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FLICKER-CONSTRAINED LIQUID CRYSTAL
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2005-142947, filed on May 16, 2005, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a liquid
crystal display, and, more particularly, to a liquid crystal
display driven in a frame inversion mode, which constrains
flickers associated with the frame inversion drive.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display is provided with a liquid
crystal layer between a common electrode and pixel elec-
trodes disposed on a matrix, applies a voltage corresponding
to an image signal between both electrodes to change a
transmission factor of the liquid crystal layer, and transmits
light from a back light through the liquid crystal layer to
perform gradation display. In this case, in order to prevent
burn-in of a liquid crystal panel and deterioration of a liquid
crystal material due to movement of ion components in the
liquid crystal material toward one electrode through its
long-time driving, the liquid crystal layer is driven by
alternately inverting the polarity of the voltage applied to the
liquid crystal layer. A mode inverting the polarity for each
frame is referred to as a frame inversion mode, and a mode
inverting the polarity for each line is referred to as a line
inversion mode.

[0006] On the other hand, it is proposed to use a ferro-
electric material as the liquid crystal material to enhance a
response speed of the liquid crystal material to the applied
voltage. For example, this is described in Japanese Patent
Application Laid-Open Publication No. 2004-219938. In
such a liquid crystal display, writing is performed by apply-
ing a voltage with only one polarity to the liquid crystal
material; the back light is turned on in the state of holding
the voltage after the writing; and subsequently, an inversion
voltage is applied for erasing. Color display can be achieved
through a field sequential color mode by displaying a RGB
frame image in a time-sharing manner using RGB LED
devices as the back-light light source without using a color
filter.

SUMMARY OF THE INVENTION

[0007] Ina conventional frame inversion mode, the polar-
ity is inverted for each frame in the voltage applied between
the pixel electrode and the common electrode. In this case,
due to a field through voltage caused by driving a gate line,
variations are generated in the voltage applied between the
electrodes, which fluctuates the luminance values of the
frames, and it is problematic that flickers become visible. A
source voltage is applied to the pixel electrode while driving
the gate line to H-level and by making a transistor, i.e., a
switch element between a source line and the pixel electrode
conductive, however, when the gate line is returned to
L-level, the capacity coupling due to the capacity between
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the gate and source of the transistor fluctuates (reduces) the
voltage of the pixel electrode connected to the source of the
transistor. This is the field through voltage.

[0008] Due to the field through voltage, in a frame driven
to the positive polarity, the voltage of the pixel electrode is
reduced so as to reduce the voltage between the pixel
electrode and the common electrode, and in a frame driven
to the negative polarity, the voltage of the pixel electrode is
reduced so as to increase the voltage between the pixel
electrode and the common electrode. Therefore, the voltage
of the common electrode must be adjusted such that the
same inter-electrode voltages are generated in the frames of
both polarities.

[0009] However, partially because variations exist in the
field through voltage of each panel, the adjustment of the
common electrode voltage to the appropriate level has
limitations. Therefore, the flicker problem is left unsolved in
the case of the frame inversion mode.

[0010] Itis therefore the object of the present invention to
provide a liquid crystal display that can constrain flickers.

[0011] In order to achieve the above object, according to
a first aspect of the present invention there is provided a
liquid crystal display having a plurality of pixel electrodes
disposed on a matrix, a common electrode provided oppo-
sitely to the pixel electrodes, a liquid crystal layer provided
between the pixel electrodes and the common electrode, and
a back light that supplies light transmitting through the
liquid crystal layer, the liquid crystal display comprising a
control circuit that applies a drive voltage corresponding to
image data between the pixel electrodes and the common
electrode such that the polarity of the drive voltage is
inverted for each predetermined period, wherein, within a
frame period, the control circuit applies a drive voltage of a
first polarity in a first period, applies a drive voltage of a
second polarity opposite to the first polarity, which is the
same voltage as the drive voltage of the first polarity, in a
second period after the first period, and controls such that the
back light is turned off in the first period and turned on in the
second period.

