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DRIVING METHOD FOR LIQUID CRYSTAL
DISPLAY APPARATUS, LIQUID CRYSTAL
DISPLAY APPARATUS, AND ELECTRONIC

DEVICE
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a driving method for

a liquid crystal display apparatus, a liquid crystal display
apparatus, and an electronic device.

[0003] 2. Related Art

[0004] Active matrix liquid crystal display apparatuses
using liquid crystals are known. The driving methods for such
past active matrix liquid crystal display apparatuses can be
roughly divided into an analog driving method and a digital
driving method.

[0005] With the analog driving method, analog voltages are
applied to pixels within a frame, and tones are expressed
through the orientation states of the liquid crystals resulting
from the applied voltages. Meanwhile, frame-inversion driv-
ing system, in which the polarity inversion cycle is completed
with each frame write, is generally used, with a cycle of 60 Hz
or, with the recent double-speed intermediate frame technol-
ogy, 120 Hz being the mainstream driving rates.

[0006] On the other hand, with the digital driving method,
each frame in an image signal is configured of multiple sub-
fields (SFs) shorter than a single frame period, and the display
is driven by selectively controlling each subfield to turn on or
off.

[0007] For example, JP-A-2005-352457 discloses a liquid
crystal display apparatus in which the subfield period in each
subfield is divided into a former half and a latter half, and the
positive/negative polarity of the voltage applied to the liquid
crystals is inverted thereby, thus achieving AC driving (in-
verted driving).

[0008] JP-A-2005-352457 submits that this driving method
makes it possible to suppress the cancellation of DC compo-
nents applied to the liquid crystals, which causes the image
problem known as flicker, and to suppress degradation of the
liquid crystal material caused by the application of DC volt-
age. The digital driving method has thus been able to accel-
erate the polarity inversion cycle beyond that of the analog
driving method.

[0009] It is also known that in liquid crystal display appa-
ratuses, impurity ions are produced within the panel due to
manufacturing issues, temporal change of the liquid crystals,
and so on. Ifthe produced impurity ions are adsorbed onto the
alignment layer (on the substrate side) or the like, display
deficiencies such as drops in contrast, luminance variance due
to differences in the distribution of the adsorbed impurity
ions, and so on will arise.

[0010] To be more specific, depending on their polarities,
the impurity ions are adsorbed onto sides of the substrate
(alignment layer, electrode, or the like) based on differences
in potential caused by the voltages applied to each pixel, and
a reverse electric field relative to the applied voltages is
formed by the adsorbed impurity ions. To rephrase, a reverse
electric field of the direction that weakens the applied volt-
ages is formed by the adsorbed impurity ions. The situations
in which this reverse electric field occurs differ depending on
the resistance of the liquid crystals as well, and while it is
possible to suppress changes in the potential within the frame
period by using high-resistance liquid crystals, changes in
potential occur within the frame period in panels that have
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seen extended use, panels having low resistances due to their
specifications, and so on, and thus the problem of display
deficiencies occurring has persisted.

[0011] However, in the past analog driving method, the
aforementioned polarity inversion is slow as being a single
frame unit, and the influence of voltage asymmetry is great to
affect the liquid crystal. This accelerates the liquid crystal
degradation, leading in turn to increased production of impu-
rity ions, which results in the problem of impurity ions
adsorption.

[0012] On the other hand, with the digital driving method,
the polarity inversion cycle is too fast, and thus the liquid
crystal response involved with the polarity inversion cannot
keep pace, which means that polarity inversion cannot be
carried out to the fullest extent; this causes a problem in that
it is difficult to suppress the adsorption of impurity ions. To be
more specific, a liquid crystal response time of approximately
2 ms is generally considered to be fast, but JP-A-2005-
352457 discloses a minimum SF period of 5 ps and a maxi-
mum SF period of 300 ps, and thus the liquid crystal response
cannot keep pace even if the positive-negative polarity is
reversed in half of such a cycle.

[0013] Inother words, with the past driving methods, it has
been difficult to suppress display deficiencies caused by
impurity ions, and thus there has been demand for a driving
method that is effective against such voltage asymmetry.

SUMMARY

[0014] The invention is to provide a solution to improve at
least a part of the above problems, and advantages of some
aspects of the invention are as follows.

ASPECTS OF THE INVENTION

[0015] An aspect of the invention provides driving method
for a liquid crystal display apparatus that includes a liquid
crystal panel having a switching element and a pixel electrode
provided corresponding to an intersecting point between a
scanning line and a data line, a counter electrode provided
facing the pixel electrode, and a liquid crystal layer sand-
wiched between the pixel electrode and the counter electrode,
and that controls the transmitted light in the liquid crystal
layer by dividing a single frame period into multiple subfield
periods and applying an on/off binary data signal between the
pixel electrode and the counter electrode in each subfield
period. When a counter electrode potential applied to the
counter electrode is used as a reference and a voltage higher
than the reference is taken as a positive-polarity voltage and a
voltage lower than the reference is taken as a negative-polar-
ity voltage, the data signal is converted to the positive-polarity
voltage and negative-polarity voltage alternately and cycli-
cally every a cyclical period having subfield period or every
several subfield periods. Further, the length of half the cycli-
cal period is no less than 1.6 ms.

