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LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING LIQUID CRYSTAL DISPLAY

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a storage capacitor
line driving liquid crystal display and a method of driving a
liquid crystal display.
[0003] 2. Related Art
[0004] A storage capacitor line driving method is known as

one of driving methods ofliquid crystal displays. This driving
method is configured such that a storage capacitor is provided
between a storage capacitor line and a pixel electrode. After a
display signal is written in the pixel electrode, if the potential
of the storage capacitor line is changed, the potential of the
pixel electrode is changed to positive or negative. With this
configuration, the dynamic range of the display signal can be
reduced, and the liquid crystal display can be driven with low
power consumption. Such a storage capacitor line driving
liquid crystal display is disclosed in JP-A-2002-196358.
[0005] A partial display method is known as one of display
methods of liquid crystal displays. In this display method, a
partial area of a pixel area serves as a display area where an
image is displayed, and a remaining area serves as a non-
display area (white or black display area) where no image is
displayed.

[0006] In the storage capacitor line driving liquid crystal
display, when partial display is performed, storage capacitor
line driving is stopped in the non-display area, thereby
achieving low power consumption. Such a liquid crystal dis-
play is disclosed in JP-A-2007-140192.

[0007] When storage capacitor line driving is stopped
while a polarity signal for deciding the potential level of the
storage capacitor line is set at the level for the previous frame,
achange of a display area requires a complex operation. As a
result, the circuit configuration becomes complicated.
[0008] In order to simplify the circuit configuration, in the
non-display area, the polarity signal may be fixed atan L level
or an H level. In this case, during a transition sequence, such
as a transition from a full screen display mode to a partial
display mode, a transition from a partial display mode to a full
screen display mode, or a change of a display area in a partial
display mode, defective display may occur in a first frame
depending on the level for the previous frame.

SUMMARY

[0009] An advantage of some aspects of the invention is
that it provides a liquid crystal display and a method of
driving a liquid crystal display capable of achieving low
power consumption without damaging display quality.

[0010] According to an aspect of the invention, there is
provided a liquid crystal display that selectively operates in
one of a full screen display mode, in which the full screen of
the display panel is set as a display area, and a partial display
mode, in which a partial area in the full screen is set as a
display area and a remaining area is set as a non-display area.
The liquid crystal display includes a plurality of gate lines, a
plurality of source lines, a plurality of storage capacitor lines
that are provided to correspond to the plurality of gate lines, a
plurality of pixels that are provided at intersections between
the plurality of gate lines and the plurality of source lines, a
polarity signal generation circuit that generates a polarity
signal corresponding to a frame inversion signal to be repeat-
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edly alternately inverted between a first level and a second
level different from the first level frame by frame in the
display area, and generates a polarity signal corresponding to
a fixed signal fixed at one of the first level and the second level
in the non-display area, a storage capacitor line driving circuit
that changes the potentials of the storage capacitor lines
depending on the polarity signal generated by the polarity
signal generation circuit, and a control circuit that changes the
display area at a timing according to the frame inversion
signal.

[0011] With this configuration, storage capacitor line driv-
ing can be activated in the display area, and storage capacitor
line driving can be stopped in the non-display area. Therefore,
the liquid crystal display can be driven with low power con-
sumption. In addition, the display area is changed (a transi-
tion sequence is executed) depending on the frame inversion
signal (frame polarity). For this reason, in a first frame when
a transition sequence is executed, defective display can be
suppressed. As such, low power consumption can be achieved
without damaging display quality.

[0012] Inthe liquid crystal display according to the aspect
of the invention, the control circuit may change the display
areain a frame in which the level of the frame inversion signal
1s different from the fixed signal.

[0013] With this configuration, a frame in which a transi-
tion sequence is executed can be limited, and thus in a first
frame when a transition sequence is executed, itis possible to
suppress the occurrence of the problem of storage capacitor
line driving being stopped in the display area and storage
capacitor line driving being activated in the non-display area.
As a result, defective display can be reliably suppressed.
[0014] In the liquid crystal display according to the aspect
of the invention, the change of the display area may be one of
a transition from the full screen display mode to the partial
display mode, a transition from the partial display mode to the
full screen display mode, and a change of the display area in
the partial display mode.

[0015] With this configuration, when a transition sequence
is executed to change the display area, defective display can
be suppressed.

[0016] Inthe liquid crystal display according to the aspect
of the invention, the polarity signal generation circuit may
include a frame inversion signal generation circuit that gen-
erates the frame inversion signal, a memory that stores data
for identifying the display area and the non-display area, and
a logic circuit that, when data output from the memory indi-
cates the display area, outputs the polarity signal correspond-
ing to the frame inversion signal, and when data output from
the memory indicates the non-display area, outputs the polar-
ity signal corresponding to the fixed signal. The control cir-
cuit may update data stored in the memory to change the
display area.

[0017] Therefore, with comparatively simple circuit con-
figuration, the polarity signal to be inverted for each frame
can be generated in the display area, and the polarity signal
fixed at an L level (or H level) can be generated in the non-
display area.

[0018] Inthe liquid crystal display according to the aspect
of the invention, the logic circuit may be an AND circuit to
which data output from the memory and the frame inversion
signal generated by the frame inversion signal generation
circuit are applied.

