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A display control circuit, an electro-optical device, a display
device and a display control method, which can make a high
image quality and a low power consumption compatible and
which are suited for an active matrix type liquid crystal
panel. An LCD controller comprises a control circuit, a
RAM, a host I/O and an LCD I/O. The control circuit
includes a command sequencer, a command setting register
and a control signal generation circuit. The command setting
register includes a signal driver setting register, a scan driver
setting register and a control register. On the basis of the
command setting register set by a host, the command
sequencer sets a display area (or a non-display area) at a line
block unit for a signal driver and a scan driver. The LCD
controller supplies the image data corresponding to the set
display area and controls the display timing for those drivers
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DISPLAY CONTROL CIRCUIT,
ELECTRO-OPTICAL DEVICE, DISPLAY DEVICE
AND DISPLAY CONTROL METHOD

[0001] Japanese Patent Application No. 2001-278735,
filed on Sep. 13, 2001, and Japanese Patent Application No.
2001-168517, filed on Jun. 4, 2001 are herein incorporated
by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a display control
circuit and an electro-optical device, a display device and a
display control method using the display control circuit.

BACKGROUND

[0003] In a display unit of an electronic device such as a
mobile telephone, there is used a liquid crystal panel for
lowering the power consumption and for reducing the size
and weight of the electronic device. For this liquid crystal
panel, there has been demanded a higher image quality, as a
high-information still or moving image is distributed accord-
ing to the wide spreading of the mobile telephone in the
recent years.

[0004] As the liquid crystal panel for realizing the high
image quality of the display unit of the electronic device,
there is known the active matrix type liquid crystal panel
using a thin film transistor (as will be abbreviated into the
“TFT”) liquid crystal.

SUMMARY

[0005] According to one aspect of the present invention,
there is provided a display control circuit which controls
display of an electro-optical device having pixels specified
by 1st to N-th scan lines (N is a natural number) and 1st to
M-th signal lines (M is a natural number) intersecting each
other, the display control circuit comprising:

[0006] an area-block-display control data storing sec-
tion which stores area-block-display control data
used to set a display area or a non-display area in
units of area blocks each of which includes a plu-
rality of the signal lines and a plurality of the scan
lines;

[0007] a scan drive circuit setting section which sets
the display area or the non-display area in units of the
area blocks on the basis of the area-block-display
control data, for a scan drive circuit which sequen-
tially performs scan-driving of at least part of the 1st
to N-th scan lines corresponding to the display area;
and

[0008] asignal drive circuit setting section which sets
the display area or the non-display area in units of the
area blocks on the basis of the area-block-display
control data, for a signal drive circuit which drives at
least part of the 1st to M-th signal lines correspond-
ing to the display area.

[0009] According to another aspect of the present inven-
tion, there is provided a display control circuit which con-
trols display of an electro-optical device having pixels
specified by 1st to N-th scan lines (N is a natural number)
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and 1st to M-th signal lines (M is a natural number)
intersecting each other, the display control circuit further
comprising;

[0010] a band-partial-display control data holding
section which holds band-partial-display control data
used to set a display area or a non-display area in
units of line blocks each of which includes a plurality
of the scan lines; and

[0011] a scan drive circuit setting section which sets
the display area or the non-display area in units of the
line blocks on the basis of the band-partial-display
control data, for a scan drive circuit which performs
scan-driving of the 1st to N-th scan lines.

[0012] According to still another aspect of the present
invention, there is provided a display control circuit which
controls display of an electro-optical device having pixels
specified by 1st to N-th scan lines (N is a natural number)
and 1st to M-th signal lines (M is a natural number)
intersecting each other, the display control circuit compris-
ing:

[0013] a setting section which sets a display area or
a non-display area for a scan drive circuit which
performs scan-driving of the 1st to N-th scan lines;
and

[0014] acontrol section which controls the scan drive
circuit such that scan-driving is performed on a
display scan line which is at least part of the 1st to
N-th scan lines corresponding to the display area, for
every frame period, and that scan-driving is also
performed on a non-display scan line which is at
least part of the 1st to N-th scan lines except the
display scan line, for every three or more odd frame
periods from a given reference frame.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0015] FIG. 1 is a block diagram schematically showing
the configuration of a display device to which a display
control circuit (or an LCD controller) according to one
embodiment of the present invention is applied,

[0016] FIG. 2 is a block diagram schematically showing
the configuration of a signal driver shown in FIG. 1;

[0017] FIG. 3 is an explanatory diagram schematically
showing the configuration of a block output select register;

[0018] FIG. 4 is an explanatory diagram schematically
showing the configuration of a partial display select register;

[0019] FIG. 5 is a configuration diagram schematically
showing the configuration of a line block unit of the signal
driver;

[0020] FIG. 6 is a configuration diagram schematically
showing the configuration of one example of the configu-
ration of an SR constructing a shift register of the signal
driver;

[0021] FIG. 7 is a block diagram schematically showing
the configuration of the scan driver shown in FIG. 1;

[0022] FIG. 8 is an explanatory diagram schematically
showing the configuration of a partial scan display select
register;
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[0023] FIG. 9 is a block diagram showing an essential
portion of the configuration of the scan driver;

[0024] FIG. 10 s a block diagram schematically showing
the configuration of an LCD controller shown in FIG. 1,

[0025] FIG. 11A is a schematic diagram schematically
showing the waveforms of the drive voltage of a signal line
and a common electrode voltage Vcom according to a frame
inverted drive method, and FIG. 11B is a schematic diagram
showing the polarities of voltages to be applied to liquid
crystal capacitors corresponding to individual pixels for
individual pixels in the case of the frame inverted drive
method;

[0026] FIG. 12A is a schematic diagram schematically
showing the waveforms of the drive voltage of a signal line
and a common electrode voltage Vcom according to a line
inverted drive method, and FIG. 12B is a schematic diagram
showing the polarities of voltages to be applied to liquid
crystal capacitors corresponding to individual pixels for
individual pixels in the case of the line inverted drive
method;

[0027] FIG. 13 is an explanatory diagram showing one
example of the drive waveforms of an LCD panel of a liquid
crystal device,

[0028] FIGS.14A, 14B and 14C are explanatory diagrams
schematically showing one example of a partial display
control to be realized by the LCD controller in this embodi-
ment;

[0029] FIGS.15A, 15B and 15C are explanatory diagrams
schematically showing another example of a partial display
control to be realized by the LCD controller in this embodi-
ment;

[0030] FIG. 16 is a block diagram showing an essential
portion of the configuration of the LCD controller in this
embodiment;

[0031] FIG. 17 is an explanatory diagram schematically
showing the configuration of a control register in this
embodiment;

[0032] FIGS. 18A and 18B are explanatory diagrams
showing one example of the actions of the scan driver;

[0033] FIG. 19 is an explanatory diagram for explaining
a refreshing action of the case without a window access;

[0034] FIG. 20 is an explanatory diagram for explaining
the refreshing action of the case with the window access in
a first method for realizing a refresh control in this embodi-
ment;

[0035] FIG. 21 is one example of a circuit configuration
diagram for realizing the first method in this embodiment;

[0036] FIGS. 22A, 22B, 22C and 22D are timing charts
showing one example of the timing of a circuit configuration
diagram for realizing the first method in this embodiment;

[0037] FIG. 23 is an explanatory diagram for explaining
the refreshing action of the case with the window access in
a second method for realizing the refresh control in this
embodiment;

[0038] FIG. 24 is one example of a circuit configuration
diagram for realizing the second method in this embodi-
ment;
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[0039] FIGS. 25A, 25B, 25C and 25D are timing charts
showing one example of the timing of a circuit configuration
diagram for realizing the second method in this embodi-
ment;

[0040] FIG. 26 is an explanatory diagram for explaining
the refreshing action of the case with the window access in
a third method for realizing the refresh control in this
embodiment;

[0041] FIG. 27 is one example of a circuit configuration
diagram for realizing the third method in this embodiment;

[0042] FIGS. 28A, 28B, 28C and 28D are timing charts
showing one example of the timing of a circuit configuration
diagram for realizing the third method in this embodiment;

[0043] FIG. 29 is a modification of the circuit configura-
tion diagram for realizing the third method in this embodi-
ment;

[0044] FIGS. 304, 30B and 30C are explanatory diagrams
for explaining window management data in individual
action modes;

[0045] FIG. 31 is an explanatory diagram for explaining
the case in which the window is managed at a pixel unit;

[0046] FIG. 32 is an explanatory diagram for explaining
the case in which the window is managed at an area block
unit;

[0047] FIG. 33 is an explanatory diagram for explaining
a scan drive control of the case in which the window is
managed in units of area blocks;

[0048] FIG. 34 is an explanatory diagram for explaining
the case in which the window is managed with band partial
data;

[0049] FIG. 35 is an explanatory diagram showing one
example of the packaged state of the signal driver;

[0050] FIG. 36 is an explanatory diagram for explaining
the partial display data corresponding to an image generated
by the user;

[0051] FIG. 37 is an explanatory diagram for explaining
relations between the partial display data corresponding to
the image created by the user and block output select data;

[0052] FIG. 38 is an explanatory diagram for explaining
the necessity for converting the partial display data corre-
sponding to the image created by the user, on the basis of the
block output select data;

[0053] FIG. 39 is a configuration diagram showing one
example of the configuration of a partial display data con-
version circuit;

[0054] FIG. 40A is an explanatory diagram for schemati-
cally explaining the case in which a series of image stream
is supplied after a command setting a display area was
transmitted, and FIG. 40B is an explanatory diagram for
schematically explaining the case in which the command
setting the display area is supplied after the series of image
stream was transmitted;

[0055] FIG. 41 is a timing chart showing one example of
action timings of the signal driver which was controlled on
its partial display by the LCD controller in this embodiment;
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[0056] FIG. 42 is a timing chart showing one example of
action timings of the scan driver which was controlled on its
partial display by the LCD controller in this embodiment,

[0057] FIG. 43 is an explanatory diagram schematically
showing a sequence for initializing a display device in this
embodiment;

[0058] FIG. 44 is a circuit diagram showing one example
of a two-transistor type pixel circuit in an organic EL panel;
and

[0059] FIG. 45A is a circuit diagram showing one
example of a four-transistor type pixel circuit in an organic
EL panel, and

[0060] FIG. 45B is a timing chart showing one example of
the display control timings of the four-transistor type pixel
circuit.

DETAILED DESCRIPTION

[0061] Embodiments of the present invention will be
described below.

[0062] Note that the embodiments described below do not
in any way limit the scope of the invention defined by the
claims laid out herein. Similarly, all the elements of the
embodiments described below should not be taken as essen-
tial requirements of the present invention.

[0063] Here, the active matrix type liquid crystal panel
using the TFT liquid crystal is better suitable for realizing a
high-speed response and a high contrast and for displaying
moving images than the simple matrix type liquid crystal
panel using the STN (Super Twisted Nematic) liquid crystal
by the dynamic drive.

[0064] However, it has been difficult to adopt an active
matrix type liquid crystal panel using the TFT liquid crystal
as the display unit of a battery-driven mobile type electronic
device such as a mobile telephone having a high power
consumption. Therefore, it would be remarkably useful, if a
low power consumption could be realized in the active
matrix type liquid crystal panel. Then, it is desirable to
minimize the degradation of the image quality of the active
matrix type liquid crystal panel.

[0065] The following embodiments have been made in
view of the technical problem thus far described, and can
make a high image quality and a low power consumption
compatible to provide a display control circuit suitable for
the active matrix type liquid crystal panel, and an electro-
optical device, a display device and a display control method
using the display control circuit.

[0066] According to one embodiment of the present inven-
tion, there is provided a display control circuit which con-
trols display of an electro-optical device having pixels
specified by 1st to N-th scan lines (N is a natural number)
and 1Ist to M-th signal lines (M is a natural number)
intersecting each other, the display control circuit compris-
ing:

[0067] an area-block-display control data storing sec-
tion which stores area-block-display control data
used to set a display area or a non-display area in
units of area blocks each of which includes a plu-
rality of the signal lines and a plurality of the scan
lines;
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[0068] a scan drive circuit setting section which sets
the display area or the non-display area in units of the
area blocks on the basis of the area-block-display
control data, for a scan drive circuit which sequen-
tially performs scan-driving of at least part of the 1st
to N-th scan lines corresponding to the display area;
and

[0069] asignal drive circuit setting section which sets
the display area or the non-display area in units of the
area blocks on the basis of the area-block-display
control data, for a signal drive circuit which drives at
least part of the 1st to M-th signal lines correspond-
ing to the display area.

[0070] Here, the electro-optical device may also be con-
structed to include: a plurality of scan lines and a plurality
of signal lines crossing each other; switching circuits con-
nected with the scan lines and the signal lines; and pixel
electrodes connected with the switching circuits.

[0071] Moreover, the area block is the block which is
specified by the line blocks including a plurality of scan lines
and the line blocks including a plurality of signal lines. The
scan lines to be divided in units of the line blocks may be a
plurality of scan lines adjoining each other or a plurality scan
lines selected arbitrarily.

[0072] This embodiment is provided with the area-block-
display control data storing section, and the display area or
the non-display area is specified in units of area blocks so
that the display area or the non-display area can be specified
in units of the line blocks individually for the signal drive
circuit or the scan drive circuit by the signal drive circuit
setting section or the scan drive circuit setting section. In the
case of the partial display control for reducing the power
consumption accompanying the drive of the non-display
area by driving only the display area, therefore, the memory
capacity can be drastically reduced to achieve a low power
consumption with the simple configuration, as compared
with the case in which the display area is set at the pixel unit.

[0073] The display control circuit may further comprise: a
band-partial-display control data holding section which
holds band-partial-display control data used to set the dis-
play area or the non-display area in units of line blocks each
of which includes a plurality of the scan lines; and a mode
switching section which performs switching between a first
mode and a second mode, wherein the display area or the
non-display area is specified in units of the area blocks for
the scan drive circuit and the signal drive circuit on the basis
of the area-block-display control data, in the first mode; and
wherein the display area or the non-display area is specified
in units of the line blocks for the scan drive circuit on the
basis of the band-partial-display control data, in the second
mode.

[0074] According to this embodiment, the display control
circuit further comprises the band-partial-display control
data holding section, and the display area or the non-display
area is specified in units of the line blocks of the scan lines.
It is, therefore, possible to make the partial display control
in which there is reduced the memory capacity necessary for
the partial display control in the scan line direction.

[0075] According to one embodiment of the present inven-
tion, there is provided a display control circuit which con-
trols display of an electro-optical device having pixels
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specified by 1st to N-th scan lines (N is a natural number)
and 1st to M-th signal lines (M is a natural number)
intersecting each other, the display control circuit further
comprising;

[0076] a band-partial-display control data holding
section which holds band-partial-display control data
used to set a display area or a non-display area in
units of area blocks each of which includes a plu-
rality of the scan lines; and

[0077] a scan drive circuit setting section which sets
the display area or the non-display area in units of the
area blocks on the basis of the band-partial-display
control data, for a scan drive circuit which performs
scan-driving of the 1st to N-th scan lines.

[0078] According to this embodiment, the display control
circuit further comprises the band-partial-display control
data holding section, and the display area or the non-display
area is specified in units of area blocks of the scan lines on
the basis of the band-partial-display control data. It is,
therefore, possible to reduce the memory capacity necessary
for the partial display control in the scan line direction
thereby to simplify the settings of the display area and the
non-display area for a lower power consumption.

[0079] In the display control circuit, the scan drive circuit
may be controlled such that scan-driving is performed on a
display scan line which is at least part of the 1st to N-th scan
lines corresponding to the display area, for every frame
period, and that scan-driving is also performed on a non-
display scan line which is at least part of the 1st to N-th scan
lines except the display scan line, for every three or more
odd frame periods from a given reference frame.

[0080] Here, the odd frame period of three or more frames
from the reference frame sets the third frame, the fifth frame,
and the (2k+1)-th (k: a natural number) frame when the
reference frame is the Oth frame.

[0081] From the view point of the lower power consump-
tion, the frame period for which the non-display scan lines
are scanned and driven is the more desirable for the longer.

[0082] According to this embodiment, the display area is
scanned and driven for every frame periods, but the non-
display area is scanned and driven for the odd frame period
of three or more periods. It is, therefore, possible to corre-
spond to the polarity inverted drive method and to prevent
the troubles due to the leakage of the TFT thereby to reduce
the power consumption by reducing the unnecessary scan
drive.

[0083] According to one embodiment of the present inven-
tion, there is provided a display control circuit which con-
trols display of an electro-optical device having pixels
specified by 1st to N-th scan lines (N is a natural number)
and 1st to M-th signal lines (M is a natural number)
intersecting each other, the display control circuit compris-

ing:

[0084] a setting section which sets a display area or
a non-display area for a scan drive circuit which
performs scan-driving of the 1st to N-th scan lines;
and

[0085] a control section which controls the scan drive
circuit such that scan-driving is performed on a

Dec. 26, 2002

display scan line which is at least part of the st to
N-th scan lines corresponding to the display area, for
every frame period, and that scan-driving is also
performed on a non-display scan line which is at
least part of the 1st to N-th scan lines except the
display scan line, for every three or more odd frame
periods from a given reference frame.