[0012] According to the first aspect, since the back light is
turned on in the second period when the drive voltage of the
same polarity is applied between the electrodes in each
frame, flickers caused by the field through voltage, etc. can
be constrained. Since the liquid crystal layer is already
driven in first period and the movement of the liquid crystal
layer is established, the driving is achieved in the second
period without response delay of the crystal layer and,
therefore, it is suitable for the highly accurate gradation
display to turn on the back light in the second period.

[0013] To achieve the above object, according to a second
aspect of the present invention there is provided a liquid
crystal display having a plurality of pixel electrodes dis-
posed on a matrix, a common electrode provided oppositely
to the pixel electrodes, a liquid crystal layer provided
between the pixel electrodes and the common electrode, and
a back light that supplies light transmitting through the
liquid crystal layer, the liquid crystal display comprising a
control circuit that performs drive between the pixel elec-
trodes and the common electrode sequentially with drive
voltages of a plurality of colors within a frame period,
wherein, when performing the driving between the elec-
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trodes with the drive voltage of each color, the control circuit
applies a drive voltage of a first polarity in a first period,
applies a drive voltage of a second polarity opposite to the
first polarity, which is the same voltage as the drive voltage
of the first polarity, in a second period after the first period,
and controls such that the back light is turned off in the first
period and turned on in the second period.

[0014] According to the second aspect, in the field sequen-
tial color display mode that sequentially drives the liquid
crystal layer with the drive voltages for a plurality of colors
to enable the color display, the drive voltage of the first
polarity is applied in the first period of the drive period of
each color; the drive voltage of the reverse polarity is
applied in the subsequent second period; the back light is
turned on in the second period and turned off in the first
period; and therefore, the drive voltage during turning on the
back light is the same in each frame, which can constrain the
generation of the flickers due to the inverse drive of the
crystal layer.

[0015] In the first and second inventions, a preferred
aspect includes a plurality of gate lines, a plurality of source
lines intersecting therewith, and a switch provided between
the source line and the pixel electrode and controlled by the
gate line, and in the second period, the plurality of gate lines
are scanned sequentially to apply the drive voltage to the
pixel electrode from the source line. Since the writing is
performed in the second period, although a state of applying
the drive voltage of the first polarity and a state of applying
the drive voltage of the second polarity are illuminated by
the backlight at the pixel electrode of the gate line of the
lower end portion, the same state is always illuminated
among frames and therefore, the flickers are constrained.
Flickers are constrained by inversely driving a liquid crystal
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other objects, aspects, features and
advantages of the present invention will become more
apparent from the following detailed description when taken
in conjunction with the accompanying drawings, in which:

[0017] FIG. 1 is an overall configuration diagram of a
liquid crystal display according to the embodiment;

[0018] FIG. 2 shows panel drive in a conventional frame
inversion mode;

[0019] FIG. 3 shows panel drive according to a first
embodiment;

[0020] FIG. 4 shows drive of a liquid crystal display in a
conventional field sequential mode; and

[0021] FIG. 5 shows panel drive in the field sequential
mode according to a second embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] Description will hereinafter be made of embodi-
ments of the present invention with reference to drawings.
However, the technical scope of the present invention is not
limited to these embodiments and covers contents described
in claims and equivalents thereof.

[0023] FIG. 1 is an overall configuration diagram of a
liquid crystal display according to the embodiment. A liquid
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crystal display panel is constituted by a plurality of source
lines D1 to D1024, gate lines L1 to 1768 intersecting
therewith, a first substrate 1 where thin-film transistors TFT
for switches disposed at the intersecting positions and pixel
electrodes 4 are formed, and a second substrate 2 where a
common electrode is disposed, a back light 3, and a liquid
crystal layer (not shown) provided between the pixel elec-
trodes 4 and the common electrode (not shown). Polarizing
plates (not shown) are provided on both sides of the sub-
strates 1, 2, and the light from the back light 3 is transmitted
through the polarizing plate, is turned in the deflecting
direction, and passes through another polarizing plate when
the light from the back light is transmitted. The direction and
inclination of liquid crystal molecules are changed depend-
ing on the voltage applied to the liquid crystal layer to
control the turning of the transmitted light and thereby the
transmission factor thereof is controlled. In this way, the
gradation control is performed for each pixel.

