond-
ing to the control details instructed from the host and a
command identification signal for specifying that command
data, and outputs it to the data line drive circuit 30, by way
of example.

[0130] The first switch output section 84 outputs either the
command identification signal that has been output by the
command data output section 82 or the (j+2)th bit of data of
the display data that is output by the display data output
section 80, to the (j+2)th data output terminal D;,,. This
makes it possible to output the command identification
signal through the (j+2)th data output terminal D, instead

of the (j+2)th bit of the display data.

[0131] The second switch output section 86 outputs either
the command data that has been output by the command data
output section 82 or the (j+1)th bit of display data that is
output by the display data output section 80, to the (j+1)th
data output terminal D;, ;. This makes it possible to output
the command data through the (j+1)th data output terminal
D;,, instead of the (j+1)th bit of the display data.

[0132] The mode setting register 88 is a control register
for setting the operating mode of the controller 50 to either
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a first mode or a second mode, by the host by way of
example. The controller 50 provides control corresponding
to the mode that has been set in the mode setting register 88.

[0133] The control section 90 controls the various parts of
the controller 50, including the display data output section
80, the command data output section 82, and the first and
second switch output sections 84 and 86, in accordance with
the mode that has been set in the mode setting register 88.

[0134] If the thus-configured controller 50 has been set to
the first mode, (j+2) bits of display data (from the display
data that is output in a k-bit unit) is output by the display data
output section 80 through the first to (j+2)th data output
terminals.

[0135] If the controller 50 has been set to the second
mode, display data is output through the first to j-th data
output terminals in a j-bit unit. In addition, command data is
output through the (j+1)th data output terminal and the
command identification signal is output through the (j+2)th
data output terminal.

[0136] The relationship between command data and the
command identification signal is shown schematically in
FIG. 5. The command data output section 82 is capable of
outputting a command identification signal such that the
logic level thereof is high during a period corresponding to
a valid range (valid positions) of command data that is
output as serial data, in order to specify that range.

[0137] The number of bits corresponding to one pixel is
determined by the grayscale level of each color component.
Display data for one pixel includes grayscale data for the R
color component, the G color component, and the B color
component. If the number of bits of grayscale data for each
of the R color component, the G color component, and the
B color component is eight, the number of bits of the display
data is 24. This would make it possible to represent approxi-
mately 16,770,000 different grayscales. Similarly, if the
number of bits of grayscale data for each of the R color
component, the G color component, and the B color com-
ponent is six, the number of bits of the display data is 18.
This would make it possible to represent approximately
260,000 different grayscales.

[0138] In the first mode, assume that display data that is
output from the controller 50 to the data line drive circuit 30
consists of grayscale data for the R color component, the G
color component, and the B color component. In such a case,
it is preferable that there is the same number of bits of
grayscale data for each of the R color component, the G
color component, and the B color component in the display
data that is output in a k-bit unit. This is because it is
preferable that the general-purpose controller 50 can supply
the data line drive circuit with display data that has the same
number of bits of grayscale data for each of the R color
component, the G color component, and the B color com-
ponent.

[0139] In the second mode, on the other hand, there could
be a different number of bits for at least one set of grayscale
data, out of the grayscale data for the R color component, the
G color component, and the B color component in the
display data that is output in a k-bit unit to the data line drive
circuit 30.

[0140] In the configuration shown in FIG. 2, the display
data from the host 70 to the controller 50 is often supplied
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in 8-bit, 16-bit, 32-bit, or 64-bit units. For that reason, the
transfer efficiency of 24-bit or 18-bit display data can
decrease. In such a case, the data line drive circuit 30 can set
the number of bits per pixel in the display data to 16 bits, to
implement grayscale representation of approximately
65,000 levels, in order to enable a certain amount of gray-
scale representation and also increase the transfer efficiency.

[0141] Insuch a case, it is preferable to set the number of
bits of grayscale data for the R color component to 5, the
number of bits of grayscale data for the G color component
to 6, and the number of bits of grayscale data for the B color
component to 5, from consideration of the way that human
eyes are more sensitive to changes in the G color compo-
nent, if there are changes in hue.

[0142] In this case, the controller 50 could have 18 (=j+2)
data output terminals, in order to utilize the processing in
1-pixel, 18-bit units more generally. Since there are 16 (=j)
data input terminals of the data line drive circuit 30, on the
other hand, the remaining two terminals are used for the
output of command data, as described above. This makes it
possible to control the data line drive circuit 30 by com-
mands, even with a general-purpose controller.

[0143] The description now turns to an example of the
configuration of the data line drive circuit 30.

[0144] An example of the configuration of the data line
drive circuit 30 of the first embodiment is shown in FIG. 6.
The data line drive circuit 30 includes a data latch 100, a
level shifter (L/S) 102, a voltage selection circuit (digital-
to-analog converter: DAC) 104, and an output circuit 106.

[0145] The data latch 100 latches display data that has
been input through the first to j-th data input terminals D, to
D;. The display includes a plurality of grayscale data items
in which grayscale data is divided for individual data lines.

[0146] The L/S 102 shifts the output voltages of the data
latch 100.
[0147] The DAC 104 outputs analog grayscale voltages

that correspond to the data from the L/S 102, from among a
plurality of reference voltages where each reference voltage
corresponds to grayscale data. More specifically, the DAC
104 decodes the grayscale data and selects one of the
reference voltages, based on the decoding result. The refer-
ence voltage selected by the DAC 104 is output to the output
circuit 106 as an analog grayscale voltage.

[0148] The output circuit 106 drives the data lines DL, to
DL, based on the analog grayscale voltages from the DAC
104. The output circuit 106 can also perform partial drive
and output selection for individual blocks in units of a
plurality of data lines. Partial drive control uses the above-
mentioned partial block selection command. Output selec-
tion control uses the above-mentioned output block selection
command. In response to such commands, a voltage corre-
sponding to grayscale data or the common electrode voltage
VCOM (or substantially the same voltage) is applied to the
data lines in each block. Alternatively, the output to the data
lines in each block could be set to a high impedance state in
response to a command.

[0149] An example of the configuration of the data latch
100 is shown in FIG. 7. The data latch 100 includes a shift
register 120 and a line latch 122.
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[0150] The shift register 120 has first to K-th flip-flops
FF1 to FFl (where K is an integer of at least two digits).
A flip-flop FF1;, (where il is an integer such that 1=2i1 £K)
has a clock terminal C, an input terminal D, and an output
terminal Q. The flip-flop FF1,; holds a data signal at the
input terminal D at the rise of an input signal at the clock
terminal C, and outputs the thus-held data signal from the
output terminal Q.

[0151] Each flip-flop can hold one or a plurality of bits of
grayscale data created in data line units. The output of the
i-th flip-flop (where i is an integer such that 1=i=K-1) is
connected to the input of the (i+1)th flip-flop FF,, ;. Input
data that has been input to the first flip-flop FF1, is shifted
in synchronization with a shift clock CPH.

[0152] In this case, the shift clock CPH is a pulse signal
used for fetching display data that is input in pixel units,
during a horizontal scan period regulated by the period of a
latch pulse LP.