[0019] With this configuration, the polarity signal can be
generated with simple circuit configuration.
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[0020] In the liquid crystal display according to the aspect
of the invention, each of the pixels may include a pixel switch-
ing element that is connected to a corresponding source line,
a corresponding gate line, and a corresponding pixel elec-
trode, and when the gate line is selected, allows electricity to
be conducted between the pixel electrode and the source line,
apixel capacitor thatis interposed between the pixel electrode
and a common electrode to which a common potential is
applied, and a storage capacitor that is interposed between the
pixel electrode and a corresponding storage capacitor line. In
the partial display mode, the common potential may be
applied to the pixel electrodes of the pixels corresponding to
the none display area.

[0021] With this configuration, in the non-display area of
the partial display mode, the common potential is supplied to
perform image display (non-display), and a so-called source
write operation to write display signals from the source line
driving circuit in the pixels can be stopped. Therefore, in the
partial display mode which requires low power consumption,
low power consumption can be achieved.

[0022] In the liquid crystal display according to the aspect
of the invention, a switching element may be provided which
is connected to a power supply line for supplying the common
potential and the source line, and allows electricity to be
conducted between the power supply line and the source line
at a predetermined timing. In the non-display area of the
partial display mode, the switching element may be con-
trolled for one horizontal scanning period to allow electricity
to be conducted between the power supply line and the source
line.

[0023] Therefore, with comparatively simple circuit con-
figuration, the common potential (non-display signal) can be
supplied to the pixels of the non-display area,

[0024] According to another aspect of the invention, there
is provided a method of driving a liquid crystal display, which
selectively operates in one of a full screen display mode, in
which the full screen of the display panel is set as a display
area, and a partial display mode, in which a partial area in the
full screen is set as a display area and a remaining area is set
as a non-display area. The liquid crystal display includes a
plurality of gate lines, a plurality of source lines, a plurality of
storage capacitor lines that are provided to correspond to the
plurality of gate lines, and a plurality of pixels that are pro-
vided at intersections between the plurality of gate lines and
the plurality of source lines. The method comprising gener-
ating a polarity signal corresponding to a frame inversion
signal to be repeatedly inverted between a first level and a
second level frame by frame in the display area, and generat-
ing a polarity signal corresponding to a fixed signal fixed at
one of the first level and the second level in the non-display
area, changing the potentials of the storage capacitor lines
depending on the polarity signal, and changing the display
area at a timing according to the frame inversion signal.
[0025] With this configuration, it is possible to provide a
method of driving a liquid crystal display that can achieve low
power consumption without damaging display quality,

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.
[0027] FIG.1isablock diagram showing the configuration
of a liquid crystal display according to an embodiment of the
invention.
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[0028] FIG. 2 is a diagram showing a display area in a
partial display mode.

[0029] FIG. 3 is a block diagram showing the detailed con-
figuration of peripheral circuits in a pixel area.

[0030] FIG. 4 is a flowchart showing a sequence execution
determination processing to be executed by a sequence
execution determination circuit.

[0031] FIG. 5 is a timing chart illustrating an operation
during a transition from a full screen display mode to a partial
display mode without performing a sequence execution detet-
mination processing.

[0032] FIG. 6 is a timing chart illustrating an operation
during a change of a display area in a partial display mode
without performing a sequence execution determination pro-
cessing.

[0033] FIG. 7 is a timing chart illustrating an operation
during a transition from a partial display mode to a full screen
display mode without performing a sequence execution detet-
mination processing.

[0034] FIG. 8 is a diagram illustrating a change of a pixel
potential by storage capacitor line driving.

[0035] FIG. 9 is a timing chart illustrating the operation of
this embodiment.

[0036] FIG. 101s atiming chart illustrating the operation of
this embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0037] Hereinafter, an embodiment of the invention will be
described with reference to the drawings.

[0038] FIG. 1is a block diagram showing the configuration
of a liquid crystal display according to this embodiment.
[0039] As shown in FIG. 1, a liquid crystal display has a
pixel area 100. A source line driving circuit 20, a DSG control
circuit 21, a gate line driving circuit 22, a storage capacitor
line driving circuit 23, and a polarity signal generation circuit
24 are arranged around the pixel area 100. It is assumed that
the liquid crystal display of this embodiment uses a storage
capacitor line driving method.

[0040] The pixel area 100 has a plurality of pixels 110, and
320 rows of gate lines GL. and 240 columns of source lines SL
extending in a row (X) direction and a column (Y) direction,
respectively. The pixels 110 are arranged at intersections
between the gate lines GL of the first to 320th rows and the
source lines SL of the first to 240th columns. Storage capaci-
tor lines SC extend in the X direction to correspond to the gate
lines GL of the first to 320th rows.

[0041] Inthis embodiment, the pixels 110 are arranged in a
matrix 0f 320 rowsx240 columns in the pixel area 100, but the
invention is not limited to this arrangement.

[0042] Theliquid crystal display of this embodiment selec-
tively operates in one of a full screen display mode in which
the full screen of the pixel area 100 is set as a display area, and
apartial display mode in which a partial area of the full screen
is set as a display area and a remaining area is set as a
non-display area.

[0043] FIGS. 2 is a diagram showing a display area in a
partial display mode.

[0044] In the partial display mode, as shown in FIG. 2, an
image (time or remaining battery charge) is displayed only in
a display area including the pixels of the 80th to 160th rows
from an upper end in a vertical direction (y direction), and no
image is displayed in a remaining area, that is, in a non-
display area. That is, in the case of a normally white mode,
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white is displayed in the non-display area, and in the case of
anormally black mode, black is displayed in the non-display
area.

[0045] Next, the detailed configuration of each pixel 110
will be described.