[0086] In the case of the partial display control, according
to this embodiment, the display area is scanned and driven
for every frame periods, but the non-display area is scanned
and driven for the odd frame period of three or more periods.
While corresponding to the polarity inverted drive method,
therefore, the troubles due to the leakage of the TFT can be
prevented to reduce the power consumption by reducing the
unnecessary scan drive.

[0087] In the display control circuit, the reference frame
may be next to a frame in which a given display control
event has occurred.

[0088] Upon the occurrence of the display control event,
according to this embodiment, the foregoing display area or
non-display area can be changed to avoid such a reduction
in the display quality that the non-display area gets dark for
a moment.

[0089] In the display control circuit, the scan drive circuit
may be controlled such that scan-driving is performed on the
non-display scan line in the frame in which the display
control event has occurred, for at least one scan period after
the occurrence of the display control event.

[0090] According to this embodiment, at the frame where
the display control event has occurred, the non-display scan
lines are scanned and driven for at least one scan period at
or after the occurring timing, so that the degradation in the
display quality accompanying the occurrence of the event
can be unnoticed.

[0091] In the display control circuit, the display control
event may occur on the basis of at least one of the genera-
tion, extinguishment, movement and size change of the
display area or the non-display area.

[0092] According to this embodiment, it is possible to
prevent the degradation in the display quality due to the
generation, extinguishment, movement and size change of
the window.

[0093] According to one embodiment of the present inven-
tion, there is provided an electro-optical device comprising:
pixels specified by 1st to N-th scan lines (N is a natural
number) and 1st to M-th signal lines (M is a natural number)
intersecting each other; a scan drive circuit which performs
scan-driving of the 1st to N-th scan lines; a signal drive
circuit which drives the 1st to M-th signal lines on the basis
of image data; and any of the above-described display
control circuits.

[0094] According to this embodiment, it is possible to
provide an electro-optical device which can reduce the
memory capacity accompanying the partial display control
capable of realizing the low power consumption and which
can simplify the specification of the display area or the
non-display area. It is, therefore, possible to realize a low
cost for the electro-optical device of the low power con-
sumption.
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[0095] Inthe electro-optical device, the signal drive circuit
may include:

[0096] a block output select data holding section
which holds block output select data used to instruct
whether or not signal-driving is performed in units of
line blocks each of which includes a plurality of the
signal lines;

[0097] a partial display data holding section which
holds partial display data used to set a display area or
a non-display area in units of line blocks each of
which includes a plurality of the signal lines; and

[0098] a signal line drive section which makes an
output to a signal line in a line block instructed not
to perform signal-driving by the block output select
data into the high impedance state, performs one of
signal-driving based on image data and provision of
a given non-display level voltage, on the basis of the
partial display data, for a signal line in a line block
instructed to perform signal-driving by the block
output select data, and

[0099]

[0100] a block output select data setting section
which sets the block output select data in the block
output select data holding section of the signal
drive circuit;

[0101] a partial display data conversion section
which converts first partial display data which sets
the display area or the non-display area in units of
the line blocks, into second partial display data
which is obtained by shifting data in a P-th block
(P is a natural number) of the first partial display
data to data in a (P+1)-th block, when the P-th
block set as the display area is instructed not to
perform signal-driving by the block output select
data; and

[0102] a partial display data setting section which
sets the second partial display data in the partial
display data holding section of the signal drive
circuit.

the display control circuit may include:

[0103] In the signal drive circuit in this embodiment, the
display control circuit is provided with the partial display
data conversion section, in case the output to the signal lines
of the designated line block is set to the high impedance state
so that the signal drive may not be done with the block
output select data in units of the line blocks, and the signal
drive corresponding to the image data or the supply of a
given non-display level voltage is done on the basis of the
partial display data for the signal line of the designated line
block to be driven. In this partial display conversion unit, in
the first partial display data for designate the display area or
the non-display area in units of the line blocks, when the P-th
block in the display area is designated as the block not to be
driven by the block output select data, the first partial display
data are converted to the second partial display data in which
the data of the P-th block are shifted as the data of the
(P+1)-th block.

[0104] Thus, in addition to the effect that it is possible to
provide the signal drive circuit capable of easily correspond-
ing the change in the panel size of the display pane by the
block output select data, when the first partial display data

Dec. 26, 2002

are designated according to the image data, it is unnecessary
to consider the set value of the block output select data, and
it is possible to improve the usability of the user, for example

[0105]

[0106] an image data generation section which gen-
erates second image data obtained by shifting image
data in the P-th block of first image data supplied to
the signal drive circuit as image data in (P+1)-th
block, when the P-th block set as the display area by
the first partial display data which sets the display
area or the non-display area in units of line blocks
each of which includes a plurality of the signal lines;
and

[0107] an image data providing section which pro-
vides the second image data to the signal drive
circuit.

The electro-optical device may further comprise:

[0108] This embodiment is provided with the image data
generation section. The second image data shifted are gen-
erated as image data of the (P+1)-th block from such ones of
first image data supplied to the signal drive circuit as
correspond to the P-th block, when the P-th block designated
by the display area is designated as a block not to be driven
by the block output select data, by the 1st partial display data
in units of line blocks, and the 2nd image data are supplied
to the signal drive circuit. As a result, by the block output
select data, for the signal drive circuit capable of easily
corresponding to the change in the panel size of the display
panel, the 2nd image data can be supplied to only the signal
lines of the line blocks designated as the line blocks to be
driven. It is, therefore, unnecessary for the image creating
side such as the user to consider the set value of the block
output select data.

[0109] According to one embodiment of the present inven-
tion, there is provided a display device comprising: an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting each other; a scan
drive circuit which performs scan-driving of the 1st to N-th
scan lines; a signal drive circuit which drives the 1st to M-th
signal lines on the basis of image data; and the above-
described display control circuit.

[0110] According to this embodiment, it is possible to
provide a display device which can reduce the memory
capacity accompanying the partial display control capable of
realizing the low power consumption and which can sim-
plify the designations of the display area or the non-display
area. Therefore, it is possible to reduce the cost for the
display device for reducing the power consumption.

[0111] According to one embodiment of the present inven-
tion, there is provided a display control method of control-
ling display of an electro-optical device having pixels speci-
fied by 1st to N-th scan lines (N is a natural number) and 1st
to M-th signal lines (M is a natural number) intersecting
each other, the method comprising:

[0112] storing area-block-display control data used to
set a display area or a non-display area in units of
area blocks each of which includes a plurality of the
signal lines and a plurality of the scan lines; and

[0113] setting the display area or the non-display area
in units of the area blocks on the basis of the
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area-block-display control data, for a scan drive
circuit which performs scan-driving of the 1st to
N-th scan lines and for a signal drive circuit which
drives the 1st to M-th signal lines.

[0114] According to this embodiment, on the basis of the
area-block-display control data for designating the display
area or the non-display area in units of area blocks, the
display area or the non-display area can be set individually
in units of the line blocks in the signal drive circuit or the
scan drive circuit. In case the partial display control capable
of reducing the power consumption accompanying the drive
of the non-display area is made by driving only the display
area, the memory capacity can be drastically reduce to lower
the power consumption with the simple configuration, as
compared with the case in which the display area is set at the
pixel unit.

[0115] According to one embodiment of the present inven-
tion, there is provided a display control method of control-
ling display of an electro-optical device having pixels speci-
fied by 1st to N-th scan lines (N is a natural number) and 1st
to M-th signal lines (M is a natural number) intersecting
each other, the method comprising:

[0116] holding band-partial-display control data used
to set a display area or a non-display area in units of
line blocks each of which includes a plurality of the
scan lines; and

[0117] setting the display area or the non-display area
in units of the line blocks on the basis of the
band-partial-display control data, for a scan drive
circuit which performs scan-driving of the 1st to
N-th scan lines.

[0118] According to this embodiment, on the basis of the
band-partial-display control data, the scan lines are specified
in units of area blocks in the display area or the non-display
area. It is, therefore, possible to reduce the memory capacity
necessary for the partial display control in the scan line
direction thereby to simplify the setting of the display area
and the non-display area at the low power consumption.

[0119] According to one embodiment of the present inven-
tion, there is provided a display control method of control-
ling display of an electro-optical device having pixels speci-
fied by 1st to N-th scan lines (N is a natural number) and 1st
to M-th signal lines (M is a natural number) intersecting
each other, the method comprising:

[0120] specifying a display area or a non-display area
for a signal drive circuit in units of line blocks each
of which includes a plurality of the signal lines and
for a scan drive circuit in units of line blocks each of
which includes a plurality of the scan lines, the signal
drive circuit driving 1st to M-th signal lines, and the
scan drive circuit performing scan-driving on 1st to
N-th scan lines; and

[0121] providing image data corresponding to the
display area to the signal circuit.

[0122] According to this embodiment, for the signal drive
circuit and the scan drive circuit, in units of the line blocks
divided individually for the lines, the display area or the
non-display area is set. After this, the display drive control
is made by supplying the image data for displaying the
display area. It is, therefore, possible to make the partial
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display control for reducing the power consumption accom-
panying the signal drive of the non-display area.

[0123] In the display control method, scan-driving may be
performed on the basis of the image data; a given non-
display level voltage may be applied to a signal line in a line
block set as the non-display area, and signal-driving may be
performed on a signal line in a line block set as the display
area with a drive voltage corresponding to the image data;
and scan-driving may be performed on a scan line in a line
block set as the display area for every frame period, and also
scan-driving may be performed on a scan lines in a line
block set as the non-display area for every three or more odd
frame periods from a given reference frame.

[0124] According to this embodiment, the scan lines of the
line block set in the non-display area are scanned and driven
for the odd frame period of three or more frames. In case the
liquid crystal panel using the TFT is used as the electro-
optical device, for example, the display control method
capable of making the high image quality and the low power
consumption compatible can be provided by solving the
problem that the high power consumption makes the
dynamic partial display impossible due to the leakage of the
TFT.

[0125] According to one embodiment of the present inven-
tion, there is provided a display control method of control-
ling display of an electro-optical device having pixels speci-
fied by 1st to N-th scan lines (N is a natural number) and 1st
to M-th signal lines (M is a natural number) intersecting
cach other,

[0126] wherein a display area or a non-display area is
set an area of the pixels; and

[0127] wherein scan-driving is performed on a dis-
play scan line which is at least part of the 1st to N-th
scan lines corresponding to the display area, for
every frame period, and scan-driving is also per-
formed on a non-display scan line which is at least
part of the 1st to N-th scan lines except the display
scan line, for every three or more odd frame periods
from a given reference frame.

[0128] According to this embodiment, in the case of the
partial display control, the display area is scanned and driven
for every frame periods, but the non-display area is scanned
and driven for the odd frame period of three or more frames.
While corresponding to the polarity inverted drive method,
therefore, the troubles due to the leakage of the TFT can be
prevented to lower the power consumption by reducing the
unnecessary scan drive.

[0129] 1In the display control method, the reference frame
may be next to a frame in which a given display control
event has occurred.

[0130] According to the present embodiment, the forego-
ing the display area or non-display area is changed by the
occurrence of the display control event so that the degrada-
tion of the display quality such as an instant dark change of
the non-display area can be avoided.

[0131] In the display control method, scan-driving may be
performed on the non-display scan line in the frame in which
the display control event has occurred, for at least one scan
period after the occurrence of the display control event.
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[0132] According to this embodiment, in the frame at
which the display control event has occurred, the non-
display scan lines are scanned and driven for at least one
scan period at and after the timing of that occurrence. It is,
therefore, possible to the reduction of the display quality
unnoticed, as might otherwise be caused by the occurrence
of that event.

[0133] In the display control method the display control
event may occur on the basis of at least one of the genera-
tion, extinguishment, movement and size change of the
display area or the non-display area.

[0134] According to this embodiment, it is possible to
prevent the degradation of the display quality which might
otherwise be caused by any of the generation, extinguish-
ment, movement and size change.

[0135] A preferred embodiment will be described in detail
with reference to the accompanying drawings.

[0136] 1. Display Device
[0137] 1.1 Configuration of Display Device
[0138] FIG. 1 shows a schematic configuration of a dis-

play device, to which a signal drive circuit (or an LCD
controller or a display controller) of this embodiment is
applied.

[0139] A liquid crystal device 10 as a display device
includes: a liquid crystal display (as will be abbreviated into
the “LCD”) panel 20; a signal driver (or a signal driving
circuit) (or a source driver in a narrow sense) 30, a scan
driver (or a scan drive circuit (or a gate driver in a narrow
sense) 50, and an LCD controller 60 and a power circuit 80.

[0140] The LCD panel (or an electro-optical device in a
wide sense) 20 is formed over a glass substrate, for example.
Over this glass substrate, there are arranged: a plurality of
scan lines (or gate lines in a narrow sense) G, to G (where
N indicates a natural number of 2 or more) arrayed in a
Y-direction and extending individually in an X-direction;
and a plurality of signal lines (or source lines in a narrow
sense) S; to Sy, (where M indicates a natural number of 2 or
more) arrayed in the X-direction and extending individually
in the Y-direction. At the cross point between the scan line
G, (1=n=N, n indicates a natural number) and the signal
line Sm (1=m=M, m indicates a natural number), more-
over, there is disposed a TFT 22, (or a switching unit in a
wide sense).

[0141] The gate electrode of the TFT 22 is connected
with the scan line G,. The source electrode of the TFT 22
is connected with the scan line Gn. The drain electrode of the
TFT 22, is connected with a pixel electrode 26 of a pixel
electrode 26, of a liquid crystal capacitor (or a liquid
crystal element in a wide sense) 24, .

[0142] In the liquid crystal capacitor 24, a liquid crystal
is sealed between the pixel electrode 26, and a common
electrode 28, so that the transmission factor of the pixel is
changed according to the voltage applied between those
electrodes.

[0143] To the common electrode 28, , there is supplied a
common electrode voltage Vcom which is generated by the
power circuit 80.
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[0144] The signal driver 30 is based on the image data at
one horizontal scan unit, to drive the signal lines S; to S, of
the LCD panel 20.

[0145] The scan driver 50 is synchronized with a horizon-
tal synchronizing signal for one vertical scan period, to scan
and drive the scan lines G; to Gy of the LCD panel 20
sequentially.

[0146] In accordance with the contents which are set by a
host such as a not-shown central processing unit (as will be
abbreviated into the “CPU”), the LCD controller 60 controls
the signal driver 30, the scan driver 50 and the power circuit
80. More specifically, the LCD controller 60 sets the action
mode or supplies a vertical synchronizing signal or the
horizontal synchronizing signal it produces, for the signal
driver 30 and the scan driver 50, and supplies the polarity
inverting timing of the common electrode voltage Veom to
the power circuit 80.

[0147] The power circuit 80 is based on the reference
voltage supplied from the outside, to generate the voltage
level necessary or the common electrode voltage Veom for
driving the liquid crystal of the LCD panel 20. The various
voltage levels necessary for driving the liquid crystals of the
LCD panel 20 are supplied to the signal driver 30, the scan
driver 50 and the LCD panel 20. Moreover, the common
electrode voltage Vcom is supplied to the common electrode
which is opposed to the pixel electrodes of the TFTs of the
LCD panel 20.

[0148] The liquid crystal device 10 thus constructed is
controlled by the LCD controller 60 and based on the image
data supplied from the outside, to drive the display of the
LCD panel 20 in association with the signal driver 30, the
scan driver 50 and the power circuit 80.

[0149] Here in FIG. 1, the liquid crystal device 10 is
constructed to include the LCD controller 60 but may also
be constructed by disposing the LCD controller 60 outside
of the liquid crystal device 10. Alternatively, the liquid
crystal device 10 can also be constructed to include a host
together with the LCD controller 60.

[0150] In FIG. 1, moreover, there are disposed outside of
the LCD panel 20 the signal driver 30 and the scan driver 50,
at least one of which may be formed over the same glass
substrate as that of the LCD panel 20.

[0151]

[0152] FIG. 2 shows a schematic configuration of the
signal driver shown in FIG. 1.

[0153] The signal driver 30 includes a shift register 32,
line latches 34 and 36, a digital/analog converter circuit (or
a drive voltage generation circuit in a wide sense) 38, and a
signal line drive circuit 40.

[0154] The shift register 32 is provided with a plurality of
flip-flops, which are sequentially connected. This shift reg-
ister 32 shifts, when it holds an enable input/output signal
EIO in synchronism with a clock signal CLK, the enable
input/output signal EIO to the adjoining flip-flops sequen-
tially in synchronism with the clock signal CLK.

