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(57) ABSTRACT

According to one embodiment, a lateral electric-field type of
liquid crystal display device includes a display panel and a
controller, wherein a frame frequency falls within a range of
1 Hz to 10 Hz, an off-leak current of each of the TFTs has a
value of 1x107" A or less, a resistivity of a liquid crystal and
aresistivity of an alignment film both fall within one of a first
range and a second range, the first range being 1x10"* to
5x10" Q-cm, the second range being 5x10™ to 5x10'* Q-cm,
and a relationship of “R1xC1=R2xC2” is satisfied, where R1
is aresistance and Cl is a capacity with respect to each pixel,

GO2F 1/133 (2006.01) R2 is a resistance and C2 is a capacity with respect to each
GO2F 1/1368 (2006.01) pixel.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2013-
213566, filed Oct. 11, 2013, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device.

BACKGROUND

[0003] Liquid crystal display devices are provided in vari-
ous devices, for example, a television device, a vehicle-
mounted display such as a car navigation device, and mobile
terminals such as a notebook personal computer, a tablet PC,
a cell phone, and a smart phone.

[0004] Such liquid crystal display devices adopt various
mode liquid crystals which are applied in accordance with
purposes.

[0005] Forexample, in a vertical electric field type of liquid
crystal display device such as a twisted nematic (TN) mode
liquid crystal display device or an optically compensated
bend (OCB) mode liquid crystal display device, an alignment
direction of liquid crystal molecules included in a liquid
crystal layer held between an upper substrate and a lower
substrate is controlled by an electric field generated between
a counter-electrode provided in the upper substrate and pixel
electrodes provided in the lower substrate.

[0006] Furthermore, in a lateral electric field type of liquid
crystal display device such as an in-plane switching (IPS)
mode liquid crystal display device or a fringe-field switching
(FFS) mode liquid crystal display device, a counter-electrode
(referred to as a COM electrode in this type) and pixel elec-
trodes are provided in the same substrate, and an alignment
direction of liquid crystal display molecules included in a
liquid crystal layer is controlled by an electric field (fringe
electric field) generated between the counter-electrode and
the pixel electrodes. The FFS mode liquid crystal display
device can ensure a great aperture ratio, and thus has a high
luminance and a good viewing angle characteristic.

[0007] Itshouldbenoted thataliquid crystal display device
for use in a mobile terminal is strongly required to reduce the
power consumption of a circuit, and a low-frequency driving
method, an intermittent driving method, etc. are proposed as
means for reducing the power consumption of the circuit. The
low-frequency driving method is a method of reducing the
power of the circuit by lowering a drive frequency of the
liquid crystal display device to, e.g., ¥4 or ¥4 of that under
standard conditions. The intermittent driving method is a
method of reducing the power of the circuit by stopping the
circuit for a time period corresponding to several display time
periods after writing is performed for a single display time
period. In both those driving methods, a period of rewriting a
video signal in aliquid crystal display unit is long. Thus, those
driving methods are not suitable for displaying of moving
images. However, they can be effectively applied, as methods
for lowering the power of the circuit, to displaying of a still
image or the like whose visibility is held in little account.
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[0008] Ifthe low-frequency driving method or the intermit-
tent driving method is applied to a liquid crystal display
device, it is necessary to reduce a flicker.

[0009] For example, in the case where a frame frequency
was 60 Hz, which is applied in an ordinary liquid crystal
display device, a flicker was not visibly recognized. On the
other hand, in the case where the frame frequency was 20 Hz,
which is %5 of 60 Hz, a flicker was visibly recognized. Fur-
thermore, in the case where the frame frequency was further
lowered, a flicker was more remarkably visibly recognized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A general architecture that implements the various
features of the embodiments will now be described with
reference to the drawings. The drawings and the associated
descriptions are provided to illustrate the embodiments and
not to limit the scope of the invention.

[0011] FIG. 1isaplan view schematically showing a struc-
ture of a liquid crystal display device according to an embodi-
ment;

[0012] FIG. 2is a view showing a cross section ofa display
pixel portion of a liquid crystal display panel of the liquid
crystal display device according to the embodiment;

[0013] FIG. 3A is a view showing an example of a lumi-
nance change with respect to the liquid crystal display device
according to the embodiment;

[0014] FIG. 3B is another view showing the example of the
luminance change with respect to the liquid crystal display
device according to the embodiment;

[0015] FIG. 4is a view obtained by subjectively evaluating
a relationship between a frame frequency and an upper limit
ofa standardized fluctuation range PP value of a luminance in
which a flicker is not visibly recognized;

[0016] FIG. 5is aview showing fluctuation ranges of lumi-
nances respect to TFTs whose leak currents are different from
each other, the view of FIG. 4 showing characteristics being
applied to FIG. 5.

[0017] FIG. 6A is a view showing a luminance response
waveform in the liquid crystal display according to the
embodiment;

[0018] FIG. 6B is a view for use in explaining a symmetric
component with respect to the liquid crystal display device
according to the embodiment;

[0019] FIG. 6C is a view for use in explaining an antisym-
metric component with respect to the liquid crystal display
device according to the embodiment;

[0020] FIG. 7A is a view showing an equivalent circuit in
the liquid crystal display panel of the liquid crystal display
device according to the embodiment;

[0021] FIG. 7B is a view for use in explaining a variation of
aliquid crystal holding voltage, which is caused by an imped-
ance mismatch between liquid crystal and an alignment film
in the liquid crystal display device according to the embodi-
ment;

[0022] FIG. 8Ais a view showinga circuit model applied to
a simulation with respect to the liquid crystal display device
according to the embodiment;