[0016] The inventors arrived at this aspect by repeating
inventive ideas based upon experimental data obtained
through various repeated experiments and knowledge derived
from that experimental data. According to the results of this
experimental data, the effect of suppressing the adsorption of
impurity ions was achieved through subfield driving in which
polarity inversion was executed for two cycles or more within
a single frame. These effects were particularly evident by
performing the inversion for four cycles (four instances of
4.17 ms) within a single frame; however, the same could not
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be said for cases exceeding five cycles (five instances 0f3.33
ms). This is due to the aforementioned liquid crystal response
time, and the inventors anticipated that the adsorption of
impurity ions could be suppressed by limiting the period
length of a half-cycle to near or more than the time in which
liquid crystals are able to respond (approximately 2 ms). The
experimental data confirmed the impurity ion adsorption sup-
pression effects up to five cycles. This is thought to be because
while the half-cycle period length (1.67 ms) is insufficient for
the liquid crystal response time, it is near that response time,
and thus the liquid crystals can essentially keep pace up to this
period length.

[0017] According to this driving method, polarity inversion
is performed cyclically at a faster cycle than the image frame
rate and within a range in which the liquid crystals can
respond, and thus the symmetry of the applied positive-po-
larity and negative-polarity voltages can be optimized better
than in the past. To rephrase, according to this driving
method, by making the period length of the half-cycle near or
greater than the liquid crystal response time, the adsorption of
impurity ions can be suppressed more than with past driving
methods, in which the polarity inversion cycle has been too
short relative to the liquid crystal response time.

[0018] Thus the symmetry of the voltages applied to the
liquid crystal layer can be improved, making it possible to
suppress the image problem known as flicker and suppress
degradation in the liquid crystal material due to the applica-
tion of DC voltages. In other words, it is possible not only to
suppress the production of impurity ions, but also to reduce
the adsorption of impurity ions.

[0019] Accordingly, with this driving method, it is possible
to suppress display deficiencies caused by impurity ions.
[0020] Meanwhile, it is preferable for the length of half the
cyclical period to be no less than 1.6 ms and no more than 4.2
ms.

[0021] Furthermore, it is preferable for the subfield periods
within a single frame period to not all be the same, and for
subfield periods of different lengths to be contained in the
frame period.

[0022] Another aspect of the invention provides a liquid
crystal display apparatus including a liquid crystal panel hav-
ing a switching element and a pixel electrode provided cor-
responding to an intersecting point between a scanning line
and a data line, a counter electrode provided facing the pixel
electrode, and a liquid crystal layer sandwiched between the
pixel electrode and the counter electrode, the apparatus con-
trolling the transmitted light in the liquid crystal layer by
dividing a single frame period into multiple subfield periods
and applying an on/off binary data signal between the pixel
electrode and the counter electrode in each subfield period.
When a counter electrode potential applied to the counter
electrode is used as a reference and a voltage higher than the
reference is taken as a positive-polarity voltage and a voltage
lower than the reference is taken as a negative-polarity volt-
age, the data signal is converted to the positive-polarity volt-
age and negative-polarity voltage alternately and cyclically
every a cyclical period having subfield period or every several
subfield periods, and the length of half the cyclical period is
no less than 1.6 ms. Meanwhile, it is preferable for the length
of half the cyclical period to be no less than 1.6 ms and no
more than 4.2 ms.
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[0023] An electronic device according to another aspect of
the invention includes the stated liquid crystal display appa-
ratus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0025] FIG. 1isacircuit diagram of a liquid crystal display
apparatus according to a first embodiment.

[0026] FIG. 2 is a circuit diagram of a pixel in a liquid
crystal panel.

[0027] FIG. 3 is a timing chart for a scanning line driving
circuit.

[0028] FIG. 4 is a timing chart for a driving method.
[0029] FIG.5 is a timing chart for a driving method accord-

ing to a second embodiment.

[0030] FIG. 6 is a timing chart for a driving method accord-
ing to a third embodiment.

[0031] FIG. 7 is a diagram illustrating the overall configu-
ration of a projector serving as an electronic device.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0032] Hereinafter, specific working examples and
embodiments of the invention will be described based on the
drawings.

First Embodiment

[0033] FIG. 1is a block diagram illustrating a driving cir-
cuit of a liquid crystal display apparatus, and FIG. 2 is a
diagram illustrating an electric analogous circuit (pixel cir-
cuit) of a liquid crystal panel.

[0034] An outline of the liquid crystal display apparatus
according to the first embodiment will now be described
based on FIGS. 1 and 2.

[0035] Outline of Liquid Crystal Display Apparatus
[0036] A liquid crystal display apparatus 100 according to
the first embodiment is a three-terminal active matrix liquid
crystal display apparatus that employs three-terminal switch-
ing elements such as thin-film transistors (TFTs), and the
display mode thereof is, for example, the normally white
mode.

