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(54) Liquid crystal display and power saving method thereof

(57) The embodiments of the present invention dis-
close Liquid Crystal Display having low power consump-
tion. Under the normal operation, a plurality of data volt-
ages are inputted to a display panel having a constant
frame rate, and an idle detecting step is performed to
determine whether changes occur in the frame data volt-
ages. When a percentage of the plurality of data voltages
are unvaried after a specific period of time, the frame rate
is reduced.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a Liquid Crystal
Display, and more particularly, to a Liquid Crystal Display
capable of lowering power consumption under the normal
operation.

DESCRPTION OF THE PRIOR ART

[0002] Lowering power consumption is always an im-
portant issue for Liquid Crystal Displays (LCD) such as
LCD Television, LCD monitor, digital photo frame, and
the likes. The power-conserving methods may comprise
turning off the power of the screen, the power of the back-
light module, and the power of idle devices of the Liquid
Crystal Display.
[0003] Altering the driving method or driving structure
of Liquid Crystal Displays may also achieve the purpose
of low power consumption. Figure 1 shows a convention-
al driving structure of Liquid Crystal Display, which com-
prises a display panel 10 having a pixel array, a gate
driver 12 for driving gate lines G0-Gn, a data driver 14
for driving data lines D1-Dm, and a timing controller 16
for driving the gate driver 12 and the data driver 14. In
addition, each pixel of the pixel array comprises a tran-
sistor 18, a storage capacitor Cst, and a liquid crystal
capacitor CLC.
[0004] Alhough many power-conserving methods by
altering the driving method or driving structure of Liquid
Crystal Displays are practicable, the power consumption
is still high when the Liquid Crystal Display is under non-
power-conserving mode, i.e, under normal operation. For
example, the Liquid Crystal Display typically has a con-
stant frame rate under normal operation. The frame rate
is typically shown by unit of fps (frames per second) or
Hz (hertz) and in general, the liquid crystal display usually
has a constant frame rate at 60 Hz or 180 HZ. Figure 2
illustrates two data voltages having different polarity be-
ing written to two pixels for displaying a frame. Under
normal operation, gate line G0 provides a voltage to open
a transistor 18, so that a positive or a negative data volt-
age is written to a pixel of a specific position via a data
line. For example, a positive data voltage is written to the
left pixel via the data line D1 and a negative data voltage
is written to the right pixel via the data line D2 as shown
in figure 2. The value of the voltage written to the pixel
depends on the video content of the frame. If a Liquid
Crystal Display has a constant frame rate at 60 Hz, the
period of one frame will be 1/60=16.67 ms. Hence each
pixel of each row of the pixel array must be charged once
per 16.67 ms, and each pixel must be charged 60 times
per second. The charging frequency is high and the writ-
ten data voltages cannot be altered because it relate to
the video content of the frame; therefore, the power con-
sumption is high when the Liquid Crystal Display is under
normal operation according to the prior arts.

[0005] Therefore, it would be advantageous to provide
a better power-conserving method and device to improve
the deficiencies of prior art.

SUMMARY OF THE INVENTION

[0006] The object of the present invention is to provide
a better power-conserving method and device that is ca-
pable of lowering power consumption under the normal
operation.
[0007] According to the object, the embodiments of the
present invention provide a Liquid Crystal Display and
its driving method. The Liquid Crystal Display comprises
a display panel and a timing controller, the timing con-
troller controlling the display panel and executing the driv-
ing method. The method comprises: executing a normal
operation, the processor outputting a plurality of control
signals to a data driver, the data driver outputting a plu-
rality of data voltages to the display panel via a plurality
of data lines, the Liquid Crystal Display being displayed
at a constant initial frame rate; and executing a idle de-
tecting step to check whether an idle event is met or ex-
ecuting a first manipulation detecting step to check
whether a manipulation event is met, when a percentage
or more of the plurality of data voltages are unchanged
after a period of time, or when a manipulation event is
met and the manipulation event selects a specific display
mode, the initial frame rate is decreased to a first frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 shows a conventional driving structure of
Liquid Crystal Display according to the prior art.

Figure 2 illustrates two data voltages having different
polarity being written to two pixels for displaying a
frame according to the prior art.

Figure 3 discloses a driving method of a Liquid Crys-
tal Display according to an embodiment of the
present invention.