[0155] Moreover, this shift register 32 is supplied with a
shift direction switching signal SHL. In response to the shift
direction switching signal SHL, the shift register 32 is
switched between the shift direction of image data (DIO)

1.2 Signal Driver
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and the input/output direction of the enable input/output
signal EIO. By switching the shift direction in response to
the shift direction switching signal SHL, therefore, even if
position of the LCD controller 60 for supplying the image
data to the signal driver 30 is different according to the
packaged state of the signal driver 30, a soft packaging can
be made without increasing its area by designing its wiring
lines.

[0156] The line latch 34 is supplied with the image data
(DIO) in units of 18 bits (i.¢., 6 bits (of gradation data)x3 (of
individual RGB colors)), for example, from the LCD con-
troller 60. The line latch 34 latches the image data (DIO) in
synchronism with the enable input/output signal EIO shifted
sequentially by the individual flip-flops of the shift register
32.

[0157] In synchronism with a horizontal synchronizing
signal LP supplied from the LCD controller 60, the line latch
36 latches the image data of one horizontal scan unit, as
latched by the line latch 34.

[0158] The DAC 38 generates, for each signal line, the
drive voltage which was made analog on the basis of the
image data.

[0159] On the basis of the drive voltage generated by the
DAC 38, the signal line drive circuit 40 drives the signal
lines.

[0160] This signal driver 30 fetches the image data
sequentially in given units (e.g., in units of 18 bits), as
sequentially inputted from the LCD controller 60, and the
line latch 36 latches the image data at one horizontal scan
unit in synchronism with the horizontal synchronizing signal
LP. On the basis of these signals, moreover, the individual
signal lines are driven. As a result, the source electrodes of
the TFTs of the LCD panel 20 are supplied with the drive
voltages based on the image data.

[0161] This signal driver 30 can control its output in a high
impedance control in units of line blocks which is divided
for a given number of signal lines. Therefore, the signal
driver 30 has a block output select register (or a block output
select data holding section), as shown in FIG. 3, and holds
block output select data (or control instruct data in a wide
sense) BLKO to BLKQ for setting whether or not the output
of the signal lien drive circuit for driving the signal lines of
each block in units of the line blocks is to be subjected to the
high-impedance control.

[0162] In this block output select data, the signal line of
the line block, as set ON (“17), is driven by the signal line
drive circuit, and the signal line of the block, as set OFF
(“0”), comes into the high impedance state. As a result, the
signal line drive circuit, as connected with the signal line of
the LCD panel 20, can be arbitrarily selected in units of the
line blocks so that the size change in the LCD panel 20 can
be easily coped with. Moreover, there is reduced the current
consumption which accompanies the impedance conversion
made in signal line drive circuit requiring no drive.

[0163] On the other hand, the signal driver 30 can set the
display area or the non-display area at that line block unit.
Therefore, the signal driver 30 is provided, as shown in FIG.
4, with a partial display select register (or a partial display
data holding section) for holding partial display data (or
control instruction data in a wide sense) PART0 to PARTQ
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for setting whether or not the signal lines of the individual
blocks in units of the line blocks are to be driven on the basis
of the image data.

[0164] Inthese partial display data, the signal drive is done
for the signal line of the line block, as set ON (“17), on the
basis of the image data as the display area, and a given
non-display level voltage is supplied as the non-display area
to the signal line of the block, as set OFF (“0”). Therefore,
it is possible to reduce the current consumption of the
operation amplifier circuit as the impedance conversion unit
for driving the signal lines of the non-display area and
accordingly to reduce the consumption of the LCD panel
using the TFTs of a high image quality. Simultaneously with
this, the liquid crystal capacitor to be connected through the
TFTs with the signal lines supplied with the non-display
level voltage is supplied with a voltage proper for the
non-display.

[0165] Moreover, the signal driver 30 is given eight pixel
units or the aforementioned control section. Here, one pixel
is composed of three bits of RGB signals. Therefore, the
signal driver 30 has one line block of totally twenty four
outputs (e.g., S; t0 S,,). As a result, the display area of the
LCD panel 20 can be specified in units of characters (1 byte).
In an electronic device such as a mobile telephone for
displaying characters, therefore, it is possible to set an
efficient display area and to display its image.

[0166] FIG. 5 schematically shows the configuration of
the line block unit or the control section of the signal driver
30.

[0167] This signal driver 30 is assumed to have 288 signal
line outputs (S, to S,ge)-

[0168] Specifically, the signal driver 30 is provided with
the configuration shown in FIG. § at its 24 output terminal
units (S; 10 S,,, Sos 10 Sy, - - . and S,es 10 Shgq) SO that it
has totally 23 line blocks (B0 to B11). In the description to
be made in the following, FIG. 5 shows the block B0, but
the remaining blocks B1 to B11 are similar.

[0169] The block B0 of the signal driver 30 is constructed,
for the individual signal lines S, to S,,, to include a data
bypass circuit 142, having a shift register 140, a line latch
36,, a drive voltage generation circuit 380 and a signal line
drive circuit 40,. Here, the shift register 140, has the
functions of the shift register 32 and the line latch 34, as
shown in FIG, 2.

[0170] The shift register 140, belonging to the data by
pass circuit 142, includes the SR, ; to SR, ,, for the indi-
vidual signal lines. The line latch 36, includes the LAT, | to
LAT, ,, for the individual signal lines. The drive voltage
generation circuit 38, includes the DAC, ; to DAC, ,, for
the individual signal lines. The signal line drive circuit 40,
includes the SDRV ; to SDRV ,, for the individual signal
lines.

[0171] As described above, the signal driver 30 has the
block output select register and the partial display select
register to set the block output select data and the partial
display data individually in units of the line blocks. For
example, the block B0 shown in FIG. 5 is supplied with the
block output select data BLKO shown in FIG. 3 as the BLK
and the partial display data PARTS0 shown in FIG. 4 as the
PART.
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[0172] The data bypass circuit 142, fetches the image data
DIO in synchronism with the enable input/output signal EIO
which is shifted in an ROUT direction from an LIN and in
an LOUT direction from an RIN. At this time, the data
bypass circuit 142, includes switch circuits SWB; , and
SWB, for bypassing the enable input/output signal EIO
shifted to the line block, when the block output select data
BLK is set to “0”.

[0173] The switch circuit SWB, _, outputs the output data
of the SR, ,, as the rightward data output signal ROUT
when the block output select data BLK is at “1” (or the logic
level “H”). On the other hand, the switch circuit SWB,
outputs the image data (e.g., EIO in the case of the block B0)
inputted as the leftward data input signal LIN and shifted
from the line block, as the rightward data output signal
ROUT when the block output select data BLK is at “0” (or
the logic level “L”).

[0174] The switch circuit SWB,_, outputs the output data
of the SR, as the leftward data output signal LOUT when
the block output select data BLK is at “1” (or the logic level
“H”). On the other hand, the switch circuit SWB_, outputs
the image data inputted as the rightward data input signal
RIN and shifted from the line block, as the leftward data
output signal LOUT when the block output select data BLK
is at “0” (or the logic level “L”).

[0175] The SR, to SR, ,, corresponding to the signal
lines S; to S,, shift the enable input/output signal EIO
supplied as the LIN or the RIN, and fetch the image data
DIO in synchronism with the enable input/output signal EIO
shifted.

[0176] FIG. 6 schematically shows the configuration of
the SR,,_; composing the shift register 140,,.

[0177] Here is shown the configuration of the SR, but
the remaining SR,_, to SR,_,, can also be likewise con-
structed.

[0178] The SR, ; includes FF, ., FF, |, FF, and SW1.

[0179] The FF; ; latches the enable input/output signal
EIO, for example, as the leftward data input signal LIN
inputted to the D-terminal, in synchronism with the rising
edge of the clock signal inputted to the CK-terminal, and
supplies the leftward data input signal LIN as the rightward
data output signal ROUT from the Q-terminal to the D-ter-
minal of the SR_,.

[0180] The FFy ; latches the enable input/output signal
EIO, for example, as the rightward data input signal RIN
inputted to the D-terminal, in synchronism with the rising
edge of the clock signal inputted to the CK-terminal, and
outputs the leftward data output signal LOUT from the
Q-terminal.

[0181] The rightward data output signal ROUT outputted
from the Q-terminal of the FF; y is supplied to the SW1. The
leftward output signal LOUT outputted from the Q-terminal
of the FF ; is also supplied to the SW1.

[0182] In response to the shift direction switching signal
SHL, the SW1 selects either the rightward data output signal
ROUT or the leftward output signal LOUT, and supplies the
selected one to the CK-terminal of the FFppo.

[0183] In synchronism with the selected output signal of
the SW1 supplied to the CK-terminal, the FF; latches the
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image data DIO. The image data latched are outputted from
the LAT,_, of the line latch 36,,.

[0184] Thus, the image data held in the individual SR, _; to
SR,.,, of the shift transistor 140, are latched in the indi-
vidual LAT,_; to LAT,_,, of the line latch 36, in synchro-
nism with the horizontal synchronizing signal LP.

[0185] Line Latch

[0186] The image data latched in the line latches LAT,_,
to LAT,_,, and corresponding to the signal lines S1 to S24
are supplied to the DAC,_; to DAC,_,, of the drive voltage
generation circuit.

[0187]

[0188] When a DAC enable signal DACen is at the logic
level “H”, the DAC,_; to DAC, ,, generate gradation levels
of 64 levels on the basis of the gradation data of 6 bits, for
example, supplied from the corresponding LAT, ; to LAT,_

24.

[0189] The DAC enable signal DACen is generated as the
AND operation between an enable signal dacen0 and the
block output select data BLK. This enable signal dacen0 is
generated as the AND operation of the DAC control signal
dacen generated by the not-shown control signal of the
signal driver 30 and the partial display data PART.

[0190] When the block output select data BLK are “0”, the
DAC enable signal DACen interrupts the action of the drive
voltage generation circuit 38, of the BLKO independently of
the set value of the partial display data PART. When the
block output select data BLK is at “1”, on the other hand, the
DAC action is done only in the setting case as the partial
display area, but the DAC action is interrupted to reduce the
consumption of the current to flow through a ladder resister
in the setting case as the partial non-display area.

[0191] Here, this DAC enable signal DACen is likewise
supplied to the DAC, , to DAC, ,, corresponding to the
remaining signal lines S, to S, so that the action controls of
the DAC are made in units of the line blocks.

[0192] Signal Line Drive Circuit

[0193] The SDRV,_; SDRV,_,, of the signal line drive
circuit 40, include a voltage-follower connected operation
amplifiers OP, ; to OP,_,, as the impedance conversion unit,
and partial non-display level voltage supply circuits VG,_;
to VGyo4-

[0194] The voltage-follower connected operation amplifi-
ers OP, , to OP ,, are negatively supplied back at their
output terminal and have a remarkably high input impedance
so that the input current hardly flows. When the operation
amplifier enable signal OPen is at the logic level “H”,
moreover, the drive voltages generated by the DAC,_; to
DAC_ are subjected to an impedance conversion to drive
the signal lines S; to S,,. As a result, the signal drive can be
made independently of the output loads of the signal lines S,
to S,,.

[0195] The operation amplifier enable signal OPen is
generated by the AND operation between an operation
amplifier control signal open0 and the block output select
data BLK. This enable signal open 0 is generated as the
AND operation between the operation control signal open

Drive Voltage Generation circuit
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generated by the not-shown control circuit of the signal
driver 30 and the partial display data PART.

[0196] When the block output select data BLK is at “07,
more specifically, the operation amplifier enable signal
OPen interrupts the operation amplifier of the BLKO inde-
pendently of the set value of the partial display data PART
(i.c., interrupts the current source of the operation amplifier
to reduce the current consumption). When the block output
select data BLK is at “1”, on the other hand, the drive
voltage generated by the drive voltage generation circuit is
subjected to the impedance conversion to drive the corre-
sponding signal line, only in the setting case as the partial
display area, but the action of the operation amplifier is
interrupted to reduce the current consumption in the setting
case as the partial non-display area.

[0197]

[0198] In case a non-display level voltage supply enable
signal LEVen at the logic level “H”, the partial non-display
level voltage supply circuits VG,_; to VG, ,, generate a
given non-display level voltage Vparry pver, to be supplied
to the individual signal lines, if the non-display area (for the
OFF output) is set in the aforementioned partial display
select register.

[0199] Here, the non-display level voltage Vi pry pver
has a following relation (1) to a given threshold value V.
for the pixel transmission factor to change and the common
electrode voltage Veom of the common electrode opposed to
the pixel electrode:

Partial Non-Display Level Voltage Supply Circuit

[Vearrrever-Veom|<Vep oY)
[0200] Specifically, the non-display level voltage Vpgr
LevEL takes such a voltage level that the applied voltage of
the liquid crystal capacitor does not exceed the threshold
value V;, when it is applied to the pixel electrode which is
connected with the drain electrode of the TFT connected
with the signal line to be driven.

[0201] Here, this non-display level voltage Vi, prq pvpr i
desired to have a voltage level equivalent to that of the
common electrode voltage Vcom, because of easy genera-
tion and control of the voltage level. When a voltage level
equivalent to that of the common electrode voltage Veom is
supplied, the color for the OFF liquid crystal is displayed in
the non-display area of the LCD panel 20.

[0202] Moreover, the non-display level supply circuits
VG 10 VG ,, can select and output either of the voliage
levels VO and V8 at the two ends of the gradation level
voltage as the non-display level voltage Vparry v Here,
the voltage level VO or V8 at the two ends of the gradation
voltage level is outputted alternately for every frames by the
inverted drive method. In accordance with a select signal
SEL from the user, the aforementioned common electrode
voltage Veom or the voltage level VO or V8 at the two ends
of the gradation level voltage can be sclected as the non-
display level voltage Vparripver- As a result, the user can
enhance the degree of freedom for selecting the color of the
non-display area.

[0203] The non-display level voltage supply enable signal
LEVen is generated as the AND operation between a non-
display level voltage supply circuit control signal leven
generated by the not-shown control circuit of the signal
driver 30 and the inversion of the partial display data PART.
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Specifically, the non-display level voltage is supplied to the
signal lines only in case the non-display area (for the OFF
output) is set. In case the display area (for the ON output) is
set, the outputs of the non-display level voltage supply
circuits VGg_; to VGg,, take the high impedance state so
that the signal lines are not driven.

[0204] Here, the operation amplifier enable signal OPen
and the non-display level voltage supply enable signal
LEVen are also supplied to the SDRV,, to SDRV,.,,
corresponding to the remaining signal lines S, to S, so that
the drive control of the signal lines is made at the block unit.

[0205] 1.3 Scan driver

[0206] FIG. 7 shows a schematic configuration of the scan
driver shown in FIG. 1.

[0207] The scan driver 50 includes a shift register 52, level
shifters (as will be abbreviated into the “L/S”) 54 and 56,
and a scan line drive circuit 38.

[0208] With the shift register 52, there are sequentially
connected the flip-flops which are provided to correspond to
the individual scan lines. When the scan enable input/output
signal GEIO is held in the flip-flops in synchronism with the
clock signal CLK, the shift register 52 shifts the scan enable
input/output signal GEIO to the adjoining flip-flops sequen-
tially in synchronism with the clock signal CLK. The scan
enable input/output signal GEIO thus inputted is the vertical
synchronizing signal supplied from the LCD controller 60.

[0209] The L/S 54 makes shift to a voltage level according
to the liquid crystal material of the LCD panel 20. This
voltage level has to be as high as 20 to 50 V, for example,
so that a high breakdown process used is different from that
of another logic circuit unit.

[0210] The scan line drive circuit 58 makes a CMOS drive
on the basis of the drive voltage shifted by the L/S 54.
Moreover, this scan driver 50 has the L/S for performing the
voltage shift of an output enable signal XOEV supplied from
the LCD controller 60. The scan line drive circuit 58 is
turned ON/OFF in response to the output enable signal
XOEV shifted by the L/S 56.

[0211] In this scan driver 50, the scan enable input/output
signal GEIO inputted as the vertical synchronizing signal is
shifted sequentially to the individual flip-flops of the shift
register 52 in synchronism with the clock signal CLK. The
individual flip-flops of the shift register 52 are provided to
correspond to the individual scan lines so that these scan
lines are sequentially selected alternatively with the pulses
of the vertical synchronizing signals latched in the indi-
vidual flip-flops. The scan line selected is driven by the scan
line drive circuit 58 at the at the voltage level shifted by the
L/S 54. As a result, the gate electrodes of the TFTs of the
LCD panel 20 are provided with the scan drive voltage for
one vertical scan period. At this time the drain electrodes of
the TFTs of the LCD panel 20 are set at substantially equal
potentials corresponding to the potential of the signal lines
connected with the source electrodes.

[0212] This scan driver can set the display area or the
non-display area in units of the line blocks divided for a
given number of scan lines. As shown in FIG. 8, therefore,
the scan driver 50 has a partial scan display select register
for holding partial scan display data (or control instruction
data in a wide sense) PART,0 to PARTSR for setting
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whether or not the scan lines of the individual line blocks are
to be sequentially scanned and driven at that line block unit.