[0037] The subfield driving method, which drives the mul-
tiple pixels arranged as a matrix through time division using
a binary data signal, is employed in the liquid crystal display
apparatus 100. To be more specific, when an image signal
supplied to the electrodes of the multiple pixels is written at
the frame level, each frame of the image signal is divided into
multiple subfields that are shorter than a single frame period,
and a frame’s worth of an image is then displayed by turning
the pixels on or off based on the tone level of the image signal
in each subfield. This on/off binary data signal is supplied to
each pixel, via switching elements in the pixels, as a positive-
polarity data signal, or as a negative-polarity data signal
obtained by inverting the positive-polarity data signal.
[0038] In particular, in the driving method of this embodi-
ment, a driving method in which the positive-negative polar-
ity data signals are written alternately in cycles is employed.
[0039] The liquid crystal display apparatus 100 is config-
ured of a liquid crystal panel 1, a control circuit 5, and so on.
Theliquid crystal panel 1, serving as a display panel, includes
an element substrate and an opposing substrate (not shown),
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and is configured so that twisted nematic (TN)-type liquid
crystals 6 (see FIG. 2) are confined between the two sub-
strates as a liquid crystal layer. The liquid crystal panel 1 also
includes a scanning line driving circuit 3 and a data line
driving circuit 4.

[0040] A display region in which multiple pixels 2 are
disposed in an m-row by n-column matrix is formed in the
liquid crystal panel 1.

[0041] To be more specific, the multiple pixels 2 are dis-
posed in matrix form, corresponding to intersections of scan-
ning lines Y1 to Ym in the m rows and crossing data lines X1
to Xn in the n columns. Each pixel 2 is provided with a TFT
(thin film transistor) 7 as a switching element.

[0042] As shown in FIGS. 1 and 2, the gate terminals of the
TFTs 7 in the pixels 2 are connected to the scanning lines Y1
to Ym, respectively, and the source terminals are connected to
the data lines X1 to Xn, respectively; meanwhile, the drain
terminals are connected to pixel electrodes 8 in each corre-
sponding pixel 2.

[0043] The pixel electrode 8 in the pixel 2 is, as shown in
FIG. 2, disposed opposite to a counter electrode 9, provided
on the side of the opposing substrate, via the liquid crystal 6.
To rephrase, the counter electrodes 9 are formed opposing the
multiple pixel electrodes 8 via the liquid crystals 6. The
potential of the counter electrode 9 (a counter electrode
potential LCCOM) is held at a constant voltage.

[0044] Each pixel 2 also includes a liquid crystal capacitor
10 formed by the liquid crystal 6 between the rectangular
pixel electrode 8 and the counter electrode 9, and a storage
capacitor 11, connected in parallel with the liquid crystal
capacitor 10, and serving as a capacitance element (a capaci-
tor) for reducing leaks in the liquid crystal capacitor.

[0045] One end of the storage capacitor 11 is connected to
the drain terminal of the TFT 7 and the pixel electrode 8, and
the other end is connected to a capacitor line S. The potential
of'the capacitor line S is set to a ground potential, the counter
electrode potential LCCOM, or the like.

[0046] Next, the electrical configuration of the driving cir-
cuit that drives the liquid crystal panel 1 of the liquid crystal
display apparatus 100 will be described.

[0047] Theliquidcrystal panel 1 includes two scanning line
driving circuits 3 (right and left) for driving the scanning lines
Y1 to Ym, and the data line driving circuit 4 for driving the
data lines X1 to Xn. The two scanning line driving circuits 3
are identical circuits, and two are provided so that when a
single scanning line is selected, all the TFTs 7 connected to
that scanning line are collectively selected. In other words, if
a scanning line driving circuit has the driving capabilities to
collectively select all the TFTs 7 connected to a scanning line,
it is possible to use only one scanning line driving circuit.
[0048] The control circuit 5 is a CPU (central processing
unit), an image processor provided with an internal storage
unit, or the like, and controls the driving of the scanning line
driving circuit 3 and the data line driving circuit 4. The control
circuit 5 is inputted with an image signal Vin, a vertical
synchronization signal VSYNC, a horizontal synchronization
signal HSYNC, a reference clock CLK, and so on from an
external apparatus (not shown). The control circuit 5 gener-
ates various timing signals from these inputted signals and
supplies the generated signals to the scanning line driving
circuit 3 and the data line driving circuit 4. Furthermore, the
control circuit 5 converts an image expressed by a single
frame’s worth of the image signal Vin into a binary value
based on the number of subfields, and supplies the resultant
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thereof to the data line driving circuit 4 as a data signal SV for
turning each subfield on/off. Note that the storage unit pro-
vided within the control circuit 5 includes a frame memory
that holds several frames, a non-volatile memory, or the like.
Multiple driving programs specifying the sequence and con-
tent of processing for executing the driving method men-
tioned later, data tables belonging thereto, and so on are
stored in the non-volatile memory.