[0153] The line latch 122 fetches shift data that has been
held in the first to K-th flip-flops FF1, to FF1y of the shift
register. The data fetched into the line latch 122 is output to
the L/S 102.

[0154] The above-described configuration makes it pos-
sible to fetch display data that is input in a j-bit unit for each
pixel, in synchronization with the shift clock CPH, and hold
it as display data for one horizontal scan period.

[0155] The voltage level is then shifted by the /S 102 and
is output to the output circuit 106 as an analog grayscale
voltage by the DAC 104.

[0156] Control of the thus-configured data line drive cir-
cuit 30 is based on a control signal that is output from a
control section 110. This control signal could be a block
selection signal for partial drive or a drive-on or drive-off
block selection signal. The control section 110 outputs a
control signal corresponding to the command data specified
by the command identification signal that is input through
the command identification signal output pin CMD, from the
data that is input through the command data input terminal
CD.

[0157] In order to generate the above-described control
signal, the data line drive circuit 30 could include a latch 112
and a decoder 114.

[0158] The latch 112 fetches command data, based on the
command identification signal. The command data and the
command identification signal in this case are in the timing
relationship shown in FIG. 5.

[0159] The decoder 114 decodes the command data that
has been fetched into the latch 112. The control section 110
outputs a control signal corresponding to the result of the
decoding by the decoder 114.

[0160] An example of the configuration of the latch 112 is
shown in FIG. 8. The latch 112 could include a shift register
130 and a command latch 132.

[0161] The shift register 130 has first to K-th flip-flops
FF2 to FE2y. A flip-flop FF2;; has a clock terminal C, an
input terminal D, an output terminal Q, and a reset terminal
R. The flip-flop FF2;, holds a data signal at the input terminal
D at the rise of an input signal at the clock terminal C, and
outputs the thus-held data signal from the output terminal Q.

Jul. 22, 2004

The internal state of the flip-flop FF2,; is returned to an
initial state by an input signal to the reset terminal R. Each
flip-flop can hold one bit of grayscale data created in data
line units (or a plurality of bits if the command data that is
input from the command data input terminal CD has a
plurality of bits). The output of the i-th flip-flop FF2, is
connected to the input of the (i+1)th flip-flop FF2,,,. Com-
mand data (CD) that has been input to the first flip-flop FF2,
is shifted in synchronization with a command shift clock.
This command shift clock is a signal obtained by ANDing
the shift clock CPH and the command identification signal.

[0162] Inother words, command data is data that has been
input by shifting input data in synchronization with the shift
clock CPH when the logic level of the command identifi-
cation signal is high.

[0163] Note that each flip-flop is reset by the latch pulse
LP.
[0164] The command latch 132 latches the command data

held in the first to K-th flip-flops FF2, to FF2, in synchro-
nization with the fall of the command identification signal.
The command data latched in the command latch 132 is
output to the decoder 114.

[0165] An example of the operational timings of the
controller 50 and the data line drive circuit 30 of the first
embodiment is shown in FIG. 9. In this case, assume that the
controller 50 has been set to the second mode. In other
words, the controller 50 can output display data in the
original k-bit unit, but it can also output display data in a
j-bit unit, while outputting command data and a command
identification signal through the remaining data output ter-
minals.

[0166] Grayscale data corresponding to each data line is
output from the first to j-th data output terminals D, to D; of
the controller 50 to the data line drive circuit 30 within one
horizontal scan period (1H), as display data that has been
time-division multiplexed. In FIG. 9, the above-described
multiplexed data and blank data is input within 1H. The
blank data is dummy data that is embedded by the controller
50 and is data that does not affect control by the display and
command data.

[0167] Similarly, the command identification signal is
output from the (j+2)th data output terminal D;,, of the
controller 50 and the command data is output from the
(+Dth data output terminal Dy, , thereof.

[0168] When the logic level of the command identification
signal that is input through the command identification
signal output pin CMD is low, the data line drive circuit 30
ignores the command data that is input through the com-
mand data input terminal CD. When the logic level of the
command identification signal is high, on the other hand, the
command data that has been input through the command
identification signal input terminal CMD is fetched into the
latch 112 of FIG. 6 and is used for control within the next
horizontal scan period, by way of example. In other words,
the control section 110 uses the decoder 114 to decode
command data in the first horizontal scan period. The control
section 110 can perform control in the second horizontal
scan period, which is the next horizontal scan period after
the first horizontal scan period, based on the control signal
corresponding to the command data decoded during the first
horizontal scan period.
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[0169] In this case, the decoder 114 preferably does the
decoding in synchronization with a signal of a frequency
higher than that of the latch pulse LP, such as the shift clock
CPH. This enables the output of the decoding result within
the horizontal scan period in which the command data has
been fetched, making it easy to generate a control signal
corresponding to that decoding result before the next hori-
zontal scan period.

[0170] An illustrative view of an example of the control by
a partial block selection command in accordance with the
first embodiment is shown in FIG. 10. In this case, the
display area of the liquid-crystal panel 20 that is scanned
within one vertical scan period is shown schematically.

[0171] Assume that the scan lines selected for each hori-
zontal scan period are scanned one-by-one in the sequence
of: first line, second line, . . . first line. In FIG. 10, ordinary
drive is done from the first line to the a-th line (where a is
an integer). In other words, grayscale voltages correspond-
ing to the grayscale data are applied by the data line drive
circuit 30 to the data lines DL, to DL .

[0172] In this case, assume that a partial block selection
command is input during the horizontal scan period for the
a-th line at the timing shown in FIG. 9. In such a case, data
is fetched into the latch 112 within that horizontal scan
period and, as a result, it is determined to be a partial block
selection command by the decoder 114. Control in the
horizontal scan period for the (a+1)th line, which is the next
horizontal scan period, is based on that partial block selec-
tion command. In such a case, grayscale voltages corre-
sponding to the grayscale data synchronized to the display
timing are applied to the data lines of the first block selected
for the display drive. For the data lines of the second and
third blocks that have been selected for non-display drive by
the partial block selection command, a voltage such as the
voltage VCOM supplied to the opposing electrode COM, or
substantially the same voltage, is applied to ensure that there
is no change in the transmissivity of the pixels (liquid-
crystal elements) connected to the TFTs in those data lines.

[0173] This ensures that the display area corresponding to
the first block is a partial display area in which display is in
accordance with the grayscale data. In contrast thereto, the
display areas corresponding to the second and third blocks
are partial non-display areas in which display is a back-
ground color of white or black.

[0174] If the setting is such that all blocks are subjected to
display drive by the partial block selection command in the
horizontal scan period for the b-th line (where b is an integer
such that b2a+1), the control is such that ordinary display
drive returns, starting from the horizontal scan period for the
(b+D)th line, which is the next horizontal scan period

[0175] As described above, the first embodiment ensures
that a command identification signal and command data are
output instead of display data through two data output
terminals of the controller 50 that can output display data in
the original k-bit unit. The host can transfer to the controller
50 a command identification signal and command data as
data for one frame that is handled in a similar manner as
display data, by way of example. The configuration could be
such that the command identification signal and command
data is output in synchronization with the grayscale data, in
the timing shown in FIG. 9. This makes it possible to use a

Jul. 22, 2004

general-purpose controller 50 to control the data line drive
circuit 30 which is controlled by commands.