[0213] In the partial scan display data, the scan lines of the
line block set ON (“17) are sequentially scanned and driven,
but the scan lines of the line block set OFF (“0”) are not
scanned and driven. As a result, the circuit action can be
stopped for the scan lines of the non-display area thereby to
reduce the consumption of the LCD panel using the TFTs of
high image quality.

[0214] Moreover, the scan driver 50 has a unit of eight
scan lines as the line block or the aforementioned control
section. As a result, the display area of the LCD panel 20 can
be specified in units of characters (1 byte) thereby to set an
efficient display area and its image display in an electronic
device such as a mobile telephone for displaying characters.

[0215] FIG. 9 shows one example of a specific configu-
ration of such scan driver 50.

[0216] Inthe shift register 52, there are connected in series
FFg, to FF4y (i¢., the 1st to N-th FF) which correspond to
the scan lines G, to Gy (i.e., the 1st to N-th scan lines),
respectively. The FF, (i.c., the 1st FF) is supplied with the
scan enable input/output signal GEIO from the LCD con-
troller 60. Morcover, the FF, to FF4 are likewise supplied
with the clock signal CLK from the LCD controller 60.
Therefore, the FFg; to FFgy shift the scan enable input/
output signal GEIO (i.e., a given pulse signal) in synchro-
nism with the clock signal CLK.

[0217] The scan enable input/output signal GEIO supplied
from the LCD controller 60 is a vertical synchronizing
signal. On the other hand, the clock signal CLK supplied
from the LCD controller 60 is a horizontal synchronizing
signal.

[0218] The L/S 54 has level shifter circuits LS, to LSy
(i.e., the 1st to N-th LSes) corresponding to the scan lines G,
to Gy, respectively, and shifts the voltage levels on the high
potential sides of the held data of the corresponding FF, | to
FFy to 20 to 50 V, for example.

[0219] The L/S 56 shifts the voltage level on the high
potential side of the inverted signal (or the output enable
signal) of the output enable signal XOEV supplied from the
LCD controller 60, to 20 to 50 V.

[0220] The scan line drive circuit 58 includes AND cir-
cuits 230, to 230, as mask circuits, and CMOS buffer
circuits 232, to 232, individually for the scan lines G, to
Gy The AND circuits 230, to 230, and the CMOS buffer
circuits 232, to 232, are formed by the high pressure-
resisting process which can be operated at the aforemen-
tioned voltage level of 20 to 50 V. Here, this voltage level
is determined according to a liquid crystal material, for
example, for the LCD panel 20 to be driven.

[0221] The AND circuits 230, to 230, mask the logic
levels of the output nodes of the FF; to FFy, which have
been level-shifted by the LS, to LSy, with the output enable
signal XOEV, which have been level-shifted by the L/S 56,
and the block select data used to specify in units of the line
blocks. When the partial scan display data are set at “07,
more specifically, the logic levels of the output nodes of the
LS, to LSy are masked to “L” independently of the logic
level of the output enable signal XOEV. When the partial
scan display data are set at “1”, on the other hand, the logic
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levels of the output nodes of the LS to LSy are masked to
“L” with the output enable signal XOEV.

[0222] The partial scan display data are held in the FFy,
to FFg which are provided in units of the line blocks. The
FFy, is supplied with the partial scan display data PART,
which are serially inputted from the LCD controller 60. The
FFy, to FFggr are commonly supplied from the LCD con-
troller 60 with a clock signal BCLK for fetching the serially
inputted partial scan display data PART, sequentially. The
FF_ to FFpy shift the partial scan display data PART
supplied to the FFy,, sequentially in synchronism with the
clock signal BCLK.

[0223] Moreover, the scan driver 50 is provided with data
switch circuits (or bypass units) 234, to 234y, for bypassing
the scan enable input/output signal GEIO in units of the line
blocks.

[0224] When the scan line drive of the block Bl is not
done by the block select data, for example, the scan enable
input/output signal GEIO to be supplied to the FFg, of the
block BO is shifted in synchronism with the clock signal
CLK by the FF4, to FFg, but the shift output of the FFq
of the block B2 is supplied to the FF - of the block B2 by
the data switch circuit 234, corresponding to the FFg of the
block BI1.

[0225] Specifically, the data switch circuit 234, corre-
sponding to the block BO switches the shift output (i.c., the
scan enable input/output signal GEIO to be supplied to the
FFg, in the block B0) supplied from the line block at the
upstream stage and the shift output (i.c., the shift output to
be outputted from the FFg in the block B0) of the FF of the
final stage of the line block, by the block select data of that
line block. The output signal switched by the data switch
circuit 234, is supplied to the block B1.

[0226] Here, the data switch circuit can also be inverted
with respect to the individual line blocks so that the shift
direction of the scan enable input/output signal GEIO maybe
switched with a given shift direction switching signal SHL.
In this case, there are provided the data switch circuits
corresponding to the blocks BQ to B1.

[0227] The scan driver 50 thus constructed is so set that
the block select data of the line block set in the display area
may take “1” whereas the block select data of the line block
set in the non-display area may take “0” with respect to the
FFy, to FFR disposed in the individual line blocks.

[0228] Moreover, the LCD controller 60 supplies the
vertical synchronizing signal and the horizontal synchroniz-
ing signal. When the block select data specified in units of
the line blocks are at “0” with the logic level of the output
enable signal XOEV being at “L”, the CMOS buffer circuits
232, to 232 do not drive the scan lines because the logic
level of the output node of the LS is masked to the logic level
“L” by the AND circuit.

[0229] 1.4 LCD Controller

[0230] FIG. 10 shows a schematic configuration of the
LCD controller shown in FIG. 1.

[0231] The LCD controller 60 includes a control circuit
62, a random access memory (as will be abbreviated into the
“RAM”) (or a storage unit in a wide sense) 64, a host
input/output circuit (I/0) 66 and an LCD input/output circuit
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68. Moreover, the control circuit 62 includes a command
sequencer 70, a command setting register 72 and a control
signal generation circuit 74.

[0232] In accordance with the contents set by the host, the
control circuit 62 makes the various action mode settings
and the synchronous controls of the signal driver 30, the
scan driver 30 and the power circuit 80. In accordance with
the instructions from the host, more specifically, the com-
mand sequencer 70 is based on the contents set by the
command setting register 72, to generate synchronous tim-
ing in the control signal generation circuit 74 and to set a
given action mode for the signal driver or the like.

[0233] The RAM 64 has a function as a frame buffer for
the image display and provides a work area for the control
circuit 62.

[0234] This LCD controller 60 is supplied through the host
I/O 66 with the image data and the command data for
controlling the signal driver 30 and the scan driver 50.

[0235] With the host I/O 66, more specifically, there are
connected a CPU, a digital signal processor (DSP) or a
microprocessor unit (MPU), although not shown. The LCD
controller 60 is supplied through the host /O 66 with the
image data such as still image data from the not-shown CPU
and moving image data from the DSP or MPU. The LCD
controller 60 is further supplied through the host I/O 66 from
the not-shown CPU with the command data such as the
contents of the register for controlling the signal driver 30 or
the scan driver 50 and the data for setting the various action
modes.

[0236] The image data and the command data may be
supplied individually through different data buses, or these
data buses may be shared. In this case, the image data and
the command data can be easily shared to reduce the
packaging area, by making it possible to discriminate
whether the data on the data bus are the image data or the
command data, from the signal level inputted to the com-
mand (CoMmanD: CMD) terminal.

[0237] The LCD controller 60 latches the image data,
when supplied, in the RAM 64 acting as the frame buffer. On
the other hand, the LCD controller 60 latches the command

data, when supplied, in the command setting register 72 or
the RAM 64.

[0238] In the command sequencer 70, the various timing
signals are generated by the control signal generation circuit
74 in accordance with the contents set by the command
setting register 72. Moreover, the command sequencer 70
sets the mode of the signal driver 30, the scan driver 50 or
the power circuit 80 through the LCD input/output circuit 68
in accordance with the contents set in the command setting
register 72.

[0239] In response to the display timing generated by the
control signal generation circuit 74, moreover, the command
sequencer 70 generates the image data of the predetermined
type from the image data stored in the RAM, and supplies
the generated data to the signal driver 30 through the LCD
input/output circuit (or LCD 1/0O) 68.

[0240] 1.5 Inverted Drive Method

[0241] In case the liquid crystal is to be driven for the
display, it is necessary from the viewpoint of the durability
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or contrast of the liquid crystal to periodically discharge the
charge stored in the liquid crystal capacitor. In the afore-
mentioned liquid crystal device 10, therefore, the polarities
of the voltage to be applied to the liquid crystal are inverted
for a given period by an AC drive. This AC drive method is
exemplified by a frame-inverted drive method or a line-
inverted drive method.

[0242] 1In the frame-inverted drive method, the polarities
of the voltage to be applied to the liquid crystal capacitor are
inverted for every frames. In the line-inverted drive method,
on the other hand, the polarities of the voltage to be applied
to the liquid crystal capacitor are inverted for every lines. In
the line-inverted drive method, too, the polarities of the
voltage to be applied to the liquid crystal capacitor are
inverted for the frame periods if the individual lines are
noted.

[0243] FIGS. 11A and 11B are diagrams for explaining
the actions of the frame-inverted drive method. FIG. 11A
schematically shows the waveforms of the drive voltage and
the common electrode voltage Veom of the signal lines by
the frame-inverted drive method. FIG. 11B schematically
shows the polarities of the voltage to be applied to the liquid
crystal capacities corresponding to the individual pixels, for
every frames when the frame-inverted drive method is done.

[0244] 1In the frame-inverted drive method, the polarity of
the drive voltage to be applied to the signal line is inverted
for each frame period, as shown in FIG. 11A. Specifically,
a voltage Vg to be supplied to the source electrode of the
TFT connected with the signal line takes a positive polarity
“+V” for a frame f1 and a negative polarity “~V” for a
subsequent frame f2. On the other hand, the common
electrode voltage Vcom to be supplied to the common
electrode opposed to the pixel electrode connected with the
drain electrode of the TFT is also inverted in synchronism
with the polarity inverting period of the drive voltage of the
signal line.

[0245] The liquid crystal capacitor is supplied with the
difference between the voltages of the pixel electrode and
the common electrode so that the voltage of the positive
polarity is applied for the flame f1 whereas the voltage of the
negative polarity is applied for the frame f2, as shown in
FIG. 11B.

[0246] FIGS. 12A and 12B are diagrams for explaining
the actions of the line-inverted drive method.

[0247] FIG. 12A schematically shows the waveforms of
the drive voltage and the common electrode voltage Vecom
of the signal lines by the line-inverted drive method. FIG.
12B schematically shows the polarities of the voltages to be
applied to the liquid crystal capacities corresponding to the
individual pixels, for every frames when the line-inverted
drive method is done.

[0248] In the line-inverted drive method, the polarity of
the drive voltage to be applied to the signal line is inverted
for each horizontal scan period (1H), as shown in FIG. 12A.
Specifically, the voltage Vg to be supplied to the source
electrode of the TFT connected with the signal line takes the
positive polarity “+V” for 1H of the frame f1 and the
negative polarity “~V” for 2H. Here, the voltage Vg takes
the negative polarity “~V” for 1H of the frame f2 and the
positive polarity “+V” for 2H.
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[0249] On the other hand, the common electrode voltage
Veom to be supplied to the common electrode opposed to
the pixel electrode connected with the drain electrode of the
TFT is also inverted in synchronism with the polarity
inverting period of the drive voltage of the signal line.

[0250] The liquid crystal capacitor is supplied with the
difference between the voltages of the pixel electrode and
the common electrode so that the voltage to have its polarity
inverted for each line is applied for the frame period, as
shown in FIG. 12B, by inverting the polarity for each scan
line.

[0251] Generally, the line-inverted drive method can make
more contribution to an improvement in the image quality
but consumes a more power than the frame-inverted drive
method, because the it changes for one line period.

[0252]

[0253] FIG. 13 shows one example of the drive wave-
forms of the LCD panel 20 of the liquid crystal device 10
having the configuration thus far described. Here is shown
the case of the drive according to the line-inverted drive
method.

[0254] In the liquid crystal device 10, the signal driver 30,
the scan driver 50 and the power circuit 80 are controlled
according to the display timing generated by the LCD
controller 60, as has been described hereinbefore. The LCD
controller 60 transfers the image data sequentially at one
horizontal scan unit to the signal driver 30 and supplies the
horizontal synchronizing signal generated therein and a
polar inverting signal POL indicating the inverted drive
timing. Moreover, the LCD controller 60 supplies the ver-
tical synchronizing signal generated therein to the scan
driver 50. Moreover, the LCD controller 60 supplies a
common electrode voltage polarity inverting signal VCOM
to the power circuit 80.

1.6 Liquid Crystal Drive Waveforms

[0255] As a result, the signal driver 30 is synchronized
with the horizontal synchronizing signal, to drive the signal
line on the basis of the image data of one horizontal scan
unit. The scan driver 50 is triggered by the vertical synchro-
nizing signal scans and drives the scan lines connected with
the gate electrodes of the TFTs arranged in the matrix shape
in the LCD panel 20, sequentially a drive voltage Vg. The
power circuit 80 supplies the common electrode voltage
Vcom generated therein, to the common electrode of the
LCD panel 20 while being polarity-inverted in synchronism
with the common electrode voltage polarity inverting signal
VCOM.

[0256] The liquid crystal capacitor is charged with an
electric charge according to the voltage Vcom between the
pixel electrode connected with the drain electrode of the
TFT and the common e¢lectrode. When a pixel electrode
voltage Vp latched by the electric charge stored in the liquid
crystal capacitor exceeds a given threshold value Vi,
therefore, the image display can be made. When the pixel
electrode voltage Vp exceeds the threshold value Vi, the
transmission factor of the pixel changes according to the
voltage level so that the gradation expression can be made.

[0257]

[0258] The LCD controller 60 in this embodiment for
display controlling the liquid crystal device 10 thus con-
structed is enabled to perform the partial display control in

1.7 Partial Display Control
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which the display area and the non-display area are specified
in units of the line blocks in the array direction of the signal
lines, by setting the block output select data and the partial
display data for the signal driver 30. Likewise, the LCD
controller 60 is also enabled to perform the partial display
control in which the display area and the non-display area
are specified in units of the line blocks in the array direction
of the scan lines, by setting the partial display data for the
scan driver 50.

[0259] FIGS. 14A, 14B and 14C schematically show one
example of the partial display control by the LCD controller
60 in this embodiment.

[0260] Tt is assumed that the signal driver 30 and the scan
driver 50 are arranged, as shown in FIG. 14A, with respect
to the LCD panel 20 in which the scan lines are arrayed in
an A-direction whereas the signal lines are arrayed in a
B-direction. When the display unit of a mobile telephone is
constructed of such LCD panel 20, for example, the electric
wave receiving state and the time are displayed in a display
area AA, but a display area BA is left as a non-display area
in the standby state. Moreover, information on a moving
picture or a mail may be suitably displayed in display areas
CA and DA.

[0261] Moreover, boundaries are set between the indi-
vidual display areas AA to DA, and the partial display is
controlled and arranged in an arbitrary area, as shown in
FIG. 14C, so that an observable frame can be provided for
the user.

[0262] By this partial display control, it is possible to
drastically promote the lower consumption of the LCD panel
using the TFTs, which can make the window display and can
provide images of a high quality. By adopting this partial
display control, moreover, the operability can be improved
for the user, although it might otherwise become the lower
for the larger frame size.

[0263] FIGS. 15A, 15B and 15C schematically show
another example of the partial display control by the LCD
controller 60 in this embodiment.

[0264] Tt is assumed that the signal driver 30 and the scan
driver 50 are arranged, as shown in FIG. 15A, with respect
to the LCD panel 20 in which the scan lines are arrayed in
the A-direction whereas the signal lines are arrayed in the
B-direction. Like FIGS. 14B and 14C, as shown in FIGS.
15B and 15C, by the partial display control, it is possible to
drastically promote the lower consumption of the LCD panel
using the TFTs, which can make the window display and can
provide images of a high quality. By adopting this partial
display control, moreover, the operability can be improved
for the user, although it might otherwise become the lower
for the larger frame size.

[0265] Especially by making the partial display control on
the signal driver 30 and the scan driver 50 by the LCD
controller 60, the window can be displayed at an arbitrary
position in the display area of the LCD panel 20 so that the
proper information can be displayed in the window.

[0266]

[0267] Here will be described in more detail the LCD
controller 60 for making such partial display control pos-
sible.

2. LCD Controller in Embodiment
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[0268]

[0269] FIG. 16 shows one example of an essential portion
of a functional block configuration of the LCD controller 60
in this embodiment.

[0270] Note that components corresponding to those in the
LCD controller 60 of FIG. 10 are denoted by the same
reference numbers.

[0271] The control circuit 62 further includes an image
data generation circuit (or an image data generation section)
300.

[0272] This image data generation circuit 300 converts the
data of the image, as temporarily stored in the RAM 64, for
example, into image data of a predetermined type. The
converted image data are supplied to the signal driver 30 by
a command sequencer (or a image data supply unit in a wide
sense) 70.