[0049] Various timing signals including the vertical syn-
chronization signal VSYNC, a clock signal CLY, and a start
signal DY are supplied to the scanning line driving circuit 3
from the control circuit 5 via a data line 13.

[0050] The horizontal synchronization signal HSYNC,
clock signal CLY, data signal SV, and various timing signals
are supplied to the data line driving circuit 4 from the control
circuit 5 via a data line 14. Note that an input element into
which these various signals are inputted is formed in the
element substrate (not shown). Meanwhile, the scanning line
driving circuit 3 and data line driving circuit 4 may be pro-
vided therein. These driving circuits write positive-polarity
data signals and negative-polarity data signals into the pixels
2 by inverting the potential of the data signal SV between
higher and lower voltages than the counter electrode potential
LCCOM.

[0051] FIG. 3 is a timing chart for the vertical line driving
circuit.
[0052] AsshowninFIG. 3, the scanning line driving circuit

3 generates scanning signals G1 to Gm in order and sequen-
tially outputs those signals to the scanning lines Y1 to Ym,
based on the start signal DY that serves as a trigger for
selecting the scanning lines Y1 to Ym in order, and based on
the clock signal CLY (and an inverse clock signal CLYr).
Note that the start signal DY is a start pulse that defines the
starting timing of vertical scans, and is supplied in each sub-
field period.

[0053] When the scanning lines Y1 to Ym are sequentially
selected and the scanning signals G1 to Gm are supplied to the
respective lines, all the TFTs 7 connected to the scanning
lines enter an on state.

[0054] Usingthe startsignal DY at timing t1 as a trigger, the
scanning line driving circuit 3 sequentially generates and
outputs the scanning signals G1 to Gm during the period from
timing t2 to timing t3, thereby selecting the scanning lines Y1
to Ym in order. Then, when the selection period for the scan-
ning signal Gm ends at timing t4, the same scanning driving
is repeated for the following subfield. The data line driving
circuit 4 is provided with a shift register (not shown) for
outputting, in order, data signals of polarities according to an
inverting signal (FR) (mentioned later), in a single horizontal
scanning period in which the scanning lines Y1 to Ym are
selected in order. Note that because the inverting signal is
constant within a single subfield period, the polarity of the
data signal within a single vertical scanning period is either
positive polarity or negative polarity. Note also that in the
following descriptions, the “subfield period” is also some-
times referred to simply as a “subfield”.

[0055] Driving Method

[0056] FIG. 4 is a timing chart for the driving method
according to this embodiment. Note that the following
descriptions will be given assuming that the vertical synchro-
nization signal VSYNC (see FIG. 1) has a frequency of 60 Hz
(a cycle of approximately 16.7 ms). In other words, the fol-
lowing descriptions assume that the image framerate is 60
fps.
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[0057] FIG. 4 shows a timing chart for the start signal DY
and the inverting signal FR, and also schematically illustrates
an image of the data signals supplied in each subfield.
[0058] In this embodiment, a single frame is divided into
eight subfields (SF1 to SF8), and the vertical scanning driving
illustrated in FIG. 3 is carried out in each subfield. Specifi-
cally, with each start pulse, or start signal DY, supplied eight
times in a single frame, a single vertical scan is performed and
a data signal is applied to all pixels. The supply timing of the
start pulse is once every period obtained by dividing the
period length of a single frame into eight parts (approxi-
mately 2.1 ms).

[0059] The inverting signal FR is a timing signal that
defines the polarity of the data signal, and is a signal that
repeatedly cycles between a high potential VH and a low
potential VL. The frequency of the inverting signal FR is set
to 240 Hz (a cycle of approximately 4.2 ms), and the period
length of the half-cycle thereof is in synchronization with the
supply timing of the start pulse.

[0060] When the inverting signal FR is at the high potential
VH, the control circuit 5 (see FIG. 1) generates a data signal
having a voltage higher than the counter electrode potential
LCCOM (a positive-polarity voltage), and transmits this data
signal to the data line driving circuit 4. On the other hand,
when the inverting signal FR is at the low potential VL, the
control circuit 5 generates a data signal having a voltage lower
than the counter electrode potential LCCOM (a negative-
polarity voltage), and transmits this data signal to the data line
driving circuit 4. In other words, because the inverting signal
FR half-cycle is in synchronization with the start timing of
each subfield, data signals of positive-polarity voltages and
negative-polarity voltages are alternately written into the pix-
els in continuous subfields. To rephrase, a positive-polarity
data signal is supplied in odd-numbered subfields, while a
negative-polarity data signal is supplied in even-numbered
subfields.

[0061] NotethatinFIG.1,ifthe image expressed in a single
frame of the image signal Vin supplied to the control circuit 5
from an external apparatus is taken as an image V1, data
signals SV1 to SV8 obtained by dividing the image V1 into
eight subfields are written. Specifically, the data signals SV1
to SV8 define the image V1 by binary numbers based on the
tone of each pixel and the number of subfields, and are gen-
erated by the control circuit 5 as on/off binary data signals,
and are then supplied to the data line driving circuit 4.
[0062] Inother words, the image V1 is displayed by binary
data signal writes (vertical scans) for eight continuous sub-
fields.