[0046] InFIG.1, for simplification, 9 pixels 110 formed in
3 rowsx3 columns are shown. Each pixel 110 has an n-chan-
nel thin film transistor (hereinafter, referred to as TFT) 10
serving as a pixel switching element, a pixel capacitor (liquid
crystal capacitor) 12, and a storage capacitor 13. The pixels
110 have the same configuration, and thus a description will
be provided for the pixel 110 of the first row and first column.
In the pixel 110 of the first row and the first column, a gate
electrode of the TFT 10 is connected to the gate line GL1 of
the first row, a source electrode of the TFT 10 is connected to
the source line SL1 of the first column, and a drain electrode
of the TFT 10 is connected to a pixel electrode 11 serving as
one end of the pixel capacitor 12.

[0047] The other end of the pixel capacitor 12 is connected
to a common electrode CE. The common electrode CE is
common to all the pixels 110, as shown in FIG. 1, and is
supplied with a common signal VCOM. In this embodiment,
the common signal VCOM is temporally constant at a voltage
LCCOM,

[0048] The pixel area 100 is formed by bonding a pair of
substrates, that is, an element substrate having formed
thereon the pixel electrodes 11 and a counter substrate having
formed thereon the common electrode CE, such that the elec-
trode forming surfaces of the substrates face each other with
apredetermined gap therebetween, and by filling the gap with
liquid crystal. Therefore, the pixel capacitor 12 is formed by
each pixel electrode 11 and the common electrode CE with
liquid crystal as a kind of dielectric interposed therebetween,
and holds a differential voltage between the pixel electrode 11
and the common electrode CE. With this configuration, the
amount of light that can be transmitted by the pixel capacitor
12 varies depending on the effective value of the held voltage.

[0049] In this embodiment, it is assumed that a normally
white mode is set. In the normally white mode, ifthe effective
value of the voltage held in the pixel capacitor 12 approaches
zero, transmittance is maximized, and white display is per-
formed, meanwhile, as the effective voltage value increases,
the amount of light transmitted decreases, and transmittance
is minimized, thereby performing black display.

[0050] Inthe pixel 110 of the first row and first column, one
end of the storage capacitor 13 is connected to the pixel
electrode 11 (the drain electrode of the TFT 10), and the other
end of the storage capacitor 13 is connected to the storage
capacitor line SC1 of the first row.

[0051] The gate line driving circuit 22 supplies gate signals
G1,G2,G3, . . ., and G320 to the gate lines GL of the first,
second, third, . . ., and 320th rows during one vertical scan-
ning period (one frame period), respectively. That is, the gate
line driving circuit 22 sequentially selects the gate lines GL in
order of the first, second, third, . . ., and 320th rows, sets the
gate signal to the selected gate line GL at an H level corre-
sponding to a selection voltage, and sets the gate signals to
other gate lines GL at an L level corresponding to a non-
selection voltage (ground potential Gnd).

[0052] The source line driving circuit 20 supplies source
signals (display signal) Sigl, Sig2, Sig3, . . ., and Sig240
having voltage levels according to the gray-scale levels of the
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pixels 110 in the gate line GL selected by the gate line driving
circuit 22 to the first, second, third, .. ., and 240th source lines
SL.

[0053] The source line driving circuit 20 has storage areas
(not shown) corresponding to the matrix arrangement of 320
rowsx240 columns, and each storage area stores display data
assigning the gray-scale level (brightness) of a corresponding
one of the pixels 110. Display data stored in each storage area
is rewritten when the display content is changed.

[0054] For the first to 240th columns in the selected gate
line GL, the source line driving circuit 20 executes an opera-
tion to read out display data of the pixels 110 in the selected
gate line CL from the storage areas, to convert display data to
the display signals Sig having voltage levels according to the
gray-scale levels with assigned polarities, and to supply the
display signals to the source lines SL.

[0055] FIG. 3 is a block diagram showing the detailed con-
figuration of peripheral circuits of the pixel area 100.

[0056] One end of the source line SL is connected to an
output terminal of a source driver 201 through a horizontal
switch SWH in the source line driving circuit 20. The hori-
zontal switch SWH is switched in accordance with a horizon-
tal scanning signal. If the horizontal switch SWH is turned on,
the display signal Sig is supplied from the source driver 201
to the source line SL. In this way, a so-called source write
operation is performed to write the display signal Sig from the
source line driving circuit 20 in the pixel electrode 11.
[0057] The DSG control circuit 21 is supplied with a con-
trol signal DSG and the common signal VCOM. As shown in
FIG. 3, the DSG control circuit 21 outputs the common poten-
tial LCCOM to the source line SL through a switch SWS. The
switch SWS is turned on/off in accordance with the control
signal DSG, and thus the common potential LCCOM is sup-
plied from a common electrode driver 211 to the source line
SL.

[0058] The control signal DSG is set to be at an H level in
the non-display area during the partial display mode. There-
fore, in the non-display area, the switch SWS is turned on, the
source line SL and the common electrode CE are short-cir-
cuited, and thus the common potential LCCOM is supplied to
the source line SL. Subsequently, if the TFT 10 is turned on in
accordance with the gate signal C from the gate line driving
circuit 22, the common potential LCCOM is applied to the
pixel electrode 11. In this way, the voltage to be applied to the
pixel capacitor 12 is approximately 0 V, and a non-display
state is obtained.

[0059] Hereinafter, an operation to write the common
potential LCCOM from the common electrode driver 211 in
the pixel electrode 11 corresponding to the non-display area is
referred to as a COM write operation.