[0273] Moreover, the command setting register 72
includes a signal driver setting register 310, a scan driver
setting register 320 and a control register 330.

[0274] The scan driver setting register 310 holds block
output select data 312 and partial display data to be set in the
signal driver 30 for the partial display control. These block
output select data 312 and the partial display data 314 are set
through the host /O 66 by the not-shown host.

[0275] The scan driver setting register 320 holds the
partial scan display data 322 to be set in the scan driver 50
for the partial display control. The partial scan display data
322 is set through the host I/0 66 by the not-shown host.

[0276] The control register 330 holds the controller con-
trol data for controlling the action of the LCD controller 60.
The controller control data are set through the host I/O 66 by
the not-shown host. On the basis of the controller control
data set in the control register 330, the command sequencer
70 of the LCD controller 60 can control the action to control
the partial display for the signal driver 30 and scan driver 50.

[0277] FIG. 17 shows one example of the controller
control data to be held in the control register 330.

[0278] This control register 330 includes a display data
size setting register 332, a mode setting register 336 and a
band partial data register (or a band-partial-display control
data holding section) 338.

[0279] In the display data size setting register 332, there
are set the display data sizes for specifying the image sizes
to be display in the LCD panel 20. The display data sizes are
set through the host I/O 66 by the not-shown host.

[0280] In the mode setting register 336, there are set the
mode setting data for setting the various modes for the
partial display control. When the mode setting data corre-
sponding to the individual modes are set in the mode setting
register 336 by the not-shown host, for example, the com-
mand sequencer (or a mode switching section in a wide
sense) 70 acts in those modes. The LCD controller 60 in this
embodiment performs different window managements for
the modes and makes the optimum partial display controls
for the signal driver 30 and the scan driver 50.

[0281] The band partial data register 338 holds the band
partial data for making the partial display control only in the
array direction of the scan lines. The band partial data are set

2.1 Specific Example of Configuration
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through the host I/O 66 by the not-shown host. In this
embodiment, the partial display control based on the band
partial data is made when a given action mode is determined
by the mode setting register 336.

[0282] For example, a given host machine (not shown)
may instruct the mode setting register 336 to previously set
an action mode for such LCD controller 60. When the band
partial data are used, a given action mode is set by the mode
setting register 336 before the band partial register 338 is set.
In other action modes, memory areas for managing one or
more windows for which partial display control is performed
by the RAM 64 are secured.

[0283] After this, the LCD controller 60 is set with the
various data of the signal driver setting register 310 and the
scan driver setting register 320 by the not-shown host. Then,
the command sequencer 70 sets the display area and the
non-display area for the signal driver 30 and the scan driver
50 through the LCD I/0O 68. More specifically, the command
sequencer 70 sets the block output select data and the partial
display data for the signal driver 30, and the partial scan
display data for the scan driver 50.

[0284] At this time, the LCD controller 60 scts the display
area (or the non-display area) for the signal driver 30 and the
scan driver 50 in accordance with the action mode set in the
mode setting register 336, with reference to the display
control data or the band partial data to be managed over the
memory retained in the RAM 64.

[0285] After this, the image data generated by the not-
shown host are once stored in the RAM 64, and the image
data generation circuit 300 generates the image data of a
predetermined type with reference to the display data size
setting register 332, for example. The LCD controller 60
supplies a given display timing to the scan driver 50, and
supplies the generated image data to the signal driver 30 in
synchronism with the display timing.

[0286] 2.2 Partial display control
[0287] 2.2.1 Refresh
[0288] The dynamically switchable partial display control

has never been made in the active matrix type liquid crystal
panel using the TFT. From the relation to the lifetime of the
liquid crystal, as described hereinbefore, the AC drive has
been done for every sixtieth seconds, for example. However,
the liquid crystal is degraded if the gate electrode is turned
ON with the liquid crystal capacitor being charged. It is,
therefore, necessary to release the charge stored in the liquid
crystal capacitor. In the active matrix type liquid crystal
panel using the TFT, therefore, the voltage difference
between the pixel electrode and the common electrode of the
liquid crystal capacitor is set to 0 or a more or less offset for
the non-display area.

[0289] Here, the liquid crystal capacitor is gradually
stored with the electric charge by the leakage of the TFT.
Even the OFF state of the gate electrode of the TFT is kept,
therefore, the charge exceeding the threshold value VCL is
finally stored. As a result, the transmission factor of the pixel
changes into a gray display, for example, so that the so-
called “partial display” cannot be made.

[0290] In other words, the partial display control method,
as could be easily realized in the case of the passive matrix
type liquid crystal panel using the STN liquid crystal so long
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as it 1s not scanned and driven, cannot be applied as it is to
the active matrix type liquid crystal panel using the TFT. In
case the non-display area is set in the active matrix type
liquid crystal panel using the TFT, therefore, it has to be set
in a fixed manner from the power ON so that the dynami-
cally switchable partial display control cannot be made.

[0291] In this embodiment, on the contrary, the dynami-
cally switchable partial display control is realized by con-
trolling the voltage of the gate electrode of the TFT. By this
partial display control, moreover, the electric power to be
consumed by the scan drive of the non-display area can be
lowered or reduced.

[0292] More specifically, the scan driver 50 scans and
drives the scan lines as set in the display area in units of the
line blocks, for one frame period, and scans and drives all
the scan lines including the scan lines set in the non-display
area in units of the line blocks, for an arbitrary odd frame
period of three or more frames. Here, this odd frame period
of three or more frames has the last fame that falls on the
third frame, the fifth frame, . . . and the (2k+1)-th (k: a
natural number) frame.

[0293] FIGS. 18A and 18B show one example of the
actions of the scan driver 50 which is controlled by the LCD
controller 60 in this embodiment.

[0294] For example, it is assumed that a display area and
non-display areas J and K are specified in units of the line
blocks, as shown in FIG. 18A, in case a plurality of scan
lines extending in the B-direction are arrayed in the A-di-
rection of the LCD panel 20.

[0295] In case the frame to sequentially scan and drive all
the scan lines including the line blocks of the display area
and the non-display areas J and K is located at the 1st frame,
the scan driver 50 scans and drives all the scan lines of the
LCD panel 20 sequentially at the two-frame spaced 4th
frame, as shown in FIG. 18A. In short, all the scan lines of
the LCD panel 20 are scanned and driven for the three-frame
period, as shown in FIG. 18B.

[0296] In case polarity of the applied voltage of the 1st
-frame liquid crystal capacitor is positive, for example, the
polarity of the applied voltage of the 4th-frame liquid crystal
capacitor is negative, and the polarity of the applied voltage
of the 7th-frame liquid crystal capacitor is positive. Thus, it
is possible to realize the AC drive. At the 2nd frame and the
3rd frame between the frames (i.e., the 1st frame and the 4th
frame) for scanning and driving all the scan lines, moreover,
the scan lines corresponding to the non-display areas J and
K are not scanned and driven so that the power consumption
can be accordingly reduced.

[0297] By thus refreshing the scan lines of the non-display
area for the odd frame period of three or more frames in the
active matrix type liquid crystal panel using the TFT, the
polarities of the voltage to be applied to the liquid crystal
capacitor are inverted to prevent the troubles due to the
leakage of the TFT, and the power consumption can be
reduced by reducing the unnecessary scan drive.

[0298] 2.2.2 Refresh Control

[0299] By the refreshing actions thus far described, the
low power consumption, as could otherwise be impossible,
can be realized in the active matrix type liquid crystal panel
using the TFT. If the lower power consumption is sought for,
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moreover, the frame frequency is lowered, or the aforemen-
tioned refresh period is elongated.

[0300] For this, however, a reduction in the display quality
such as flickers may appear when the state of a window
display by the partial display control is changed by an
window access (¢.g., an access to the aforementioned vari-
ous registers for setting the display area, or a display control
event) such as the generation, extinguishing, movement or
size change of the widow for a frame period. This reduction
is thought to be caused by the production dispersion such as
the leakage of the TFT, and it is desired to make a proper
refresh control for preventing the reduction in the display
quality.

[0301] In this embodiment, therefore, a full scan (or a full
frame scan) is done in a frame subsequent to that, in which
the aforementioned window access was made, to avoid the
troubles which might otherwise be caused by the leakage of
the TFT. By using this fully canned frame as a reference
frame, moreover, the partial scan is done for the odd frame
period.

[0302] Here, the “full scan” is meant to scan all the scan
lines irrespective of the display area and the non-display
area. Moreover, the “partial scan” is meant to scan the scan
lines corresponding to the display area for every frame
periods and the scan lines corresponding to the non-display
area for the odd frame periods.

[0303] Thus, the reduction in the display quality, as might
otherwise be caused by the product dispersion, can be
prevented to make the partial display control capable of
realizing the low consumption.

[0304] As a concrete method for realizing such refresh
control is realized by the following three methods, as will be
described in detail.

[0305]

[0306] In order to scan and drive the scan lines corre-
sponding to the non-display area for a given odd frame of
three or more, there is provided a frame counter for counting
the frame number. This frame counter increments each
frame, for example, by setting the frame for the full scan to
“0”. When the frame number held in a frame interval register
and the counter value of the frame counter are equal, for
example, the counter value of the frame counter is reset to
“07.

[0307] With this configuration, the full scan is done, when
the frame having the counter value “0” of the frame counter
is detected, and is subsequently done for the period of the
frame number held in the frame interval register.

[0308] In the first method, therefore, the counter value of
the frame counter is forcibly set to “0” in the frame subse-
quent to that of the window access.

[0309] FIG. 19 is a diagram as a comparison for explain-
ing the refreshing actions of the case without the window
access.

[0310] Here is thought the case in which a window WID
is set in the display area of the LCD panel 20 by the signal
driver 30 and the scan driver 50. This window WID acts as
the display area for displaying a still image of texts or
characters and a moving image.

2.2.3 First Method
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[0311] In the following, it is assumed that the full scan is
done by using the Oth frame as the reference frame and by
exemplifying the odd frame period by a five-frame period.
Specifically, the scan lines corresponding to the display area
are scanned for every frame periods, but the scan lines
corresponding to the non-display area are scanned for the
five-frame period. Here, the scan lines corresponding to the
display area are the scan lines (or the display scan lines)
contained at least partially in the display area, the scan lines
corresponding to the non-display area are the remaining scan
lines (or the non-display scan lines excepting the display
scan lines).

[0312] In the full scan and the partial scan, on the other
hand, it is assumed that the polarities to be applied to the
liquid crystal capacitor of the TFT are inverted for every
frames by the frame-inverted scan method or the line-
inverted scan method.

[0313] In the Oth frame, as shown in FIG. 19, the positive
polarity (+) prevails, and the scan drive is done (in the full
scan) for all the scan lines of the display area of the LCD
panel 20 irrespective of the display area and the non-display
area.

[0314] At the subsequent 1st to 4th frames, only the scan
lines corresponding to the display area in the window WID
are scanned and driven (in the partial scan) as the display
area.

[0315] At these Oth to 4th frames, the frame number is
counted by the frame counter, and this counted value is reset
to “0” at the frame subsequent to the 4th frame. However,
the positive polarity (+) of the 4th frame is inverted to the
negative polarity (-).

[0316] In the Sth frame (or the Oth frame), moreover, the
full scan is done at the negative polarity (-). At the subse-
quent 6th to 9th frames (or the 1st to 4th frames), the partial
scan is done while inverting the polarities for every frames.

[0317] At the next 10th frame, moreover, the counter value
is reset again to “0”, and the full scan is done in the positive
polarity (+) inverted from the negative polarity (-) of the 9th
frame. These actions are repeated in the following.

[0318] FIG. 20 is a diagram for explaining the refreshing
actions of the case in which the window access is made in
the first method.

[0319] Here is shown the case in which the size is changed
from the window WID to a window WIDI1 for the frame
period of the 2nd frame.

[0320] In the first method, when the window access is
made at the 2nd frame (in the positive polarity (+)) in the
partial scan, as described above, the full scan is done at the
next 3rd frame (in the negative polarity (=)).

[0321] At the next 4th frame (in the positive polarity (+)),
moreover, the partial scan is done for the window WID1
after the size change, and the full scan is done again at the
5th frame (or the Oth frame) (in the negative polarity (-))
after the partial scan.

[0322] At the subsequent 6th to 9th frames (or the 1st to
4th frames), the partial scan is done while inverting the
polarities for every frames.
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[0323] At the next 10th frame, moreover, the counter value
is reset again to “0”, and the full scan is done in the positive
polarity (+) inverted from the negative polarity (<) of the 9th
frame. These actions are repeated in the following.

[0324] Thus, the power consumption can be made without
degrading the display quality even when the flickers are
made to appear by the window access such as the size
change.

[0325] Anexample of circuit configuration for implement-
ing the first method is shown in FIG. 21.

[0326] Here, “ACC” denotes a signal which takes the
logic level “H” when the aforementioned window access is
made. “FR” denotes a polarity inverting signal or a pulse
signal to be supplied for every frames. “FRC<0:7>" denotes
a signal of 8 bits having a frame period set in a frame interval
register. “VCOM?” denotes a timing signal for inverting the
polarity of the common electrode and a signal to be inverted
in synchronism with the FR signal, as shown in FIG. 21.
“FULLSCAN” denotes a signal for doing the aforemen-
tioned full scan. The scan drive is done irrespective of the
display area and the non-display area at the scan timing of
the scan lines when the logic level of the FULLSCAN is at
the “H”.

[0327] The FR is supplied to the clock (C) terminals of the
SDFF1, the SDFE2, the DFF1, the DFF2 and the FC. The
SDFF1 and the SDFF2 are set D flip-flops, and the DFF1 and
the DFE2 are D flip-flops. The FC is a frame counter of 8 bits
and is incremented by 1 in synchronism with the edge of the
signal inputted to the C-terminal and reset with the internal
counter value by the signal inputted to the reset (R) terminal.

[0328] The inverted output data (XQ) terminal of the
DFF2 is mutually connected with the data (D) terminal, and
the output data (Q) terminal is the VCOM.

[0329] The ACC is supplied to the set (S) terminal of the
SDFF1.
[0330] The D-terminals of the SDFF1 and the SDFF2 are

connected with the ground level, and the D-terminal of the
DFF1 is connected with the Q-terminal of the SDFF1.

[0331] The FRC<0:7>is supplied to the COMP. This
COMP is a comparator of 8 bits for deciding whether or not
the 8-bit outputs C<0:7>and FRC<0:7>0f the FC are equal
for every bits.

[0332] The output of the COMP is supplied to the S-ter-
minal of the SDFF2 and the R-terminal of the FC through
DLY. DLY denotes a delay element. When the output of the
FC is identical to the FRC<0:7>, the counter value of the FC
is reset after lapse of a given delay time.

[0333] The OR operation between the output of the Q-ter-
minal of the DFF1 and the output of the Q-terminal of the
SDFF2 is the FULLSCAN.

[0334] FIGS. 22A,22B, 22C and 22D are timing charts in
the circuit shown in FIG. 21.

[0335] Here, FIG. 22A is a timing chart showing the
refresh control by this circuit in the case of the window
access when the VCOM has a positive logic at the 2nd
frame. FIG. 22B is a timing chart showing the refresh
control by this circuit in the case of the window access when
the VCOM has a negative logic at the 2nd frame. FIG. 22C



US 2002/0196243 Al

is a timing chart showing the refresh control by this circuit
in the case of the window access when the VCOM has a
positive logic at the 3rd frame. FIG, 22D is a timing chart
showing the refresh control by this circuit in the case of the
window access when the VCOM has a negative logic at the
3rd frame.

[0336] Thus, the logic level of the FULLSCAN is at the
“H” at the frame subsequent to the frame of the window
access. When the FULLSCAN takes the logic level “H”, for
example, the LCD controller 60 scans and drives the scan
lines irrespective of the display area and the non-display
area by supplying the a command to the gate driver 50. Thus,
the full scan is done by the gate driver 50.

[0337] 2.2.4 Second Method

[0338] In the first method, in the case of the window
access, the frame period for the full scan is fixed, and the full
scan Is done at the next frame. As shown in FIG. 20,
therefore, the full scan is done at the 3rd frame and the 5th
frame both in the negative polarity (-), and the disorder feel
maybe emphasized for the observer watching the screen.

[0339] In the second method, therefore, the full scan is
done at the frame subsequent to the frame of the window
access, and the counter value of the frame counter is reset so
that the full scan is subsequently done for a given odd frame
period of three or more periods.

[0340] FIG. 23 is a diagram for explaining the refreshing
actions of the case in which the window access is made in
the second method.

[0341] Here is shown the case in which the size is changed
from the window WID to a window WIDI1 for the frame
period of the 2nd frame.

[0342] In the second method, when the window access is
made at the 2nd frame (in the positive polarity (+)) in the
partial scan, as described above, the full scan is done at the
next 3rd frame (in the negative polarity (-)). At this time, the
frame counter is reset to do the full scan in the negative
polarity (=) inverted from the polarity of the 2nd frame.