[0024] The control circuit 20 inputs display data Data and
a synchronizing signal Sync and controls driving of a source
driver 22 and a gate driver 24. The gate driver 24 drives the
gate lines L1 to [.768 sequentially depending on a gate drive
signal to make the transistor TFT of each pixel conductive.
On the other hand, the source driver 22 applies a source
voltage corresponding to image data PD to each source line
D1 to D1024 depending on the image data PD and a source
drive signal SD in synchronization with the drive of the gate
lines. The control circuit 20 performs the drive control by a
voltage Vcom of the common electrode and the lighting
control by a voltage VBL of the back light 3. In this way, a
drive voltage is applied between each pixel electrode and the
common electrode correspondingly to the image data.

[0025] FIG. 2 shows panel drive in a conventional frame
inversion mode. FIG. 2 shows the gate driver’s drive VG, a
pixel application state PX, a common electrode voltage
Veom, and a backlight voltage VBL. In an initial period of
a first frame period FL1, the gate driver 24 sequentially
drives and scans the gate lines L1 to L.768. A triangular wave
portion of VG of FIG. 2 shows the scanning drive. The
source driver 22 applies a positive-polarity source voltage to
each source line D1 to D1024 and the control circuit 20
drives the common electrode with a positive-polarity voltage
Vcom at the same time. In this way, each pixel electrode PX
is driven sequentially with the positive-polarity voltage (a
dotted line of FIG. 2) and maintains this state for the rest of
the first frame period L1.

[0026] In a second frame period FL 2 subsequent to the
first frame period FL1, the gate driver 24 sequentially drives
and scans the gate lines in the same way and, at the same
time, the source driver 22 applies a negative-polarity source
voltage to each source line and the common electrode is
driven with a negative-polarity voltage Vcom. In this way,
each pixel electrode PX is driven sequentially with the
negative-polarity voltage (a dotted line of FIG. 2) and
maintains this state for the rest of the second frame period
L2. The positive-polarity source voltage is a voltage higher
than the L-level common electrode voltage Vecom, and the
negative-polarity source voltage is a voltage lower than the
H-level common electrode voltage Veom. In this way,
although the polarity is inverted in each frame, if the image
data are the same in the frame periods FL1, FL2, the voltage
values between the pixel electrode and the common elec-
trode are equivalent.
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[0027] Inthe conventional frame inversion mode, the back
light is continuously turned on. Therefore, in the first frame
period FL1, the gradation display is performed in the state
of driving the liquid crystal molecules with the positive
polarity and, in the second frame period FL2, the gradation
display is performed in the state of driving the liquid crystal
molecules with the negative polarity. Therefore, when the
same gradation display is continued for a plurality of frames,
the positive-polarity frame and the negative-polarity frame
may have different gradation values, which cause flickers.

[0028] FIG. 3 shows panel drive according to the first
embodiment. FIG. 3 shows the gate driver’s drive VG, the
pixel application state PX, the common electrode voltage
Veom, and the backlight voltage VBL as is the case with
FIG. 2. In a first half period T1 of each frame period FL1,
FL2. the control circuit applies a positive-polarity voltage to
the pixel electrodes (see pixel PX), and applies a positive-
polarity voltage Vcom to the common electrode, so as to
apply a positive-polarity voltage to the liquid crystal layer.
In the first period T1, the back light is turned off. In the
second half period T2, the control circuit applies a negative-
polarity voltage to the pixel electrodes (see pixel PX), and
applies a negative-polarity voltage Vcom to the common
electrode, so as to apply a negative-polarity voltage to the
liquid crystal layer. In the second period T2, the back light
is turned on. At the beginning of each period T1, T2, the gate
driver sequentially drives and scans the gate lines L1 to
L7768 (see a triangular wave of VG in FIG. 3); the transistor
TFT of each pixel is made conductive; and the applied
voltage of each pixel is changed from a voltage of one
polarity to a voltage of the next polarity.