[0023] FIG. 8B is a view showing calculation conditions
applied to the simulation with respect to the liquid crystal
display device according to the embodiment;

[0024] FIG. 9A is a view showing a result of the simulation
with respect to a change rate of a liquid crystal applying
voltage in a holding period in the liquid crystal display device
according to the embodiment;
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[0025] FIG. 9B is a view showing the change rate of the
liquid crystal display device according to the embodiment;
[0026] FIG. 10 is a view showing for reducing a flicker in
the liquid crystal display device according to the embodi-
ment;

[0027] FIG. 111s a view showing regions regarding imped-
ances of liquid crystals and alignment filmsin cases 1 and 2 in
the liquid crystal display device according to the embodi-
ment;

[0028] FIG.12is a view showing regions regarding imped-
ances of liquid crystals and alignment films in cases 3 and 4 in
the liquid crystal display device according to the embodi-
ment;

[0029] FIG.13is a view showing regions regarding imped-
ances of liquid crystals and alignment films in cases 5 and 6 in
the liquid crystal display device according to the embodi-
ment;

[0030] FIG. 14 1s a view showing regions regarding imped-
ances of liquid crystals and alignment films in cases 7 and 8 in
the liquid crystal display device according to the embodi-
ment;

[0031] FIG.151s a view showing regions regarding imped-
ances of a liquid crystal and an alignment film in case 9 in the
liquid crystal display device according to the embodiment;
and

[0032] FIG.161s a view showing regions regarding imped-
ances ofaliquid crystal and an alignment film in case 10 in the
liquid crystal display device according to the embodiment.

DETAILED DESCRIPTION

[0033] Various embodiments will be described hereinafter
with reference to the accompanying drawings.

[0034] In general, according to one embodiment, a lateral
electric-field type of liquid crystal display device comprising:
adisplay panel in which a plurality of liquid crystal pixels and
TFTs are arranged in a matrix, the TFTs being configured to
perform or stop application of pixel voltages to the liquid
crystal pixels; and a controller configured to perform inter-
mittent driving to rewrite image signals to the liquid crystal
pixels, wherein a frame frequency falls within a range of 1 Hz
to 10 Hz, an off-leak current of each of the TFTs has a value
of 1x107"° A or less, a resistivity of a liquid crystal applied to
each of the liquid crystal pixels and a resistivity of an align-
ment film applied to the liquid crystal pixels both fall within
oneofa first range and a second range, the first range being set
as a range of 1x10" to 5x10** Q-cm, the second range being
set as a range of 5x10" to 5x10** Q-cm, and a relationship of
“R1IxC1=R2xC2” is satisfied, where R1 is a resistance of the
liquid crystal with respect to said each liquid crystal pixel, C1
is a capacity of the liquid crystal with respect to said each
liquid crystal pixel, R2 is a resistance of the alignment film
with respect to said each liquid crystal pixel, and C2 is a
capacity of the alignment film with respect to said each liquid
crystal pixel.

[0035] The liquid crystal display device according to the
embodiment will be explained in detail with reference to the
accompanying drawings.

[0036] FIG.1 is a schematic plan view showing a structure
of the liquid crystal display device according to the embodi-
ment.

[0037] Theliquid crystal display device comprises a liquid
crystal display panel PNL and a backlight BLT which illumi-
nates the liquid crystal display panel PNL from a rear surface
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side. The liquid crystal display panel PNL is provided with a
display portion including display pixels PX arranged in a
matrix.

[0038] FIG. 2is a view showing a cross section of a display
pixel portion of the liquid crystal display panel PNL of the
liquid crystal display device according to the embodiment.

[0039] The liquid crystal display panel PNL comprises an
array substrate 100, a counter-substrate 200 and a liquid crys-
tal layer LQ held between the substrates 100 and 200.

[0040] In the counter-substrate 200, a transparent insulat-
ing substrate SB2, a color filter layer CF and an overcoat layer
L2 are provided. The color filter layer CF includes colored
layers provided on the transparent insulating substrate SB2,
which are colored red (R), green (G) and blue (B). The over-
coat layer L2 is provided to cover the color filter layer CF, and
prevents substances contained in the color filter layer CF from
flowing into the liquid crystal layer LQ.

[0041] The array substrate 100 comprises a transparent
insulating substrate SB1, a counter-electrode (first electrode)
COM, and a plurality of pixel electrodes (second electrodes)
PE. The pixel electrodes PE are provided on the counter-
electrode COM, with an insulating layer L1 interposed
between the pixel electrodes PE and the counter-electrode
COM,, the insulating layer L1 being formed of silicon nitride
(SiN). The pixel electrodes PE are provided in display pixels
PX, respectively, and include opening portions SLT each
formed in the shape of a slit. The counter-electrode COM and
the pixel electrodes PE are transparent electrodes formed of,
e.g., indium tin oxide (ITO).

[0042] As shown in FIG. 1, at the display portion, the array
substrate 100 includes scanning lines GL (GL1, GL2, .. .)
extending along columns of display pixels PX, signal lines
(SL1,SL2, . ..) extending along rows of display pixels PX,
and pixel switches SW provided close to intersections of the
scanning lines GL and the signal lines SL.

[0043] The pixel switches SW comprise thin film transis-
tors (TFTs). The pixel switches SW include gate electrodes
which are electrically connected to associated scanning lines
GL, respectively. Also, the pixel switches SW include source
electrodes which are electrically connected to associated sig-
nal lines SL, respectively. Furthermore, the pixel switches
SW include drain electrodes which are electrically connected
to associated pixel electrodes PE, respectively.