[0343] At the subsequent 4th to 7th frames (or the 1st to
4th frames), the partial scan is done while inverting the
polarities for every frames.

[0344] At the next 8th frame, moreover, the counter value
is reset again to “0”, and the full scan is done in the positive
polarity (+) inverted from the negative polarity (-) of the 7th
frame. These actions are repeated in the following.

[0345] Thus, the disorder feel by the full scan of the same
polarity is not emphasized by the window access such as the
size change so that the display quality can be better
improved.

[0346] FIG. 24 shows one example of the circuit configu-
ration for implementing the second method.

[0347] Note that components corresponding to those in the
circuit of FIG. 21 are denoted by the same reference
numbers and further description thereof is omitted.

[0348] The circuit shown in FIG. 24 is different from that
shown in FIG. 21 in that the AND output between the
inverted output from the SDFF1 and the output of the DLY
is supplied to the R-terminal of the FC.
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[0349] FIGS. 25A, 25B, 25C and 25D show timing charts
in the circuit shown in FIG. 24.

[0350] Here, FIG. 25A is a timing chart showing the
refresh control by this circuit in the case of the window
access when the VCOM has a positive logic at the 2nd
frame. FIG. 25B is a timing chart showing the refresh
control by this circuit in the case of the window access when
the VCOM has a negative logic at the 2nd frame. FIG. 25C
is a timing chart showing the refresh control by this circuit
in the case of the window access when the VCOM has a
positive logic at the 3rd frame. FIG. 25D is a timing chart
showing the refresh control by this circuit in the case of the
window access when the VCOM has a negative logic at the
3rd frame.

[0351] Thus, the logic level of the FULLSCAN is at the
“H” at the frame subsequent to the frame of the window
access, and the counter value of the FC is reset to “0”. From
now on, therefore, the full scan is done at a given odd frame
period of three or more frames held in the frame interval
register from the frame subsequent to the frame of the
window access.

[0352] 2.2.5 Third Method

[0353] In the second method, in the case of the window
access, the full scan is done at the subsequent frame and is
subsequently done for the odd frame periods from the
subsequent frame.

[0354] 1In case the frame frequency is especially low,
however, the display quality may be degraded for the frame
of the window access.

[0355] In the third method, therefore, in addition to the
second method, the frame of the window access is fully
scanned at and after the timing of the window access.

[0356] FIG. 26 is a diagram for explaining the refreshing
actions of the case in which the window access is made in
the third method.

[0357] Here is shown the case in which the size is changed
from the window WID to a window WID1 for the frame
period of the 2nd frame.

[0358] In the third method, when the window access is
made at the 2nd frame (in the positive polarity (+)) in the
partial scan, as described above, the full scan is done at the
next 3rd frame (in the negative polarity (-)). If the window
access at the 2nd frame of the window access is then timed
between the scan timing of the (NO-1)-th line and the scan
timing of the NO-th line, the scan lines are scanned and
driven at and after the NO-th line irrespective of the display
area and the non-display area.

[0359] At the 4th to 7th frames (or the 1st to 4th frames)
subsequent to the 3rd frame (or the Oth frame), the partial
scan is done while inverting the polarities for every frames.

[0360] At the next 8th frame, moreover, the counter value
is reset again to “0”, and the full scan is done in the positive
polarity (+) inverted from the negative polarity (<) of the 7th
frame. These actions are repeated in the following.

[0361] Thus, even in the case of the low frame frequency,
the display quality does not become low at the frame of the
window access such as the size change. Therefore, it is
possible to make compatible the low power consumption
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resulting from the drop in the frame frequency and the
prevention of the drop in the display quality.

[0362] FIG. 27 shows one example of the circuit configu-
ration for implementing the third method.

[0363] Note that components corresponding to those in the
circuit of FIG. 24 are denoted by the same reference
numbers and further description thereof is omitted.

[0364] The circuit shown in FIG. 27 is different from that
shown in FIG. 24 in that an SDFF3 is provided in place of
the DFF1. The S-terminal of the SDFF3 is supplied with the
ACC.

[0365] With this configuration, the hold data of the SDFF3
are set a synchronously of the FR while being timed with the
occurrence of the window access. By the set hold data,
moreover, the FULLSCAN is caused to take the logic level
“H” midway of the frame of the window access.

[0366] FIGS.28A, 28B, 28C and 28D show timing charts
in the circuit shown in FIG. 27.

[0367] Here, FIG. 28A is a timing chart showing the
refresh control by this circuit in the case of the window
access when the VCOM has a positive logic at the 2nd
frame. FIG. 28B is a timing chart showing the refresh
control by this circuit in the case of the window access when
the VCOM has a negative logic at the 2nd frame. FIG. 28C
is a timing chart showing the refresh control by this circuit
in the case of the window access when the VCOM has a
positive logic at the 3rd frame. FIG. 28D is a timing chart
showing the refresh control by this circuit in the case of the
window access when the VCOM has a negative logic at the
3rd frame.

[0368] Thus, the logic level of the FULLSCAN is at the
“H” at the frame midway of the frame of the window access
in synchronism with the ACC. In the next frame, too, the
logic level of the FULLSCAN is also at the “H”, and the
counter value of the FC is reset to “0”.

[0369] At the frame of the window access, therefore, the
scan lines at and after the window access timing are scanned
and driven irrespective of the display area and the non-
display area. From now on, the full scan is done for the odd
frame period held in the frame interval register from the
frame subsequent to the frame of the window access.

[0370] Here, the circuit for specifying the third method
can be made in the following manner. At the time of the
window access when the full scan is done for the N1 (odd)
frame period, for example, the frame counter is not reset in
its counter value but is forcibly loaded with (N1-1). At the
next frame, therefore, the counter value of the frame counter
can be reset for the actions similar to those of the afore-
mentioned circuit.

[0371] FIG. 29 shows a modification of circuit configu-
ration for implementing the third method.

[0372] Note that components corresponding to those in the
circuit of FIG. 27 are denoted by the same reference
numbers and further description thereof is omitted.

[0373] The circuit shown in FIG. 29 is different from the
circuit shown in FIG. 27 in that the FC is provided with the
load (L) terminal and the DATA<0:7>terminal to supply the
output of the DLY to the S-terminal of the SDFF2 and the
R-terminal of the FC.
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[0374] The L-terminal of the FC is supplied with the ACC.
The DATA<0:7>terminal of the FC is supplied with the
FRC-1<0:7>. The FRC-1<0:7>is 8-bit data which are cal-
culated by subtracting only 1 from the 8-bit data expressed
by the FRC<0:7>.

[0375] The FC loads the internal counter value with the
8-bit data inputted to the DATA<0:7>terminal when the
signal inputted to the L-terminal takes the logic level “H”.

[0376] With this configuration, too, the hold data of the
SDFF3 are set a synchronously of the FR while being timed
with the window access. By the set hold data, moreover, the
FULLSCAN takes the logic level “H”midway of the frame
of the window access.

[0377] At the next frame of the window access, moreover,
the FC takes the counter value “0”, and the FULLSCAN
takes the logic level “H”.

[0378] 2.3 Window Management

[0379] As described hereinbefore, the LCD controller 60
in this embodiment is enabled to do the window display by
setting the display area and the non-display area individually
for the signal driver 30 and the scan driver 50.

[0380] In this embodiment, in order to manage one or
more windows on the screen of the LCD panel 20, the RAM
64 is stored thereon with the window management data (or
partial display control data in a wide sense) so that the
display controls of the individual windows are made on the
basis of those window management data. More specifically,
the window management data are made to correspond to the
display areas of the LCD panel 20 so that one or more
windows to be displayed on the LCD panel 20 are managed
on the basis of the window management data corresponding
to the display areas.

[0381] For example, the display of the LCD panel 20
corresponding to the address, at which the window manage-
ment data are set at “1” can be positioned in the display area,
and the display of the LCD panel 20 corresponding to the
address, at which the window management data are set at
“0” can be positioned in the non-display area.

[0382] In this embodiment, the display controls of the
individual windows are performed on the basis of those
window management data in units of area blocks or line
blocks divided at every eighth scan line specified by the
band partial data, depending on the action mode.

[0383] FIGS. 30A, 30B and 30C are schematic diagrams
for explaining the window management data in the indi-
vidual action modes.

[0384] Here, it is assumed that the screen size (or the
display area) of the LCD panel 20 has 176x144 pixels.

[0385] When the display area or the non-display area set
for the screen of the LCD panel 20 is set at the pixel unit,
for example, the LCD controller 60 has to retain a memory
area of 18 bits (i.e., 6 bits (gradation data)x3 (individual
RGB colors)) of the image data for 176x144 pixels.

[0386] In the first mode set by the mode setting register
336 in this embodiment, on the other hand, the display area
or the non-display area is specified in units of area blocks for
the screen of the LCD panel 20.
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[0387] Here, the area block is given a unit of the area, in
which the signal lines are divided in units of eight pixels
whereas the scan lines are divided in units of eight lines.

[0388] As shown in FIG. 30B, therefore, the LCD con-
troller 60 retains a memory area of the image data for 22x18
area blocks. It is, therefore, it is possible to drastically
reduce the memory area to be retained in the RAM 64.

[0389] In the second mode to be set by the mode setting
register 336, on the other hand, the display area or the
non-display area to be set for the screen of the LCD panel
20 is specified in units of eight scan lines only in the array
direction of the scan lines by the band partial data.

[0390] As shown in FIG. 30C, therefore, the LCD con-
troller 60 holds the band partial data for the 18 line blocks
in the band partial data register 338 of the control register
330. Therefore, it is unnecessary to keep the memory area in
the RAM 64.

[0391]

[0392] In the first mode, on the basis of the window
management data managed in units of area blocks, the
window is displayed at the corresponding position of the
display area of the L.CD panel 20.

[0393] The coordinates specification performed when the
window display is based on the window management data
managed in units of pixels is schematically illustrated in
FIG. 31 as a comparison example.

[0394] In this case, the LCD controller 60 specifies the
lefthand upper coordinates LU (Xg, Y) and the right hand
lower coordinates RD (X, Yy) of a display area 502 so that
a rectangular window may be displayed in the display area
502 of a display area 500 of the LCD panel 20.

[0395] In case the window management data are managed
in units of pixels, therefore, the bit number necessary for
specifying the individual coordinates is “8” so as to specify
176x144 pixels. In other words, at least 32 bits (ie., (8
bits+8 bits)x2) are necessary for setting the display area 502.
In case three windows can be simultaneously managed with
the window management data, 96 bits are necessary for
setting the display area.

[0396] FIG. 32 schematically illustrates the coordinates
specification in the first mode when the window display is
based on the window management data to be managed in
units of the area blocks.

[0397] In the first mode, the LCD controller 60 specifics
the leftward upper coordinates LU (XBg, YBg) and the
rightward lower coordinates RD (XBg, YBg) so that a
rectangular display window may be displayed in a display
area 512 of a display region 510 of the LCD panel 20.

2.3.1 First Mode

[0398] The window management data (or the area-block-
display control data) to be managed in units of area blocks
have a bit number “5” necessary for each coordinate position
so as to specify any of the 22x18 area blocks. In other words,
at least 20 bits ((5 bits+5 bits)x2) are necessary for setting
the display area 512. If three windows are simultaneously
managed by the window management data, 60 bits are
sufficient for setting the display area so that the window
specification can be made more efficient than that of the case
in which the window is managed at the pixel unit.
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[0399] Here, in case the scan lines are extended in the
B-direction of the LCD panel 20, it is assumed that the scan
driver 50 for scanning and driving the scan lines is arranged
at a position shown in FIG. 33 with reference to the LCD
panel 20.

[0400] At first, the LCD controller 60 is set by the host
with the window management data corresponding to the
display area or the non-display area.

[0401] The LCD controller 60 for making the aforemen-
tioned partial display control scans the window management
data 520 set at each area block unit, along a scan direction
522.

[0402] 1In case at least one area block set with “1” exists
when the window management data 520 are scanned for
each line along the scan direction, the command sequencer
(or the scan drive circuit setting section and the signal drive
circuit setting section in a wide sense) 70 of the LCD
controller 60 decides that the scan drive of the correspond-
ing scan line is ON, and sets the display area for the scan
driver 50 and the signal driver 30. More specifically, the
command sequencer 70 sets the partial scan display select
register of the scan driver 50 on the basis of the partial scan
display data 322, and sets the block output select register and
the partial display select register of the signal driver 30 on
the basis of the block output select data 31 and the partial
scan data 314. Moreover, the command sequencer 70 sup-
plies the scan enable input/output signal GEIO to the scan
driver 50 in accordance with the scan timing of the scan
lines, and supplies the image data sequentially for one scan
line to the signal driver 30 for a given horizontal scan period.

[0403] In case all the area blocks of one line are set at “0”
when the data are scanned along the scan direction 522, on
the other hand, it is decided that the scan drive of the
corresponding scan line is OFF. For the LCD panel 20, as
described above, it is necessary that the scan drive is
periodically made to release the electric charge stored in the
liquid crystal capacitor, by the leakage of the TFT. There-
fore, the scan line, as decided at the scan drive OFF, is
scanned and driven for an arbitrary odd frame period from
a given reference frame but is not for the remaining periods.
Therefore, the LCD controller 60 (or the command
sequencer 70) supplies the output enable signal XOEV only
for the scan drive period in accordance with the scan timing
of the corresponding scan line.

[0404] Here, the reference frame is the frame which cor-
responds to the access timing to any of the aforementioned
signal driver setting register 310, canning driver setting
register 320 and control register 330 at the event of the
generation, extinguishment or change of the widow. In other
words, from the frame for which the displayed window is
changed, the scan lines of the non-display area are scanned
and driven for an arbitrary odd frame period by making an
access to those various registers.

[0405] Here, the signal driver 30 and the scan driver 50 are
controlled in their outputs in units of 24 outputs and 8 scan
line outputs, as described hereinbefore, so that the windows
are specified in units of 24 outputs or 8 scan lines. Although
not limited thereto, however, the LCD controller 60 can also
manage the window management data at the pixel unit.

[0406] Here, it has been described that the each line block
or the output control section of the signal driver 30 and the
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scan driver 50 has the unit of 24 outputs or 8 scan lines.
Although not limited thereto, however, the unit of 24 or less
outputs or 8 or less scan lines can be used for each line block.

[0407] 2.3.2 Second Mode

[0408] FIG. 34 schematically shows the coordinates
specification in the second mode when the window display
is based on the band partial data.

[0409] In the second mode, the LCD controller 60 sets the
display area or the non-display area in units of 8 scan lines
based on the band partial data (or the band-partial-display
control data) so as to set a display area 552 in a display
region 550 of the LCD panel 20.

[0410] In order to set the display area 552, therefore, the
necessary bit number is only 1 bit in units of 8 scan lines. As
aresult, it is possible to drastically reduce the bit number for
setting the display area.

[0411] Here, it is assumed that the scan lines are extended
in the B-direction of the LCD panel 20, as shown in FIG. 33.
At first, the LCD controller 60 is set by the not-shown host
with the band partial data corresponding to the display area
or the non-display area.

[0412] In the second mode, the LCD controller 60 for the
aforementioned partial display control refers to the band
partial data, and decides that the scan drive of the scan line
of the line block set at “1” 1s ON. In this case, the command
sequencer (or the scan drive circuit setting section in a wide
sense) 70 of the LCD controller 60 sets the display area for
the scan driver 50. More specifically, the command
sequencer 70 sets the partial scan display select register of
the scan driver 50 on the basis of the partial scan display data
322. Moreover, the command sequencer 70 supplies the scan
enable input/output signal GEIO to the scan driver 50 in
accordance with the scan timing of the corresponding scan
line. The command sequencer 70 supplies the image data
sequentially for each scan line to the signal driver 30 for a
given horizontal scan period.

[0413] On the other hand, it is decided that the scan drive
of the corresponding scan line of the line block set with the
band partial data at “0” is OFF. For the LCD panel 20, as
described above, it is necessary that the scan drive is
periodically made to release the electric charge stored in the
liquid crystal capacitor, by the leakage of the TFT. There-
fore, the scan line, as decided at the scan drive OFFE, is
scanned and driven for an arbitrary odd frame period from
a given reference frame but is not for the remaining periods.
Therefore, the LCD controller 60 (or the command
sequencer 70) supplies the output enable signal XOEV only
for the scan drive period in accordance with the scan timing
of the corresponding scan line.

[0414] The LCD controller 60 in this embodiment con-
templates to make the memory capacitor efficient and to
simplify the display window specification by realizing the
mode switching by such mode setting register 336.