[0060] The polarity signal generation circuit 24 includes a
frame inversion signal generation circuit 241, a memory 242,
an AND circuit 243, and a sequence execution determination
circuit 244. The sequence execution determination circuit
244 corresponds to a control circuit.

[0061] The frame inversion signal generation circuit 241
generates a frame inversion signal POL . indicating a frame
polarity to be repeatedly inverted between an H level and an
L level frame by frame.

[0062] The memory 242 stores data for identifying a dis-
play area, in which an image is displayed, and a non-display
area, in which no image is displayed, in the pixel area 100 to
correspond to each line (each row). The value of datais “1” in
the display area, and “0” in the non-display area. The memory
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242 may be formed by, for example, a shift register, and holds
and shifts data in synchronization with a clock HCLK, which
is a pulse signal having a cycle of one horizontal scanning
period (1H period).

[0063] The frame inversion signal POL . generated by the
frame inversion signal generation circuit 241 and data read
out from the memory 242 in synchronization with the clock
HCLK are input to the two-input AND circuit 243.

[0064] When data read out from the memory 242 indicates
the display area, that is, the value of data is “1”, the AND
circuit 243 outputs the frame inversion signal POL as a
polarity signal POL. When data read out from the memory
242 indicates the non-display area, that is, the value of data is
“0”, the output of the AND circuit 243 is fixed at “0”. In this
case, the AND circuit 243 outputs the polarity signal POL
fixed at “0” (=L level).

[0065] Therefore, in the display area, the polarity signal
POL corresponding to the frame inversion signal POL - to be
inverted for each frame is output, and in the non-display area,
the polarity signal POL corresponding to a fixed signal (L
level) is output.

[0066] The sequence execution determination circuit 244
receives a display area change signal (transition sequence
command) and the frame inversion signal POL , and when a
transition sequence command to request a transition
sequence, such as a transition from the full screen display
mode to the partial display mode, a transition from the partial
display mode to the full screen display mode, or a change of
the display area in the partial display mode, is input, deter-
mines an execution timing of the transition sequence on the
basis of the frame inversion signal POL;..

[0067] FIG. 4 is a flowchart showing a sequence execution
determination processing to be executed by the sequence
execution determination circuit 244.

[0068] In the sequence execution determination process-
ing, first, in Step S1, it is determined whether or not a transi-
tion sequence command to request a transition from the full
screen display mode to the partial display mode, a transition
from the partial display mode to the full screen display mode,
or a change of the display area in the partial display mode is
received. When the transition sequence command is not
received, the process waits until the transition sequence com-
mand is received. When the transition sequence command is
received, the process progresses to Step S2.

[0069] InStep S2,itis determined whether or not the frame
inversion signal POL is at the L level, and when POL .=H,
the process waits until POL L. When POL =L the process
progresses to Step S3.

[0070] In Step S3, the transition sequence is executed, and
data stored in the memory 242 is rewritten.

[0071] Therefore, when a transition from the full screen
display modetothe partial display mode, a transition from the
partial display mode to the full screen display mode, or a
change of the display area in the partial display mode is
performed, the frame inversion signal POL;. is detected, and
a corresponding transition sequence is performed for a frame
next to a frame in which POL =L, that is, in a frame in which
the level of the frame inversion signal POL - is different from
the polarity signal POL (the L level of the fixed signal) in the
non-display area.

[0072] A signal Vreset is synchronous with a vertical syn-
chronizing signal Vsync and used to reset a read counter of the
memory 242.
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[0073] Next, the configuration of the storage capacitor line
driving circuit 23 will be described. For simplification of
explanation, FIG. 3 shows first and second storage capacitor
lines SC1 and SC2.

[0074] The polarity signal POL output from the polarity
signal generation circuit 24 is latched by first and second latch
circuits LCH1 and LCH2, which are provided to correspond
to the first and second storage capacitor lines SC1 and SC2,
on the basis of first and second timing clocks TCLK1 and
TCLK2, respectively. The first and second latch circuits
LCH1 and LCH2 output and hold the latched polarity signal
POL as first and second latch signals POL1 and POL2.
[0075] The first and second timing clocks TCLK1 and
TCLK2 are created by a timing control circuit 231 on the
basis of the gate signals G1 and G2 and a timing control signal
TCLK.

[0076] The first and second latch signals POL1 and POL2
are used to control switching of first and second switches
SW1 and SW2 at a subsequent stage. For example, when the
first latch signal POLL is at an H level, a low potential
VCOML is applied to the first storage capacitor line SC1, and
when the first latch signal POL1 is at an [ level, a high
potential VCOMH is applied to the first storage capacitor line
SC1.

[0077] That is, the potentials of the first and second storage
capacitor lines SC1 and SC2 are decided by the rising timing
of the first and second timing clocks TCLK1 and TCLK2,
respectively. In such as storage capacitor line driving method,
such a timing is generally after the gate signals G1 and G2
fall.

[0078] A transition sequence may be performed in a frame
immediately after a transition sequence command is received,
regardless of the frame inversion signal POL,, while the
sequence execution determination processing is not per-
formed by the sequence execution determination circuit 244.
In this case, the frame inversion signal POL, may affect
display in a first frame during a transition sequence. This will
be described below.

[0079] FIG. 5 is a timing chart illustrating an operation
during a transition from a full screen display mode to a partial
display mode without performing sequence execution detet-
mination processing.