[0044] The array substrate 100 comprises a source driver
SD and gate drivers GD (a left gate driver GD-L and a right
gate driver GD-R) as drive means for driving the display
pixels PX. The scanning lines GL are electrically connected
to output terminals of the gate drivers GD. The signal lines SL
are electrically connected to output terminals of the source
driver SD.

[0045] The gate drivers GD and the source driver SD are
provided in peripheral areas of the display portions. The gate
drivers GD successively apply on-voltages to scanning lines
GL, as aresult of which the on-voltages are applied to the gate
electrodes of the pixel switches SW, which are electrically
connected to selected scanning lines GL, i.e., the above scan-
ning lines GL. To be more specific, when an on-voltage is
applied to a gate electrode, electrical conduction is effected
between the source electrode and drain electrode of a pixel
switch SW including the above gate electrode. On the other
hand, the source driver SD supplies output signals to the
signal lines SL, respectively. To be more specific, when an
output signal is supplied to a signal line SL, itis also supplied,
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through the pixel switch SW in which electrical conduction is
effected between its source and drain electrodes, to an asso-
ciated pixel electrode PE.

[0046] Operations of the gate drivers GD and the source
driver SD are controlled by a control circuit CTR provided
outside theliquid crystal display panel PNL. Furthermore, the
control circuit CTR applies a counter-voltage Vcom to the
counter-electrode COM, and also controls an operation of the
backlight BLT.

[0047] The control circuit CTR has a function of perform-
ing intermittent driving to reduce electric power, in addition
to a function of performing ordinary driving. It should be
noted that a time period in which a single frame is rewritten is
referred to as a “frame period” and its reciprocal is as a “frame
frequency”. This will also be applied to the intermittent driv-
ing and low-frequency driving of the present application.
[0048] Suppose by way of example a standard frame fre-
quency of the liquid crystal display device is 60 Hz (a single
frame is rewritten every 6o sec). In the case of displaying
moving images, the liquid crystal display device is operated at
60 Hz, which is the standard frame frequency, and in the case
of displaying a still image or the like whose visibility is held
in little account, the control circuit CTR performs intermittent
driving.

[0049] The control circuit CTR sets a non-operation period
of, e.g., %60 sec, oo sec, 750 sec or V%o sec after performing a
writing operation (scanning from an upper side of a screen to
a lower side thereof) for Y60 sec. In the non-operation period,
by stopping the writing operation of the control circuit CTR,
the power consumption of the circuit is made substantially
zero. As aresult, the time-averaged power consumption of the
circuit in all time periods including the time of performing the
writing operation is reduced to Y4, %4, ¥4 or Yeo of that in the
case where the non-operation period is not provided.

[0050] The liquid crystal display device according to the
embodiment is a fringe-field switching (FFS) mode liquid
crystal display device in which a liquid crystal layer LQ is
caused to generate an electric field due to a potential differ-
ence between voltages applied to the counter-electrode COM
and the pixel electrodes PE, to control an alignment direction
of liquid crystal molecules in the liquid crystal layer. The
transmission amount of light emitted from the backlight BLT
is controlled in accordance with the alignment direction of the
liquid crystal molecules.

[0051] As shown in FIG. 2, a capacitance component CsO
generates between each of the pixel electrodes PE and the
counter-electrode COM, which are located opposite to each
other, with the insulating layer L1 interposed between them.
In addition, a liquid crystal capacitance Clc and an auxiliary
capacitance component Cs1 corresponding to an electric field
generated in the liquid crystal layer LQ are present. Where a
total capacitance, which corresponds to all the capacitances
between the pixel electrodes PE and the counter-electrode
COM, isdenoted by Cs, the capacitance Cs is considered to be
provided between the drain of the TFT and the counter-elec-
trode COM.

[0052] Next, a driving method for reducing a flicker will be
explained.
[0053] Ifa DC voltage is applied to liquid crystal material

for long time, a display characteristic thereof varies due to
charging-up with the passage of time. Thus, in general, frame
driving is applied. In the frame driving, driving is performed
such that the polarity is inverted in units of one frame to make
a DC average substantially zero. However, if positive and
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negative response characteristics (luminance-voltage charac-
teristics) are different from each other, the luminances of
positive and negative frames are also different from each
other, and the luminance fluctuates each time the frame
changes, thus causing a flicker. Although the flicker can be
minimized by applying a minute offset voltage for an average
(DC average value) of signals inverted in polarity or adjusting
a potential of the counter-electrode, it is impossible to sup-
press the flicker by completely absorbing a change of the
brightness-voltage characteristic which occurs as time
passes, a variance in optimal condition between gradation
levels, etc.

[0054] As measures for reducing such a flicker, e.g., a line-
inversion drive scheme, a column-inversion drive scheme and
a dot-inversion drive scheme are known. For example, in the
line-inversion drive scheme, a temporal phase of polarity
inversion is set such that the polarity is inverted between
positive and negative polarities in units of one row, thereby
causing the difference between positive and negative lumi-
nance responses to be macroscopically zero, and preventing
the flicker from being visibly recognized. Similarly, in the
column-inversion drive scheme, the phase of polarity inver-
sion is reversed in units of one column, and in the dot-inver-
sion drive scheme, the pixel electrodes PE arranged in a
matrix are inverted in polarity in a checkerwise manner; that
is, dot inversion is carried out. Thus, the column-inversion
drive scheme and the dot-inversion drive scheme can also
prevent a flicker from being visibly recognized.

