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(57) ABSTRACT

A liquid crystal display device includes source bus lines, gate
bus lines intersecting with the source bus lines, pixels
arranged in a matrix to correspond to intersections between
the gate bus lines and the source bus lines, each of the pixels
including a TFT, a pixel electrode, a common electrode, and
a liquid crystal layer, and a potential control section for con-
trolling the potential of the common electrode. The potential
control section sets a voltage, obtained by reducing potential
V cenpss of the common electrode at which flicker is minimum
in display of gray level as black display and gray level as
white display alternately every pixel by a predetermined volt-
age, as center voltage V _,,,55 of the potential of the common
electrode in display of gray level for all the pixels.
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LIQUID CRYSTAL DISPLAY DEVICE AND
POTENTIAL SETTING METHOD FOR THE
SAME

TECHNICAL FIELD

[0001] The present disclosure relates to an active matrix
liquid crystal display device using switching elements such as
thin film transistors, and a potential setting method for the
same.

BACKGROUND ART

[0002] In recent years, active matrix liquid crystal display
devices, which have advantages of being thin and lightweight,
capable of low-voltage drive, and small in power consump-
tion, have been widely used as display panels for mobile
terminal equipment such as mobile phones and handheld
game machines and various electronic equipment such as
notebook computers.

[0003] Such an active matrix liquid crystal display device
includes, in its main portion, a liquid crystal display panel as
a display section having a plurality of pixels arranged in a
matrix and drive circuits for the display panel. In the liquid
crystal display panel, a plurality of data signal lines (herein-
after referred to as “source bus lines”) and a plurality of
scanning signal lines (hereinafter referred to as “gate bus
lines™) are formed to intersect each other in a lattice shape,
and also a plurality of storage capacitance lines are formed to
extend in parallel with the plurality of gate bus lines. One
pixel corresponds to each of intersections between the plu-
rality of source bus lines and the plurality of gate bus lines.
The liquid crystal display panel also includes a common
electrode (or a counter electrode) placed in common for the
plurality of pixels arranged in a matrix to face pixel electrodes
of the pixels via a liquid crystal layer.

[0004] FIG.13 is an equivalent circuit diagram showing an
electrical configuration of one pixel in the liquid crystal dis-
play panel of the liquid crystal display device described
above. Each pixel includes: a thin film transistor (hereinafter
abbreviated as a “TFT”) 52 as a switching element having a
source electrode connected to a source bus line 50 passing
through an intersection corresponding to this pixel and a gate
electrode connected to a gate bus line 51 passing through the
intersection; and a pixel electrode 53 connected to a drain
electrode of the TFT 52. A liquid crystal capacitance C,, is
formed by the pixel electrode 53 and a common electrode 54,
and a storage capacitance C, is formed by the pixel electrode
53 and a storage capacitance line formed along the gate bus
line 51. The liquid crystal capacitance C,, and the storage
capacitance C, constitute a pixel capacitance for holding a
voltage indicating the pixel value that should be provided by
the pixel. Also, a parasitic capacitance C,,is formed between
the pixel electrode 53 and the gate bus line 51.

[0005] With the presence of the parasitic capacitance C,_,
between the gate bus line 51 and the pixel electrode 53 in each
pixel, during the time when a data signal is being applied to
the source bus line, the potential (pixel potential) V, of the
pixel electrode 53 has a level shift AV, caused by the parasitic
capacitance C_ , at the time of fall of the voltage of a scanning
signal from an ON voltage V,, of the gate bus line 51 to an
OFF voltage V_,, thereof. This level shift AV, which s called
a “field through voltage” or a “pull-in voltage,” is represented
by:

AV =V V) Codl (Cr o C+Co ) 1
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[0006] Such a pull-in voltage AV, causes occurrence of
flicker, display degradation, etc. on a displayed image. In
general, in a liquid crystal display panel driven with TFTs,
flicker tends to occur when an asymmetric voltage is applied
to the liquid crystal layer, greatly degrading the display qual-
ity, and moreover causing image sticking if the flicker is left
unattended for a long time.

[0007] Also, in general, a liquid crystal display device is
AC-driven where a positive voltage and a negative voltage are
alternately applied to liquid crystal because liquid crystal is
degraded with application of a DC voltage over a long time.
Types of the AC drive include frame inversion drive, line
inversion drive, and dot inversion drive. In the AC drive, the
voltage applied to the common electrode (hereinafter such a
voltage is referred to as the common electrode voltage V_,,,)
is kept constant, or the level of the common electrode voltage
V _om 18 changed.

[0008] Ifthecommon electrode voltageV ., shifts slightly,
for example, the potentials of all pixels will shift in the same
direction when all the pixels are of the same polarity. There-
fore, the entire screen will become bright and then dark frame
by frame repeatedly, and as a result, a large flicker will occur.
In view of this, in a liquid crystal display panel driven with
TFTs, the dot inversion drive where the voltages applied to
any adjoining pixels are opposite in polarity and the polarity
of each pixel is inverted every frame is widely used. By
inverting the polarity every dot (i.e., every pixel), any adjoin-
ing pixels constitute a set of a bright pixel and a dark pixel.
Therefore, the change in brightness can be cancelled to some
extent, and thus, as a whole, flicker can be reduced to some
extent.

[0009] Various schemes of dot inversion drive, not limited
to the simple dot inversion drive, have been recently pro-
posed. Basically, however, these schemes are common in that,
in the same frame, while the polarity of the potential is posi-
tive in some of the pixel electrodes in the panel plane, it is
negative in the other (see Patent Document 1, for example).

[0010] Ingeneral,inthe dotinversiondrive, which is a drive
for rendering flicker less discernable, setting of the common
electrode voltage V _,,, is difficult. In view of this, setting of
the common electrode voltage V__,, may be made in a display
of'the same polarity over the entire screen using a dot check-
ered pattern that renders flicker discernible. The dot check-
ered pattern is a display pattern of allowing only pixels of the
same polarity to light up, where gray level 0, or a gray level
close to 0, is written into pixels that do not light up. Pixels
light up every other dot in the horizontal and vertical direc-
tions in the case of the dot inversion drive.

[0011] It appears possible to set the common electrode
voltage V_,,, and the potentials of the source bus lines so that
flicker is minimized by a theoretical method. Actually, how-
ever, the setting does not go according to calculation due to a
slight deviation of a finished size from its design value, etc. In
view of this, a technique has been proposed where a pattern of
the same gray level (hereinafter referred to as a “solid pat-
tern”) is actually displayed on the entire panel plane (i.e., all
pixels) of a liquid crystal display panel, and the common
electrode voltage V__,, is changed while this pattern is being
displayed, to find the common electrode voltage V_,,, at
which flicker is minimum, and then determine the potentials
(see Patent Document 2, for example).

[0012] As described above, methods of adjusting the com-
mon electrode potential V__,, or the potentials supplied to the
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source bus lines while displaying a pattern rendering flicker
discernible have been generally adopted.

CITATION LIST
Patent Document

[0013] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. 2003-216124

[0014] PATENT DOCUMENT 1: Japanese Patent Publica-
tion No. H05-323379

SUMMARY OF THE INVENTION
Technical Problem

[0015] The common electrode voltage V__,, adjusted using
the dot checkered pattern in the dot inversion drive described
above may not be the same as the optimum value of the
common electrode voltage V., adjusted using the solid pat-
tern described above.