[0029] As shown in FIG. 3, in each frame period FL1,
FL2. the control circuit applies the positive-polarity voltage
to the liquid crystal layer while sequentially scanning the
gate lines in the first period T1 with the back light turned off.
The liquid crystal molecules in the liquid crystal layer are
moved to positions corresponding to the applied voltage
with predetermined delay characteristics. The control circuit
then applies the negative-polarity voltage to the liquid
crystal layer while sequentially scanning the gate lines in the
second period T2 with the back light turned on. Since the
voltage applied to the liquid crystal layer is the same as the
voltage before the inversion of the polarity, only the positive
charge and the negative charge are simply switched in a
dielectric material composed of the liquid crystal layer
without changing the positions of the liquid crystal mol-
ecules, which are dependent on the applied voltage. There-
fore, the liquid crystal molecules have almost no delay
characteristics in the second period T2. The back light is
turned on to perform the gradation display only in the second
period T2 of each frame period. Since the negative-polarity
voltage is applied to the liquid crystal layer of the pixels in
the second period T2 of each frame, when the same grada-
tion state is maintained between frames, the displayed
gradation value is held constant and the generation of the
flickers is constrained.

[0030] In the firstembodiment of FIG. 3, the gate lines [.1
to 1768 are scanned and image data are written into each
pixel at the beginning of the second period T2. Therefore, on
the gate line L1, which is scanned first, all pixels are driven
to the negative polarity during when the back light is turned
on. On the other hand, on the gate line 1768, which is
scanned last, pixels are initially driven to the positive
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polarity and then driven to the negative polarity during when
the back light is turned on. However, since the same state is
maintained (the positive-polarity drive and the negative-
polarity drive are mixed) for the frame .1 and 1.2, the flicker
is constrained between the frames.

[0031] In this way, in the first embodiment, instead of the
frame inversion drive that inverts the polarity of the drive
voltage for each frame, the polarity of the drive voltage is
inverted within the frame period. That is, the pixels are
driven with a first polarity in the first half of frame periods
FL1, FL2; the pixels are driven by the same voltage with a
second polarity that is an inverse polarity of the first polarity
in the second half of frame periods FL1, FL.2; and the back
light is turned on only in the period of driving with the
second polarity. The negative-polarity drive may be per-
formed in the first half period TT of the frame period and the
positive-polarity drive may be performed in the second half
period T2. In this case, the back light is controlled to be
turned on in the positive-polarity drive period T2. If suffi-
cient time can be utilized and sufficient luminance can be
obtained, the back light may be turned on during the second
period T2 except the gate line scanning period.

[0032] FIG. 4 shows drive of a liquid crystal display in a
conventional field sequential mode. In the field sequential
mode, each frame FL1, FL2 is divided into periods for
displaying planes of three primary colors R (red), G (green),
and B (blue); in the R-period, the gate lines are scanned to
display an image of the R-plane on the panel; in the next
G-period, the gate lines are scanned to display an image of
the G-plane on the panel; and finally, in the B-period, the
gate lines are scanned to display an image of the B-plane on
the panel. Since the color state of the previous period is
mixed with the color state of the current period while
scanning the gate lines in each period R, G, B, the back light
is turned off during the scanning and the back light of the
corresponding color is turned on in a data holding period
after the scanning to prevent the mixture of the displayed
colors. That is, the back lights are provided in three colors,
the back light of the corresponding color is turned on in each
period R, G, B, and the display of three colors is performed
within one frame period in a time-sharing manner. In the
frame FL1, the positive-polarity voltage is applied to each
pixel and the common electrode, and in the next frame FL.2,
the negative-polarity voltage is applied to each pixel and the
common electrode to perform the frame inversion drive.