Figure 4 shows a driving method according to an-
other embodiment of the present invention.

Figure 5 shows a driving method according to an-
other embodiment of the present invention.

Figure 6 illustrates the operation of the driving meth-
od according to an embodiment of the present in-
vention.

Figure 7 shows a block diagram of a Liquid Crystal
Display according to one embodiment of the present
invention.
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Figure 8 shows a Liquid Crystal Display according
to another embodiment of the present invention.

Figure 9 shows the frequency of the control signal
will be decreased as well when the frame rate is de-
creased as in figure 7 or figure 8.

Figure 10 and Figure 11 illustrate that when the frame
rate is decreased, the adapted adjustments of the
control signal according two embodiments of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0009] Reference will now be made in detail to specific
embodiments of the invention. Examples of these em-
bodiments are illustrated in accompanying drawings.
While the invention will be described in conjunction with
these specific embodiments, it will be understood that it
is not intended to limit the invention to these embodi-
ments. On the contrary, it is intended to cover alterna-
tives, modifications, and equivalents as may be included
within the spirit and scope of the invention as defined by
the appended claims. In the following description, numer-
ous specific details are set forth in order to provide a
through understanding of the present invention. The
present invention may be practiced without some or all
of these specific details. In other instances, well-known
process operations are not been described in detail in
order not to unnecessarily obscure the present invention.
While drawings are illustrated in details, it is appreciated
that the quantity of the disclosed components may be
greater or less than that disclosed, except expressly re-
stricting the amount of the components. Wherever pos-
sible, the same or similar reference numbers are used in
drawings and the description to refer to the same or like
parts.
[0010] In the field of displays, displaying the video sig-
nal in a high frame rate is increasingly necessary for
present displays such as Liquid Crystal Display; howev-
er, the inventor of the present invention observes that a
lower frame rate will be satisfied in some situations under
the normal operation, and the constant high frame rate
may be unnecessary.
[0011] Accordingly, the present invention discloses
methods and devices that are capable of dynamically
changing the frame rate, in which the frame rate is
changed according the video content or the user’s oper-
ation; hence the objective of low power consumption can
be achieved.
[0012] Figure 3 discloses a driving method of a Liquid
Crystal Display according to an embodiment of the
present invention. The Liquid Crystal Display comprises
a processor (not shown) for outputting control signals
and controlling the frame rate. The processor executes
the driving method for determining the time that the frame
rate will be changed. At step 31, the method is started.
At step 32, the Liquid Crystal Display is initiated. For ex-