[0016] More specifically, the potential of a source bus line
is set considering the pull-in voltage generated by the para-
sitic capacitance C,,, to ensure that a symmetric voltage is
applied to the liquid crystal layer. Since the pull-in voltage by
the parasitic capacitance C,,, for a high gray level is different
from that for a low gray level, the center voltage of the
potential of the source bus line is set to vary with the gray level
accordingly. For example, in the normally black mode, the
center voltage of the potential of the source bus line set to
display a low gray level is higher than the center voltage of the
source bus line set to display a high gray level. Also, the pixel
potential is affected by, not only the pull-in voltage by the
parasitic capacitance C,, described above, but also a pull-in
voltage by a parasitic capacitance C,, formed between the
data signal line and the drain of the switching element. In the
dot checkered pattern, when a given pixel has a high gray
level, any adjoining pixel has 0 or a low gray level and is
opposite in polarity. The average potential of the source bus
lines for displaying the dot checkered pattern is the average of
the set potentials for displaying a high gray level and 0 or a
low gray level. Contrarily, in the solid pattern, any adjoining
pixels have the same gray level and are opposite in polarity.
The average potential of the source bus lines for displaying
the solid pattern is the average of the set potentials for dis-
playing a high gray level. In the normally black mode, for
example, since the center voltage of the potential of the source
bus line set to display a low gray level is higher than the center
voltage of the source bus line set to display a high gray level.
Therefore, the average voltage of the source bus lines after
write of potentials into the pixel electrodes is higher in the
solid pattern than in the dot checkered pattern, and also the
pull-in voltage by the parasitic capacitance C, , is small in the
solid pattern. Thus, since the common electrode potential
V _.om adjusted using the dot checkered pattern is higher than
the common electrode potential V__,, adjusted using the solid
pattern, the common electrode potential V_,,, does not nec-
essarily become the optimum value even when it is adjusted
using the dot checkered pattern in the dot inversion drive. As
a result, with an asymmetric voltage applied to the liquid
crystal layer, flicker may occur, causing problems that the
display quality may greatly degrade and moreover image
sticking may occur if the flicker is left unattended for a long
time.
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[0017] Itis an objective of the present disclosure to provide
a liquid crystal display device where occurrence of image
sticking caused by flicker can be prevented, and a potential
setting method for the same.

Solution to the Problem

[0018] To attain the above objective, the liquid crystal dis-
play device of the present disclosure includes: a plurality of
data signal lines; a plurality of scanning signal lines intersect-
ing with the plurality of data signal lines; a plurality of pixels
arranged in a matrix to correspond to intersections between
the plurality of data signal lines and the plurality of scanning
signal lines, each of the pixels including a switching element
that is on when the corresponding scanning signal line is in a
selected state and is off when it is in a non-selected state, a
pixel electrode connected to the corresponding data signal
line via the switching element, a common electrode opposed
to the pixel electrode, and a liquid crystal layer sandwiched
between the pixel electrode and the common electrode; and a
potential control section configured to control the potential of
the common electrode, wherein when C,, is a parasitic
capacitance formed between the data signal line and a drain of
the switching element, C,. is aliquid crystal capacitance, C; is
a storage capacitance, gray level 0 denotes black display, and
gray level 255 denotes white display, when, in the case of
alternate display of gray level 0 and gray level 255 every
pixel, V,, is a potential set for the data signal line to apply a
positive potential required for display of gray level O to the
pixel electrode, V,  is a potential set for the data signal line to
apply a negative potential required for display of gray level 0
to the pixel electrode, V55 is a potential set for the data
signal line to apply a positive potential required for display of
gray level 255 to the pixel electrode, V , 55 is apotential set for
the data signal line to apply a negative potential required for
display of gray level 255 to the pixel electrode, and V.., »s5 is
a potential of the common electrode at which flicker is mini-
mum, and when, in the case of display of gray level 255 for all
the plurality of pixels, V555 is a potential of the common
electrode at which flicker is minimum, the potential control
section sets a potential obtained by reducing V., 55 by

1 Cy

T (Wyo + Vig = Vims = V)
7 Clc+cx+cxd( o + Voo = Viazs — Viass)

as Vcen255'

[0019] With the configuration described above, consider-
ing the difference from the potential of the common electrode
set in the state of displaying gray level O and gray level 255
alternately every pixel, the potential of the common electrode
and the center voltage of the potentials of the pixel electrodes
in the case of display of gray level 255 for all the plurality of
pixels can be made to match with each other. Therefore, a
symmetric voltage can be applied to the liquid crystal layer,
and thus degradation in display quality can be prevented, and
also occurrence of image sticking can be prevented.

[0020] Alternatively, the liquid crystal display device of the
present disclosure includes: a plurality of data signal lines; a
plurality of scanning signal lines intersecting with the plural-
ity of data signal lines; a plurality of pixels arranged in a
matrix to correspond to intersections between the plurality of
data signal lines and the plurality of scanning signal lines,
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each of the pixels including a switching element that is on
when the corresponding scanning signal line is in a selected
state and is off when it is in a non-selected selected, a pixel
electrode connected to the corresponding data signal line via
the switching element, a common electrode opposed to the
pixel electrode, and a liquid crystal layer sandwiched
between the pixel electrode and the common electrode; and a
potential control section configured to control the potential of
the common electrode, wherein when C,_,, C,_,, and C,_,55
are respectively liquid crystal capacitances in gray level a,
gray level b, and gray level 255, gray levels a and b being two
arbitrary halftones obtained when black display is defined as
gray level 0 and white display as gray level 255 and the
brightness therebetween is divided into 254 levels, when
Vo=VuotVio=Viea=Via) Vi~V +Vio=Vi=Vi,), and
V55— (Vo+Vio—Visss— Vass) are defined where V) is a
potential set for the data signal line to apply a positive poten-
tial required for display of gray level 0 to the pixel electrode,
V, isapotential set for the data signal line to apply a negative
potential required for display of gray level 0 to the pixel
electrode, V,, is a potential set for the data signal line to apply
a positive potential required for display of gray level a to the
pixel electrode, V; , is a potential set for the data signal line to
apply a negative potential required for display of gray level a
to the pixel electrode, V, is a potential set for the data signal
line to apply a positive potential required for display of gray
level b to the pixel electrode, V, is a potential set for the data
signal line to apply a negative potential required for display of
gray level b to the pixel electrode, Vs is a potential set for
the data signal line to apply a positive potential required for
display of gray level 255 to the pixel electrode, and V,,ss is a
potential set for the data signal line to apply a negative poten-
tial required for display of gray level 255 to the pixel elec-
trode, and when AV, .=V ., =V . and AV,_,,=V .~
V conp are defined where V., ., is a potential of the common
electrode at which flicker is minimum in the case of alternate
display of gray level 0 and gray level a every pixel,V _,, ; is a
potential of the common electrode at which flicker is mini-
mum in the case of alternate display of gray level 0 and gray
level b every pixel, and V_,,,, and V__,, are potentials of the
common electrode at which flicker is minimum in the case of
display of gray level a and gray level b, respectively, for all the
plurality of pixels, the potential control section sets a poten-
tial obtained by adding

V2ss

Cie,
( Va Vp ] c Clepss N Va
_ Clonee *
AVeeny  AVien, WS Oy, Cie,y  AVien,

Cegss  Cleyss

to VcenﬂSS as Vcen255'

[0021] With the configuration described above, consider-
ing the difference from the potential of the common electrode
set in the state of displaying gray level O and gray level 255
alternately every pixel, the potential V_,, 55 of the common
electrode and the center voltage of the potentials of the pixel
electrodes in the case of display of gray level 255 for all the
plurality of pixels can be made to match with each other.
Therefore, a symmetric voltage can be applied to the liquid
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crystal layer, and thus degradation in display quality can be
prevented, and also occurrence of image sticking can be pre-
vented.

[0022] Moreover, since the setting of the potential of the
common electrode in the case of display of gray level 255 for
all the plurality of pixels is possible without use of a parasitic
capacitance of which the actual value does not necessarily
match with its design value, the potential V.55 of the
common electrode and the center voltage of the potentials of
the pixel electrodes can be made to match with each other
further precisely.