[0055] Ofthose inversion drive schemes, the line-inversion
drive scheme and the dot-inversion drive scheme are carried
out such that at the time of performing scanning over the
screen, writing to pixels is carried out while inverting the
polarity in units of one row, as a result of which it is therefore
necessary to perform charging and discharging of signal lines
in a panel at intervals of 1 horizontal period (1 H period), and
the power consumption is increased. On the other hand, in the
column-inversion drive scheme, the polarity is not inverted in
acolumn direction where rows of pixels are arranged, and the
power consumption of the circuit is reduced. In this regard,
the column-inversion drive scheme has an advantage. In a
liquid crystal display device for use in a mobile device,
although any of various inversion drive scheme is adopted in
accordance with specifications of a product, it is most pref-
erable that the column-inversion drive scheme be applied in
order to reduce the power consumption.

[0056] Then, a luminance response waveform of the liquid
crystal display device will be explained.

[0057] Inthe intermittent drive scheme, after an associated
pixel voltage is applied to a respective one of pixels PX, it is
necessary that the pixel voltage is held for a long time period.
Thus, it is also necessary to take measures for a luminance
change which occurs due to an off-leak current of a TFT.

[0058] FIGS. 3A and 3B are views showing an example of
a luminance change in the liquid crystal display device
according to the embodiment. To be more specific, FIG. 3A
shows changes of a pixel voltage Vd, a signal line voltage Vs
and a gate voltage Vg; and FIG. 3B shows a change of a
luminance of a liquid crystal.

[0059] In a scanning period of a single frame, the source
driver SD outputs signal line voltages Vs associated with
image signals to signal lines SL. Then, the gate driver GD
outputs a gate voltage Vg for turning on TFTs to a scanning
line GL. Thereby, pixel voltages Vd are equalized to the signal
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line voltages Vs, as a result of which the luminances of pixels
are each set to a desired value.

[0060] In a non-operation period of the single frame, the
gate voltage Vg is at a level at which it turns oft TFTs, and for
ashort time period, the pixel voltages Vd are held at the levels
of the signal line voltages Vs. However, if the non-operation
period is long, the pixel voltages Vd lower due to the off-leak
currents of the TFTs (currents leaking and flowing from, for
example, drains of the TFT's to sources thereof). As a result, in
the non-operation period, the luminances of the pixels lower.
[0061] When a subsequent frame is started, and the pixel
voltages Vd are rewritten with new signal line voltages Vs, the
luminances of the pixels each return to the desired value. It
should be noted that referring to FIG. 3A, the polarity of a
pixel voltage Vd changes in a subsequent frame. This is
because a frame-inversion driving is performed. A luminance
change, which is caused by off-leak currents of TFTs, is
repeatedly made each time the frame changes. Thus, a flicker
is visibly recognized.

[0062] It should be noted that a luminance as shown in FIG.
3B is standardized such that the desired value is 1. The value
by which the standardized luminance is lowered by the off-
leak current will be referred to as a standardized fluctuation
range PP value of the luminance.

[0063] Itis known that in general, the visibility with which
a person can view a flicker depends on a frequency, and with
respect to frequencies, even if the luminance fluctuates in the
same fluctuation range, a flicker is more easily visibly as the
frequency lowers.

[0064] FIG.4 isa view obtained by subjectively evaluating
a relationship between a frame frequency and an upper limit
of a standardized fluctuation range PP value of the luminance
in which a flicker cannot be visibly recognized. According to
a graph shown in the view, the upper limit steeply rises when
the frame frequency exceeds 40 Hz. This means that in the
case where the frame frequency is greater than 40 Hz, even if
the fluctuation range of the luminance is great, a flicker is not
visibly recognized; however, in the case where the frame
frequency is equal to or smaller than 40 Hz, even if the
fluctuation range of the luminance is small, a flicker is visibly
recognized.

[0065] From the above result of the subjective evaluation, it
can be considered that if the luminance fluctuates to such a
degree as shown in F1G. 3B, a flicker is not visibly recognized
when the frame frequency is 60 Hz, which is an ordinary
frame frequency; however, a flicker is visibly recognized
when the frame frequency is lowered to 40 Hz or less.
[0066] FIG. 5 is a view showing a luminance fluctuation
occurring in TFTs whose leak currents are different in value
from each other, with the view of FIG. 4 applied to the view
of FIG. 5. Curve A indicates a relationship between the frame
frequency and the fluctuation range of the luminance in the
case where a leak current (I (off)) is 1x107"3 (A). Curve B
indicates also a relationship between the frame frequency and
the fluctuation range of the luminance in the case where the
leak current (I (off)) is 1x10~"3 (A) which is a characteristic of
aconventional TFT. Curve C indicates a relationship between
the frame frequency and the fluctuation range of the lumi-
nance in the case where the leak current (I (off)) is 1x1072
(A).

[0067] With respect to curves A-C, a flicker is visibly rec-
ognized in a region located upper than a character curve L
indicating an upper limit of a region at which a flicker is not
visibly recognized. It can be seen that as the leak current
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increases, at a higher frame frequency, a flicker is visibly
recognized. Furthermore, in curve B (the conventional TFT),
at a frame frequency of 40 Hz or less, a flicker is visibly
recognized. In order that a flicker should not be visibly rec-
ognized at 1 Hz, it is necessary as a requirement that as
indicated in curve A, the leak current is 1x107'% (A) or less.
[0068] Therefore, it is possible to prevent a flicker from
being visibly recognized, by selecting a TFT to be applied, in
accordance with a frame frequency band to be applied, based
on FIG. 5.

[0069] A symmetric component and an antisymmetric
component to be applied in studying how to handle a lumi-
nance fluctuation at the time of performing a low-frequency
driving will be explained.