ample, but not limited, before the normal operation an
Optically Compensated Birefringence Liquid Crystal Dis-
play must transform some of the liquid crystal molecules
from the splay state to the bend state at the initiation step.
At step 33, a normal operation is started. In this step, the
Liquid Crystal Display may be displayed at a constant
frame rate, for example, a predetermined initial frame
rate at 60 Hz or 120 Hz. At step 34, an "idle detecting"
step is performed to check whether an "idle" event is
happened, wherein the idle is defined as when a percent-
age (for example, 55%) or more of the plurality of data
voltages written to the pixel array by the plurality of data
lines are unchanged after a predetermined or automati-
cally set up period of time. For, example, a Liquid Crystal
Display has 1024�768 pixels, therefore having
1024�3=3072 data lines. Under the normal operation, if
1689 data voltages (about 55% of 3072) of the 3072 data
voltages are unchanged after a period of time T, an idle
event is met. According to the embodiment of the present
invention, the period of time T is longer than the period
of one frame. Preferably, the period of time T may be
ranged from 1 to 5 seconds, but this should not be limited.
At step 35, if an idle event is met, the initial frame rate is
decreased to a first frame rate to lower the power con-
sumption. If an idle event is not met, the frame rate is
kept the same as the initial frame rate. At step 36, the
"idle detecting" step is performed again to check whether
another "idle" event is happened. If another idle event is
met, the first frame rate may be changed to a second
frame rate, wherein the second frame rate may be equal
to, larger than, or smaller than the first frame rate accord-
ing to the extent of the idle or according to the video
content. That is, if the current video content needs a high-
er frame rate, the second frame rate may be larger than
the first frame rate. If a lower frame rate satisfies the
current video content, the second frame rate may be
smaller than the first frame rate. If another idle event is
not met, back to the normal operation 33, that is, the
frame rate is increased to the initial frame rate. At step
37, the driving method is ended. Typically the driving
method is ended by receiving an ending demand at the
normal operation 33, but this should not be limited.
[0013] In the above-mentioned steps, the initial frame
rate may be decreased to the first frame rate or even
decreased to the second frame rate. The value of first
frame rate and second frame rate is not limited, and they
may be minimized to an condition that the Liquid Crystal
Display has no flicker; otherwise the viewer will aware it.
Hence the frame rate may be decreased to a lower limit
value that is the minimized value under the condition that
the Liquid Crystal Display has no flicker. The lower limit
value regards with the manufacturing method, process
capability, and kinds of the Liquid Crystal Display. In ad-
dition, in one embodiment, the idle percentage of the plu-
rality of data voltages is preferably defined as 50%, 55%
or more of the data voltages.
[0014] Many situations may satisfy the idle event. For
example, when the Liquid Crystal Display is employed in
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a department store for displaying an advertisement, the
update frequency of the image of the advertisement may
be low. Hence the frame rate may be decreased when
the advertisement is displaying and an idle event is met.
For example, when the Liquid Crystal Display is em-
ployed for displaying television news, the lips of the an-
chor is the only varied portion of the television news in a
period of time; therefore this situation may satisfy the
definition of idle event. For example, when the Liquid
Crystal Display is employed as a photo digital frame, the
update frequency of photo may be low, and the period
of time that the current photo is not yet changed probably
meets the definition of idle event. In summary, the inven-
tive concept of the embodiments of the present invention
determine whether the frame rate is changed according
to whether the current video content meet the definition
of idle event.
[0015] Figure 4 shows a driving method according to
another embodiment of the present invention. This em-
bodiment is a modification of the embodiment shown in
figure 3; the difference is that the driving method further
comprises a "manipulation detecting " step 38 before the
idle detecting step 33. The manipulation detecting step
38 checks whether a manipulation event is induced by
the user. If a manipulation event is met, then backs to
step 35 or step 33 according to the manipulation event.
If a manipulation event is not met, then performs the idle
detecting step 36. This embodiment may be applied to a
Liquid Crystal Display having variant manipulative dis-
play mode, such as photo mode, video mode, MP3 mode,
TV game mode, and the like. Each display mode may be
corresponding to a predetermined frame rate, and these
frame rates may be equal to or smaller than the frame
rate under normal operation, i.e., the initial frame rate.
Therefore when the user selects a display mode, the cur-
rent frame rate will be changed to the initial frame rate
(step 33) or kept at lower frame rate (step 35) according
to the video content of the display mode that the user
selected. In another embodiment, when the user selects
a display mode, the current frame rate will be changed
to the initial frame rate (step 33) or kept at lower frame
rate (step 35) according to the display mode that the user
selected. In another embodiment of the present inven-
tion, if a manipulation event is met, then backs to the
normal operation 33 and the frame rate is dominated by
the user. For example, the user selects a specific display
mode and determines a specific frame rate or the display
actively adopts a specific frame rate which is set up inside
the display mode. When the user controls the frame rate,
the steps 34, 35, 36, and 37 are standby until a prede-
termined time has passed and the user has no further
action or the user actively makes a demand to request
the idle detecting step 34 to be restarted again. In addi-
tion, the embodiment of figure 4 may omit the idle detect-
ing step 36; at this case, when a manipulation event is
not event, the Liquid Crystal Display will display at the
first frame rate or the second frame rate until the process
end 37.