[0023] The potential setting method for a liquid crystal
display device of the present disclosure is a potential setting
method for a liquid crystal display device including a plural-
ity of data signal lines, a plurality of scanning signal lines
intersecting with the plurality of data signal lines, and a
plurality of pixels arranged in a matrix to correspond to inter-
sections between the plurality of data signal lines and the
plurality of scanning signal lines, each of the pixels including
a switching element that is on when the corresponding scan-
ning signal line is in a selected state and is off when it is in a
non-selected state, a pixel electrode connected to the corre-
sponding data signal line via the switching element, a com-
mon electrode opposed to the pixel electrode, and a liquid
crystal layer sandwiched between the pixel electrode and the
common electrode, the method at least including the steps of:
displaying gray level O as black display and gray level 255 as
white display alternately every pixel; setting a voltage at
which flicker is minimum during the alternate display of gray
level 0 and gray level 255 every pixel as a center voltage
V cenpss of the potential of the common electrode; and setting
a potential obtained by reducing V_,, »s5 by

1 Cy

e (Vo + Vie— Viass — V.
7 Clc+cx+cxd( Ho + VLo — Viass — Vioss)

(where C,,is a parasitic capacitance formed between the data
signal line and a drain of the switching element, C,_ is a liquid
crystal capacitance, C; is a storage capacitance, V, is a
potential set for the data signal line to apply a positive poten-
tial required for display of gray level 0 to the pixel electrode,
Vo 1s apotential set for the data signal line to apply a negative
potential required for display of gray level 0 to the pixel
electrode, V55 is a potential set for the data signal line to
apply a positive potential required for display of gray level
255 to the pixel electrode, and V55 is a potential set for the
data signal line to apply a negative potential required for
display of gray level 255 to the pixel electrode) as a potential
V .on2ss 0f the common electrode in the case of display of gray
level 255 for all the plurality of pixels.

[0024] With the configuration described above, consider-
ing the difference from the potential of the common electrode
set in the state of displaying gray level O and gray level 255
alternately every pixel, the potential of the common electrode
and the center voltage of the potentials of the pixel electrodes
in the case of display of gray level 255 for all the plurality of
pixels can be made to match with each other. Therefore, a
symmetric voltage can be applied to the liquid crystal layer,
and thus degradation in display quality can be prevented, and
also occurrence of image sticking can be prevented.

[0025] Alternatively, the potential setting method for a lig-
uid crystal display device of the present disclosure is a poten-
tial setting method for a liquid crystal display device includ-
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ing a plurality of data signal lines, a plurality of scanning
signal lines intersecting with the plurality of data signal lines,
and a plurality of pixels arranged in a matrix to correspond to
intersections between the plurality of data signal lines and the
plurality of scanning signal lines, each of the pixels including
a switching element that is on when the corresponding scan-
ning signal line is in a selected state and is off when it is in a
non-selected state, a pixel electrode connected to the corre-
sponding data signal line via the switching element, a com-
mon electrode opposed to the pixel electrode, and a liquid
crystal layer sandwiched between the pixel electrode and the
common electrode, the method at least including the steps of:
displaying gray level O as black display and gray level 255 as
white display alternately every pixel; determining a voltage
V ensass of the common electrode at which flicker is minimum
during the alternate display of gray level 0 and gray level 255
every pixel; displaying gray level 0 and gray level a as an
arbitrary halftone alternately every pixel; determining a volt-
age V.,,z, of the common electrode at which flicker is mini-
mum during the alternate display of gray level 0 and gray
level a every pixel; displaying gray level O and gray level b as
an arbitrary halftone alternately every pixel; determining a
voltage V5, of the common electrode at which flicker is
minimum during the alternate display of gray level 0 and gray
level b every pixel; displaying gray level a for all the plurality
of pixels; determining a voltage V _,,,, of the common elec-
trode at which flicker is minimum during the display of gray
level a for all the plurality of pixels; displaying gray level b for
all the plurality of pixels; determining a voltage V_,,,, of the
common electrode at which flicker is minimum during the
display of gray level b for all the plurality of pixels; measuring
a characteristic between a liquid crystal capacitance and a
voltage applied to the liquid crystal layer; determining volt-
ages applied to the liquid crystal layer in gray level a, gray
level b, and gray level 255; determining liquid crystal capaci-
tances C,.,, C,.,, and C,_,,5 in gray level a, gray level b, and
gray level 255, respectively, based on the characteristic
between the liquid crystal capacitance and the voltage applied
to the liquid crystal layer and the voltages applied to the liquid
crystal layer in gray level a, gray level b, and gray level 255;
and setting a voltage obtained by adding

V2ss

I Cie,

Vg Vp Clc255 Vg
AV, A, ) Cess g C Av,
ceng ceny, lea fcy, ceng

Cegss  Cleyss

(Wher © Avcena:Vcena _Vcenfai Avcenb_vcenb 1 ~veenfbs Vo —
VaotVio-Vaa—Vids Vi VaotVie-Vus=Vis)s Vass=
(Veo+tV10=Vinss—Viass), Vo is a potential set for the data
signal line to apply a positive potential required for display of
gray level 0 to the pixel electrode, V,, is a potential set for the
data signal line to apply a negative potential required for
display of gray level O to the pixel electrode, V,, is a potential
set for the data signal line to apply a positive potential
required for display of gray level a to the pixel electrode, V,
is a potential set for the data signal line to apply a negative
potential required for display of gray level a to the pixel
electrode, V, is a potential set for the data signal line to apply
a positive potential required for display of gray level b to the
pixel electrode, V, is a potential set for the data signal line to
apply a negative potential required for display of gray level b
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to the pixel electrode, V55 is a potential set for the data
signal line to apply a positive potential required for display of
gray level 255 to the pixel electrode, and V55 is a potential
set for the data signal line to apply a negative potential
required for display of gray level 255 to the pixel electrode) to
the voltage V_,, 55 of the common electrode as a voltage
V .on2ss 0f the common electrode in the case of display of gray
level 255 for all the plurality of pixels.

[0026] With the configuration described above, consider-
ing the difference from the potential of the common electrode
set in the state of displaying gray level O and gray level 255
alternately every pixel, the potential V55 of the common
electrode and the center voltage of the potentials of the pixel
electrodes in the case of display of gray level 255 for all the
plurality of pixels can be made to match with each other.
Therefore, a symmetric voltage can be applied to the liquid
crystal layer, and thus degradation in display quality can be
prevented, and also occurrence of image sticking can be pre-
vented.

[0027] Moreover, since the setting of the potential of the
common electrode in the case of display of gray level 255 for
all the plurality of pixels is possible without use of a parasitic
capacitance of which the actual value does not necessarily
match with its design value, the potential V.55 of the
common electrode and the center voltage of the potentials of
the pixel electrodes can be made to match with each other
further precisely.

[0028] Alternatively, the potential setting method for a lig-
uid crystal display device of the present disclosure is a poten-
tial setting method for a liquid crystal display device includ-
ing a plurality of data signal lines; a plurality of scanning
signal lines intersecting with the plurality of data signal lines;
a plurality of pixels arranged in a matrix to correspond to
intersections between the plurality of data signal lines and the
plurality of scanning signal lines, each of the pixels including
a switching element that is on when the corresponding scan-
ning signal line is in a selected state and is off when it is in a
non-selected state, a pixel electrode connected to the corre-
sponding data signal line via the switching element, a com-
mon electrode opposed to the pixel electrode, and a liquid
crystal layer sandwiched between the pixel electrode and the
common electrode, the method at least including the steps of:
displaying a given gray level in a range of gray level 223 to
gray level 247, obtained when black display is defined as gray
level 0 and white display as gray level 255 and the brightness
therebetween is divided into 254 levels, for all the plurality of
pixels; and setting a voltage at which flicker is minimum
during the display of the given gray level in the range of gray
level 223 to gray level 247 for all the plurality of pixels, as a
common electrode potential.