[0415] 2.4 Generation of Standard Data

[0416] The LCD controller 60 sets the display area for the
signal driver 30 and the scan driver 50, as described above,
and supplies the signal driver 30 with the image data
corresponding to that display area. These image data is
generated by the user, for example, and are supplied to the
LCD controller 60.
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[0417] Here, the aforementioned signal driver 30 is
enabled to correspond to the change in the panel size of the
LCD panel 20 by the block output select data. Therefore, no
signal drive is done on the signal lines of the unnecessary
line block. In case the generated image data are supplied to
the LCD controller 60, therefore, the user is required to
grasp what line block the signal drive is not done on its
signal lines for. In other words, the user has to work the
generated image data and to supply them to the LCD
controller 60 so that the normal image can be displayed
when the signal drive is done while excluding that line
block.

[0418] 1In order to improve the usability for the user,
therefore, the LCD controller 60 in this embodiment is
enabled to generate the image data for the signal driver 30
in accordance with the block output select data. As a result,
the user may supply the generated image data as they are to
the L.CD controller 60 without recognizing the block output
select data set in the signal driver 30 (that is, without
grasping what line block the signal drive is not done for).

[0419] This point will be specifically described in the
following.
[0420] Here, it is assumed that the display region of the

LCD panel 20 is divided into six line blocks in the B-di-
rection so that no consideration is made on the A-direction.
It is also assumed that the signal driver 30 can drive the
signals of the signal lines of the eight line blocks divided in
units of 24 outputs, for example.

[0421] When the signal drive is done by the signal driver
30 for the LCD panel 20, the two line blocks in the vicinity
of the center are eliminated from the block output select data
so as to drive the signal lines of the six line block. As shown
in FIG. 35, more specifically, the display area of “11100111”
is set by the block output select data, for example, when the
system is ON.

[0422] Therefore, the signal driver 30 drives only the
signal lines of the BLK0 to BLK2 and BLKS to BLK7, and
sets the outputs of the signal line drive circuit of the BLK3
and BLLK4 to a high impedance state. The BLK0 to BLK2
and the BLKS to BLK7 of the signal driver 30 drive the
signal lines of the block numbers 0 to 5 of the LCD panel 20,
respectively.

[0423] Here is considered the case in which the user
generates the image data of four line blocks in the B-direc-
tion for the LCD panel 20.

[0424] FIG. 36 schematically shows a picture image
which is created by the user, for example.

[0425] When the user creates a picture image of one frame
for four line blocks in the B-direction and displays the image
in a display area 602 of the display region of the LCD panel
20, the user sets the line block corresponding to the display
area to “1” for the partial display data of the six line blocks
or the display region.

[0426] Generally, the user (or the image developer) does
not grasp what line block is to be used for the signal driver
30 to drive the signal of the LCD panel 20. This is because
what signal line of the signal driver 30 for driving the signal
of the LCD panel 20 is to be used is arbitrarily determined
by the designing plane on the maker side. Therefore, the user
sets the totally four line blocks of block numbers 1 to 4 of
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the block numbers 1 to 5, as the display area. In short, the
user sets “011110” as partial display data PARTu.

[0427] In this case, as shown in FIG. 37, the display area
set by the user is superposed over the BLK3 and BLK4 of
the signal driver 30 by the partial display data PARTu. Even
if an image stream (or image data) is supplied to correspond
to the partial display data PARTu, therefore, only the line
block, for which both the block output select data and the
partial display data are set to “1”, is driven so that an image
610 is displayed.

[0428] In this embodiment, therefore, the partial display
data PARTu corresponding to the line block set at “0” in the
block output select data can be shifted to display the image
corresponding to the display area correctly without any
consideration of the user into the set value of the block
output select data. Correspondingly, moreover, the image
stream is shifted to generate an image stream of the standard
format.

[0429] As shown in FIG. 38, more specifically, the partial
display data PARTu corresponding to the line block set at
“0” with the block output select data are converted into the
partial display data PART which are shifted to the line block
set at “1” with the block output select data. Moreover, these
partial display data PART are supplied to the signal driver
30. Still moreover, dummy image data are inserted into the
image stream corresponding to the position which has been
shifted at the conversion time. Thus, the signal lines of the
block numbers 3 and 4 of the LCD panel 20 can be driven
on the basis of the image stream corresponding to the BLK
5 and BLK® of the signal driver 30 so that a correct image
620 can be displayed in the display area.

[0430] Therefore, the LCD controller 60 in this embodi-
ment includes a partial display data conversion circuit for
converting the partial display data PART from the partial
display data PARTu.

[0431] FIG. 39 shows one example of the partial display
data conversion circuit.

[0432] FFg ;o to FFy; .- are reset with a reset signal
RESET to latch totally eight bits of block output select data
BLK<0:7>individually in synchronism with the clock signal
BCLK.

[0433] FFp,gro to FF, o1 are reset with the reset signal
RESET to latch totally eight bits of partial display data
PARTu<0:7>, as set by the user, individually in synchronism
with a clock signal PCLK.

[0434] The Q-terminals of the FFy; . to FFg; ., and the
FFpartro 10 FFpagrr are connected with a selector circuit
SEL.

[0435] The selector circuit SEL,,, as connected with the
Q-terminals of the FFy; &, and FF,, z 1y, selects and outputs
the partial display data outputted from the Q-terminal of the
FF,;,xr..1» When the block output select data outputted from
the Q-terminal of the FFy; -, are “0”. The selector circuit
SEL  connected with the Q-terminals of the FFy; g, and
FF _ sclects and outputs the partial display data outputted
from the Q-terminal of the FFp,xr,, when the block output
select data outputted from the Q-terminal of the FFy; 4, are
“17.

[0436] For the line block in which the block output select
data are set at “0”, therefore, there are generated the partial
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display data PART (or the second partial display data), to
which the partial display data PARTu (or the first partial
display data) are sequentially shifted.

[0437] The LCD controller 60 (or the command sequencer
(or the block output select data setting section and the partial
display data setting section in a wide sense) 70 sets not only
the block output select data but also the partial display data
PART for the corresponding data of the signal driver 30.

[0438] Likewise, the image data generation circuit 300
generates the image data, in which the dummy image data
are inserted into that shifted line block, and supplies the
image stream of the eight line blocks of the standard format
to the signal driver 30.

[0439] When the P-th block set in the display area with the
partial display data PARTu (or the first partial display data)
by the user, for which the display area or the non-display
area was designated, is specified as the line block which is
not driven by the block output select data, more specifically,
the image data generation circuit 300 converts the image
data corresponding to the P-th block of the image data to be
supplied to the signal driver 30, into the image stream
shifted as the image data of the (P+1)-th block. Moreover,
this converted image stream is supplied by the command
sequencer 70.

[0440] Without recognizing the set value of the block
output select data, as described above, the user can display
the correct image in the display area set by using the signal
driver 30 which can be softly adapted to the panel size of the
LCD panel 20.

[0441]

[0442] The LCD controller 60 can supply the image
stream to the signal driver 30 in the following manner.

[0443] More specifically, a serial image stream may be
provided before or after the transmission of a command
(CMDD) which sets the display area, as shown in FIGS.
40A and 40B. The command (CMDD) may include the
settings of the block output select register and the partial
display select register of the signal driver 30, for example.

[0444] In case the serial image stream is provided after the
command (CMDD) which sets the display area is transmit-
ted, as shown in FIG. 40A, what is provided is only the
image data corresponding to the display area, so that the
amount of the image data to be provided can be reduced.
Moreover, since the image stream is provided after the
command transmission, the fetch of the image data for the
non-display area set by the command can be avoided,
leading to the power consumption.

[0445] If the command (CMDD) which sets the display
area is transmitted after the serial image stream is sent, as
shown in FIG. 40B, it is necessary to provide image data for
the whole area of the display region. However, since the
generation steps of the image data can be simplified, the
image data is stably provided even when the processing time
period is shortened as the frame frequency becomes the
higher or as the image size becomes the larger.

[0446]

[0447] Here will be specifically described one example of
the partial display control by the LCD controller 60 in this
embodiment.

2.5 Command transmission

2.6 One Example of Display Control Timing
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[0448] FIG. 41 shows one example of the action timings
of the signal driver 30 controlled on its partial display by the
LCD controller 60 in this embodiment.

[0449] In the signal driver 30 for which the display area or
the non-display area is specified in units of the line blocks
by the LCD controller 60, as described above, in synchro-
nism with the clock signal CLK, the enable input/output
signal EIO is shifted, and the shift register generates EIO1
to EIOL (L indicates a natural number of 2 or more). In
synchronism with the individual EIO1 to EIOL, moreover,
the image data (DIO) are sequentially latched by the line
latch.

[0450] In synchronism with the rise of the horizontal
synchronizing signal LP, the line latch 36 latches the image
data at one horizontal scan unit and drives the signal line by
the DAC 38 and the signal line drive circuit 40 from the fall.

[0451] The signal line of the line block set in the display
area is driven by the LCD controller 60 on the basis of the
drive voltage generated on the basis of the gradation data.
For the signal line of the line block set in the non-display
area, on the other hand, either the common electrode voltage
Veom or one of the two end voltages of the gradation
voltage level is selected and outputted by the LCD controller
60.

[0452] Moreover, the signal lines of the line block for the
non-selection of the block output are set in the high-
impedance state (not shown).

[0453] FIG. 42 shows one example of the action timings
of the scan driver 50 controlled on its partial display by the
LCD controller 60 in this embodiment.

[0454] Here, it is assumed that only the block B1 is set at
the display area by the LCD controller 60 whereas the
remaining blocks B0, B2, . . . and so on are set at the
non-display areas.

[0455] The scan driver 50 scans and drives all the scan
lines corresponding to the blocks B0 to BQ sequentially at
the 1st frame and the 4th frame, for example, as described
above, and only the scan lines of the block Bl set in the
display area at the 2nd frame and the 3rd frame, for example.

[0456] In the scan driver 50, more specifically, at the 2nd
frame and the 3rd frame, the enable input/output signal EIO
is supplied only to the scan lines of the block set in the
display area. Therefore, the scan driver 30 scans and drives
only a period T11 corresponding to the display area. At this
time, the signal driver to be controlled by the LCD controller
60 drives the signal lines on the basis of the image data
corresponding to the display area. Thus, it is sufficient to do
the drive only at the scan timing corresponding to the display
area, and a scan drive halt period T12 can be provided at the
2nd frame and the 3rd frame.

[0457] At the 2nd frame and the 3rd frame, therefore, the
scan drive is not required for the scan drive interrupt period
so that the power consumption can be accordingly reduced.

[0458] Here in each frame, such a given non-display level
voltage is supplied to the signal lines of the non-display area
by the signal driver 30 that the voltage to be applied to the
liquid crystal capacitor may not exceed a given threshold
value. Therefore, it is possible to set the window for dis-
playing a desired image only in the set display area.
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[0459] 2.7 Starting Sequence

[0460] The LCD controller 60 thus far described makes
the display control of an LCD panel by controlling the signal
driver 30 and the scan driver 50 in accordance with the
contents set by the host such as the CPU.

[0461] In case the display device in this embodiment is
individually started without considering the sequence after
the start (i.e., the sequence after the LCD controller was
started), it may be caused to normally act by such a failure
that parameters are transmitted to the circuit which is not
started.

[0462] In the following embodiment of the present inven-
tion, the signal driver 30 and scan driver 50 are started by the
steps described below, before a desired image is displayed.

[0463] FIG. 43 schematically shows the starting sequence
of the display device in this embodiment.

[0464] At first, the resets are activated all at once when the
system power is turned ON. After this, the LCD controller
60 is started from the host (by CPU1). This can be realized
by releasing the reset of the LCD controller 60, for example.

[0465] 1In response to this, the LCD controller 60 is started
(at CNT1).
[0466] Moreover, the host transmits the parameters such

as the frequencies of the boost/step-down clocks for deter-
mining the boosting efficiency and the step-down efficiency
of the power circuits (CNT2). In this embodiment, the power
circuit is controlled by the LCD controller 60. Then, the
LCD controller 60 starts the power circuit (or releases the
reset) (CNT2) and awaits the lapse of a given wait cycle
(CNT3). After lapse of the wait cycle, the LCD controller 60
starts the signal driver 30 (or releases the rest) (CNT4) and
starts the scan driver 50 (CNTS).

[0467] In response to the instruction from the LCD con-
troller 60, the signal driver 30 and the scan driver 50 are
started (SDR1 and GDR1).

[0468] Next, the LCD controller 60 transmits the system
enable signal (CNT6) to inform the host of the preparation
for starting the display device. In response to this, the host
initializes the system (CPU3).

[0469] Moreover, the host transmits the signal driver
parameters and the scan driver parameters to the LCD
controller 60 (CPU4 and CPUS). Here, the signal driver
parameters are the setting data for the block output select
register or the setting data for the partial display select
resistor. Moreover, the scan driver parameters are the setting
data for the partial scan display select register.

[0470] Inresponse to the signal driver parameters from the
host, the LCD controller 60 sets the signal driver 30 in
accordance with the contents (CNT7 and SDR2). In
response to the scan driver parameters from the host, the
LCD controller 60 sets the scan driver 50 in accordance with
the contents (CNT8 and GDR2).

[0471] Then, the host transmits the image stream to the
LCD controller 60 (CPUS6), and the LCD controller 60
controls the display for the signal driver 30 and the scan
driver 50 (CNT9). The signal driver 30 and the scan driver
50 do the signal drive (SDR3) and the scan drive (GDR3) to
cause the liquid crystal panel of the display device to display
the image.
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[0472]

[0473] This embodiment has been described on the liquid
crystal device having the LCD panel using the TFT liquid
crystal, but should not be limited thereto. For example, the
invention can also be applied to a signal driver or a scan
driver for displaying and driving an organic EL panel
including organic EL elements disposed to correspond to the
pixels defined by signal lines and scan lines.

[0474] FIG. 44 shows one example of a two-transistor
type pixel circuit in the organic EL panel, the display of
which is controlled by such signal driver and scan driver.

[0475] The organic EL panel is provided at the cross point
between a signal line S_, and a scan line G, with a drive TFT
800, a switch TFT 810__, a hold capacitor 820, and an
organic LED 830, . The drive TFT 800__ is constructed of
a p-type transistor.

[0476] The drive TFT 800,  and the organic LED 830,
are connected in series with the power line.

[0477] The switch TFT 810, is interposed between the
gate electrode of the drive TFT 800, and the signal line S,
The gate electrode of the switch TFT 810, is connected
with the scan line G,

[0478] The hold capacitor 820, _ is interposed between the
gate electrode of the drive TFT 800, and the capacitor line.

[0479] When the scan line G, is driven in this organic EL
element to turn ON the switch TFT 810, the voltage of the
signal line S, is written in the hold capacitor 820, and is
applied to the gate electrode of the drive TFT 800, . The
gate voltage Vgs of the drive TFT 800, is determined by
the voltage of the signal line S_ to decide the electric current
to flow through the drive TFT 800,,,. The drive TFT 800,
and the organic LED 830__ are connected in series so that
the current to flow through the drive TFT 800, flows as it
is through the organic LED 830 .

[0480] By holding the gate voltage Vgs according to the
voltage of the signal line S, by the hold capacitor 820, , the
current corresponding to the gate voltage Vgs is supplied to
the organic LED 830, for one frame period, for example,
so that the continuously illuminating pixel can be realized in
that frame.

[0481] FIG. 45A shows one example of a four-transistor
type pixel circuit in the organic EL panel, the display of
which is controlled by the signal driver and the scan driver
thus far described. FIG. 45B shows one example of the
display control timings of the pixel circuit.

[0482] In this case, too, the organic EL panel is provided
with a drive TFT 900__, a switch TFT 910, , a hold
capacitor 920__ and an organic LED 930__.

[0483] The points different from the two-transistor pixel
element shown in FIG. 44 reside in that the pixel is supplied
with a constant current Idata in place of the constant voltage
from a constant current source 950, through a p-type TET
940, acting as the switch element, and in that the hold
capacitor 920, and the drive TFT 900, are connected with
the power line through a p-type TFT 960, acting as the
switch element.

[0484] In this organic EL element, the p-type TFT 960,
is turned OFF at first with a gate voltage Vgp to cut the

3. Others

nm?’

Dec. 26, 2002

power line, and the p-type TFT 940__, and the switch TFT
910 are turned ON with a gate voltage Vsel thereby to
supply the constant current Idata from the constant current
source 950 to the drive TFT 900_ .

[0485] Till the current to flow through the drive TFT
900 is stabilized, a voltage according to the constant
current Idata is held in the hold capacitor 920, .

[0486] Subsequently, the p-type TFT 940__ and the switch
TFT 910, are turned OFF with the gate voltage Vsel, and
the p-type TFT 960__ is turned ON with the gate voltage
Vgp thereby to connect the power line electrically with the
drive TFT 900__ and the organic LED 930__. At this time,
the current substantially equal to or according to the constant
current Idata is supplied to the organic LED 930, with the
voltage held in the hold capacitor 920, .

[0487] This organic EL element can be constructed by
exemplifying the scan line by the gate electrode Vsel and the
signal line by the data line.