[0176]

[0177] In the first embodiment, the controller caused the
output of the command identification signal and command
data through data output terminals that are supposed to be
used for grayscale data, but the present invention is not
limited thereto. In a second embodiment of the present
invention, the controller outputs only the command identi-
fication signal through a data output terminal that is sup-
posed to be used for grayscale data, and causes the output of
multiplexed command data and grayscale data.

[0178] The connective relationship between a controller
and a data line drive circuit in accordance with this second
embodiment is shown schematically in FIG. 11. A controller
200 and a data line drive circuit 210 of the second embodi-
ment can be applied to a liquid-crystal device of the con-
figuration shown in FIG. 1, instead of the controller 50 and
the data line drive circuit 30 of the first embodiment.

[0179] When the data line drive circuit 210 drives the data
lines, based on display data that has been input in a j-bit unit
(where j is a natural number), the controller 200 can output
display data in a k1-bit unit (where k1 is an integer such that
k1Zj+1). For that reason, the controller 200 has first to
(j+2)th data output terminals D, to D, for outputting (j+1)
bits of display data, of the display data that is output in a
k-bit unit.

2. Second Embodiment

[0180] Bus lines that are connected to the first to j-th data
output terminals D, 1o D; of the controller 200 are connected
to first to j-th data input terminals D, to D; of the data line
drive circuit 210. A bus line connected to the (j+1)th data
output terminal D;,, of the controller 200 is connected to a
command identification signal input terminal CMD of the
data line drive circuit 210.

[0181] The controller 200 outputs display data, which
includes grayscale data generated by the host, in a k1-bit unit
or a j-bit unit to the data line drive circuit 210, in synchro-
nization with the display timing. If it outputs the display data
in a k1-bit unit, the controller 200 outputs (j+1) bits of
display data through the first to (j+1)th data output terminals.
If it outputs the display data in a j-bit unit, the controller 200
outputs it through the first to j-th data output terminals.

[0182] In addition, if the controller 200 outputs the display
data in a j-bit unit, it also outputs through the (j+1)th data
output terminal D;,;, a command identification signal for
specifying the position of command data.

[0183] The data line drive circuit 210 has the command
identification signal input terminal CMD. Command data is
specified by the data line drive circuit 210, based on the
command identification signal from multiplexed data that
has been time-division multiplexed from the grayscale data
through the first to j-th data input terminals D, to D; and the
command data. The command identification signal is input
from the controller 200 through the command identification
signal input terminal CMD. That command data is decoded
by the data line drive circuit 210 and control corresponding
to the result of that decoding is performed.
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[0184] The description now turns to an example of the
configuration of this second embodiment.

[0185] An example of the configuration of the controller
200 of the second embodiment is shown in FIG. 12. It
should be noted that portions that are the same as those in the
controller 50 of the first embodiment of FIG. 4 are denoted
by the same reference numbers and further description
thereof is omitted.

[0186] The controller 200 includes a display data output
section 202, a command data output section 204, the first
switch output section 84, the mode setting register 88, and
a control section 206.

[0187] The display data output section 202 outputs display
data from the host in a k1-bit unit or a j-bit unit. The
command data output section 204 generates command data
corresponding to the control details instructed from the host
and a command identification signal for specifying that
command data. Command data is multiplexed together with
the grayscale data in the display data output section 202, by
way of example, and is output to the data line drive circuit
210. The command identification signal is output to the data
line drive circuit 210 from the first switch output section 84,
by way of example.

[0188] The first switch output section 84 outputs either the
command identification signal that has been output by the
command data output section 204 or the (j+1)th bit of data
of the display data that is output by the display data output
section 202, to the (j+1)th data output terminal D;,;.

[0189] The control section 206 controls the various parts
of the controller 200, including the display data output
section 202, the command data output section 204, and the
first switch output section 84, in accordance with the mode
that has been set in the mode setting register 88.

[0190] If the thus-configured controller 200 has been set to
the first mode, (j+1) bits of display data (from the display
data that is output in a k1-bit unit) is output through the first
to (j+1)th data output terminals.

[0191] If the controller 200 has been set to the second
mode, display multiplexed data that has been multiplexed in
a time-division manner from the display data and the com-
mand data is output through the first to j-th data output
terminals in a j-bit unit. In addition, the command identifi-
cation signal is output through the (j+1)th data output
terminal. During this time, the command identification sig-
nal is configured to vary in accordance with the time division
timing of the command data in the above-described multi-
plexed data.

[0192] The relationship between command data and the
command identification signal is shown schematically in
FIG. 13. The command identification signal is generated to
go high during a period corresponding to command data, in
order to specify the position of the command data that is
multiplexed with the grayscale data.

[0193] The description now turns to an example of the
configuration of the data line drive circuit 210.

[0194] An example of the configuration of the data line
drive circuit 210 of the second embodiment is shown in
FIG. 14. 1t should be noted that portions that are the same
as those in the data line drive circuit 30 of the first embodi-
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ment of FIG. 6 are denoted by the same reference numbers
and further description thereof is omitted.

[0195] The data line drive circuit 210 includes a data latch
212, the /S 102, the DAC 104, and the output circuit 106.

[0196] The data latch 212 latches display data that is
included within the input data that has been input to the first
to j-th data input terminals D, to D;. The display data
includes a plurality of grayscale data items in which gray-
scale data is divided between individual data lines. For
example, the data latch 212 could include a shift register, in
which each stage of flip-flops holds one or a plurality of bits
of grayscale data, and a line latch. In such a case, the display
data that has been input to the initial flip-flop (the first stage
of flip-flop) of the shift register is shifted and fetched by a
shift clock CPH having N clocks, which is at least as many
as the number of data lines, within one horizontal scan
period regulated by the period of a latch pulse LP. The
display data that has been fetched into the shift register in
synchronization with the latch pulse LP is held in the line
latch.

[0197] Control of the thus-configured data line drive cir-
cuit 210 is based on a control signal that is output from the
control section 110, in a manner similar to that of the first
embodiment. This control signal could be a block selection
signal for partial drive or a drive-on or drive-off block
selection signal, or the like. Thus the control section 110
outputs a control signal corresponding to the command data
included in the multiplexed data that is input through the first
to j-th data input terminals D, to D;.

[0198] To create the above-described control signal, the
data line drive circuit 210 could include a latch 214 and the
decoder 114. The latch 214 fetches command data from the
input multiplexed data, as specified by the command iden-
tification signal.

[0199] The multiplexed data in this case is display data
and command data which has been time-division multi-
plexed within one horizontal scan period.

[0200] An example of the configuration of the data latch
212 is shown in FIG. 15. It should be noted that portions that
are the same as those in the data latch 100 of FIG. 7 are
denoted by the same reference numbers and further descrip-
tion thereof is omitted.

[0201] The data latch 212 differs from the data latch 100
in that the shift clock for the shift register 120 is generated
by using the command identification signal. More specifi-
cally, the shift clock of the shift register 120 of the data latch
212 is a signal obtained by ANDing the shift clock CPH and
an inversion of the command identification signal.

[0202] An example of the configuration of the latch 214 is
shown in FIG. 16. The latch 214 could include a shift
register 216 and a command latch 218.