[0029] With the configuration described above, an appro-
priate common electrode potential can be set while permitting
easy detection of flicker. Also, the center voltage of the poten-
tials of the pixel electrodes in the case of display of a given
gray level in the range of gray level 223 to gray level 247 for
all the plurality of pixels can be made to match with the
common electrode voltage, whereby a symmetric voltage can
be applied to the liquid crystal layer. Thus, degradation in
display quality can be prevented, and also occurrence of
image sticking can be prevented.

Advantages of the Invention

[0030] According to the present disclosure, a symmetric
voltage can be applied to the liquid crystal layer. Thus, deg-
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radation in display quality can be prevented, and also occur-
rence of image sticking due to flicker can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a plan view showing the entire configura-
tion of a liquid crystal display device of the first embodiment
of the present disclosure.

[0032] FIG. 2 is a cross-sectional view of the liquid crystal
display device of the first embodiment of the present disclo-
sure.

[0033] FIG. 3 is an equivalent circuit diagram showing a
configuration of a main portion of a pixel of the liquid crystal
display device of the first embodiment of the present disclo-
sure.

[0034] FIG. 4 is a cross-sectional view showing the entire
configuration of a TFT substrate constituting the liquid crys-
tal display device of the first embodiment of the present
disclosure.

[0035] FIG. 5 is a cross-sectional view showing the entire
configuration of a display portion of the liquid crystal display
device of the first embodiment of the present disclosure.
[0036] FIG. 6 is a view showing the entire configuration of
a device for setting the center voltage of pixel electrodes of
the liquid crystal display device of the first embodiment of the
present disclosure.

[0037] FIG. 7 is a flowchart illustrating a method of setting
the center voltage of the potentials of the pixel electrodes of
the liquid crystal display device of the first embodiment of the
present disclosure.

[0038] FIG. 8 is a flowchart illustrating a method of setting
the center voltage of the potentials of the pixel electrodes of a
liquid crystal display device of the second embodiment of the
present disclosure.

[0039] FIG.9 is a view showing an example of the charac-
teristic between the liquid crystal capacitance and the voltage
(C-V characteristic).

[0040] FIG. 10 is a flowchart illustrating a method of set-
ting a common electrode voltage in a liquid crystal display
device of the third embodiment of the present disclosure.
[0041] FIG. 11 is a view showing the relationship between
the magnitude of flicker and the gray level.

[0042] FIG. 12 is a view showing the relationship between
the liquid crystal capacitance and the gray level.

[0043] FIG. 13 is an equivalent circuit diagram showing a
configuration of a main portion of a pixel of a conventional
liquid crystal display device.

DESCRIPTION OF EMBODIMENTS

[0044] Embodiments of the present disclosure will be
described hereinafter with reference to the accompanying
drawings. It should be noted that the present disclosure is not
limited to the following embodiments.

First Embodiment

[0045] FIG. 1 is a plan view showing the entire configura-
tion of a liquid crystal display device of the first embodiment
of'the present disclosure, and FIG. 2 is a cross-sectional view
of the liquid crystal display device of the first embodiment.
FIG. 3 is an equivalent circuit diagram showing a configura-
tion of a main portion of a pixel of the liquid crystal display
device of the first embodiment, and FIG. 4 is a cross-sectional
view showing the entire configuration of a TFT substrate
constituting the liquid crystal display device of the first
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embodiment. FIG. 5 is a cross-sectional view showing the
entire configuration of a display portion of the liquid crystal
display device of the first embodiment, and FIG. 6 is a view
showing the entire configuration of a device for setting the
center voltage of pixel electrodes of the liquid crystal display
device of the first embodiment.

[0046] As shown in FIGS. 1 and 2, a liquid crystal display
device 1 includes a TET substrate 2 as the first substrate, a CF
substrate 3 as the second substrate opposed to the TFT sub-
strate 2, and a liquid crystal layer 4 as a display medium layer
sandwiched between the TFT substrate 2 and the CF substrate
3. The liquid crystal display device 1 also includes a sealing
member 40 placed in a frame shape to bond the TFT substrate
2 and the CF substrate 3 together and seal the liquid crystal
layer 4.

[0047] The sealing member 40 surrounds the liquid crystal
layer 4, and the TFT substrate 2 and the CF substrate 3 are
bonded to each other via the sealing member 40. The liquid
crystal display device 1 also includes a plurality of photo
spacers 25 for regulating the thickness of the liquid crystal
layer 4 (i.e., the cell gap) as shown in FIG. 1.

[0048] Also, as shownin FIG. 1, inthe liquid crystal display
device 1, which has a rectangular shape, the TFT substrate 2
protrudes from the CF substrate 3 in the length direction X of
the liquid crystal panel 1 on the upper side as viewed from
FIG. 1, and a plurality of interconnects for display such as
gate lines and source lines are drawn out into the protruding
region, constituting a terminal region T.

[0049] In the liquid crystal display device 1, also, an over-
lap region between the TFT substrate 2 and the CF substrate
3 isdefined as a display region D where an image is displayed.
The display region D includes a plurality of pixels as the
minimum units arranged in a matrix.

[0050] The sealing member 40 has a shape of a rectangular
frame surrounding the display region D as shown in FIG. 1.

[0051] InFIG. 3, each pixel 30 of the liquid crystal display
device 1 is formed to correspond to an intersection between a
source bus line 14 and a gate bus line 11. In the pixel 30,
provided is a thin film transistor (TFT) 5 as a switching
element having a gate connected to the gate bus line 11 ata
position near the intersection of the two lines, a source con-
nected to the source bus line 14 at a position near the inter-
section, and a drain connected to a pixel electrode 19. The
TFT 5 is on when the gate bus line 11 is in a selected state and
off when it is in a non-selected state.

[0052] Thepixel electrode 19 is connected to the source bus
line 14 via the TFT 5, and a common electrode (counter
electrode) 24 is opposed to the pixel electrode 19. The liquid
crystal layer 4 as the display medium layer is sandwiched
between the pixel electrode 19 and the common electrode 24,
to constitute a liquid crystal capacitance C,_. Also, a storage
capacitance C, is formed in parallel with the liquid crystal
capacitance C,.. A storage capacitance electrode as one elec-
trode of the storage capacitance C, is connected to the pixel
electrode 19, and a common electrode potential V_,,, is
applied to the other electrode thereof, which is the common
electrode 24. Moreover, a parasitic capacitance C,, is gener-
ated between the gate and drain of the TFT 5.

[0053] Note that, although only one pixel portion is shown
in FIG. 3, a plurality of source bus lines 14 and a plurality of
gate bus lines 11 are provided, and a plurality of pixels 30 are
placed in a matrix in correspondence with the intersections
between the source bus lines 14 and the gate bus lines 11. In
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other words, one pixel 30 is provided for each of the regions
surrounded by the gate bus lines 11 and the source bus lines
14.