[0063] Likewise, for the second frame, which follows the
first frame, data signals for each of eight subfields defining an
image V2 of the second frame are written as alternating data
signals of positive-polarity and negative-polarity in accor-
dance with the inverting signal FR. The same applies to the
frames thereafter.

[0064] Although a case in which a single frame is divided
into eight equal portions (8-SF driving) has been described
thus far, results of experiments performed by the inventors
demonstrated that any number of divisions between four and
ten may be employed. To rephrase, it is preferable for half of
the period length in a single inverting signal FR cycle to be
greater than or equal to 1.6 ms, and further preferable for that
half-length to be between 1.6 ms and 4.2 ms.

[0065] To be more specific, with four divisions, the start
signal DY start pulse is supplied four times in a single frame,
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and the supply timing thereof is every period length obtained
by dividing the period length of a single frame by four (ap-
proximately 4.2 ms). In this case, the frequency of the invert-
ing signal FR is 120 Hz (a cycle of approximately 8.3 ms).
Meanwhile, with six divisions, the start signal DY start pulse
is supplied six times in a single frame, and the supply timing
thereof is every period length obtained by dividing the period
length of a single frame by six (approximately 2.8 ms). In this
case, the frequency of the inverting signal FR is 180 Hz (a
cycle of approximately 5.6 ms). Finally, with ten divisions,
the start signal DY start pulse is supplied ten times in a single
frame, and the supply timing thereof is every period length
obtained by dividing the period length of a single frame by ten
(approximately 1.7 ms). In this case, the frequency of the
inverting signal FR is 300 Hz (a cycle of approximately 3.3
ms). Note that when changing the number of divisions, the
data signals in the control circuit 5 are also generated as data
signals based on that number of divisions.

[0066] As described thus far, the liquid crystal display
apparatus 100 of this embodiment can achieve the following
effects.

[0067] According to this driving method, polarity inversion
is performed at a faster cycle than the image framerate and
within a range in which the liquid crystals can respond, and
thus the symmetry of the applied positive-polarity and nega-
tive-polarity voltages can be optimized better than in the past.
To rephrase, by making the period length of the inverting
signal FR half-cycle near or greater than the liquid crystal
response time, the adsorption of impurity ions can be sup-
pressed more than with past driving methods, in which the
polarity inversion cycle has been too short relative to the
liquid crystal response time. Thus the symmetry of the volt-
ages applied to the liquid crystal layer can be improved,
making it possible to suppress the image problem known as
flicker and suppress degradation in the liquid crystal material
due to the application of DC voltages. In other words, it is
possible not only to suppress the production of impurity ions,
but also to reduce the adsorption of impurity ions.

[0068] The driving method that employs eight divisions
illustrated in FIG. 4 has particularly good balance between
the suppression of impurity ion adsorption and the expression
of rich tones, more so than when employing four or ten
divisions. According to the results of experiments performed
by the inventors, the effect of suppressing the adsorption of
impurity ions was achieved through subfield driving in which
polarity inversion was executed for two cycles or more within
a single frame (four divisions). This effect was more marked
when the inversion was performed for four cycles within a
single frame (eight divisions). This is because accelerating
the positive-negative polarity inversion cycle is effective in
suppressing the movement of impurity ions toward the sub-
strate, or in other words, suppressing impurity ions from
collecting as they are produced.

[0069] Furthermore, with subfield driving, increasing the
number of subfields (the number of divisions) is effective for
displaying an image expressed by an image signal in a more
rich manner. This is because increasing the number of divi-
sions increases the limit of resolution, and in turn increases
the number of tones that can be expressed. On the other hand,
the results of the aforementioned experiments indicated that it
is difficult to obtain the desired effects if the polarity inversion
exceeds five cycles (ten divisions). This is thought to be
because these effects depend on the response time of the
liquid crystals, as mentioned before, and thus with more than
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five cycles, the polarity inversion cycle half-length is too short
relative to the liquid crystal response time, rendering the
liquid crystals unable to keep pace, and making sufficient
polarity inversion impossible. This can, in other words, be
considered to be a state in which the polarity inversion is not
transmitted to the impurity ions within the liquid crystals as
well. Note that the impurity ion adsorption suppression
effects have been confirmed up to five cycles (ten divisions).
This is thought to be because while the half-cycle period
length (1.67 ms) is insufficient for the liquid crystal response
time, it is near that response time, and thus the liquid crystals
can essentially keep pace up to this period length.

[0070] It can therefore be said that a driving method
employing eight divisions has the best balance between the
suppression of impurity ion adsorption and the expression of
rich tones.

[0071] Accordingly, with the driving method according to
this embodiment, display deficiencies caused by impurity
ions can be suppressed. An image having rich tone expression
can also be displayed.