[0080] In FIG. 5, (a) Vsync is a vertical synchronizing
signal for indicating a start timing of one vertical scanning
period, (b) and (c¢) POL are polarity signals, (d) SEL is a
display signal to be supplied from the source line driving
circuit 20 to the source line SL, (d) DSG is a control signal,
and (f) VENB is a gate selection enable signal.

[0081] During the full screen display mode, in one frame
period, the display signals Sig are successively supplied from
the source line driving circuit 20 to the source lines SL.
Therefore, the display signals are supplied to all the pixel
electrodes 11 in the display area, and thus full screen display
is performed.

[0082] In this case, the memory 242 stores data “1” for all
the lines. Therefore, in an n-th frame, when the frame inver-
sion signal POL,. generated by the frame inversion signal
generation circuit 241 is at the L level, as shown in (b) of FIG.
5, the polarity signal POL=L for all the lines. When the frame
inversion signal POL. is at the H level, as shown in (C) of
FIG. 5, the polarity signal POL=H for all the lines.

[0083] In the n-th frame, if a command (partial ON com-
mand) to request a transition from the full screen display
mode to the partial display mode is received, and data of the
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memory 242 corresponding to each line of the non-display
area is rewritten from “1” to “0”, the display mode is switched
to the partial display mode in an (n+1)th frame.

[0084] As described above, according to this embodiment,
since frame inversion driving is performed, as shown in (b) of
FIG. 5, when POL~L (POL=L) in the n-th frame, in the
(n+1)th frame and later, the level of the polarity signal POL
changes in the following manner H—=L—H— . .. with respect
to the lines corresponding to the display area frame by frame.
The polarity signal POL is fixed at the L level with respect to
the lines of the nondisplay area.

[0085] As shownin (c) of FIG. 5, when POL .=H (POL~=H)
in the n-th frame, in the (n+1)th frame and later, the level of
the polarity signal POL changes in the following manner
L—=H—L—...withrespect to the lines corresponding to the
display area frame by frame. The polarity signal POL is fixed
at the L level with respect to the lines corresponding to the
non-display area.

[0086] In this case, a source write operation to write the
display signals Sig from the source line driving circuit 20 in
the pixel electrodes 11 corresponding to the display area is
performed. In the non-display area, the control signal DSG is
maintained at the H level, and a COM write operation to write
the common potential LCCOM from the common electrode
driver 211 in the pixel electrode 11 corresponding to the
non-display area is performed.

[0087] FIG. 6 is a timing chart illustrating an operation
during a change of a display area in a partial display mode
without performing sequence execution determination pro-
cessing.

[0088] In the n-th frame, an area A is set as a display area,
and an area B is set as a non-display area. In this case, in the
memory 242, data “1” is stored with respect to the lines
corresponding to the area A, and data “0” is stored with
respect to the lines corresponding to the area B.

[0089] Therefore, in the n-th frame, when the frame inver-
sion signal POL . is at the L level, as shown in (b) of FIG. 6,
the polarity signal POL=L for all the lines. When the frame
inversion signal POL - is at the H level, as shown in (¢) of FIG.
6, the polarity signal POL=H with respect to the lines corre-
sponding to the display area (area A), and the polarity signal
POL=L with respect to the lines corresponding to the non-
display area (area B).

[0090] Inthe n-th frame, if a command to request a change
of a display area in a partial display mode (area change
command)is received, data in the memory 242 corresponding
to the lines of a new display area (area C) is rewritten to “1”,
and data in the memory 242 corresponding to the lines of a
new non-display area (area D) is rewritten to “0”, the display
area 1s switched from the area A to the area C in the (n+1)th
frame.

[0091] Therefore, as shownin (b) of FIG. 6, when POL =L
in the n-th frame, in the (n+1)th frame and later, the level of
the polarity signal POL changes in the manner H—=[—H—>.
.. with respect to the lines corresponding to the display area
(area C) frame by frame. The polarity signal POL is fixed at
the L level with respect to the lines corresponding to the
non-display area (area D).

[0092] As shown in (c) of FIG. 6, if POL,=H in the n-th
frame, in the (n+1)th frame and later, the level of the polarity
signal POL changes in the manner L—-H—L— . . . with
respect to the lines corresponding to the display area (area C)
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frame by frame. The polarity signal POL is fixed at the I level
with respect to the lines corresponding to the non-display area
(area D).

[0093] FIG. 7 is a timing chart illustrating an operation
during a transition from the partial display mode to the full
screen display mode without performing sequence execution
determination processing.

[0094] Inthe n-th frame, an area A is set as a display area,
and an area B is set as a non-display area. In this case, in the
memory 242, data “1” is stored with respect to the lines
corresponding to the area A, and data “0” is stored with
respect to the lines corresponding to the area B.

[0095] Therefore, in the n-th frame, when the frame inver-
sion signal POL . is at the L level, as shown in (b) of FIG. 7,
the polarity signal POL=L for all the lines. When the frame
inversion signal POL . is at the H level, as shown in (¢) of FIG.
7, the polarity signal POL=H with respect to the lines corre-
sponding to the display area (area A), and the polarity signal
POL=L with respect to the lines corresponding to the non-
display area (area B).

[0096] In the n-th frame, if a command to request a transi-
tion from the partial display mode to the full screen display
mode (normal ON command) is received, and data in the
memory 242 corresponding to the lines of the area B is rewrit-
ten from “0” to “1”, the display mode is switched to the full
screen display mode in the (n+1)th frame.