[0054] As shown in FIGS. 3 and 4, the TFT substrate 2
includes: an insulating substrate 6 such as a glass substrate;
the gate bus lines 11 extending on the insulating substrate 6 in
parallel with one another; and a gate insulating film 12 formed
to cover the gate bus lines 11. The TFT substrate 2 also
includes: the source bus lines 14 extending on the gate insu-
lating film 12 in parallel with one another in the direction
orthogonal to the gate bus lines 11; the plurality of TFTs 5§
provided for the intersections between the gate bus lines 11
and the source bus lines 14; and a first interlayer insulating
film 15 and a second interlayer insulating film 16, which
constitute an interlayer insulating film 10, provided sequen-
tially to cover the source bus lines 14 and the TFTs 5. The TFT
substrate 2 further includes: the plurality of pixel electrodes
19 formed on the second interlayer insulating film 16 in a
matrix and respectively connected to the TFTs 5; and an
alignment film 9 formed to cover the pixel electrodes 19.
[0055] As shown in FIG. 4, each TFT 5 includes: a gate
electrode 17 as a sideways protrusion from the corresponding
gate bus line 11; the gate insulating film 12 formed to cover
the gate electrode 17; a semiconductor layer 13 formed on the
gate insulating film 12 as an island at a position overlapping
the gate electrode 17; and a source electrode 18 and a drain
electrode 20 formed to face each other on the semiconductor
layer 13. The source electrode 18 is a sideways protrusion
from the corresponding source bus line 14. The drain elec-
trode 20 is connected to the pixel electrode 19 via a contact
hole 30 formed through the first interlayer insulating film 15
and the second interlayer insulating film 16 as shown in FIG.
4. As shown in FIG. 5, the pixel electrode 19 includes: a
transparent electrode 31 formed on the second interlayer
insulating film 16; and a reflective electrode 32 formed on top
of the transparent electrode 31. As shown in FIG. 4, the
semiconductor layer 13 includes a lower intrinsic amorphous
silicon layer 13a and an upper phosphorus-doped n* amor-
phous silicon layer 135, and a portion of the intrinsic amor-
phous silicon layer 13a exposed from the source electrode 18
and the drain electrode 20 constitutes a channel region.
[0056] Inthe TFT substrate 2 and the display portion of the
liquid crystal display panel 1 having the TFT substrate 2, a
reflection region R is defined by the reflective electrode 32,
and a transmission region T is defined by the exposed portion
of the transparent electrode 31 that is not covered with the
reflective electrode 32, as shown in FIG. 5. Also, the surface
of the second interlayer insulating film 16 underlying the
pixel electrode 19 is roughened as shown in FIG. 5, and the
surface of the reflective electrode 32 formed on the roughened
surface of the second interlayer insulating film 16 via the
transparent electrode 31 is also roughened.

[0057] Itis not necessarily required to define the reflection
region R, but only the transmission region T may be defined.
[0058] As shown in FIG. 5, the CF substrate 3 includes: an
insulating substrate 21 such as a glass substrate; a color filter
layer 22 formed on the insulating substrate 21; and a trans-
parent layer 23 formed in the reflection region R to compen-
sate the light path difference between the reflection region R
and the transmission region T. The CF substrate 3 also
includes: a common electrode 24 formed to cover the color
filter layer 22 in the transmission region T and the transparent
layer 23 (in the reflection region R); photo spacers 25 formed
on the common electrode 24 like columns; and an alignment
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film 26 formed to cover the common electrode 24 and the
photo spacers 25. The color filter layer 22 includes a coloring
layer 28 of a red layer R, a green layer G, or a blue layer B for
each pixel and a black matrix 27.

[0059] The transflective liquid crystal display panel 1 hav-
ing the configuration described above reflects light incident
from the CF substrate 3 side in the reflection region R, and
transmits light of a backlight (not shown) incident from the
TFT substrate 2 side.

[0060] In the liquid crystal display device 1, a display sig-
nal (data signal) corresponding to the display state of each
pixel 30 is supplied to the corresponding source bus line 14
from a data signal line drive means (source driver) (not
shown), and a scanning signal (gate signal) for turning on/off
each TFT 21 is supplied to the corresponding gate bus line 11
from a scanning signal line drive means (gate driver) (not
shown).

[0061] Inthe pixel 30 defined for each pixel electrode 19 in
the liquid crystal display panel 1, when the gate signal is
supplied from the gate bus line 11 to turn on the TFT 5, the
data signal is supplied from the source bus line 14 and passes
through the source electrode 18 and the drain electrode 20, to
allow a predetermined charge to be written into the pixel
electrode 19. This causes a potential difference between the
pixel electrode 19 and the common electrode 24, resulting in
application of a predetermined voltage to the liquid crystal
layer 4. In the liquid crystal display device 1, the transmit-
tance of light incident from the backlight is adjusted using the
property of liquid crystal molecules that change their aligned
state with the magnitude of the applied voltage, thereby dis-
playing an image.

[0062] As described earlier, the conventional technique of
minimizing flicker by displaying a dot checkered pattern is
not necessarily an optimum method. In the conventional
method of displaying a dot checkered pattern, an asymmetric
voltage (rectangular wave) different in absolute value
between the positive voltage and the negative voltage is
applied to the liquid crystal layer. In other words, a rectangu-
lar wave including an offset voltage is applied, which is likely
to cause electrical image sticking.

[0063] The potential of the pixel electrode, which is influ-
enced by the potential of the gate bus line, is also influenced
by the source bus line. After the gate bus line is turned off, the
potential of the source bus line changes, and the potential of
the pixel electrode changes with the capacitance between the
source and the drain.

[0064] In the dot checkered pattern, when a given pixel is
high in gray level, an adjoining pixel is O or low in gray level
and is opposite in polarity. Therefore, the source bus line is in
a state that the potential thereof is very large in one of the
polarities while being very small in the other, i.e., in a special
state that the average voltage thereof'is greatly deviated from
the common electrode potential V..

[0065] In general display, every other dot display like dis-
play in the dot checkered pattern is hardly performed, and
thus there hardly occurs a situation in which the state that the
potential of the source bus line is large in one of the polarities
while being small in the other continues. Accordingly, it is
considered desirable to set the common electrode potential
V.. Using a solid pattern.

[0066] In consideration of the above, in this embodiment,
the change in the potential of the source bus line 14 is noted.
Specifically, the difference between the center voltage of the
potentials of the pixel electrodes 19 set in the dot checkered
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pattern display and the center voltage of the potentials of the
pixel electrodes 19 set in the solid pattern display is deter-
mined. Considering this difference, the potential of the com-
mon electrode 24 and the center voltage of the potentials of
the pixel electrodes 19 are finally made to match with each
other.

[0067] Incomparison between the case of display of a solid
pattern of all white (gray level 255) and the case of display of
a dot checkered pattern of gray level 255 (display of gray level
0 and gray level 255 alternately every pixel), the center volt-
age of the potentials of the pixel electrodes 19 adjusted using
the dot checkered pattern is higher by:

1-L(v + V0o — Virass — Viass) @
7 Clx+cx+cxd HO Lo H255 £255

[0068] More specifically, when the solid pattern of all white
is displayed, it is considered that the change in the potential of
the pixel electrode 19 due to the parasitic capacitance C_,
formed between the source bus line 14 and the drain of the
TFT 5 (pixel electrode) is virtually negligible. Here, let us
consider the change in the potential of the source bus line 14
by taking up a potential V, set in the source bus line 14 to
supply a positive potential required to display a given gray
level to the pixel electrode 19 and a potential V; set in the
source bus line 14 to supply a negative potential required to
display a given gray level to the pixel electrode 19 separately.
From V,, the potential is considered to change to the average
of V and V; under the dot inversion drive, and the pull-in
amount of the potential at this time is:

__Ca
Cie +Cs

Csa ©)

1
Vi — (Vg + V) | = == —% vy -V,
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[0069] From V,,the potential is considered to change to the
average of V and V; under the dot inversion drive, and the
pull-in amount of the potential at this time is:

G
Cie +Cs

Csa “
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[0070] Since the V,, potential drop amount and the V,
potential rise amount are equal to each other from Expres-
sions (3) and (4), the center voltage of the potentials of the
pixel electrodes 19 does not change. In other words, in the
drive of displaying the solid pattern, it is considered that there
is virtually no change in the potential of the pixel electrode 19
dueto C,,.