[0072] Furthermore, with the liquid crystal display appara-
tus 100, display deficiencies caused by impurity ions can be
suppressed. An image having rich tone expression can also be
displayed.

Second Embodiment

[0073] FIG. 5is atiming chart for a driving method accord-
ing to asecond embodiment, and corresponds to that shown in
FIG. 4. The driving method according to the second embodi-
ment of the invention will be described hereinafter.

[0074] The driving method of the second embodiment dif-
fers from the driving method shown in FIG. 4 in that multiple
subfield periods are provided within the inverting signal FR
half-cycle. Note that the liquid crystal display apparatus that
employs this driving method is the liquid crystal display
apparatus 100 described in the first embodiment, and a driv-
ing program that specifies that driving method is stored within
the non-volatile memory of the control circuit 5.

[0075] Hereinafter, elements that are the same as those
described in the first embodiment will be given the same
reference numerals, and descriptions thereof will be omitted.
[0076] With the driving method of this embodiment, a
single frame is divided into 16 subfields, and the vertical
scanning driving illustrated in FIG. 3 is carried out in each
subfield. The supply timing of the start pulse is once every
period obtained by dividing the period length of a single
frame into 16 parts (approximately 1.0 ms). Meanwhile,
assuming that the image expressed in a single frame of the
image signal Vin is taken as an image V1, data signals SV1 to
SV16 obtained by dividing the image V1 into 16 subfields are
generated in the control circuit 5 (see FIG. 1), and are sup-
plied to the data line driving circuit 4.

[0077] Aside from the above, the configuration and timing
are the same as those described in the first embodiment. Note
that although only a single frame is illustrated in FIG. 5 for
explanatory purposes, in actuality, similar frames continue in
time series.

[0078] As in the timing chart shown in FIG. 4, the fre-
quency of the inverting signal FR here is 240 Hz (a cycle of
approximately 4.2 ms), and thus two subfields of equal period
lengths are formed within the period length of the polarity
inversion cycle half-cycle.

[0079] Furthermore, the polarities of the data signals writ-
ten in each subfield alternate between positive and negative
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polarities with each polarity inversion cycle half-cycle. In
other words, positive-polarity data signals SV1 and SV2 are
written in the subfields SF1 and SF2, whereas negative-po-
larity data signals SV3 and SV4 are written in the following
subfields SF3 and SF4. To rephrase, a positive-polarity data
signal and a negative-polarity data signal are alternately writ-
ten into two consecutive subfields, in synchronization with
the inversion cycle of the inverting signal FR.

[0080] Inthis manner, the image V1 is displayed by binary
data signal writes (vertical scans) for 16 continuous subfields.
[0081] Note that the number of divisions for the subfields
may be any number as long as the frequency of the inverting
signal FR is the same. This is because the polarity of the data
signal is synchronized with the polarity inversion of the
inverting signal regardless of the number of subfields. For
example, the configuration may employ 24 divisions, 32 divi-
sions, or the like.

[0082] Moreover, the frequency of the inverting signal FR
is not limited to 240 Hz, and any frequency within the range
of' 120 Hz to 300 Hz is acceptable. This range is obtained by
replacing the permissible number of divisions (the range
between four and ten divisions) described in the first embodi-
ment with the inverting signal FR.

[0083] Furthermore, as described above, the number of
divisions for the subfields may be any number regardless of
the frequency of the inverting signal FR within the range
described here.

[0084] As described thus far, the display apparatus accord-
ing to this embodiment can achieve the following effects in
addition to the effects of the first embodiment.

[0085] According to the driving method of the second
embodiment, the polarity inversion is performed for four
cycles within a single frame, thus making it possible to sup-
press impurity ion adsorption. Furthermore, because two sub-
fields are provided within the polarity inversion cycle half-
cycle, or in other words, a single frame is divided into 16
portions, a higher limit of resolution and a richer display with
a higher number of tones can be achieved.

Third Embodiment

[0086] FIG. 6 is a timing chart for a driving method accord-
ing to a third embodiment, and corresponds to that shown in
FIG. 5. The driving method according to the third embodi-
ment of the invention will be described hereinafter.

[0087] The driving method of the third embodiment differs
from the driving method illustrated in FIG. 5 in that the period
lengths of the multiple subfields provided within the inverting
signal FR half-cycle are different. Note that the liquid crystal
display apparatus that employs this driving method is the
liquid crystal display apparatus 100 described in the first
embodiment, and a driving program that specifies that driving
method is stored within the non-volatile memory of the con-
trol circuit 5.

[0088] Hereinafter, elements that are the same as those
described in the first and second embodiments will be given
the same reference numerals, and descriptions thereof will be
omitted.

[0089] With the driving method of this embodiment, a
single frame is divided into 16 subfields, and the vertical
scanning driving illustrated in FIG. 3 is carried out in each
subfield. The start pulse is supplied twice in an period length
obtained by dividing the period length of a single frame into
8 equal parts (approximately 2.1 ms), once at the starting
timing thereof, and again after approximately 0.6 ms has
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elapsed from the starting timing. In other words, instead of all
of the subfield periods being the same period, weighting
processes with different periods are performed for each sub-
field.