[0070] FIGS. 6A-6C are views for use in explaining a sym-
metric component and an antisymmetric component in the
liquid crystal display device according to the embodiment.
[0071] FIG. 6A shows a luminance response of a single
pixel in the case where driving is performed in a frame period
of 50 msec (at a frame frequency of 20 Hz). In the figure, a
vertical axis indicates luminance, and a horizontal axis indi-
cates time. It should be noted that the luminance is standard-
ized such that an average value is 1. The polarity of a video
signal to be written to the pixel is inverted in units of one
frame, and intervals indicated by arrows in the figure corre-
spond to a negative frame and a positive frame, respectively.
[0072] In the luminance response as shown in FIG. 6A, in
the positive frame, the luminance is increased to approxi-
mately 1.3, and in the negative frame, the luminance is
decreased to approximately 0.8. Thus, the luminance in the
positive frame is greatly different from that in the negative
frame. This is because the response of a liquid crystal varies
in accordance with whether a voltage having a positive polar-
ity or that having a negative polarity is applied.

[0073] It should be noted that the symmetric component
corresponds to an average waveform of the luminance wave-
form of the positive frame and that of the negative frame. In
the symmetric component, each time the frame changes, the
same waveform (symmetric waveform) is obtained. That is
why it is referred to as a symmetric component. FIG. 6B
shows an example of the symmetric component. If the sym-
metric waveform has a flat characteristic, it means that it is
averaged to have a flat characteristic. Thus, when driving is
performed in the line-inversion drive scheme, the column-
inversion drive scheme or the dot-inversion drive scheme in
the above manner, it can be visibly recognized that the fluc-
tuation range of the luminance is small (a flicker does not
occur). However, the symmetric component does not have a
flat characteristic. Therefore, the symmetric component is a
component which is not eliminated even by the inversion
drive scheme.

[0074] On the other hand, the antisymmetric component
corresponds to a waveform which is expressed, after deter-
mining an average waveform of the luminance waveform of
the positive waveform and that of the negative waveform,
with the average waveform determined as zero (a reference).
Therefore, a positive waveform and a negative waveform
appear. That is why the above component is referred to as an
antisymmetric component. FIG. 6C shows an example of the
antisymmetric component. If the antisymmetric component
has a symmetric characteristic with respect to a reference line,
it is visibly recognized as a component in which the lumi-
nance does not fluctuate (no flicker occurs), when driving is
performed in the line-inversion drive scheme, the column-
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inversion drive scheme or the dot-inversion drive scheme.
The antisymmetric component is symmetric with respect to
the reference line. Therefore, the antisymmetric component is
a component which can be eliminated by the inversion drive
scheme.

[0075] According to the above study, the luminance fluc-
tuation due to the leak current of the TFT is the luminance
fluctuation of the symmetric component. Thus, this cannot be
prevented by the inversion driving.

[0076] The above explanation is given with respect to a
current leak of a TFT due to which a flicker is visibly recog-
nized at the time of performing the low frequency driving.
However, a flicker caused by a cell is also visibly recognized,
that is, it is another cause for a flicker visibly recognized. The
inventors made researches on how to restrict a flicker occur-
ring due to a cell, and clarified that occurrence of a flicker is
influenced by impedances ofa liquid crystal and an alignment
film.

[0077] FIGS. 7A and 7B are views for use in explaining a
variation of a liquid crystal holding voltage which occurs due
to an impedance mismatch between a liquid crystal and an
alignment film with respect to the liquid crystal display
device according to the embodiment.

[0078] A model of an equivalent circuit of a liquid crystal
panel, which is shown in FIG. 7A, includes a holding capaci-
tance Cs which is present in an region with respect to which
apixel electrode PE and a counter-electrode COM are located
opposite to each other, a capacitance C2 of an alignment film
which corresponds to an electric field generated in the liquid
crystal layer LQ, and a liquid crystal capacitance C1. Further-
more, resistances R1 and R2 are provided in parallel with the
liquid crystal capacitance C1 and the capacitance C2, respec-
tively. It should be noted that the holding capacitance Cs, the
capacitance C2 and the liquid crystal capacitance C1 corre-
spond to the capacitance component Cs0, Csl and Clc as
shown in FIG. 2.

[0079] Next, a variation of a liquid crystal holding voltage
which occurs due to the impedance mismatch between the
liquid crystal and the alignment film will be explained with
reference to FIG. 7B.

[0080] In case 1, impedances of a liquid crystal and an
alignment film do not match to each other (R1-C1<R2-C2). In
this case, when a TFT is turned off to be in a pixel voltage
holding state, the liquid crystal and the alignment film are
discharged independently, but charge is supplied from the
holding capacitance Cs in such a manner as to compensate for
attenuation of voltages V1 and V2 which is caused by the
above discharge. However, although the amount of charge
decreased due to the discharge on the liquid crystal holding
voltage V1 side is larger than that on the voltage V2 side, the
amount of charge supplied on the V1 side is equivalent to that
on the V2 side. Therefore, with the passage of time, the
voltage V1 is decreased, and the voltage V2 is increased.
Therefore, in case 1, the liquid crystal holding voltage attenu-
ates, and the luminance fluctuates.

[0081] In case 2, impedances of a liquid crystal and an
alignment film match to each other (R1-C1~R2-C2). In this
case, when a TFT is turned off to be in a pixel voltage holding
state, the liquid crystal and the alignment film are discharged
independently. However, discharging time of the liquid crys-
tal side and that of the alignment film side are the same as each
other, since the impedances match to each other. Thus,
decreasing of charge due to the discharge and supplying of
charge from the holding capacitance Cs are balanced, thus
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keeping the voltages V1 and V2 constant. Therefore, in case 3,
the fluctuation of the luminance is reduced, and the flicker is
reduced.