[0203] The shift register 216 has first to K-th flip-flops
FF3 1o FF3,. A flip-flop FF3;; has a clock terminal C, an
input terminal D, an output terminal Q, and a reset terminal
R. The flip-flop FF3;; holds a data signal at the input
terminal D at the rise of an input signal at the clock terminal
C, and outputs the thus-held data signal from the output
terminal Q. The internal state of the flip-flop FF3,; is
returned to the initial state when a signal is input to the reset
terminal R.
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[0204] Each flip-flop can hold j bits of grayscale data
created in data line units. The output of the i-th flip-flop FF3,
is connected to the input of the (i+1)th flip-flop FF3,, ,. j bits
of multiplexed data that have been input to the first flip-flop
FF3, are shifted in synchronization with a command shift
clock. This command shift clock is a signal obtained by
ANDing the shift clock CPH and the command identifica-
tion signal.

[0205] Inother words, command data is data that has been
input by shifting multiplexed data in synchronization with
the shift clock CPH when the logic level of the command
identification signal is high. To fetch the grayscale data that
is included within the multiplexed data, therefore, the gray-
scale data is the input data that is shifted and input in
synchronization with the shift clock CPH into the data latch
212 of FIG. 15 when the logic level of the command
identification signal is low.

[0206] Note that each flip-flop is reset by the latch pulse
LP.

[0207] The command latch 218 latches the command data
held in the first to K-th flip-flops FF3, to FF3, in synchro-
nization with the fall of the command identification signal.
The command data latched in the command latch 218 is
output to the decoder 114.

[0208] An example of the operational timing of the con-
troller 200 and the data line drive circuit 210 of the second
embodiment is shown in FIG. 17. In this case, assume that
the controller 200 has been set to the second mode. In other
words, the controller 200 can output display data in the
original k-bit unit, but it can also output display data in a
j-bit unit, while outputting command data and a command
identification signal through the remaining data output ter-
minals.

[0209] Data that is display data (grayscale data) and
command data which has been time-division multiplexed
within one horizontal scan period (1H) is input to the data
line drive circuit 210. In FIG. 17, the above-described
multiplexed data and blank data is input within 1H.

[0210] When the logic level of the command identification
signal is low, the display data in the input data is fetched into
the data latch 212 of FIG. 14 and is used for display within
the next horizontal scan period, by way of example.

[0211] When the logic level of the command identification
signal is high, the command data in the input data is fetched
into the latch 212 of FIG. 14 and is used for control within
the next horizontal scan period, by way of example. In other
words, the control section 110 uses the decoder 114 to
decode the command data in the first horizontal scan period.
The control section 110 can perform control in the second
horizontal scan period, which is the next horizontal scan
period after the first horizontal scan period, based on the
control signal corresponding to the command data decoded
during the first horizontal scan period.

[0212] As described above, the second embodiment
ensures that a command identification signal is output
instead of display data through one data output terminal of
the controller 200 that can output display data in the original
k1-bit unit. The configuration is such that multiplexed
command data is output in the display data. In addition to
cffects similar to those of the first embodiment, this makes
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it possible to reduce the number of terminals necessary for
command control, in comparison with the first embodiment.

[0213] Note that it is preferable that the numbers of bits of
each color component of the grayscale data of the display
data in the first and second modes are the same as those of
the first embodiment.

[0214] 3. Third Embodiment

[0215] In comparison with the second embodiment, the
third embodiment of the present invention does not use the
command identification signal but it enables the input of
command data from a general-purpose controller to the data
line drive circuit.

[0216] The connective relationship between a controller
and a data line drive circuit in accordance with the third
embodiment is shown in FIG. 18. A controller 300 and a
data line drive circuit 320 of this third embodiment can be
applied to the liquid-crystal device of the configuration
shown in FIG. 1 instead of the controller 50 and the data line
drive circuit 30 of the first embodiment.

[0217] When the data line drive circuit 320 drives the data
lines, based on display data that has been input in a j-bit unit,
the controller 200 can output display data in a k2-bit unit
(where k2 and p are positive integers such that k2Zj+p). For
that reason, the controller 300 has first to (j+p)th data output
terminals D, to D, for outpuiting (j+p) bits of display data,
of the display data that is output in a k2-bit unit.

[0218] Bus lines that are connected to the first to j-th data
output terminals D, to D; of the controller 300 are connected
to first to j-th data input terminals D, to D; of the data line
drive circuit 320. Bus lines connected to the (j+1)th to
(1+p)th data output terminals D, to D;,, of the controller
300 are connected to command data input terminals CD; to
CDy of the data line drive circuit 320.

[0219] The controller 300 outputs display data, which
includes grayscale data generated by the host, in a k2-bit unit
or a j-bit unit to the data line drive circuit 320, in synchro-
nization with the display timing. If it outputs the display data
in a k2-bit unit, the controller 300 outputs (j+p) bits of
display data through the first to (j+p)th data output terminals.
If it outputs the display data in a j-bit unit, the controller 300
outputs it through the first to j-th data output terminals.

[0220] In addition, if the controller 300 outputs the display
data in a j-bit unit, it also outputs command data in a p-bit
unit through the (j+1)th to (j+p)th data output terminals D;,
to D;,,. Note that the timing at which the command data is
multiplexed is previously determined between the controller
300 and the data line drive circuit 320.

[0221] The data line drive circuit 320 has the command
data input terminals CD, to CD,. Within the data line drive
circuit 320, the command data that is input through the
command data input terminals CD, to CD;, is decoded and
control corresponding to the result of that decoding is
applied.

[0222] An example of the configuration of this third
embodiment is described below. To simplify the description,
pis assumed to be 2 so that command data is output in a 2-bit
unit.

[0223] An example of the configuration of the controller
300 of the third embodiment is shown in FIG. 19. It should



US 2004/0140970 A1l

be noted that portions that are the same as those in the
controller 200 of the second embodiment of FIG. 12 are
denoted by the same reference numbers and further descrip-
tion thereof is omitted.

[0224] The controller 300 includes a display data output
section 302, a command data output section 304, first and
second switch output sections 306 and 308, the mode setting
register 88, and a control section 310.

[0225] The display data output section 302 outputs display
data from the host in a k2-bit unit or a j-bit unit. The
command data output section 304 generates command data
corresponding to the control data indicated by the host.
Command data is output to the data line drive circuit 210 at
a previously determined timing within one horizontal scan
period, by way of example.

[0226] For example, if the configuration is such that the
fetch is at the rise of the latch pulse LP that regulates the
horizontal scan period, command data can be output in a
p-bit unit in the predetermined period immediately before
that rise.

[0227] The first and second switch output sections 306 and
308 output either the command data CD, and CD, that has
been output by the command data output section 304 or the
(j+D)th and (j+2)th bits of display data that are output by the
display data output section 302, to the (j+1)th and (j+2)th
data output terminals D;,; and D;,, (when p=2).

[0228] The control section 310 controls the various parts
of the controller 300, including the display data output
section 302, the command data output section 304, and the
first and second switch output sections 306 and 308, in
accordance with the mode that has been set in the mode
setting register 88.