[0097] Therefore, as shownin (b) of FIG. 7, when POL =L
in the n-th frame, in the (n+1)th frame and later, the level of
the polarity signal POL changes in the following manner
H—L—H—>. .. frame by frame. As shown in (c) of FIG. 7,
when POL_=H in the n-th frame, in the (n+1)th frame and
later, the level of the polarity signal POL changes in the
following manner L—-H—=L— . . . frame by frame.

[0098] Next, a change of a pixel potential by storage
capacitor line driving will be described with reference to
FIGS. 8A 1o 8C.

[0099] FIG. 8A shows a change of a pixel potential when
the state POL=L is changed to the state POL=H in driving the
display area. As shown in FIG. 8A, when the display area is
driven, after the display signal is written in the pixel electrode
11 through the source line SL, if the switch SW of the storage
capacitor line driving circuit 23 swings, the potential of the
corresponding storage capacitor line SC is changed. As a
result, the potential of the pixel electrode 11 is changed to
positive.

[0100] After the display signal is written in the pixel elec-
trode 11 through the source line SL, if storage capacitor line
driving (capacitance swing) is performed, the dynamic range
of the display signal can be reduced, and thus the liquid
crystal display can be driven with low power consumption.
Meanwhile, after the display signal is written in the pixel
electrode 11 through the source line SL, if storage capacitor
line driving is not performed, a write operation may not be
sufficiently performed, and an adverse effect on display may
occur.

[0101] FIG. 8B shows a transition of a pixel potential when
the state POL=L is fixed in driving the non-display area. As
shown in FIG. 8B, after the common potential LCCOM (non-
display signal) is written in the pixel electrode 11 through the
switch SWS of the DSG control circuit 21, if storage capaci-
tor line driving is not performed and the potential of the
storage capacitor line SC is not changed, a voltage to be
applied to the pixel capacitor 12 is maintained at 0 V, and thus
a non-display state can be maintained.
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[0102] In contrast, as shown in FIG. 8C, when the state
POL=H is changed to the state POL=L in driving the non-
display area, after the common potential LCCOM (non-dis-
play signal) is written in the pixel electrode 11 through the
switch SWS of the DSG control circuit 21, storage capacitor
line driving is performed, and the potential of the storage
capacitor line SC is changed. As a result, a voltage to be
applied to the pixel capacitor 12 is changed from 0 V, and
defective display may occur.

[0103]  As such, if storage capacitor line driving is stopped
when the display area is driven, or if storage capacitor line
driving is activated when the non-display area is driven, an
adverse affect on display may be caused.

[0104] When the display mode is switched from the full
screen display mode to the partial display mode, as shown in
(b) of FIG. 5, if a transition sequence is executed in the
(n+1)th frame next to the n-th frame in which the frame
inversion signal POL. is at the [ level, an OK operation is
performed such that the polarity signal POL is inverted in the
display area, and the polarity signal POL is not inverted in the
non-display area. Meanwhile, as shown in (c) of FIG. 5, ifa
transition sequence is executed in the (n+1)th frame next to
the n-th frame in which the frame inversion signal POL . is at
the H level, an NG operation is performed such that the
polarity signal POL is inverted in the non-display area, and
storage capacitor line driving is activated.

[0105] When a display area is changed in the partial display
mode, as shown in (b) of FIG. 6, if a transition sequence is
executed in the (n+1)th frame next to the n-th frame in which
the frame inversion signal POL is at the L level, an OK
operation is performed such that the polarity signal POL is
inverted in the display area and the polarity signal POL is not
inverted in the non-display area. Meanwhile, as shown in (c)
of FIG. 6, if a transition sequence is executed in the (n+1)th
frame next to the n-th frame in which the frame inversion
signal POL is at the H level, an NG operation is performed
such that the polarity signal POL is inverted in an area, which
is changed from the display area to the non-display area, and
the polarity signal POL is not inverted in an area which is
changed from the non-display area to the display area.
[0106] When the display mode is switched from the partial
display mode to the full screen display mode, as shown in (b)
of FIG. 7, if a transition sequence is executed in the (n+1)th
frame next to the n-th frame in which the frame inversion
signal POL is at the L level, an OK operation is performed
such that the polarity signal POL is inverted in the entire
display area. Meanwhile, as shown in (¢) of FIG. 7, if a
transition sequence is executed in the (n+1)th frame next to
the n-th frame in which the frame inversion signal POL . is at
the H level, an NG operation is performed such that the
polarity signal POL is not inverted in an area, which is
changed from the non-display area to the display area.
[0107] If a transition sequence is executed in a frame in
which the level of the frame inversion signal POL corre-
sponds to the polarity signal POL (L level) in the non-display
area, an NG operation is performed, and defective display
may occur.

[0108] In this embodiment, the sequence execution deter-
mination processing is performed by the sequence execution
determination circuit 244, and a frame in which a transition
sequence is executed is limited in accordance with the frame
inversion signal POL ...

[0109] The operation of the liquid crystal display of this
embodiment will be described.
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[0110] FIGS. 9 and 10 are timing charts illustrating an
operation during a transition from the full screen display
mode to the partial display mode in this embodiment. First, a
case in which the partial ON command is received when the
frameinversion signal POL . is at the L level will be described
with reference to FIG. 9.

[0111] In the n-th frame, data “1” is stored in the memory
242 with respect to all the lines. In this case, if it is assumed
that the frame inversion signal POL . is at the L level, the
polarity signal POL=L for all the lines.