[0082] In case 3, impedances of a liquid crystal and an
alignment film do not match to each other (R1-C1>R2-C2). In
this case, when a TFT is turned off to be in a pixel voltage
holding state, the liquid crystal and the alignment film are
discharged independently, but charge is supplied from the
holding capacitance Cs in such a manner as to compensate for
attenuation of voltages V1 an V2 which is caused by the above
discharge. However, although the amount of charge
decreased due to the discharge on the alignment film voltage
V2 side is larger than that on the voltage V1 side, the amount
of charge supplied on the V2 side is equivalent to that on the
V1 side. Therefore, with the passage of time, the voltage V2
is decreased, and the voltage V1 is increased. Therefore, in
case 3, the liquid crystal holding voltage increases, and the
luminance fluctuates.

[0083] The variation ofthe liquid crystal holding voltage is
confirmed by making a simulation calculation with respect to
the above circuit model.

[0084] FIGS. 8A and 8B are views showing a circuit model
applied to a simulation performed with respect to the liquid
crystal display device according to the embodiment and cal-
culation conditions. FIG. 8A shows the circuit model, and
FIG. 8B shows calculation conditions. It should be noted that
with respect to the calculation conditions, a frame period of
0.5 seconds (frame frequency of 2 Hz) is applied to intermit-
tent driving.

[0085] FIGS. 9A and 9B are views showing a result of a
simulation performed with respect to a change rate ofa liquid
crystal applied voltage in a holding period in the liquid crystal
display device according to the embodiment. FIG. 9A shows
a change rate of the liquid crystal applied voltage in associa-
tion with a resistivity of the alignment film and that of the
liquid crystal. It should be noted that the change rate of the
liquid crystal applied voltage is an index indicating a rate of a
decreased or increased liquid crystal applied voltage in the
holding period, and is a value as (VI-Vi)/Vi as shown in FIG.
9B.

[0086] A center portion in FIG. 9A is a region in which the
change rate of the liquid crystal applied voltage is the small-
est. The change rate of the liquid crystal applied voltage
increases as the resistivity of the alignment film decreases, as
indicated by an arrow of a solid line in the figure. On the other
hand, the change rate of the liquid crystal applied voltage
decreases as the resistivity of the liquid crystal decreases, as
indicated by an arrow of a dotted line in the figure. Also, from
this result of the simulation, it can be seen that a luminance
fluctuation in a single frame can be reduced by matching the
impedances of the liquid crystal and the alignment film to
each other.

[0087] Itshould be noted that an upper limit of an absolute
value of a luminance gradient in a single frame in which a
flicker is not visibly recognized is determined as 0.03 by a
subjective evaluation. Therefore, it is possible to set the abso-
lute value of the luminance gradient in the single frame to
0.03 or less by selecting resistivities (Q-cm) of the liquid
crystal and the alignment film based on the simulation result
as shown in FIG. 9A.

[0088] For the reason given in the above explanation, it is
possible to achieve a liquid crystal display device in which a
flicker is reduced by combining an appropriate frame fre-
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quency, appropriate TFT off-leak current and appropriate
impedances of a liquid crystal and an alignment film.

[0089] FIG. 10 is a view showing a structure for reducing a
flicker in the liquid crystal display device according to the
embodiment.

[0090] In each of cases 1 and 2 as shown in FIG. 10, the
frame frequency is 1-10 Hz. In this case, as shown in FIG. 5,
it is possible to reduce a flicker by applying a TFT whose
off-leak current is 1x10™° A or less, and also matching
impedances of a liquid crystal and an alignment film to each
other.

[0091] FIG. 11 is a view showing regions regarding imped-
ances of liquid crystals and alignment filmsin cases 1 and 2 in
the liquid crystal display device according to the embodi-
ment. In the regions indicated with respect to cases 1 and 2,
the absolute value of a change rate of luminance is 0.01 or
less. In case 1, the resistivity of the liquid crystal falls within
the range of 5x10"* to 5x10™* Q-cm, and that of the alignment
film falls within the range of 5x10"* to 5%10™* Q-cm. In case
2, the resistivity of the liquid crystal falls within the range of
1x10" to 5x10"* Q-cm, and that of the alignment film falls
within the range of 1x10" to 5x10"* Q-cm.

[0092] In each of cases 3 and 4 as shown in FIG. 10, the
frame frequency is 10-20 Hz. In this case, as shown in FIG. 5,
it is possible to reduce a flicker by applying a TFT whose
off-leak current is 1x107"* A or less, and matching imped-
ances of a liquid crystal and an alignment film to each other.
[0093] FIG.12is a view showing regions regarding imped-
ances of the liquid crystals and alignment films in cases 3 and
4inthe liquid crystal display device according to the embodi-
ment. In the regions indicated with respect to cases 3 and 4,
the absolute value of a change rate of luminance is 0.03 or
less. In case 3, the resistivity of the liquid crystal falls within
the range of 5x10*2 to 5x10** Q-cm, and that of the alignment
film falls within the range of 5x10"% to 5x10™* Q-cm. In case
4, the resistivity of the liquid crystal falls within the range of
1x10" to 5x10"2 Q-cm, and that of the alignment film falls
within the range of 1x10"? to 5x10'* Q-cm.

[0094] In each of cases 5 and 6 as shown in FIG. 10, the
frame frequency is 10-20 Hz, and the TFT off-leak current is
1x107"° to 1x10™'* A. In this case, as shown in FIG. 5, the
luminance fluctuation value is great, and a flicker is thus
visibly recognized. Thus, the impedances of the liquid crystal
and the alignment film are set so that the liquid crystal holding
voltage is increased as shown in case 3 in FIG. 7B. Thereby,
it is possible to reduce the flicker by compensating for
decreasing of the luminance due to the TFT off-leak with
increasing of the luminance due to the impedance mismatch
between the liquid crystal and the alignment film.