[0229] If the thus-configured controller 300 has been set to
the first mode, (j+2) bits of display data (from the display
data that is output in a k2-bit unit) is output by the display
data output section 302 through the first to (j+2)th data
output terminals.

[0230] If the controller 300 has been set to the second
mode, display data is output through the first to j-th data
output terminals in a j-bit unit. In addition, command data is
output in 2-bit (assuming p=2) units through the (j+1)th and
(j+2)th data output terminals.

[0231] The data line drive circuit 320 has first to j-th data
mput terminals D, to D; and first to p-th command data input
terminals CD; to CDp. The data line drive circuit 320 drives
the data lines on the basis of display data that has been input
in a j-bit unit through the first to j-th data input terminals D,
to D;. During this time, command data that has been input
through the first to p-th command data input terminals CDi
to CDP is decoded and control corresponding to the result of
the decoding is applied.

[0232] The description now turns to an example of the
configuration of the data line drive circuit 320 of the third
embodiment.

[0233] An example of the configuration of the data line
drive circuit 320 of the third embodiment is shown in FIG.
21.1t should be noted that portions that are the same as those
in the data line drive circuit 30 of the first embodiment of
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FIG. 6 are denoted by the same reference numbers and
further description thereof is omitted.

[0234] The first point in which the data line drive circuit
320 differs from the data line drive circuit 30 is that it does
not have a command identification signal input terminal but
it does have the first to p-th command data input terminals
CD; to CDyp. The second point in which the data line drive
circuit 320 differs from the data line drive circuit 30 is that
the configurations of the decoder and data latch are different.

[0235] A data latch 322 in accordance with the third
embodiment has a plurality of flip-flops, and grayscale data
that is input in a j-bit unit through the first to j-th data input
terminals D, to D, is shifted. Line data for one horizontal line
is fetched at the rise of the latch pulse LP.

[0236] A latch 324 in accordance with the third embodi-
ment fetches command data in a p-bit unit that is input
through the first to p-th command data input terminals CD,
to CDj, in synchronization with the rise of the latch pulse
LP. The timing of the input of that command data within one
horizontal scan period is previously determined, and the
latch 324 fetches the command data that has been input at
that timing.

[0237] A decoder 326 in accordance with the third
embodiment decodes the command data that has been
fetched into the latch 324. The command data of the third
embodiment is differentiated into execution command data
and ordinary command data. Execution command data is
command data corresponding to an execution command.
Normal command data is command data corresponding to an
ordinary command. An execution command is a command
that designates whether or not a ordinary command is to be
executed. An ordinary command is a command correspond-
ing to previously determined control details, for executing
various types of control over the data line drive circuit 320.
Thus, when the part of the command data that has been
fetched into the latch 324 is execution command data, the
data line drive circuit 320 performs control corresponding to
the ordinary command data at a position other than that of
that command data.

[0238]

[0239] A configurational example of the latch 324 is
shown in FIG. 22. The latch 324 could include a shift
register 330 and a command latch 332.

[0240] The shift register 330 has first to J-th flip-flops
DFF to DEF; (where J is an integer of at least two digits).
The flip-flop DFT; (where j is an integer such that 1 =j<J) has
a clock terminal C, an input terminal D, and an output
terminal Q. The flip-flop DFF; holds a data signal at the input
terminal D at the rise of an input signal at the clock terminal
C, and outputs the thus-held data signal from the output
terminal Q.

[0241] The flip-flops can hold p bits of grayscale data. The
output of the j-th flip-flop DFF, is connected to the input of
the (j+1)th flip-flop DFF,,;. The input data that has been
input to the first flip-flop DFF; is shifted in synchronization
with the shift clock CPH.

[0242] The command latch 332 fetches the data that is
held in a previously determined flip-flop, of the data held in
the first to J-th flip-flops DFF, to DFF;, in synchronization
with the rise of the latch pulse LP. In this case, the previously

This point is discussed below.
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determined flip-flop is the flip-flop where the fetched com-
mand data has been shifted at a previously determined
timing within one horizontal scan period.

[0243] The command data that has been fetched into the
command latch 332 in this manner is decoded by the decoder
326. The decoder 326 first analyzes whether or not the
fetched command data is execution command data.

[0244] An example of the configuration of command data
analyzed by the decoder 326 is shown in FIG. 23. The
decoder 326 first analyzes command data such as that shown
in FIG. 23. This command data has an execution command
data portion in the high-order U bits of one word (where U
is a natural number) and a reference number data portion in
the low-order L (where L is a natural number) bits thereof.
In this case, a word is a unit of a predetermined number v
of bits (where v is an integer such that vZp).

[0245] 1If the data of the execution command data portion
corresponds to a given execution command, the decoder 326
continues the decoding to determine whether or not the
number of words indicated by the reference number data
portion is an ordinary command.

[0246] An outline of the configuration of the decoder 326
is shown in FIG. 24. The decoder 326 includes an execution
command decoder 340 and an ordinary command decoder
342.

[0247] The execution command decoder 340 decodes the
data of the execution command data portion, which is part
of the data held in the command latch 332.

[0248] If it is determined that the data of the execution
command data portion is a given execution command, based
on the decoding result of the execution command decoder
340, the ordinary command decoder 342 extracts the number
of words of command data indicated by the reference
number data portion from the command latch 332 and
decodes that command data. The number of words of
command data indicated by the reference number data
portion is data at a word position other than the word
position of the word that includes the above-mentioned
execution command data portion.

[0249] The result of the decoding of the ordinary com-
mand decoder 342 is output to the control section 110.

[0250] Tt is preferable that the thus-configured decoder
326 operates in synchronization with a clock of a frequency
higher than that of the latch pulse LP, in a similar manner to
the first embodiment. It is also preferable that that clock is
the shift clock CPH.

[0251] The control section 110 can perform control based
on the control signal generated by that control section 110,
in the next horizontal scan period after the horizontal scan
period in which the data decoded by the decoder 326 was
fetched, as shown in FIG. 10.

[0252] An example of the operational timing of the data
line drive circuit 320 of the third embodiment is shown in
FIG. 25. In this case, the description of the data line drive
circuit 320 refers to the configuration shown in FIG. 21.

[0253] Data that is display data (grayscale data) and
command data which has been multiplexed in a time-
division manner is input to the data line drive circuit 320
within one horizontal scan period (1H). Command data that
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has been multiplexed at a time-division timing regulated by
pixel units is input from the controller 300 within 1H.

[0254] The command latch 332 fetches the input data
(command data) that was held in the shift register 330
previously, in synchronization with the rise of the latch pulse

[0255] The decoder 326 extracts the previously deter-
mined word of command data from the command latch 332,
analyzes the data equivalent to the execution command data
portion, and determines whether or not it is an execution
command.

[0256] Ifitisdetermined to be an execution command, the
decoder 326 extracts command data at the word position
specified by the reference number data portion, from the
command latch 332. If the word position having the execu-
tion command data portion is the S-th word, by way of
example, and if the reference number data portion indicates
“37 it extracts command data at the (S-1)th, (S-2)th, and
(S-3)th word positions. The decoding of the ordinary com-
mand is done with reference to the thus-extracted command
data. This simplifies the expansion of control since it is
sufficient merely to increase the number of words used for
reference, even if the control details are expanded and the
number of types of command data increases.