[0112] In the n-th frame, if the partial ON command is
received, in the sequence execution determination processing
of FIG. 4, the sequence execution determination circuit 244
determines Yes in Step S1. Then, the process progresses to
Step S2, and it is determined whether or not the frame inver-
sion signal POL 1. is at the L level. In this case, since POL =L,
in Step S2, the result is determined to be Yes, and the process
progresses to Step S3. In Step S3, data of the memory 242 is
rewritten.

[0113] In this way, data of the memory 242 corresponding
to the lines of the nondisplay area in the partial display mode
is rewritten from “1”’to “0”, and the display mode is switched
to the partial display mode from the (n+1)th frame.

[0114] Therefore, in the (n+1)th frame and later, the level of
the polarity signal POL changes in the manner H—[—H—>.
.. with respect to the lines corresponding to the display area
frame by frame, and the polarity signal POL is fixed at the L
level with respect to the lines corresponding to the non-dis-
play area.

[0115] In this case, in the (n+1)th frame (a first frame after
the transition sequence is executed), an OK operation is per-
formed such that the polarity signal POL is inverted in the
display area, and the polarity signal POL is not inverted in the
non-display area.

[0116] FIG. 101is atiming chart showing a case in which the
partial ON command is received when the frame inversion
signal POL is at the H level.

[0117] In the n-th frame, data “1” is stored in the memory
242 for all the lines. For this reason, in the n-th frame, the
polarity signal POL=H for all the lines.

[0118] If the partial ON command is received in the n-th
frame, in the sequence execution determination processing of
FIG. 4, the sequence execution determination circuit 244
determines Yes in Step S1. Then, the process progresses to
Step S2. In this case, since POLz=H, in Step S2, the result is
determined to be No, and the process waits until POL .=L. For
this reason, data of the memory 242 is not updated, and data
“1” is kept to be stored for all the lines.

[0119] Therefore, in the (n+1)th frame, the full screen dis-
play mode is continuous. In the (n+1)th frame, the frame
inversion signal POL - is inverted to the L level, and thus the
polarity signal POL=L for all the lines.

[0120] In this case, the sequence execution determination
circuit 244 determines Yes in Step S2, and the process
progresses to Step S3. Thus, data in the memory 242 is rewrit-
ten. In this way, data of the memory 242 corresponding to the
lines of the non-display area in the partial display mode is
rewritten from “1”to “0”, and the display mode is switched to
the partial display mode from the (n+2)th frame.

[0121] Therefore, in the (n+2)th frame and later, the level of
the polarity signal POL changes in the manner H—=[—H—>.
.. with respect to the lines corresponding to the display area
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frame by frame, and the polarity signal POL is fixed at the L
level with respect to the lines corresponding to the non-dis-
play area.

[0122] Inthiscase, inthe (n+2)frame (a first frame after the
transition sequence is executed), an OK operation is pet-
formed such that the polarity signal POL is inverted in the
display area, and the polarity signal POL is not inverted in the
non-display area.

[0123] In this way, the frame inversion signal POL is
detected, and the transition sequence is executed in a frame
next to a frame in which the frame inversion signal POL is at
the L level. Therefore, occurrence of the above NG operation
can be suppressed, and defective display can be suppressed.
[0124] Similarly, in the case of the change of the display
area in the partial display mode and the transition from the
partial display mode to the full screen display mode, if the
frame inversion signal POL . is detected, and the transition
sequence is executed in a frame next to a frame in which the
frame inversion signal POL,, is at the L. level, defective display
can be suppressed.

[0125] As described above, according to the embodiment, a
polarity signal at a level corresponding to a frame inversion
signal to be repeatedly inverted between the H level and the L
level frame by frame is generated in the display area, and a
polarity signal at a level corresponding to a fixed signal fixed
at an L level is generated in the non-display area. The poten-
tial of the storage capacitor line is switched depending on the
polarity signal. Therefore, storage capacitor line driving can
be activated in the display area, and storage capacitor line
driving can be stopped in the non-display area. As a result, the
liquid crystal display can be driven with low power consump-
tion.

[0126] When a transition sequence command is received, a
transition sequence is executed at the timing according to the
frame inversion signal. Therefore, defective display in the
first frame when the transition sequence is executed can be
suppressed.

[0127] As such, low power consumption can be achieved
without damaging display quality,

[0128] When the transition sequence command is received,
the transition sequence is executed in a frame next to a frame
in which the frame inversion signal becomes the L level.
Therefore, a frame in which the transition sequence is
executed is limited, and in the first frame when the transition
sequence s executed, it is possible to suppress the occurrence
of the problem of storage capacitor line driving being stopped
in the display area and storage capacitor line driving being
activated in the non-display area. As a result, defective dis-
play can be reliably suppressed.

[0129] Thetransition sequence command is one of a partial
ON command to request a change from a full screen display
mode to a partial display mode, a normal ON command to
request a change from a partial display mode to a full screen
display mode, and an area change command to request a
change of a display area in a partial display mode. Therefore,
when the transition sequence is executed, defective display
can be suppressed.

[0130] A polarity signal generation circuit includes a frame
inversion signal generation circuit, a memory, and an AND
circuit. Therefore, with a comparatively simple circuit con-
figuration, a polarity signal to be inverted for each frame can
be generated in the display area, and a polarity signal fixed at
the L level can be generated in the non-display area.
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[0131] In the partial display mode, a common potential is
supplied to perform image display (non-display) in the non-
display area. Therefore, a source write operation to write
display signals from the source line driving circuit in the pixel
electrodes 11 can be stopped. As a result, in the partial display
mode which requires low power consumption, low power
consumption can be achieved.