[0095] FIG.13is a view showing regions regarding imped-
ances of liquid crystals and alignment films in cases 5 and 6 in
the liquid crystal display device according to the embodi-
ment. In regions indicated with respect to cases 5 and 6
(regions defined by solid lines), the regions indicated with
respect to cases 3 and 4 (regions defined by dotted lines) are
shifted leftwards. That is, the luminance is increased by set-
ting the resistivity of the alignment film to alow value. In case
5, the resistivity of the liquid crystal falls within the range of
5x10'2 to 5x10'* Q-cm, and that of the alignment film falls
within the range of 5x10"" to 5x10"* Q-cm. In case 6, the
resistivity of the liquid crystal falls within the range of 1x10"
10 5x10*2 Q-cm, and that of the alignment film falls within the
range of 1x10*! to 5x10** Q-cm.
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[0096] In each of cases 7 and 8 as shown in FIG. 10, the
frame frequency is 10-20 Hz, and the TFT off-leak current is
1x107"* to 1x107® A. In this case, as shown in FIG. 5, the
luminance fluctuation value is great, and a flicker is thus
visibly recognized. Thus, the impedances of a liquid crystal
and an alignment film are set so that the liquid crystal holding
voltage is increased as shown in case 3 in FIG. 7B. Thereby,
it is possible to reduce the flicker by compensating for
decreasing of the luminance due to the TFT off-leak with
increasing of the luminance due to the impedance mismatch
between the liquid crystal and the alignment film.

[0097] FIG. 14 is a view showing regions regarding imped-
ances of liquid crystals and alignment films in cases 7 and 8 in
the liquid crystal display device according to the embodi-
ment. In regions indicated with respect to cases 7 and 8
(regions defined by solid lines), the regions indicated with
respect to cases 3 and 4 (regions defined by dotted lines) are
further shifted leftwards. That is, the luminance is further
increased by setting the resistivity of the alignment film to a
lower value. In case 7, the resistivity of the liquid crystal falls
within the range of 5x10'? to 5x10™* Q-cm, and that of the
alignment film falls within the range of 1x10*! to 1x10**
Q-cm. Incase 8, the resistivity of the liquid crystal falls within
the range of 1x10* to 5x10** Q-cm, and that of the alignment
film falls within the range of 5x10'° to 1x10"" Q-cm.

[0098] Incase 9 as shown in FIG. 10, the frame frequency
is 1-10 Hz. In this case, it is possible to reduce a flicker by
applying a TFT whose off-leak current is 1x107'% A or less,
and matching the impedances of a liquid crystal and an align-
ment film to each other, as shown in FIG. 5.

[0099] FIG. 15 is a view showing regions regarding of
impedances of a liquid crystal and an alignment film in case 9
in the liquid crystal display device according to the embodi-
ment. In a region indicated with respect to case 9, the absolute
value of a change rate of luminance is 0.01 or less. In case 9,
the resistivity of the liquid crystal falls within the range of
5x10" to 5x10"* Q-cm, and that of the alignment film falls
within the range of 1x10"* to 5x10**Q-cm. It is possible to
maintain a satisfactory flicker characteristic by setting the
lower limit of the resistivity of the alignment film to a high
value, as compared with case 1, even if the resistivity of the
alignment film varies with the passage of time.

[0100] Also, the inventors clarified that the resistance ofthe
alignment film lowers due to the entry of moisture from a
panel peripheral portion. The entry of moisture from the panel
peripheral portion easily occurs in the case where a peripheral
seal material provided in an area other than an effective dis-
play area is made thin. In the case where the width of the seal
material was 1.5 mm orless, it was possible to set the absolute
value of the change rate of luminance to 0.01 or less even
under strict environment conditions such as a high-humidity
environment, by setting the resistivities of a liquid crystal and
an alignment film to those of case 9.

[0101] Incase 10as shown in FIG. 10, the frame frequency
is 10-20 Hz. In this case, it is possible to reduce a flicker by
applying a TFT whose TFT off-leak current is 1x10™"* A or
less, and matching the impedances of a liquid crystal and an
alignment film to each other, as shown in FI1G. 5.

[0102] FIG. 16 is a view showing regions regarding imped-
ances ofaliquid crystal and an alignment film incase 10 in the
liquid crystal display device according to the embodiment. In
a region indicated with respect to case 10, the absolute value
of a luminance fluctuation rate is 0.03 or less. In case 10, the
resistivity of the liquid crystal falls within the range of 5x 10
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to 5x10** Q-cm, and that of the alignment film falls within the
range of 1x10'? to 5x10'* Q-cm. Case 10 is effective in the
case where the width of the seal material is 1.5 mm or less, as
in case 9. That is, it was possible to set the absolute value of
the luminance fluctuation rate 10 0.03 or less even under strict
environment conditions against the entry of moisture from the
panel peripheral portion, such as a high-humidity environ-
ment.

[0103] As explained above, it is possible to achieve a liquid
crystal display device in which a flicker is restricted, by
combining an appropriate frame frequency, appropriate TFT
off-leak current and appropriate impedances of a liquid crys-
tal and an alignment film.