[0257] The result of decoding the ordinary command by
the decoder 326 is output to the control section 110. The
control section 110 outputs a control signal corresponding to
the result of this decoding.

[0258] Note that it is preferable that the numbers of bits for
each color component in the grayscale data of the display
data in the first and second modes are similar to those of the
first embodiment.

[0259] Note that the present invention is not limited to
these embodiments and thus various modifications thereto
are possible within the scope of the invention laid out herein.

[0260] Part of requirements of any claim of the present
invention could be omitted from a dependent claim which
depends on that claim. Moreover, part of requirements of
any independent claim of the present invention could be
made to depend on any other independent claim.

[0261] The above-described embodiments disclose the
items listed below.

[0262] One embodiment of the present invention relates to
a display system comprising:

[0263] adisplay panel including a plurality of pixels,
a plurality of data lines, and a plurality of scan lines;

[0264] a display driver which drives the data lines;
and
[0265] a display controller which supplies display

data to the display driver and also controls the
display driver,

[0266]

[0267] includes first to (j+2)th data output terminals
(where j is a natural number) for outputting (j+2) bits
of display data out of display data that is output in a
k-bit unit (where k is an integer such that k=j+2);

wherein the display controller:
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[0268] outputs display data in a j-bit unit to the
display driver through the first to j-th data output
terminals;

[0269] outputs command data for controlling the dis-
play driver instead of the (j+1)th bit of display data,
through the (j+1)th data output terminal to the dis-
play driver; and

[0270] outputs a command identification signal for
identifying the command data instead of the (j+2)th
bit of display data, through the (j+2)th data output
terminal to the display driver, and wherein the dis-
play driver includes:

[0271] first to j-th data input terminals for inputting
display data in a j-bit unit;

[0272] alatch which feiches the command data that is
specified according to the command identification
signal;

[0273] a decoder which decodes the command data
fetched into the latch; and

[0274] a control section which outputs a control
signal corresponding to a decoding result by the
decoder, the display driver driving the data lines
based on the control signal and the display data that
has been input through the first to j-th data input
terminals.

[0275] In this embodiment, the display controller is con-
figured to enable the output of display data through the first
to (j+2)th data output terminals. In this display controller,
display data is output through the first to j-th data output
terminals and also a command identification signal and
command data for controlling the display driver are output
through the (j+1)th and (j+2)th data output terminals. The
display driver decodes the command data specified by the
command identification signal, and imposes display control
corresponding to the result of that decoding.

[0276] This makes it possible to provide control by com-
mand data through the remaining data output terminals, even
if a general-purpose display controller is used. Since the
command identification signal and the command data can be
handled in a manner similar to that of display data, it
becomes possible to use a general-purpose display controller
to control a display driver that is controlled by commands.

[0277] Another embodiment of the present invention
relates to a display system comprising:

[0278] adisplay panel including a plurality of pixels,
a plurality of data lines, and a plurality of scan lines;

[0279] a display driver which drives the data lines,
and
[0280] a display controller which supplies multi-

plexed data including display data to the display
driver and also controls the display driver,

[0281]

[0282] includes first to (j+1)th data output terminals
(where j is a natural number) for outputting (j+1) bits
of display data out of display data that is output in a
k1-bit unit (where k1 is an integer such that k1Zj+

D

wherein the display controller:
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[0283] outputs multiplexed data in which display
data and command data has been time-division mul-
tiplexed within one horizontal scan period, in a j-bit
unit to the display driver through the first to j-th data
output terminals; and

[0284] outputs a command identification signal for
identifying the command data instead of the (j+1)th
bit of display data, to the display driver through the
(j+D)th data output terminal, and

[0285]

[0286] first to j-th data input terminals for inputting
display data in a j-bit unit;

[0287] alatch which fetches command data from the
multiplexed data, specified according to the com-
mand identification signal;

[0288] a decoder which decodes the command data
fetched into the latch; and

[0289] a control section which outputs a control
signal corresponding to a decoding result by the
decoder; the display driver driving the data lines
based on the control signal and the display data
included within the multiplexed data that has been
input through the first to j-th data input terminals.

wherein the display driver includes:

[0290] In this embodiment, the display controller is con-
figured to be able to output display data through the first to
(j+Dth data output terminals. In this display controller,
display data is output through the first to j-th data output
terminals and also a command identification signal is output
through the (j+1)th data output terminal. The display driver
decodes the command data specified by the command iden-
tification signal from the multiplexed data, and imposes
display control corresponding to the result of that decoding.

[0291] This makes it possible to provide control by com-
mand data through the remaining data output terminals, even
if a general-purpose display controller is used. Since the
command identification signal and the command data can be
handled in a manner similar to that of display data, it
becomes possible to use a general-purpose display controller
to control a display driver that is controlled by commands.
In addition, since the command data is multiplexed with the
display data, it is possible to omit a terminal and signal line
used for inputting the command data.

[0292] A further embodiment of present invention relates
to a display system comprising:

[0293] adisplay panel including a plurality of pixels,

a plurality of data lines, and a plurality of scan lines;

[0294] a display driver which drives the data lines;
and
[0295] a display controller which supplies display

data to the display driver and also controls the
display driver;

[0296]

[0297] includes first to (j+p)th data output terminals
(where j is a natural number) for outputting (j+p) bits
of display data out of display data that is output in a
k2-bit unit (where k2 and p are positive integers such
that k22j+p);

wherein the display controller:
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[0298] outputs display data in a j-bit unit to the
display driver through the first to j-th data output
terminals; and

[0299] outputs command data instead of the (j+1)th
to (j+p)th bits of the display data through the (j+1)th
to (j+p)th data output terminals to the display driver,

and
[0300] wherein the display driver includes:
[0301] first to j-th data input terminals for inputting

display data in a j-bit unit;
[0302]

[0303] a decoder which decodes the command data
fetched into the latch; and

[0304] a control section which outputs a control
signal corresponding to a decoding result by the
decoder, the display driver driving the data lines
based on the control signal and the display data that
has been input through the first to j-th data input
terminals.

a latch which fetches the command data;

[0305] In this embodiment, the display controller is con-
figured to enable the output of display data through the first
to (j+p)th data output terminals. In this display controller,
display data is output through the first to j-th data output
terminals and also command data is output in a p-bit unit
through the (j+1)th to (j+p)th data output terminals. The
display driver decodes the command data that is input in a
p-bit unit and imposes display control corresponding to the
result of that decoding.

[0306] This makes it possible to provide control by com-
mand data through the remaining data output terminals, even
if a general-purpose display controller is used. Since the
command data can be handled in the same way as display
data, it becomes possible to use a general-purpose display
controller to control a display driver that is controlled by
commands. In addition, command data can be supplied in a
p-bit unit to the display driver, enabling the implementation
of efficient control.

[0307] In a display system in accordance with this
embodiment, when j bits of display data include grayscale
data for an R color component, a G color component and a
B color component, number of bit of grayscale data for the
G color component may be larger than number of bit of
grayscale data for the R color component, and may be also
larger than number of bit of grayscale data for the B color
component.

[0308] This embodiment makes it possible to transfer
grayscale data efficiently without any deterioration of image
quality of the display panel, and also implement control over
the display driver by a general-purpose display controller.