[0132] A switching element is provided which is connected
to a power supply line for supplying a common potential and
a source line, and allows electricity to be conducted between
the power supply line and the source line at a predetermined
timing. In the non-display area ofthe partial display mode, the
switching element is controlled for one horizontal scanning
period to allow electricity to be conducted between the power
supply line and the source line. Therefore, with a compara-
tively simple circuit configuration, a COM write operation for
supplying the common potential to the pixel electrode 11 of
the non-display area can be performed.

[0133] In the foregoing embodiment, a case in which the
polarity signal POL of the non-display area is fixed at the L
level by the polarity signal generation circuit 24 has been
described, but the polarity signal POL of the non-display area
may be fixed at the H level. In this case, in Step S2 of FIG. 4,
the sequence execution determination circuit 244 may deter-
mine whether or not the frame inversion signal POL - is at the
Hlevel. When POL =H, the process may progress to Step S3,
and a sequence may be executed.

[0134] In the foregoing embodiment, a case in which the
polarity signal generation circuit 24 includes the frame inver-
sion signal generation circuit 241, the memory 242, and the
AND circuit 243 has been described, any configuration may
be used insofar as the polarity signal POL is inverted in the
display area for each frame, and the polarity signal POL is
fixed at the L level (or the H level) in the non-display area.
[0135] Theentire disclosure of Japanese Patent Application
NO. 2008-042508 filed Feb. 25, 2008 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. A liquid crystal display that selectively operates in one of
a full screen display mode, in which the full screen of the
display panel is set as a display area, and a partial display
mode, in which a partial area in the full screen is set as a
display area and a remaining area is set as a non-display area,
the liquid crystal display comprising:

a plurality of gate lines;

a plurality of source lines;

a plurality of storage capacitor lines that are provided to
correspond to the plurality of gate lines;

a plurality of pixels that are provided at intersections
between the plurality of gate lines and the plurality of
source lines;

apolarity signal generation circuit that generates a polarity
signal corresponding to a frame inversion signal to be
repeatedly alternately inverted between a first level and
a second level different from the first level frame by
frame in the display area, and generates a polarity signal
corresponding to a fixed signal fixed at one of the first
level and the second level in the non-display area;

a storage capacitor line driving circuit that changes the
potentials of the storage capacitor lines depending onthe
polarity signal generated by the polarity signal genera-
tion circuit; and

a control circuit that changes the display area at a timing
according to the frame inversion signal.
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2. The liquid crystal display according to claim 1,

wherein the control circuit changes the display area in a
frame in which the level of the frame inversion signal is
different from the fixed signal.

3. The liquid crystal display according to claim 1,

wherein the change of the display area is one of a transition
from the full screen display mode to the partial display
mode, a transition from the partial display mode to the
full screen display mode, and a change of the display
area in the partial display mode.

4. The liquid crystal display according to claim 1,

wherein the polarity signal generation circuit includes

a frame inversion signal generation circuit that generates
the frame inversion signal,

a memory that stores data for identifying the display area
and the non-display area, and

a logic circuit that, when data output from the memory
indicates the display area, outputs the polarity signal
corresponding to the frame inversion signal, and when
data output from the memory indicates the non-display
area, outputs the polarity signal corresponding to the
fixed signal, and

the control circuit updates data stored in the memory to
change the display area.

5. The liquid crystal display according to claim 4,

wherein the logic circuit is an AND circuit to which data
output from the memory and the frame inversion signal
generated by the frame inversion signal generation cit-
cuit are applied.

6. The liquid crystal display according to claim 1,

wherein each of the pixels includes

a pixel switching element that is connected to a corre-
sponding source line, a corresponding gate line, and a
corresponding pixel electrode, and when the gate line is
selected, allows electricity to be conducted between the
pixel electrode and the source line,

a pixel capacitor that is interposed between the pixel elec-
trode and a common electrode to which a common
potential is applied, and

a storage capacitor that is interposed between the pixel
electrode and a corresponding storage capacitor line,
and
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in the partial display mode, the common potential is
applied to the pixel electrodes of the pixels correspond-
ing to the non-display area.

7. The liquid crystal display according to claim 6,

wherein a switching element is provided which is con-

nected to a power supply line for supplying the common
potential and the source line, and allows electricity to be
conducted between the power supply line and the source
line at a predetermined timing, and

in the non-display area of the partial display mode, for one

horizontal scanning period, the switching element is
controlled to allow electricity to be conducted between
the power supply line and the source line.

8. A method of driving a liquid crystal display, which
selectively operates in one of a full screen display mode, in
which the full screen of the display panel is set as a display
area, and a partial display mode, in which a partial area in the
full screen is set as a display area and a remaining area is set
as a non-display area,

wherein the liquid crystal display includes

a plurality of gate lines,

a plurality of source lines,

a plurality of storage capacitor lines that are provided to

correspond to the plurality of gate lines, and

a plurality of pixels that are provided at intersections

between the plurality of gate lines and the plurality of
source lines, and

the method comprising:

generating a polarity signal corresponding to a frame inver-
sion signal to be repeatedly inverted between a first level
and a second level frame by frame in the display area,
and generating a polarity signal corresponding to a fixed
signal fixed at one of the first level and the second level
in the non-display area;

changing the potentials of the storage capacitor lines
depending on the polarity signal; and

changing the display area at a timing according to the frame
inversion signal.
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