[0071] Contrarily, the case of display of the dot checkered
pattern of gray level 255 (white) is as follows. Assume herein
that the potential of the source bus line 14 is represented by
V zx (potential set in the source bus line 14 to supply a positive
potential required to display gray level X to the pixel elec-
trode 19) or V, , (potential set in the source bus line 14 to
supply a negative potential required to display gray level X to
the pixel electrode 19) (where X denotes a gray level). In this
case, the potential of the source bus line 14 is considered to
change from V55 to the average of V55 and V, , under the
dot inversion drive, and the pull-in amount of the potential at
this time is:
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[0072] FromV,,ss, the potential is considered to change to

the average of V, and V5, and the pull-in amount of the
potential at this time is:

Ca (L)L ©)
—m( 1255 — 5( Ho + LZSS)] =
L Cu Vigss — V.
) m( 1255 = Vo)
[0073] Accordingly, the center voltage of the potentials of

the pixel electrodes 19 is deviated by the average of the
amounts of Expressions (5) and (6), which is

1 Cod (@]
1 {— 3 m(Vsts + VLO)} + .
2 1 Cy B
{— 3 m(VLzss - VHO)}
1 Csg
i m(VHO + Vio = Viass — Viass)
[0074] In other words, the following relationship is estab-
lished:

Cya (3)

1
Veenf2ss = Veemass + 7 (Vo + Vo — Virzss — Viass)

AC+Cs+ Cyy

where V_, »s5 is the center voltage of the potentials of the
pixel electrodes 19 at the time of display of the dot checkered
pattern, and V_,_, »s is the center voltage of the potentials of
the pixel electrodes 19 at the time of display of the solid
pattern.

[0075] In general, the center voltage of the potential of the
source bus line 14 for a low gray level, which requires larger
pull-in by the gate bus line, is set to be higher than the center
voltage of the potential of the source bus line 14 for a high
gray level, where Vg +V(ZV 4,55+V 55 1s often estab-
lished. Therefore, as represented by Expression (8), the center
voltage of the potentials of the pixel electrodes 19 is higher
when being set in the dot checkered pattern display than in the
solid pattern display.

[0076] Thus, the center voltage of the potentials of the pixel
electrodes 19 adjusted using the dot checkered pattern in the
dot inversion drive is not equal to the optimum value of the
center voltage of the potentials of the pixel electrodes 19
adjusted using the solid pattern, and the center voltage of the
potentials of the pixel electrodes 19 is not necessarily the
optimum value even when it is adjusted using the dot check-
ered pattern. As a result, an asymmetric voltage may be
applied to the liquid crystal layer 4, causing flicker, whereby
the display quality may greatly degrade, and also image stick-
ing may occur if the flicker is left unattended for a long time.
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[0077] Inthis embodiment, the center voltage of the poten-
tials of the pixel electrodes 19 adjusted using the solid pattern
is obtained in the following manner. FIG. 7 is a flowchart
illustrating a method of setting the center voltage of the poten-
tials of the pixel electrodes in the liquid crystal display device
of the first embodiment of the present disclosure.

[0078] First, a voltage is applied to the liquid crystal layer 4
by a drive means 50 connected the liquid crystal display
device 1 shown in FIG. 6, to display a dot checkered pattern
by inverting the polarity of the voltage applied to the liquid
crystal layer 4 every adjoining pixel by way of the gate bus
lines 11 and the source bus lines 14, where the lowest gray
level (i.e., gray level 0) and the highest gray level (i.e., gray
level 255) are displayed alternately every pixel (i.e., gray
level 0 as black display and gray level 255 as white display are
displayed alternately every pixel) (step S1).

[0079] Subsequently, while the dot checkered pattern is
kept displayed, the voltage at which flicker is minimum is set
as the center voltage V., »ss of the potentials of the pixel
electrodes 19 (step S2).

[0080] More specifically, the brightness of the liquid crys-
tal display device 1 is detected by a brightness detection
means 51 (e.g., a photodiode, etc.) shown in FIG. 6. Subse-
quently, a voltage determination means 52 (e.g., a spectral
analyzer, a flicker meter, etc.), which receives the detected
brightness data and data of the voltage applied to the liquid
crystal layer 4, determines the potential at which flicker is
minimum (i.e., the brightness difference between the light
and dark times is minimum).

[0081] The flicker is minimized by setting the potential of
the common electrode 24 to be equal to the center voltage
V ensass of the potentials of the pixel electrodes 19. Therefore,
while the dot checkered pattern is kept displayed, the poten-
tial of the common electrode 24 at which flicker is minimum
is setto be equal to the center voltage V., »s5 of the potentials
of the pixel electrodes 19, and, according to Expression (8)
above, while the dot checkered pattern is kept displayed, a
voltage (i.e., V_,.ss) obtained by reducing the voltage
V censass of the common electrode 24 at which flicker is mini-
mum by

1 Cyg

e (Wi + Vig— Viass = V.
7 Clc+cx+cxd( 1o + Vio — Viass — Viass)

is set as the potential of the common electrode 24 at the time
of solid pattern display (i.e., display of gray level 255 for all
the plurality of pixels 30) (step S3).

[0082] More specifically, a potential control means 53 for
controlling the potentials of the pixel electrodes 19 and the
common electrode 24 receives data of the voltage determined
by the voltage determination means 52, and sets the received
data as the center voltage V_,,, » 55 of the potentials of the pixel
electrodes 19. Moreover, while the dot checkered pattern is
kept displayed, the potential control means 53 sets a voltage
obtained by reducing the voltage V., »s5s of the common
electrode 24 at which flicker is minimum by

1 CSd

e (Wi + Vig— Viass = V.
7 Clc+cx+cxd( 1o + Vio — Viass — Viass)
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as the potential V__, ;55 of the common electrode 24 at the
time of solid pattern display.

[0083] Then, the potential V,,,, 55 of the common electrode
24 is set as the common electrode potential V_,, (step S4).
[0084] Morespecifically, data of the set potential V555 of
the common electrode 24 at the time of solid pattern display
is output to the drive means 50, and the drive means 50 applies
the potential V_,, 555 of the common electrode 24 as the com-
mon electrode potential V__ ..

[0085] Asdescribed above, considering the difference from
the center voltage V_, 55 of the potentials of the pixel elec-
trodes 19 (i.e., the voltage of the common electrode 24) set in
the dot checkered pattern display, the potential V__, ,s5 of the
common electrode 24 and the center voltage V _,,,»55 of the
potentials of the pixel electrodes 19 in the solid pattern dis-
play can be made to match with each other (i.e., the center
voltage V _,,»s5 0of the potentials of the pixel electrodes 19 at
the time of solid pattern display and the common electrode
potential V__,. can be made to match with each other). There-
fore, a symmetric voltage can be applied to the liquid crystal
layer, and thus degradation in display quality can be pre-
vented, and also occurrence of image sticking can be pre-
vented.

Second Embodiment

[0086] The second embodiment of the present disclosure
will be described. Note that the entire configuration of the
liquid crystal display device, the entire configuration of the
TFT substrate, and the entire configuration of the device for
setting the center voltage of the pixel electrodes in the liquid
crystal display device are similar to those described in the first
embodiment, and thus detailed description of these configu-
rations are omitted here.

[0087] While the common electrode voltage V_,,, was set
based on Expression (8) in the first embodiment, the actual
value of the parasitic capacitance C,, does not necessarily
match with the design value thereof due to variations in size,
etc.

[0088] Also, in general, in the case of a halftone, compared
with the case of gray level 255, the brightness changes largely
with a slight potential difference even in solid pattern display,
and thus detection of flicker is facilitated.

[0089] In view of the above, in this embodiment, the para-
sitic capacitance C,, is deleted, and the common electrode
voltage V_,,, is set using the center voltage of the potentials of
the pixel electrodes for a halftone, in Expression (8) above.
[0090] More specifically, first,

1 Csa ®

V. =Veem+t-—=——"——Vyo+ Vo — Vi — V|
oonfe = Ve + 35— de( Ho + Vo — Vi — Vi)

is established for a gray level X from Expression (8) above.
[0091] By substituting AV_,, =V, Veens and v,=—

cenx cenx

(Vgo+ V0=V~ V) into Expression (9) above,

Vi Ciex + Cs + Cyy Ciex + Cs (10)
E :4-( + 1)

=4
AVeene Csq (o]

is obtained.
[0092] When Expression (10)is applied to gray levelsa and
b as arbitrary halftones (i.e., gray levels a and b that are
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arbitrary halftones obtained when black display is defined as
gray level 0 and white display as gray level 255 and the
brightness therebetween is divided into 254 levels),

Va Vb 11

Aoy  AVew,
4(M + 1]_4_(6'1% 6 + 1] =4. Cieg (1 _ Clcb]
Coa (o] (o] Cie,

is obtained.