[0033] In the case of the field sequential mode, since the
polarity of the applied voltage is inverted for each frame
when using the frame inversion mode, if the same gradation
is displayed continuously, the displayed gradation value is
fluctuated because the polarity is varied in each frame,
which causes flickers.

[0034] FIG. 5 shows panel drive in the field sequential
mode according to a second embodiment. In the second
embodiment, each of the frame periods FL.1, FL.2 is divided
into three drive and display periods of R, G, and B. How-
ever, in the second embodiment, the frame inversion drive is
not performed and the inversion drive of the pixels is
performed in each drive and display period of R, G, and B.

[0035] In the frame period FL1, the gate electrodes are
scanned to change all the pixels from the drive state of the
negative-polarity voltage of B to the drive state of the
positive-polarity voltage of R in the first half of an initial



US 2006/0256069 Al

period R, and the gate electrodes are scanned again to
change all the pixels to the drive state of the negative-
polarity voltage of R in the second half of the initial period
R. Accordingly, the voltage Vcom of the common electrode
is switched between the positive polarity and the negative
polarity. The back light is turned off in the first half of the
period R and the back light is turned on in the second half
of the period R. Therefore, the R-plane image is displayed
in the second half of the period R. In the second half, the
back light is turned on when some pixels scanned first are in
the drive state of the negative-polarity voltage, and the back
light is turned on when some pixels scanned last are in the
drive state of the positive-polarity voltage; and the back light
is turned on when the rest of the pixels are in the mixed drive
state of the positive-polarity and negative-polarity voltages.

[0036] Although the polarity of voltage applied to the
liquid crystal molecules of each pixel is inverted by the pixel
electrode drive and the common electrode drive associated
with the gate line scanning in the second half of the period
R, since the liquid crystal molecules have been already
driven in the first half by the same voltage that is simply
inverted in the polarity, the liquid crystal molecules are not
moved and only the electric charge thereof is inverted.
Therefore, the liquid crystal molecules have no delay motion
due to the polarity inversion.

[0037] Inthe next period G of the frame period FL1, as is
the case with the period R, the gate electrodes are scanned
to change all the pixels from the drive state of the negative-
polarity voltage of R to the drive state of the positive-
polarity voltage of G in the first half, and the gate electrodes
are scanned again to change all the pixels to the drive state
of the negative-polarity voltage of G in the second half of the
period G. Accordingly, the voltage Vcom of the common
electrode is switched between the positive polarity and the
negative polarity. The back light is turned off in the first half
of the period G and the back light is turned on in the second
half of the period G. Therefore, the G-plane image is
displayed in the second half of the period G. A subsequent
period B is the same as the above description.

[0038] In the next frame period FL2, the gate lines, the
source lines, the pixel electrodes, and the common electrode
are driven and the RGB back lights are turned on as is the
case with the frame period FL1. That is, the frame inversion
mode is not employed; the same voltage polarity is applied
to the pixels in the periods R, G, and B within each frame
period; and in the example of FIG. 5, in each period R, G,
and B, the back light of each color is turned on only in the
period when the drive state of the positive-polarity voltage
is inverted to the drive state of the negative-polarity voltage.
Therefore, since the display states are always the same for
the same pixel among the frames when the back light is
turned on, if the same luminance display is continued, the
luminance is not varied among frames and the flickers can
be constrained.

[0039] As shown in the gate electrode VG of FIG. 5, all
the gate lines are scanned in the first half periods of the
periods R, G, and B, and all the gate lines are also scanned
in the second half periods. However, if the scanning rate is
faster and sufficient time can be utilized, the second half
periods of the periods R, G, and B may be provided with the
scanning periods of all the gate lines and retention periods
for retaining the states thereof. The positive polarity and the
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negative polarity may be reversed as is the case with the first
embodiment. In such a case, the back lights are turned off in
the first half periods of the periods R, G, and B, and the back
light of the corresponding color is turned on in the second
half periods of the periods R, G, and B.