[0309] Astill further embodiment of the present invention
relates to a display controller which controls a display driver
which drives a data line of a display panel, based on display
data which is input in a j-bit unit (where j is a natural
number); the display controller including:

[0310]

[0311] amode setting register for setting an operation
mode of the display controller to a first or second
mode;

first to (j+2)th data output terminals;
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[0312] acommand data output section which outputs
command data for controlling the display driver and
a command identification signal for specifying the
command data; and

[0313] a display data output section which outputs
display data in a k-bit unit (where k is an integer such
that k2j+2) or a j-bit unit,

[0314]

[0315] outputs (j+2) bits of display data out of dis-
play data that is output in a k-bit unit, through the
first to (j+2)th data output terminals, in a first mode;
and

[0316] outputs display data in a j-bit unit through the
first to j-th data output terminals, and also outputs
command data instead of the (j+1)th bit of display
data through the (j+1)th data output terminal and the
command identification signal instead of the (j+2)th
bit of display data through the (j+2)th data output
terminal, in a second mode.

wherein the display data output section:

[0317] An even further embodiment of the present inven-
tion relates to a display controller which controls a display
driver which drives a data line of a display panel, based on
display data which is input in a j-bit unit (where j is a natural
number); the display controller comprising:

[0318]

[0319] amode setting register for setting an operation
mode of the display controller to a first or second
mode;

[0320] acommand data output section which outputs
a command identification signal for specifying com-
mand data for controlling the display driver; and

[0321] a display data output section which outputs
multiplexed data in which display data in a k1-bit
unit (where k1 is an integer such that k1Zj+1) or a
j-bit unit and the command data are multiplexed,
within one horizontal scan period,

[0322]

first to (j+1)th data output terminals;

wherein the display data output section:

[0323] outputs the multiplexed data including (j+1)
bits of display data out of display data that is output
in a k1-bit unit, through the first to (G+1)th data
output terminals, in a first mode; and

[0324] outputs the multiplexed data including display
data in a j-bit unit through the first to j-th data output
terminals, and also outputs the command identifica-
tion signal at a time corresponding to command data
included within the display data instead of the
(j+Dth bit of display data, through the (j+1)th data
output terminal, in a second mode.

[0325] A yet further embodiment of the present invention
relates to a display controller which controls a display driver
which drives a data line of a display panel, based on display
data which is input in a j-bit unit (where j is a natural
number); the display controller comprising:

[0326] first to (j+p)th (where p is a natural number)
data output terminals;
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[0327] amode setting register for setting an operation
mode of the display controller to a first or second
mode;

[0328] acommand data output section which outputs
command data for controlling the display driver; and

[0329] a display data output section which outputs
display data in a k2-bit unit (where k2 is a positive
integer such that kK2=j+p) or a j-bit unit,

[0330] wherein the display data output section:

[0331] outputs (j+p) bits of display data out of dis-
play data that is output in a k2-bit unit, through the
first to (j+2)th data output terminals, in a first mode;
and

[0332] outputs display data in a j-bit unit through the
first to j-th data output terminals, and also outputs
command data instead of the (j+1)th to (j+p)th bits of
display data through the (j+1)th to (j+p)th data
output terminals, in a second mode.

[0333] In a display controller in accordance with this
embodiment, when j bits of display data include grayscale
data for an R color component, a G color component and a
B color component, number of bit of grayscale data for the
G color component may be larger than number of bit of
grayscale data for the R color component, and may be also
larger than number of bit of grayscale data for the B color
component.

[0334] In a display controller in accordance with this
embodiment, when display data includes grayscale data for
an R color component, a G color component, and a B color
component:

[0335] display data in which number of bit of gray-
scale data for each of the R color component, the G
color component, and the B color component is the
same may be output in the first mode; and

[0336] display data in which number of bit of gray-
scale data for at least one of the R color component,
the G color component, and the B color component
is different may be output in the second mode.

[0337] This embodiment makes it possible for the display
controller to output display data in which the number of bits
of grayscale data for the R color component, the G color
component, and the B color component are the same, in the
first mode. It is therefore possible to provide a general-
purpose display controller to supply the display data to the
display driver. In the second mode, the configuration of the
grayscale data supplied to the display driver can be changed,
enabling an increase in the efficiency of grayscale data
transfer. It is also possible to utilize the remaining data lines
to implement control of the display driver by command data.

What is claimed is:
1. A display system comprising:

a display panel including a plurality of pixels, a plurality
of data lines, and a plurality of scan lines;

a display driver which drives the data lines; and

a display controller which supplies display data to the
display driver and also controls the display driver,
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wherein the display controller:

includes first to (j+2)th data output terminals (where j is
a natural number) for outputting (j+2) bits of display
data out of display data that is output in a k-bit unit
(where k is an integer such that k=j+2);

outputs display data in a j-bit unit to the display driver
through the first to j-th data output terminals;

outputs command data for controlling the display driver
instead of the (j+1)th bit of display data, through the
(j+1)th data output terminal to the display driver; and

outputs a command identification signal for identifying
the command data instead of the (j+2)th bit of display
data, through the (j+2)th data output terminal to the
display driver,

and wherein the display driver includes:

first to j-th data input terminals for inputting display data
in a j-bit unit;

a latch which fetches the command data that is specified
according to the command identification signal;

a decoder which decodes the command data fetched into
the latch; and

a control section which outputs a control signal corre-
sponding to a decoding result by the decoder, the
display driver driving the data lines based on the
control signal and the display data that has been input
through the first to j-th data input terminals.

2. A display system comprising:

a display panel including a plurality of pixels, a plurality
of data lines, and a plurality of scan lines;

a display driver which drives the data lines; and

a display controller which supplies multiplexed data
including display data to the display driver and also
controls the display driver,

wherein the display controller:

includes first to (j+1)th data output terminals (where j is
a natural number) for outputting (j+1) bits of display
data out of display data that is output in a k1-bit unit
(where k1 is an integer such that k1=j+1);

outputs multiplexed data in which display data and com-
mand data has been time-division multiplexed within
one horizontal scan period, in a j-bit unit to the display
driver through the first to j-th data output terminals; and

outputs a command identification signal for identifying
the command data instead of the (j+1)th bit of display
data, to the display driver through the (j+1)th data
output terminal, and

wherein the display driver includes:

first to j-th data input terminals for inputting display data
in a j-bit unit;

a latch which fetches command data from the multiplexed
data, specified according to the command identification
signal,

a decoder which decodes the command data fetched into
the latch; and
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a control section which outputs a control signal corre-
sponding to a decoding result by the decoder; the
display driver driving the data lines based on the
control signal and the display data included within the
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grayscale data for the R color component, and is also
larger than number of bit of grayscale data for the B
color component.

7. A display controller which controls a display driver

which drives a data line of a display panel, based on display
data which is input in a j-bit unit (where j is a natural
number); the display controller including:

multiplexed data that has been input through the first to
j-th data input terminals.