[0093] Equation (11) can be transposed to
Vo W (12)
4. Clas _ BVeorg BV,
Cu | Ce,
- Cr,
[0094] Likewise, when Expression (10) is applied to a

given halftone a and gray level 255,

Vass  __Va 13
AVeenpss  AVeen,
4 Clepss (1 Cie, ] Cieg Clepss _(1 Cie, ]
Csa Ceyss Csa Cig, Cieyss

is obtained.

[0095] From Equations (12) and (13),
V255 (14
AVeanzss =
3 Cre, Cleyss (1 Cie, ] Va
Coa C, Ciepss ) AVeen,
_ v2ss
=T, Vi
AVeeng  AVeay,  Cloyss
- Cig, Cle,
Cie,

(1 _ Cig ]+ Va
Ciepss ) AVeen,
V2ss
(5w
AVeen, AV,
Cieyss = Cie, Ve
Cioyg =Clepy  AViun,

V2ss

is obtained.

[0096] Accordingly, from
Avcenx:Vc‘enx_Vc‘en 1f5c3

Veen255=Veens255TAV cen2ss (1s)

Equation (14) and
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is obtained. Thus, the center voltage of the potentials of the
pixel electrodes 19 adjusted in a solid pattern can be deter-
mined using the center voltage of the potentials of the pixel
electrodes 19 for a halftone without use of the parasitic
capacitance C,,.

[0097] Then, as in the first embodiment, since the flicker
becomes minimum by setting the potential of the common
electrode 24 to be equal to the center voltage of the potentials
of the pixel electrodes 19, the potential of the common elec-
trode 24 at which the flicker is minimum is set to be equal to
the center voltage of the potentials of the pixel electrodes 19.
[0098] Next, a method of setting the center voltage of the
potentials of the pixel electrodes 19 adjusted using the solid
pattern in this embodiment will be described. FIG. 8 is a
flowchart illustrating the method of setting the center voltage
of the potentials of the pixel electrodes in the liquid crystal
display device of the second embodiment of the present dis-
closure.

[0099] First, as in the first embodiment described above, a
voltage is applied to the liquid crystal layer 4 by the drive
means 50, to display a dot checkered pattern by inverting the
polarity of the voltage applied to the liquid crystal layer 4
every adjoining pixel by way of the gate bus lines 11 and the
source bus lines 14, where the lowest gray level (i.e., gray
level 0) and the highest gray level (i.e., gray level 255) are
displayed alternately every pixel (step S11).

[0100] Then, as in the first embodiment described above,
while the dot checkered pattern is kept displayed, the poten-
tial of the common electrode 24 at which flicker is minimum
is determined, and the determined potential is set as V s
(step S12).

[0101] Thereafter, gray levels a and b as given halftones are
displayed in place of the highest gray level (i.e., gray level
255) in the step S11 described above, and processing similar
to that in the step S12 described above is performed, to deter-
mine potentials at which flicker is minimum, and the deter-
mined potentials are set as V, and V4, respectively
(step S13).

[0102] More specifically, gray level 0 and gray level a as a
given halftone are displayed alternately every pixel, and
while gray level 0 and gray level a are kept displayed, the
voltage at which flicker is minimum is set as the potential
V o 0 the common electrode 24. Likewise, gray level 0 and
gray level b as a given halftone are displayed alternately every
pixel, and while gray level 0 and gray level b are kept dis-
played, the voltage at which flicker is minimum is set as the
potential V., 4, of the common electrode 24.

[0103] In the above case, as in the first embodiment, the
brightness of the liquid crystal display device 1 is detected by
the brightness detection means 51. Subsequently, the voltage
determination means 52, which receives the detected bright-
ness data and data of the voltage applied to the liquid crystal
layer 4, determines the potential of the common electrode 24
at which flicker is minimum (i.e., the brightness difference
between the light and dark times is minimum).

[0104] Thereafter, v,5s,v,, and v, in gray levels 255, a, and
b, respectively, are determined using v,.=—(V zo+V 0=V
V) (step S14).

[0105] Subsequently, solid patterns in gray levels aand b as
given halftones are displayed by the drive means 50, and,
while the solid patterns in gray levels a and b are kept dis-
played, the potentials at which flicker is minimum are deter-
mined and set as potentials V., and V__,,,, respectively (step
S15).

cenfa
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[0106] Morespecifically, gray level a is displayed for all the
plurality of pixels 30, and while gray level a is kept displayed
for all the pixels 30, the voltage at which flicker is minimum
is set as the potential V_,, , of the common electrode 24.
Likewise, gray level b is displayed for all the pixels 30, and
while gray level b is kept displayed for all the pixels 30, the
voltage at which flicker is minimum is set as the potential
V cons of the common electrode 24.

[0107] In the above case, also, as in the first embodiment,
the brightness ofthe liquid crystal display device 1 is detected
by the brightness detection means 51. Subsequently, the volt-
age determination means 52, which receives the detected
brightness data and data of the voltage applied to the liquid
crystal layer 4, determines the potential of the common elec-
trode 24 at which flicker is minimum (i.e., the brightness
difference between the light and dark times is minimum).

[0108] Thereafter, AV_,,, and AV_,,

gray level b are determined based on AV .=V ...
(step S16).

[0109] Subsequently, a liquid crystal display cell is pre-
pared separately to determine the liquid crystal capacitances
Cieas Crops and C, 5 55 in Expression (14), and the characteris-
tic between the liquid crystal capacitance and the voltage
applied to the liquid crystal layer 4 (C-V characteristic) is
measured (step S17).

[0110] More specifically, a liquid crystal display device 1
having a pixel size of 1 cmx1 cm, for example, is prepared,
and the characteristic between the liquid crystal capacitance
and the voltage (C-V characteristic) is measured using an
LCR meter and an impedance measurement device. FIG. 9
shows an example of the liquid crystal capacitance-voltage
characteristic (C-V characteristic).

[0111] The liquid crystal capacitance-voltage characteris-
tic may otherwise be measured by liquid crystal alignment
calculation. More specifically, first, the dielectric constant,
the elastic modulus, and the pretilt angle as physical values of
the liquid crystal are set, and one-directional calculation of
the liquid crystal alignment at an applied voltage is performed
changing the voltage from 0 V to the white voltage (in nor-
mally black display) in steps of a predetermined value. There-
after, the liquid crystal capacitance and the transmittance are
determined based on the calculated liquid crystal alignment,
to determine the liquid crystal capacitance-voltage character-
istic (C-V characteristic).

[0112] Thereafter, voltages V,, V,, and V5 applied to the
liquid crystal layer 4 are determined for gray levels a, b, and
255, respectively (step S18).

[0113] More specifically, in Expression (16) below that is a
relational expression between the brightness and the gray
level, value y indicating the relationship between the bright-
ness and the input signal is set at a predetermined value (e.g.,
v=2.2 for TV sets). Thereafter, the brightness in gray level a
and that in gray level b, with respect to the brightness in gray
level 255 that is 1, are calculated from Expression (16), and
then the voltages in gray levels a, b, and 255 are determined
from the characteristic between the brightness and the voltage
(V-T characteristic).

, in gray level a and
_Avcenﬁc

y=ax¥ (16)
where y is the brightness, x is the gray level, and a is a
constant.

[0114] Assuming thatthe brightnessisy,ss when gray level
X is 255, the constant o is 0=y ,55-2557".
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[0115] Subsequently, based on the measured C-V charac-
teristic, the liquid crystal capacitances C,_,, C,.,, and C,_,ss
are determined from the capacitances corresponding to the
voltages for gray levels a, b, and 255, and also the capacitance
ratios C,,.,/C, 55 and C,_,/C, ,55 are determined (step S19).