[0090] Aside from the above, the configuration and timing
are the same as those described in the second embodiment.
Note that although only a single frame is illustrated in FIG. 6
for explanatory purposes, in actuality, similar frames con-
tinue in time series.

[0091] With this driving method, when a data signal sup-
plied to the electrodes of the multiple pixels is written at the
frame level, each frame of the image signal is divided into
subfields that are shorter than a single frame period, and a
frame’s worth of an image V1 is then displayed by applying
binary data signals SV1 to SV16 to the pixels depending on
the tone level of the image V1 expressed by a single frame’s
worth of the image signal Vin. Note that although the image
V1 is not illustrated in FIG. 6, the same image V1 as that of
FIG. 5 is displayed by the continuous data signals SV1 to
SV16.

[0092] Meanwhile, the subfield weighting is set to be dif-
ferent for odd-numbered subfields and even-numbered sub-
fields, so that the period of odd-numbered subfields is 0.6 ms,
whereas the period of even-numbered subfields is 1.5 ms.
[0093] As in the timing chart shown in FIG. 5, the fre-
quency of the inverting signal FR here is 240 Hz (a cycle of
approximately 4.2 ms), and thus two subfields of different
period lengths are formed within the period length of the
polarity inversion cycle half-cycle.

[0094] Furthermore, the polarities of the data signals writ-
ten in each subfield alternate between positive and negative
polarities with each polarity inversion cycle half-cycle. In
other words, positive-polarity data signals SV1 and SV2 are
written in the subfields SF1 and SF2, whereas negative-po-
larity data signals SV3 and SV4 are written in the following
subfields SF3 and SF4. To rephrase, a positive-polarity data
signal and a negative-polarity data signal are alternately writ-
ten into every two consecutive subfields, in synchronization
with the inversion cycle of the inverting signal FR.

[0095] In this manner, the image V1 is displayed by binary
data signal writes (vertical scans) for 16 continuous subfields.
[0096] Note that any combination of subfield weightings
may be employed as long as the period length of the polarity
inversion cycle half-cycle of the inverting signal FR and the
total of the period lengths of the multiple subfields are set to
be equal. For example, the period of the odd-numbered sub-
fields may be 1.3 ms, and the period of the even-numbered
subfields may be 0.8 ms.

[0097] Moreover, the frequency of the inverting signal FR
is not limited to 240 Hz, and any frequency within the range
of 120 Hz to 300 Hz is acceptable. Furthermore, with respect
to the frequency of the inverting signal FR, the period lengths
of the multiple subfields may, as described above, be set to
any combination as long as the period length of the polarity
inversion cycle half-cycle and the total of the period lengths
of the multiple subfields are equal.

[0098] As described thus far, the display apparatus accord-
ing to this embodiment can achieve the following effects in
addition to the effects of the first and second embodiments.
[0099] According to the driving method of the third
embodiment, the polarity inversion is performed for four
cycles within a single frame, thus making it possible to sup-
press impurity ion adsorption. Furthermore, in addition to
dividing a single frame into 16 portions, weighting is per-
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formed so that the period lengths are different for odd-num-
bered subfields and even-numbered subfields, a higher limit
of resolution and a richer display with a higher number of
tones can be achieved.

[0100]

[0101] FIG. 7 is a diagram showing the overall configura-
tion of a three-panel projector serving as an electronic device
that uses the aforementioned liquid crystal display apparatus
as its light bulbs.

[0102] Here, an electronic device that employs the liquid
crystal display apparatus 100 (liquid crystal panel 1) accord-
ing to the aforementioned embodiments will be described as
an example.

[0103] A projector 2100 serving as an electronic device is a
three-panel liquid crystal projector in which light emitted
from a light source unit 2102 is split into red (R), green (G),
and blue (B) lights, after which three liquid crystal panels 1
forred (R), green (G), and blue (B) are used as light bulbs 1R,
1G, and 1B. Note that although the control circuit 5 (see FIG.
1) is not shown as part of the configuration in FIG. 7, the
control circuit 5 is realized by a single control circuit that
collectively drives the three light bulbs. With respect to the
driving method, it is assumed that one of the driving methods
described in the aforementioned embodiments and the fol-
lowing variation is employed.

[0104] With the projector 2100, the light that is to enter the
lightbulbs 1R, 1G, and 1B is split into the three colors R (red),
G (green), and B (blue) by three mirrors 2106 and two dich-
roic mirrors 2108 disposed within the projector 2100; the
respective lights are then guided into their corresponding
light bulbs 1R, 1G, and 1B. Note that because the blue light
has alonger optical path than the red and green lights, the blue
light is guided through a relay lens system 2121 configured of
an incoming lens 2122, a relay lens 2123, and an outgoing
lens 2124 to prevent loss of light.