[0016] Figure 5 shows another embodiment of the
present invention in which a manipulation detecting step
39 and a "whether the manipulation event is a specific
mode" step 40 have replaced the idle detecting step 34
mentioned above. In this embodiment, the steps after the
"lowering frame rate " step 35 may be the same as em-
bodiment of figure 3, figure 4, and modification of them;
therefore the description is omitted for simplicity. At step
39, if a manipulation event is met under the normal op-
eration 33, it indicates that the user may select a display
mode. At step 40, the processor checks whether the ma-
nipulation event is a specific display mode. The specific
display mode is defined as the video content of which
can be displayed in a lower frame rate, such as the photo
mode and the MP3 mode. If the user selects one specific
display mode, then the step 35 "lowering the frame rate"
is performed, otherwise backing to normal operation 33.
It is appreciated that the "manipulation detecting" step
38/39 of figures 4 and 5 are not limited in situation that
the user selects or alters the display mode; any event
induced by the user, for example, in an embodiment,
touching the screen of the display and pressing a specific
key, may be corresponding to specific frame rate respec-
tively, and then the processor changes the frame rate
accordingly.
[0017] Figure 6 illustrates the operation of the driving
method according to an embodiment of the present in-
vention. This exemplary embodiment is shown for pur-
pose of illustration; it should not be limited. Under the
normal operation, the frame rate of Liquid Crystal Display
may be fixed at 60 Hz. When the current video content
satisfies the definition of idle event, the frame rate may
be lowered to 50 Hz or 40 Hz; when a higher frame rate
is necessary for the current video content, the frame rate
is increased to back to the normal operation. According
to the driving method of the present invention, the frame
rate can be dynamically decreased, hence the charging
frequency (no matter positive or negative voltage) of liq-
uid crystal capacitor CLC and thus the power consump-
tion being decreased as well.
[0018] Figure 7 shows a block diagram of a Liquid
Crystal Display according to one embodiment of the
present invention. The Liquid Crystal Display 61 com-
prises a timing controller 62, a display panel 63, a first
memory 64, and a second memory 65. The firs memory
64 and the second memory 65 are employed for storing
image data. In one embodiment, the first memory 64 com-
prises NAND flash, and the second memory comprises
Synchronous Dynamic Random Access Memory
(SDRAM). The timing controller 62 may correspond to
the processor as mentioned in description of figure 3.; it
is employed for executing the driving method of the
present invention and outputting control signal for con-
trolling the display panel 63. The timing controller 62 re-
spectively access image data via Clock 1, Clock 2, and
Data Bus. It is appreciated that this exemplary embodi-
ment includes two memories, but it should not be limited.
In another embodiment, the Liquid Crystal Display may
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comprise only one memory, for example, only a SDRAM,
and the timing controller 62 access the image data from
the SDRAM. In another embodiment, the Liquid Crystal
Display may connect to an external data-storing device,
such as a DVD-ROM, and access image data from the
external data-storing device. According to the driving
method of the embodiments of the present invention, the
frame rate can be dynamically adjusted. When the frame
rate is decreased, it means that the updating frequency
of the plurality data voltages of the data lines are de-
creased as well; therefore, the accessing frequency of
the timing controller 66 accessing the memory or external
data-storing device through the signal Clock 1, Clock 2,
and Data Bus can be decreased as well. Hence the power
consumption for accessing the image data can also be
correspondingly decreased and the objective of low pow-
er consumption can be achieved.
[0019] In addition, the timing controller 62 may control
the display panel 63 by any well-known method, such as
the method described in figure 1. For example, the timing
controller 65 outputs control signal to a gate driver and
a data driver for controlling the display panel 63. The gate
driver and source driver may comprise a plurality of gate
driving chips and a plurality of data driving chips respec-
tively. In another embodiment of the present invention,
the timing controller 62 may provide control signal to the
source driver only, and then the source driver outputs
control signal to the gate driver. In another embodiment,
the driving system comprises two gate drivers, that is, a
double gate driver design is also acceptable in the
present invention.
[0020] Figure 8 shows a Liquid Crystal Display accord-
ing to another embodiment of the present invention. This
embodiment differs from the embodiment of figure 7 in
that the duty of the first memory 64 and the second mem-
ory 65 are incorporated into the timing controller 72 or a
processor 73, and the processor 73 is responsible for
executing the driving method of the present invention and
controlling the display panel 63 by the timing controller
72. Although variant modifications are adapted in the
present invention, the principle of lowering the power
consumption is the same. As embodiments described
above, the timing controller, the independent processor,
or any other controllers of the display may execute the
driving method of the present invention.
[0021] Figure 9 shows the frequency of the control sig-
nal will be decreased as well when the frame rate is de-
creased as in figure 7 or figure 8. In other words, the
charging frequency of liquid crystal capacitor CLC is also
decreased, hence the charging numbers being reduced
in a same period of time; therefore, the objective of low
power consumption can be achieved. For example, sup-
pose that one Liquid Crystal Display has 1024�600 pix-
els, when the frame rate is 60 Hz, the frequency of the
Driving Clock (Dclock) and Data are 43.75 MHz. When
the frame rate is decreased to 50 Hz, the frequency of
the DClock and Data are adaptively decreased to 36.5
MHz. Because the frame rate is decreased, the updating