[0104] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A lateral electric-field type of liquid crystal display

device comprising:

a display panel in which a plurality of liquid crystal pixels
and TFTs are arranged in a matrix, the TFTs being
configured to perform or stop application of pixel volt-
ages to the liquid crystal pixels; and

a controller configured to perform intermittent driving to
rewrite image signals to the liquid crystal pixels,

wherein

a frame frequency falls within a range of 1 Hz to 10 Hz,

an off-leak current of each of the TFTs has a value of
1x107"° A or less,

aresistivity of a liquid crystal applied to each of the liquid
crystal pixels and a resistivity of an alignment film
applied to the liquid crystal pixels both fall within one of
a first range and a second range, the first range being set
as a range of 1x10"? to 5x10"® Q-cm, the second range
being set as a range of 510" to 5x10* Q-cm, and a
relationship of “R1xC1=R2xC2" is satisfied, where R1
is a resistance of the liquid crystal with respect to said
each liquid crystal pixel, Cl is a capacity of the liquid
crystal with respect to said each liquid crystal pixel, R2
is a resistance of the alignment film with respect to said
each liquid crystal pixel, and C2 is a capacity of the
alignment film with respect to said each liquid crystal
pixel.

2. A lateral electric-field type of liquid crystal display

device comprising:

a display panel in which a plurality of liquid crystal pixels
and TFTs are arranged in a matrix, the TFTs being
configured to perform or stop application of pixel volt-
ages to the liquid crystal pixels; and

a controller configured to perform intermittent driving to
rewrite image signals to the liquid crystal pixels,

wherein

a frame frequency falls within a range of 10 Hz to 20 Hz,

an off-leak current of each of the TFTs has a value of
1x107"° A or less,
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a resistivity of a liquid crystal applied to the liquid crystal
pixels and a resistivity of an alignment film applied to
the liquid crystal pixels both fall within one of a first
range and a second range, the first range being set as a
range of 1x10"? to 5x10*? Q-cm, the second range being
set as a range of 5x10'? to 5x10** Q-cm, and

arelationship of “R1xC1=R2xC2” is satisfied, where R1 is
aresistance of the liquid crystal with respect to said each
liquid crystal pixel, C1 is a capacity of the liquid crystal
with respect to said each liquid crystal pixel, R2 is a
resistance of the alignment film with respect to said each
liquid crystal pixel, and C2 is a capacity of the alignment
film with respect to said each liquid crystal pixel.

3. A lateral electric-field type of liquid crystal display

device comprising:

a display panel in which a plurality of liquid crystal pixels
and TFTs are arranged in a matrix, the TFTs being
configured to perform or stop application of pixel volt-
ages to the liquid crystal pixels; and

a controller configured to perform intermittent driving to
rewrite image signals to the liquid crystal pixels,

wherein

a frame frequency falls within a range of 10 Hz to 20 Hz,

a value of an off-leak current of each of the TFTs falls
within a range of 1x1071% to 1x1073 A,

a resistivity of a liquid crystal applied to the liquid crystal
pixels falls within a range of 5x10'% to 5x10** Q-cm,

a resistivity of an alignment film applied to the liquid
crystal pixels falls within a range of 1x10** to 5x10**
Q-cm, and

arelationship of “R1xC1>R2xC2” is satisfied, where R1 is
aresistance of the liquid crystal with respect to said each
liquid crystal pixel, C1 is a capacity of the liquid crystal
with respect to said each liquid crystal pixel, R2 is a
resistance of the alignment film with respect to said each
liquid crystal pixel, and C2 is a capacity of the alignment
film with respect to said each liquid crystal pixel

4. The liquid crystal display device of claim 3, wherein the
value of the off-leak current of said each TFT falls within a
range of 1x107"° to 1x107'* A, and the resistivity of the
alignment film applied to the liquid crystal pixels falls within
arange of 5x10" to 5x10" Q-cm.

5. The liquid crystal display device of claim 3, wherein the
value of the off-leak current of said each TFT falls within a
range of 1x107* to 11072 A, and the resistivity of the
alignment film applied to the liquid crystal pixels falls within
arange of 1x10'* to 1x10" Q-cm.

6. A lateral electric-field type of liquid crystal display
device comprising:

a display panel in which a plurality of liquid crystal pixels
and TFTs are arranged in a matrix, the TFTs being
configured to perform or stop application of pixel volt-
ages to the liquid crystal pixels; and

a controller configured to perform intermittent driving to
rewrite image signals to the liquid crystal pixels,

wherein

a frame frequency falls within a range of 10 Hz to 20 Hz,

a value of an off-leak current of each of the TFTs falls
within a range of 1x107'% to 1x10713 A,

a resistivity of a liquid crystal applied to the liquid crystal
pixels falls within a range of 1x10'* to 5x10'% A,

a resistivity of an alignment film applied to the liquid
crystal pixels falls within a range of 5x10'° to 5x10*!
Q-¢cm, and



US 2015/0102988 A1

arelationship of “R1xC1>R2xC2” is satisfied, where R1 is
aresistance of the liquid crystal with respect to said each
liquid crystal pixel, C1 is a capacity of the liquid crystal
with respect to said each liquid crystal pixel, R2 is a
resistance of the alignment film with respect to said each
liquid crystal pixel, and C2 is acapacity of the alignment
film with respect to said each liquid crystal pixel

7. The liquid crystal display device of claim 6, wherein the
value of the off-leak current of said each TFT falls within a
range of 1x107'% to 1x107** A, and the resistivity of the
alignment film applied to the liquid crystal pixels falls within
arange of 1x10"" to 5x10"" Q-cm.

8. The liquid crystal display device of claim 6, wherein the
value of the off-leak current of said each TFT falls within a
range of 1x107'* to 1x107** A, and the resistivity of the
alignment film applied to the liquid crystal pixels falls within
arange of 5x10'° to 1x10** Q-cm.
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