[0105] The configurations of the light bulbs 1R, 1G, and 1B
are the same as the liquid crystal panels 1 of the aforemen-
tioned embodiments, and display image signals correspond-
ing to the R, G, and B colors, respectively, supplied from an
external host device (not shown).

[0106] The lights modulated by the light bulbs 1R, 1G, and
1B enter a dichroic prism 2112 from three directions. While
the R and B lights are refracted 90 degrees by the dichroic
prism 2112, the G light advances directly.

[0107] The light combined by the dichroic prism 2112 to
express a color image is enlarged and projected by a lens unit
2114, and a full-color image is displayed upon a screen 2120
as a result.

Electronic Device

[0108] Note that while translucent images from the light
bulbs 1R and 1B are projected after first being reflected by the
dichroic prism 2112, a translucent image from the light bulb
1G is projected directly, and thus the image formed by the
light bulbs 1R and 1B and the image formed by the light bulb
1G are set so as to be inverted horizontally relative to each
other.

[0109] In addition to the device illustrated in FIG. 7, a
rear-projection television, a direct-view monitor such as that
used in a mobile telephone, a personal computer, a video
camera monitor, a car navigation system, a pager, a Personal
Digital Assistant, a calculator, a word processor, a worksta-
tion, a videophone, a POS terminal, a digital still camera, a
touch panel-equipped device, and so on can be given as
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examples of the electronic device. The liquid crystal display
apparatus according to the invention can be applied to other
electronic devices as well.

[0110] Note also that the invention is not limited to the
embodiments described above, and many variations and alter-
ations thereof are possible as well. One such variation will be
described hereinafter.

[0111] Variation

[0112] Although the aforementioned embodiments
describe a dot-sequential configuration in which data signals
are written sequentially into the data lines X1 to Xn for pixels
along a single scanning line Y, a configuration that also uses
so-called phase expansion driving (also called “serial-parallel
conversion”), whereby the data signals are extended m times
(where m is an integer of 2 or more) in the time axis and are
supplied to m image data lines, may be employed (see JP-A-
2000-112437).

[0113] Alternatively, a so-called line-sequential configura-
tion may be employed, whereby data signals are supplied to
all the data lines X1 to Xn at once.

[0114] The same effects described in the various embodi-
ments can be obtained using these driving methods as well.
Furthermore, although the aforementioned embodiments dis-
cuss the application of a normal white mode, in which white
is displayed when no voltage is applied, as the liquid crystal
mode, a normal black mode, in which black is displayed when
no voltage is applied, can be employed instead.

[0115] Theentiredisclosure of Japanese Patent Application
No. 2009-033606, filed Feb. 17, 2009 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. A driving method for a liquid crystal display apparatus
that includes a liquid crystal panel having a switching element
and a pixel electrode provided corresponding to an intersect-
ing point between a scanning line and a data line, a counter
electrode provided facing the pixel electrode, and a liquid
crystal layer sandwiched between the pixel electrode and the
counter electrode,

the driving method comprising:

controlling the transmitted light in the liquid crystal layer

by dividing a single frame period into multiple subfield
periods and applying an on/off binary data signal
between the pixel electrode and the counter electrode in
each subfield period,

converting the data signal to the positive-polarity voltage

and negative-polarity voltage alternately and cyclically
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every a cyclical period having subfield period or several
subfield periods when a counter electrode potential
applied to the counter electrode is used as a reference
and a voltage higher than the reference is taken as a
positive-polarity voltage and a voltage lower than the
reference is taken as a negative-polarity voltage, and the
length of half the cyclical period is no less than 1.6 ms.

2. The driving method for a liquid crystal display apparatus
according to claim 1, wherein the length of half the cyclical
period is no less than 1.6 ms and no more than 4.2 ms.

3. The driving method for a liquid crystal display apparatus
according to claim 1, wherein the subfield periods within a
single frame period are not all the same, and subfield periods
of different lengths are contained in the single frame period.

4. A liquid crystal display apparatus comprising:

a liquid crystal panel having a switching element and a
pixel electrode provided corresponding to an intersect-
ing point between a scanning line and a data line,

a counter electrode provided facing the pixel electrode,

a liquid crystal layer sandwiched between the pixel elec-
trode and the counter electrode, and,

a control circuit controlling the transmitted light in the
liquid crystal layer by dividing a single frame period into
multiple subfield periods and applying an on/off binary
data signal between the pixel electrode and the counter
electrode in each subfield period; when a counter elec-
trode potential applied to the counter electrode is used as
a reference and a voltage higher than the reference is
taken as a positive-polarity voltage and a voltage lower
than the reference is taken as a negative-polarity voltage,
the data signal is converted to the positive-polarity volt-
age and negative-polarity voltage alternately and cycli-
cally every a cyclical period having subfield period or
several subfield periods, and the length of half the cycli-
cal period is no less than 1.6 ms.

5. The liquid crystal display apparatus according to claim
4, wherein the length of half the cyclical period is no less than
1.6 ms and no more than 4.2 ms.

6. An electronic device comprising the liquid crystal dis-
play apparatus according to claim 4.
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