frequency of the DClock and Data are unnecessary to
be maintained at high frequency, so that the frequency
is decreased from 43.75 MHz to 36.5 MHz, and therefore
the frequency of Clock land Clock 2 shown in figure 7
may be decreased in a correspond manner. Accordingly,
the power consumption of the accessing activities can
be significantly reduced. Similarly, when the frame rate
is decreased to 40 Hz, the DClock and Data is adaptively
decreased to 29.25 MHz, and the control signal Clock
1/Clock 2 (as shown in FIG.7) can be adaptively de-
creased as well; therefore the objective of the low power
consumption can be achieved.
[0022] Figure 10 and Figure 11 illustrate the detail of
that when the frame rate is decreased, the adapted ad-
justments of the control signal according two embodi-
ments of the present invention. These two figures illus-
trate that how the charging frequency of the liquid crystal
capacitor CLC is affected by the driving method of the
present invention. Generally, the control signals for con-
trolling the display panel are divided into gate control sig-
nals and source control signals. The gate control signals
may comprises, but not be limited, Gate Driver Start Sig-
nal (STV), Gate Clock Signal (GCK), and Gate Driver
Output Enable Signal (OE). The source control signals
may comprise Source Driver Start Signal (STH), Data
Enable Signal (DE), and Load Signal (Load). Other sig-
nals not being shown may comprise Data Clock Signal
(having same wave as the DE signal) and Polarity Control
Signal. The functions of the above control signals are
well known in the field of display device; therefore the
description of which are omitted for simplicity. Referring
to figure 10 first, which shows the additional adaptive
adjustment of the data control signals and the source
control signals in addition to the frequency change shown
in figure 9. As shown in figure 10, each control signal
includes a predetermined number of activity periods (an
activity period is denoted by 1H) during one frame, where
one activity period may comprise a pull high event and
a pull low event. According to embodiment of figure 10,
when frame rate is decreased, the period of one frame
is adaptively increased, for example, the period of one
frame being increased from 16.67ms to 20 ms or 25 ms;
however, the number of activity periods during one frame,
i.e., the charging numbers of the liquid crystal capacitor
CLC during one frame, is not altered. For example, for
frame rate 60 Hz, 50 Hz, and 40Hz, a same control signal
includes a same predetermined number of activity peri-
ods during one frame. In addition, because the predeter-
mined activity periods are evenly distributed in one frame
according the embodiment of figure 10, the period of each
activity period is adaptively increased for example the
activity period at the frame rate 50 Hz or 40Hz is longer
than that at frame rate 60Hz. The period of each activity
period being increased means that the charging time is
adaptively increased, i.e., the charging frequency is de-
creased during a same period of time, so that the objec-
tive of low power consumption can be achieved. In other
words, the principle of embodiment of figure 10 is that
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when the period of one frame is increased in responsive
to the frame rate being decreased, the period of one ac-
tivity period of each control signal is increased, i.e., the
charging time of the liquid crystal capacitor is increased,
but the number of the activity periods during one frame
is not altered, so that the objective of low power con-
sumption can be achieved.
[0023] Referring to figure 11, which shows the adaptive
adjustment of the control signals according to another
embodiment of the present invention. In this embodi-
ment, when the period of one frame is increased in re-
sponsive to the frame rate being decreased, the period
of one activity period of each control signal is not altered,
the number of the activity periods of one frame is also
not altered, and after all the activity periods are complet-
ed, the control signal are kept inactive until the end of
current frame. For example, when the frame rate is de-
creased to 50 Hz or 40 Hz, the period of one frame is
increased to 20 ms or 25 ms. In addition, the period of
the activity period (1H) of the frame rate 50 Hz and 40
Hz are same as which of the frame rate 60 Hz for the
same control signal (such as DE), the number of the ac-
tivity periods of one frame is not altered, and after all the
activity periods are completed, the control signal are kept
inactive, i.e., "signal low," until the end of current frame.
Accordingly, the average power consumption of lower
frame rate (such as 40 Hz or 50 Hz) is lower than that of
the unchanged frame rate (such as 60Hz); therefore, the
objective of low power consumption can be achieved.
[0024] According to the driving method and Liquid
Crystal Display of the present invention, the frame rate
of the Liquid Crystal Display can be dynamically changed
under the normal operation. In addition, incorporating
other power-conserving methods as well known may fur-
ther decrease the power consumption.
[0025] Although specific embodiments have been il-
lustrated and described, it will be appreciated by those
skilled in the art that various modifications may be made
without departing from the scope of the present invention,
which is intended to be limited solely by the appended
claims.