[0488] The organic LED should not be limited in its
element structure but may be constructed such that a lumi-
nescent layer is formed over a transparent anode (ITO) and
provided thereover with a metal cathode or such that alu-
minescent layer, an optically transparent cathode and a
transparent seal are formed over a metal anode.

[0489] The present invention is not limited to the above-
described embodiments, and various modifications can be
made within the scope of the invention. For example, the
present invention can be applied to a plasma display device.

What is claimed is:

1. A display control circuit which controls display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting each other, the
display control circuit comprising;

an area-block-display control data storing section which
stores area-block-display control data used to set a
display area or a non-display area in units of area
blocks each of which includes a plurality of the signal
lines and a plurality of the scan lines;

a scan drive circuit setting section which sets the display
area or the non-display area in units of the area blocks
on the basis of the area-block-display control data, for
a scan drive circuit which sequentially performs scan-
driving of at least part of the 1st to N-th scan lines
corresponding to the display area; and

a signal drive circuit setting section which sets the display
area or the non-display area in units of the area blocks
on the basis of the area-block-display control data, for
a signal drive circuit which drives at least part of the 1st
to M-th signal lines corresponding to the display area.

2. The display control circuit as defined in claim 1, further

comprising;

a band-partial-display control data holding section which
holds band-partial-display control data used to set the
display area or the non-display area in units of line
blocks each of which includes a plurality of the scan
lines; and

a mode switching section which performs switching
between a first mode and a second mode,
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wherein the display area or the non-display area is speci-
fied in units of the area blocks for the scan drive circuit
and the signal drive circuit on the basis of the area-
block-display control data, in the first mode; and

wherein the display area or the non-display area is speci-
fied in units of the line blocks for the scan drive circuit
on the basis of the band-partial-display control data, in
the second mode.

3. A display control circuit which controls display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting each other, the
display control circuit further comprising:

a band-partial-display control data holding section which
holds band-partial-display control data used to set a
display area or a non-display arca in units of area
blocks each of which includes a plurality of the scan
lines; and

a scan drive circuit setting section which sets the display
area or the non-display area in units of the area blocks
on the basis of the band-partial-display control data, for
a scan drive circuit which performs scan-driving of the
1st to N-th scan lines.

4. The display control circuit as defined in claim 1,

wherein the scan drive circuit is controlled such that
scan-driving is performed on a display scan line which
is at least part of the 1st to N-th scan lines correspond-
ing to the display area, for every frame period, and that
scan-driving is also performed on a non-display scan
line which is at least part of the 1st to N-th scan lines
except the display scan line, for every three or more
odd frame periods from a given reference frame.

5. The display control circuit as defined in claim 3,

wherein the scan drive circuit is controlled such that
scan-driving is performed on a display scan line which
is at least part of the 1st to N-th scan lines correspond-
ing to the display area, for every frame period, and that
scan-driving is also performed on a non-display scan
line which is at least part of the 1st to N-th scan lines
except the display scan line, for every three or more
odd frame periods from a given reference frame.

6. A display control circuit which controls display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting each other, the
display control circuit comprising:

a setting section which sets a display area or a non-display
area for a scan drive circuit which performs scan-
driving of the 1st to N-th scan lines; and

a control section which controls the scan drive circuit
such that scan-driving is performed on a display scan
line which is at least part of the Ist to N-th scan lines
corresponding to the display area, for every frame
period, and that scan-driving is also performed on a
non-display scan line which is at least part of the 1st to
N-th scan lines except the display scan line, for every
three or more odd frame periods from a given reference
frame.
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7. The display control circuit as defined in claim 4,

wherein the reference frame is next to a frame in which a
given display control event has occurred.
8. The display control circuit as defined in claim 5,

wherein the reference frame is next to a frame in which a
given display control event has occurred.
9. The display control circuit as defined in claim 6,

wherein the reference frame is next to a frame in which a
given display control event has occurred.
10. The display control circuit as defined in claim 7,

wherein the scan drive circuit is controlled such that
scan-driving is performed on the non-display scan line
in the frame in which the display control event has
occurred, for at least one scan period after the occur-
rence of the display control event.

11. The display control circuit as defined in claim 8§,

wherein the scan drive circuit is controlled such that
scan-driving is performed on the non-display scan line
in the frame in which the display control event has
occurred, for at least one scan period after the occur-
rence of the display control event.

12. The display control circuit as defined in claim 9,

wherein the scan drive circuit is controlled such that
scan-driving is performed on the non-display scan line
in the frame in which the display control event has
occurred, for at least one scan period after the occur-
rence of the display control event.

13. The display control circuit as defined in claim 7,

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.

14. The display control circuit as defined in claim 8,

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.

15. The display control circuit as defined in claim 9,

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.

16. The display control circuit as defined in claim 10,

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.

17. The display control circuit as defined in claim 11,

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.

18. The display control circuit as defined in claim 12,

wherein the display control event occurs on the basis of at

least one of the generation, extinguishment, movement

and size change of the display area or the non-display
area.

19. A display control circuit which controls display of an

electro-optical device having pixels specified by 1st to N-th

scan lines (N is a natural number) and 1st to M-th signal
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lines (M is a natural number) intersecting each other, the
display control circuit comprising:

a band-partial-display control data holding section which
holds band-partial-display control data used to set a
display area or a non-display area in units of area
blocks each of which includes a plurality of the scan
lines; and

a scan drive circuit setting section which sets the display
area or the non-display area in units of the area blocks
on the basis of the band-partial-display control data, for
a scan drive circuit which performs scan-driving of the
1st to N-th scan lines;

wherein the scan drive circuit is controlled such that
scan-driving is performed on a display scan line which
is at least part of the 1st to N-th scan lines correspond-
ing to the display area, for every frame period, and that
scan-driving is also performed on a non-display scan
line which is at least part of the 1st to N-th scan lines
except the display scan line, for every three or more
odd frame periods from a frame which is next to
another frame in which a given display control event
has occurred,;

wherein the scan drive circuit is controlled such that
scan-driving is performed on the non-display scan line
in the frame in which the display control event has
occurred, for at least one scan period after the occur-
rence of the display control event; and

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.

20. A display control circuit which controls display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and Ist to M-th signal
lines (M is a natural number) intersecting each other, the
display control circuit comprising:

a setting section which sets a display area or a non-display
area for a scan drive circuit which performs scan-
driving of the 1st to N-th scan lines; and

a control section which controls the scan drive circuit
such that scan-driving is performed on a display scan
line which is at least part of the Ist to N-th scan lines
corresponding to the display area, for every frame
period, and that scan-driving is also performed on a
non-display scan line which is at least part of the 1st to
N-th scan lines except the display scan line, for every
three or more odd frame periods from a given reference
frame,

wherein the reference frame is next to another frame in
which a given display control event has occurred,

wherein the scan drive circuit is controlled such that
scan-driving is performed on the non-display scan line
in the frame in which the display control event has
occurred, for at least one scan period after the occur-
rence of the display control event; and

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.
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21. An electro-optical device comprising:

pixels specified by 1st to N-th scan lines (N is a natural
number) and 1st to M-th signal lines (M is a natural
number) intersecting each other,

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 1.
22. An electro-optical device comprising:

pixels specified by 1st to N-th scan lines (N is a natural
number) and 1st to M-th signal lines (M is a natural
number) intersecting each other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 3.
23. An electro-optical device comprising:

pixels specified by 1st to N-th scan lines (N is a natural
number) and 1st to M-th signal lines (M is a natural
number) intersecting each other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 6.
24. An electro-optical device comprising:

pixels specified by 1st to N-th scan lines (N is a natural
number) and 1st to M-th signal lines (M is a natural
number) intersecting each other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 19.
25. An electro-optical device comprising:

pixels specified by 1st to N-th scan lines (N is a natural
number) and 1st to M-th signal lines (M is a natural
number) intersecting each other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 20.
26. The electro-optical device as defined in claim 21,

wherein the signal drive circuit includes:

a block output select data holding section which holds
block output select data used to instruct whether or
not signal-driving is performed in units of line blocks
each of which includes a plurality of the signal lines;

a partial display data holding section which holds
partial display data used to set a display area or a
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non-display area in units of line blocks each of which
includes a plurality of the signal lines; and

a signal line drive section which makes an output to a
signal line in a line block instructed not to perform
signal-driving by the block output select data into the
high impedance state, performs one of signal-driving
based on image data and provision of a given non-
display level voltage, on the basis of the partial
display data, for a signal line in a line block
instructed to perform signal-driving by the block
output select data, and

wherein the display control circuit includes:

a block output select data setting section which sets the
block output select data in the block output select
data holding section of the signal drive circuit;

a partial display data conversion section which converts
first partial display data which sets the display area
or the non-display area in units of the line blocks,
into second partial display data which is obtained by
shifting data in a P-th block (P is a natural number)
of the first partial display data to data in a (P+1)-th
block, when the P-th block set as the display area is
instructed not to perform signal-driving by the block
output select data; and

a partial display data setting section which sets the
second partial display data in the partial display data
holding section of the signal drive circuit.

27. The electro-optical device as defined in claim 22,

wherein the signal drive circuit includes:

a block output select data holding section which holds
block output select data used to instruct whether or
not signal-driving is performed in units of line blocks
each of which includes a plurality of the signal lines;

a partial display data holding section which holds
partial display data used to set a display area or a
non-display area in units of line blocks each of which
includes a plurality of the signal lines; and

a signal line drive section which makes an output to a
signal line in a line block instructed not to perform
signal-driving by the block output select data into the
high impedance state, performs one of signal-driving
based on image data and provision of a given non-
display level voltage, on the basis of the partial
display data, for a signal line in a line block
instructed to perform signal-driving by the block
output select data, and

wherein the display control circuit includes:

a block output select data setting section which sets
the block output select data in the block output
select data holding section of the signal drive
circuit;

a partial display data conversion section which con-
verts first partial display data which sets the dis-
play area or the non-display area in units of the
line blocks, into second partial display data which
is obtained by shifting data in a P-th block (P is a
natural number) of the first partial display data to
data in a (P+1)-th block, when the P-th block set
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as the display area is instructed not to perform
signal-driving by the block output select data; and

a partial display data setting section which sets the
second partial display data in the partial display
data holding section of the signal drive circuit.

28. The electro-optical device as defined in claim 23,

wherein the signal drive circuit includes:

a block output select data holding section which holds
block output select data used to instruct whether or
not signal-driving is performed in units of line blocks
cach of which includes a plurality of the signal lines;

a partial display data holding section which holds
partial display data used to set a display area or a
non-display area in units of line blocks each of which
includes a plurality of the signal lines; and

a signal line drive section which makes an output to a
signal line in a line block instructed not to perform
signal-driving by the block output select data into the
high impedance state, performs one of signal-driving
based on image data and provision of a given non-
display level voltage, on the basis of the partial
display data, for a signal line in a line block
instructed to perform signal-driving by the block
output select data, and

wherein the display control circuit includes:

a block output select data setting section which sets
the block output select data in the block output
select data holding section of the signal drive
circuit;

a partial display data conversion section which con-
verts first partial display data which sets the dis-
play area or the non-display area in units of the
line blocks, into second partial display data which
1s obtained by shifting data in a P-th block (P is a
natural number) of the first partial display data to
data in a (P+1)-th block, when the P-th block set
as the display area is instructed not to perform
signal-driving by the block output select data; and

a partial display data setting section which sets the
second partial display data in the partial display
data holding section of the signal drive circuit.

29. The electro-optical device as defined in claim 26,
further comprising:

an image data generation section which generates second
image data obtained by shifting image data in the P-th
block of first image data supplied to the signal drive
circuit as image data in (P+1)-th block, when the P-th
block set as the display area by the first partial display
data which sets the display area or the non-display area
in units of line blocks each of which includes a plurality
of the signal lines; and

an image data providing section which provides the
second image data to the signal drive circuit.
30. The electro-optical device as defined in claim 27,
further comprising:

an image data generation section which generates second
image data obtained by shifting image data in the P-th
block of first image data supplied to the signal drive
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circuit as image data in (P+1)-th block, when the P-th
block set as the display area by the first partial display
data which sets the display area or the non-display area
in units of line blocks each of which includes a plurality
of the signal lines; and

an image data providing section which provides the
second image data to the signal drive circuit.
31. The electro-optical device as defined in claim 28,
further comprising:

an image data generation section which generates second
image data obtained by shifting image data in the P-th
block of first image data supplied to the signal drive
circuit as image data in (P+1)-th block, when the P-th
block set as the display area by the first partial display
data which sets the display area or the non-display area
in units of line blocks each of which includes a plurality
of the signal lines; and

an image data providing section which provides the
second image data to the signal drive circuit.
32. A display device comprising:

an electro-optical device having pixels specified by 1st to
N-th scan lines (N is a natural number) and 1st to M-th
signal lines (M is a natural number) intersecting each
other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 1.
33. A display device comprising:

an electro-optical device having pixels specified by 1st to
N-th scan lines (N is a natural number) and 1st to M-th
signal lines (M is a natural number) intersecting cach
other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 3.
34. A display device comprising:

an electro-optical device having pixels specified by 1st to
N-th scan lines (N is a natural number) and 1st to M-th
signal lines (M is a natural number) intersecting each
other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 6.
35. A display device comprising:

an electro-optical device having pixels specified by 1st to
N-th scan lines (N is a natural number) and 1st to M-th
signal lines (M is a natural number) intersecting cach
other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;
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a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 19.
36. A display device comprising:

an electro-optical device having pixels specified by 1st to
N-th scan lines (N is a natural number) and 1st to M-th
signal lines (M is a natural number) intersecting each
other;

a scan drive circuit which performs scan-driving of the 1st
to N-th scan lines;

a signal drive circuit which drives the 1st to M-th signal
lines on the basis of image data; and

the display control circuit as defined in claim 20.

37. A display control method of controlling display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting each other, the
method comprising:

storing area-block-display control data used to set a
display area or a non-display area in units of area
blocks each of which includes a plurality of the signal
lines and a plurality of the scan lines; and

setting the display area or the non-display area in units of
the area blocks on the basis of the area-block-display
control data, for a scan drive circuit which performs
scan-driving of the 1st to N-th scan lines and for a
signal drive circuit which drives the 1st to M-th signal
lines.

38. A display control method of controlling display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting each other, the
method comprising:

holding band-partial-display control data used to set a
display area or a non-display area in units of line blocks
each of which includes a plurality of the scan lines; and

setting the display area or the non-display area in units of
the line blocks on the basis of the band-partial-display
control data, for a scan drive circuit which performs
scan-driving of the 1st to N-th scan lines.

39. A display control method of controlling display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting each other, the
method comprising:

specifying a display area or a non-display area for a signal
drive circuit in units of line blocks each of which
includes a plurality of the signal lines and for a scan
drive circuit in units of line blocks each of which
includes a plurality of the scan lines, the signal drive
circuit driving 1st to M-th signal lines, and the scan
drive circuit performing scan-driving on 1st to N-th
scan lines; and

providing image data corresponding to the display area to
the signal circuit.
40. The display control method as defined in claim 39,

wherein scan-driving is performed on the basis of the
image data;
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wherein a given non-display level voltage is applied to a
signal line in a line block set as the non-display area,
and signal-driving is performed on a signal line in a line
block set as the display area with a drive voltage
corresponding to the image data; and

wherein scan-driving is performed on a scan line in a line
block set as the display area for every frame period, and
also scan-driving is performed on a scan lines in a line
block set as the non-display area for every three or
more odd frame periods from a given reference frame.

41. A display control method of controlling display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting each other,

wherein a display area or a non-display area is set an area
of the pixels; and

wherein scan-driving is performed on a display scan line
which is at least part of the 1st to N- th scan lines
corresponding to the display area, for every frame
period, and scan-driving is also performed on a non-
display scan line which is at least part of the 1st to N-th
scan lines except the display scan line, for every three
or more odd frame periods from a given reference
frame.

42. The display control method as defined in claim 40,

wherein the reference frame is next to a frame in which a
given display control event has occurred.

43. The display control method as defined in claim 41,

wherein the reference frame is next to a frame in which a
given display control event has occurred.
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44. The display control method as defined in claim 42,

wherein scan-driving is performed on the non-display
scan line in the frame in which the display control event
has occurred, for at least one scan period after the
occurrence of the display control event.

45. The display control method as defined in claim 42,

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.

46. A display control method of controlling display of an
electro-optical device having pixels specified by 1st to N-th
scan lines (N is a natural number) and 1st to M-th signal
lines (M is a natural number) intersecting cach other,

wherein a display area or a non-display area is set an area
of the pixels; and

wherein scan-driving is performed on a non-display scan
line which is at least part of the 1st to N-th scan lines
except the display scan line, for every three or more
odd frame periods from a frame which is next to
another frame in which a given display control event
has occurred;

wherein scan-driving is performed on the non-display
scan line in the frame in which the display control event
has occurred, for at least one scan period after the
occurrence of the display control event; and

wherein the display control event occurs on the basis of at
least one of the generation, extinguishment, movement
and size change of the display area or the non-display
area.
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