3. A display system comprising:

a display panel including a plurality of pixels, a plurality
of data lines, and a plurality of scan lines;

a display driver which drives the data lines; and

a display controller which supplies display data to the
display driver and also controls the display driver;

wherein the display controller:

includes first to (j+p)th data output terminals (where j is
a natural number) for outputting (j+p) bits of display
data out of display data that is output in a k2-bit unit
(where k2 and p are positive integers such that k22j+

)

outputs display data in a j-bit unit to the display driver
through the first to j-th data output terminals; and

outputs command data instead of the (j+1)th to (j+p)th bits
of the display data through the (j+1)th to (j+p)th data
output terminals to the display driver, and

wherein the display driver includes:

first to j-th data input terminals for inputting display data
in a j-bit unit;

a latch which fetches the command data;

first to (j+2)th data output terminals;

a mode setting register for setting an operation mode of
the display controller to a first or second mode;

a command data output section which outputs command
data for controlling the display driver and a command
identification signal for specifying the command data,
and

a display data output section which outputs display data in
a k-bit unit (where k is an integer such that k=j+2) or
a j-bit unit,

wherein the display data output section:

outputs (j+2) bits of display data out of display data that
is output in a k-bit unit, through the first to (j+2)th data
output terminals, in a first mode; and

outputs display data in a j-bit unit through the first to j-th
data output terminals, and also outputs command data
instead of the (j+1)th bit of display data through the
(j+1)th data output terminal and the command identi-
fication signal instead of the (j+2)th bit of display data
through the (j+2)th data output terminal, in a second
mode.

8. A display controller which controls a display driver

which drives a data line of a display panel, based on display
data which is input in a j-bit unit (where j is a natural
number); the display controller comprising;

a decoder which decodes the command data fetched into
the latch; and

a control section which outputs a control signal corre-
sponding to a decoding result by the decoder, the
display driver driving the data lines based on the
control signal and the display data that has been input
through the first to j-th data input terminals.

4. The display system as defined by claim 1,

wherein, when j bits of display data include grayscale data
for an R color component, a G color component and a
B color component, number of bit of grayscale data for
the G color component is larger than number of bit of
grayscale data for the R color component, and is also
larger than number of bit of grayscale data for the B
color component.

5. The display system as defined by claim 2,

wherein, when j bits of display data include grayscale data
for an R color component, a G color component and a
B color component, number of bit of grayscale data for
the G color component is larger than number of bit of
grayscale data for the R color component, and is also
larger than number of bit of grayscale data for the B
color component.

6. The display system as defined by claim 3,

wherein, when j bits of display data include grayscale data
for an R color component, a G color component and a
B color component, number of bit of grayscale data for
the G color component is larger than number of bit of

first to (j+1)th data output terminals;

a mode setting register for setting an operation mode of
the display controller to a first or second mode;

a command data output section which outputs a command
identification signal for specifying command data for
controlling the display driver; and

a display data output section which outputs multiplexed
data in which display data in a k1-bit unit (where k1 is
an integer such that k1=j+1) or a j-bit unit and the
command data are multiplexed, within one horizontal
scan period,

wherein the display data output section:

outputs the multiplexed data including (j+1) bits of dis-
play data out of display data that is output in a k1-bit
unit, through the first to (j+1)th data output terminals,
in a first mode; and

outputs the multiplexed data including display data in a
j-bit unit through the first to j-th data output terminals,
and also outputs the command identification signal at a
time corresponding to command data included within
the display data instead of the (j+1)th bit of display
data, through the (j+1)th data output terminal, in a
second mode.

9. A display controller which controls a display driver

which drives a data line of a display panel, based on display
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data which is input in a j-bit unit (where j is a natural 14. The display controller as defined by claim 8,

number); the display controller comprising:

first to (j+p)th (where p is a natural number) data output
terminals;

a mode setting register for setting an operation mode of
the display controller to a first or second mode;

a command data output section which outputs command
data for controlling the display driver; and

adisplay data output section which outputs display data in
a k2-bit unit (where k2 is a positive integer such that
k2Zj+p) or a j-bit unit,

wherein the display data output section:

outputs (j+p) bits of display data out of display data that
is output in a k2-bit unit, through the first to (j+2)th data
output terminals, in a first mode; and

outputs display data in a j-bit unit through the first to j-th
data output terminals, and also outputs command data
instead of the (j+1)th to (j+p)th bits of display data
through the (j+1)th to (j+p)th data output terminals, in
a second mode.

10. The display controller as defined by claim 7,

wherein, when j bits of display data include grayscale data
for an R color component, a G color component and a
B color component, number of bit of grayscale data for
the G color component is larger than number of bit of
grayscale data for the R color component, and is also
larger than number of bit of grayscale data for the B
color component.

11. The display controller as defined by claim §,

wherein, when j bits of display data include grayscale data
for an R color component, a G color component and a
B color component, number of bit of grayscale data for
the G color component is larger than number of bit of
grayscale data for the R color component, and is also
larger than number of bit of grayscale data for the B
color component.

12. The display controller as defined by claim 9,

wherein, when j bits of display data include grayscale data
for an R color component, a G color component and a
B color component, number of bit of grayscale data for
the G color component is larger than number of bit of
grayscale data for the R color component, and is also
larger than number of bit of grayscale data for the B
color component.

13. The display controller as defined by claim 7,

wherein, when display data includes grayscale data for an
R color component, a G color component, and a B color
component:

display data in which number of bit of grayscale data for
each of the R color component, the G color component,
and the B color component is the same is output in the
first mode; and

display data in which number of bit of grayscale data for
at least one of the R color component, the G color
component, and the B color component is different is
output in the second mode.

wherein, when display data includes grayscale data for an
R color component, a G color component, and a B color
component:

display data in which number of bit of grayscale data for
each of the R color component, the G color component,
and the B color component is the same is output in the
first mode; and

display data in which number of bit of grayscale data for
at least one of the R color component, the G color
component, and the B color component is different is
output in the second mode.

15. The display controller as defined by claim 9,

wherein, when display data includes grayscale data for an
R color component, a G color component, and a B color
component:

display data in which number of bit of grayscale data for
each of the R color component, the G color component,
and the B color component is the same is output in the
first mode; and

display data in which number of bit of grayscale data for
at least one of the R color component, the G color
component, and the B color component is different is
output in the second mode.

16. The display controller as defined by claim 10,

wherein, when display data includes grayscale data for an
R color component, a G color component, and a B color
component:

display data in which number of bit of grayscale data for
each of the R color component, the G color component,
and the B color component is the same is output in the
first mode; and

display data in which number of bit of grayscale data for
at least one of the R color component, the G color
component, and the B color component is different is
output in the second mode.

17. The display controller as defined by claim 11,

wherein, when display data includes grayscale data for an
R color component, a G color component, and a B color
component:

display data in which number of bit of grayscale data for
each of the R color component, the G color component,
and the B color component is the same is output in the
first mode; and

display data in which number of bit of grayscale data for
at least one of the R color component, the G color
component, and the B color component is different is
output in the second mode.

18. The display controller as defined by claim 12,

wherein, when display data includes grayscale data for an
R color component, a G color component, and a B color
component:

display data in which number of bit of grayscale data for
each of the R color component, the G color component,
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and the B color component is the same is output in the
first mode; and

display data in which number of bit of grayscale data for
at least one of the R color component, the G color
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component, and the B color component is different is
output in the second mode.
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