Claims

1. A driving method of a Liquid Crystal Display, the Liq-
uid Crystal Display comprising a processor and a
display panel, said processor controlling said display
panel, the method comprising the steps of:

executing a normal operation, said processor
outputting a plurality of control signals to a data
driver, said data driver outputting a plurality of
data voltages to said display panel via a plurality
of data lines, said Liquid Crystal Display being
displayed at a constant initial frame rate; and
executing a idle detecting step to check whether
an idle event is met or executing a first manip-

ulation detecting step to check whether a ma-
nipulation event is met, when a percentage or
more of the plurality of data voltages are un-
changed after a period of time, or when a ma-
nipulation event is met and the manipulation
event selects a specific display mode, the initial
frame rate is decreased to a first frame rate.

2. The driving method as recited in claim 1, wherein
the percentage of the plurality of data voltages is
defined as 50% or more of the plurality of data volt-
ages.

3. The driving method as recited in claim 1, after the
initial frame rate is decreased to the first frame rate,
the idle detecting step is performed again to check
whether the idle event is met; when the percentage
or more of the plurality of data voltages are un-
changed after the period of time, the first frame rate
is decreased to a second frame rate; when the per-
centage or more of the plurality of data voltages are
changed after the period of time, the first frame rate
is increased to the initial frame rate.

4. The driving method as recited in claim 3, wherein
the second frame rate is smaller than, larger than,
or equal to the first frame rate, and both the first and
second frame rate are smaller than the initial frame
rate.

5. The driving method as recited in claim 4, wherein
the first frame rate and the second frame rate have
a lower limit value that is the minimized value under
the condition that the Liquid Crystal Display has no
flicker.

6. The driving method as recited in claim 1, after the
frame rate is decreased to the first frame rate, a sec-
ond manipulation detecting step is performed to
check whether a manipulation event is met; when
the manipulation event is met, the first frame rate is
recovered to the initial frame rate or decreased to a
second frame rate according to the manipulation
event, wherein the second frame rate is larger than,
smaller than, or equal to the first frame rate.

7. The driving method as recited in claim 1, wherein
said processor further outputs a plurality of control
signals to a gate driver; when the percentage or more
of the plurality of data voltages are unchanged after
the period of time, the period of each frame is in-
creased, the number of activity periods of each con-
trol signal is unchanged, and the activity periods of
each control signal is evenly distributed in each
frame so that the period of activity period of each
control signal is increased.

8. The driving method as recited in claim 1, wherein
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said processor further outputs a plurality of control
signals to a gate driver; when the percentage or more
of the plurality of data voltages are unchanged after
the period of time, the period of each frame is in-
creased, the number of activity periods of each con-
trol signal during one frame is unchanged, the period
of activity period of each control signal is unchanged,
and after all the activity periods during one frame are
completed, the control signal are kept inactive until
the end of the frame for each control signal.

9. A Liquid Crystal Display, comprising:

a display panel;
a timing controller, for outputting a plurality of
control signals; and
a data driver, for receiving said plurality of con-
trol signals and outputting a plurality of data volt-
ages to said display panel via a plurality of data
lines, said Liquid Crystal Display being dis-
played at a constant initial frame rate under a
normal operation;
wherein the timing controller executes a idle de-
tecting step to check whether an idle event is
met or executes a first manipulation detecting
step to check whether a manipulation event is
met, when a percentage or more of the plurality
of data voltages are unchanged after a period
of time, or when a manipulation event is met and
the manipulation event selects a specific display
mode, the initial frame rate is decreased to a
first frame.

10. The Liquid Crystal Display as recited in claim 9,
wherein the percentage of the plurality of data volt-
ages is defined as 50% or more of the plurality of
data voltages.
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