[0040] In the second embodiment, since the voltage
applied states of different colors are mixed in the first half of
each period R, G, and B, the back lights are turned off in the
first half, and since the voltage applied state of the same
color is maintained in the second half (although the polarity
is different), the back light of that color is turned on in the
second half. The proportion of the lighting of the back light
is the same as the conventional example of FIG. 4, and the
rate of the lighting is not reduced.

[0041] As described above, in the field sequential mode,
the generation of flickers can be constrained while prevent-
ing the deterioration of the liquid crystal material by per-
forming the polarity inversion drive in the drive period of
each color.

[0042] According to the present invention there can be
provided a liquid crystal display that constrain the genera-
tion of flickers associated with the voltage drive in both
positive and negative polarities.

1. A liquid crystal display having a plurality of pixel
electrodes disposed on a matrix, a common electrode pro-
vided oppositely to the pixel electrodes, a liquid crystal layer
provided between the pixel electrodes and the common
electrode, and a back light that supplies light transmitted
through the liquid crystal layer, the liquid crystal display
comprising;

a control circuit that applies a drive voltage corresponding
to image data between the pixel electrodes and the
common electrode such that the polarity of the drive
voltage is inverted for each predetermined period,
wherein

within a frame period, the control circuit applies a drive
voltage of a first polarity in a first period, applies a drive
voltage of a second polarity opposite to the first polar-
ity, which is the same voltage as the drive voltage of the
first polarity, in a second period after the first period,
and controls such that the back light is turned off in the
first period and turned on in the second period.
2. The liquid crystal display of claim 1, further comprising
a plurality of gate lines, a plurality of source lines intersect-
ing therewith, and a switch provided between the source line
and the pixel electrode and controlled by the gate line,

wherein the control circuit sequentially scans the plurality
of the gate lines to apply the drive voltage of the first
polarity from the source lines to the pixel electrodes in
the first period and sequentially scans the plurality of
the gate lines to apply the drive voltage of the second
polarity from the source lines to the pixel electrodes in
the second period.

3. The liquid crystal display of claim 1, wherein color
filters corresponding to a plurality of colors are further
provided correspondingly to the pixel electrodes.

4. A liquid crystal display having a plurality of pixel
electrodes disposed on a matrix, a common electrode pro-
vided oppositely to the pixel electrodes, a liquid crystal layer
provided between the pixel electrodes and the common
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electrode, and a back light that supplies light transmitted
through the liquid crystal layer, the liquid crystal display
comprising:

a control circuit that performs drive between the pixel
electrodes and the common electrode sequentially with
drive voltages of a plurality of colors within a frame
period, wherein

when performing the drive between the electrodes with
the drive voltage of each color, the control circuit
applies a drive voltage of a first polarity in a first period,
applies a drive voltage of a second polarity opposite to
the first polarity, which is the same voltage as the drive
voltage of the first polarity, in a second period after the
first period, and controls such that the back light is
turned off in the first period and turned on in the second
period.
5. The liquid crystal display of claim 4, further comprising
a plurality of gate lines, a plurality of source lines intersect-
ing therewith, and a switch provided between the source line
and the pixel electrode and controlled by the gate line,
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wherein the control circuit sequentially scans the plurality
of the gate lines to apply the drive voltage of the first
polarity from the source lines to the pixel electrodes in
the first period and sequentially scans the plurality of
the gate lines to apply the drive voltage of the second
polarity from the source lines to the pixel electrodes in
the second period.

6. The liquid crystal display of claim 4, wherein when
performing the drive between the electrodes with the drive
voltage of each color, the control circuit turns on the back
light in the second period using the back light of the
corresponding color.

7. The liquid crystal display of claim 2, wherein color
filters corresponding to a plurality of colors are further
provided correspondingly to the pixel electrodes.

8. The liquid crystal display of claim 5, wherein when
performing the drive between the electrodes with the drive
voltage of each color, the control circuit turns on the back
light in the second period using the back light of the
corresponding color.
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