[0116] More specifically, as shown in FIG. 9, the liquid
crystal capacitances C,.,, C,.,, and C,_,s5 in gray levels a, b,
and 255 are determined based on the voltages V,, V,, and
V,ss applied to the liquid crystal layer 4 in gray levels a, b, and
255, respectively, and the characteristic between the liquid
crystal capacitance and the voltage applied to the liquid crys-
tal layer 4 (C-V characteristic) described above, and also the
capacitance ratios C,,.,/C, 55 and C,,/C, 55 are determined.
[0117] The potential control means 53 then receives the
voltage data (i€, V00 Vo V. andV_,,,) determined
by the voltage determination means 52, and also receives
V255:Vas Vo Croas Crons Crensss Croal Cronss a0d Cyop/ Cioas5 from
the input means 54 (e.g., a personal computer) connected to
the potential control means 53.

[0118] Thus, since the potential control means 53 can deter-
mine AV _,,,ss in Expression (14), it can set the potential
V.55 of the common electrode 24 at the time of solid
pattern display based on 'V, »55+AV ., 555 from Expression
(15) (step 20).

[0119] Inother words, the potential control means 53 sets a
voltage obtained by adding

cena’

V2ss
G

( Va Vi ]C Cieyss Va
Moy  AVew, ) ¥ Cp Gy AV,

ceng

Cieyss  Cleyss

to VceanSS as Vcen255'

[0120] The set potential V_,, 55 of the common electrode
24 at the time of solid pattern display is set as the common
electrode potential V__  (step S21).

[0121] In other words, data of the set potential V _,, 555 of
the common electrode 24 at the time of solid pattern display
is output to the drive means 50, and the drive means 50 applies
the potential V55 as the common electrode voltage V_,,,.
As described above, considering the difference from the cen-
tervoltage V_,,, » 55 of the potentials of the pixel electrodes 19
(i.e., the voltage of the common electrode 24) set in dot
checkered pattern display, the potential V__, .55 of the com-
mon electrode 24 and the center voltage V.55 of the poten-
tials of the pixel electrodes 19 at the time of solid pattern
display can be made to match with each other (i.e., the center
voltage V _,,»s5 0of the potentials of the pixel electrodes 19 at
the time of solid pattern display and the common electrode
voltage V_,,, can be made to match with each other). There-
fore, a symmetric voltage can be applied to the liquid crystal
layer, and thus degradation in display quality can be pre-
vented, and also occurrence of image sticking can be pre-
vented.

[0122] Also, since the potential of the common electrode 24
atthe time of solid pattern display can be set without use of the
parasitic capacitance of which the actual value does not nec-
essarily match with its design value, the potential V555 of

com
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the common electrode 24 and the center voltage of the poten-
tials of the pixel electrodes 19 can be made to match with each
other further precisely.

Third Embodiment

[0123] The third embodiment of the present disclosure will
be described. Note that the entire configuration of the liquid
crystal display device, the entire configuration of the TFT
substrate, and the entire configuration of the device for setting
the center voltage of the pixel electrodes in the liquid crystal
display device are similar to those described in the first
embodiment, and thus detailed description of these configu-
rations are omitted here. Note also that in this embodiment the
potential control means 53 described above functions as a
means for controlling the voltage of the common electrode.
[0124] As discussed in the first embodiment, it is desirable
to set the common electrode potential V__,, using a solid
pattern (e.g., all white in gray level 255). However, since
flicker is small in solid pattern display, setting of the common
electrode potential V_,,, is not easy. In particular, in white
display, where the brightness hardly changes, detection of
flicker is sometimes difficult.

[0125] To solve the above problem, in this embodiment,
while a solid pattern of a gray level close to level 255 is being
displayed, a voltage at which flicker is minimum is set as the
common electrode potential V_,,, (i.e., the center voltage
V ensss of the potentials of the pixel electrodes).

[0126] FIG. 10 is a flowchart illustrating a method of set-
ting the common electrode voltage in a liquid crystal display
device of the third embodiment of the present disclosure.
[0127] First, avoltage is applied to the liquid crystal layer 4
by the drive means 50 connected to the liquid crystal display
device 1, to display a solid pattern of a gray level close to gray
level 255 (e.g., gray level 245) (step S31).

[0128] Thereafter, while the solid pattern is kept displayed,
the brightness ofthe liquid crystal display device 1 is detected
by the brightness detection means 51. The voltage determi-
nation means 52, which receives the detected brightness data
and the voltage data applied to the liquid crystal layer 4,
determines the voltage at which flicker is minimum (i.e., the
brightness difference between the light and dark times is
minimum) (step S32).

[0129] The determined voltage is set as the common elec-
trode voltage V_,,, (step S33).

[0130] More specifically, the voltage control means 53 for
controlling the voltage of the common electrode 24 receives
the voltage data determined by the voltage determination
means 52, and sets the received voltage as the common elec-
trode voltage V...

[0131] The data of the set common electrode voltage V.,
is output to the drive means 50, and the drive means 50 applies
the common electrode voltage V_,, to the liquid crystal layer
4.

[0132] As described above, while detection of flicker is
easy, the center voltage V__, ,5 of the potentials of the pixel
electrodes at the time of solid pattern display and the common
electrode voltage V_,,,, can be made to match with each other,
and a symmetric voltage can be applied to the liquid crystal
layer 4. Thus, degradation in display quality can be prevented,
and also occurrence of image sticking can be prevented.
[0133] In this embodiment, a solid pattern of a gray level
close to level 255, which is in the range of gray level 223 to
gray level 247, is displayed. If the gray level is higher than
247, the flicker is large compared with the case of gray level
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255 but may not be large enough to facilitate detection of
flicker, as shown in FIG. 11. In other words, to facilitate
detection of flicker, it is necessary to use a gray level equal to
or lower than 247 where the magnitude of flicker is 0.002 or
more, as shown in FIG. 11. If the gray level is lower than 223,
the liquid crystal capacitance becomes largely different from
the case of gray level 255 (i.e., the liquid crystal capacitance
is small compared with the case of gray level 255). Therefore,
setting of an appropriate common electrode potential V__,
may become difficult. In other words, to set an appropriate
common electrode potential V__,, it is necessary to use a gray
level equal to or higher than 223 where the ratio between
liquid crystal capacitances C,, and C, ., ss ina given gray level
x and gray level 255 (C,_/C,.,55) is 0.9 or more.

INDUSTRIAL APPLICABILITY

[0134] The present disclosure can be applied to an active
matrix liquid crystal display device using switching elements
such as thin film transistors and a potential setting method for
the same.

DESCRIPTION OF REFERENCE CHARACTERS

[0135] 1 Liquid Crystal Display Device

[0136] 2 TFT Substrate

[0137] 3 CF Substrate

[0138] 4 Liquid Crystal Layer

[0139] 5 TFT (Switching Element)

[0140] 11 Gate Bus Line (Scanning Signal Line)

[0141] 14 Source Bus Line (Data Signal Line)

[0142] 19 Pixel Electrode

[0143] 24 Common Electrode

[0144] 30 Pixel

[0145] 50 Drive Means

[0146] 51 Brightness Detection Means

[0147] 52 Voltage Determination Means

[0148] 53 Potential Control Means (Potential Control Sec-
tion)

[0149] 54 Input Means

1. A liquid crystal display device, comprising:

a plurality of data signal lines;

a plurality of scanning signal lines intersecting with the
plurality of data signal lines;

a plurality of pixels arranged in a matrix to correspond to
intersections between the plurality of data signal lines
and the plurality of scanning signal lines, each of the
pixels including a switching element that is on when the
corresponding scanning signal line is in a selected state
and is off when it is in a non-selected state, a pixel
electrode connected to the corresponding data signal
line via the switching element, a common electrode
opposed to the pixel electrode, and a liquid crystal layer
sandwiched between the pixel electrode and the com-
mon electrode; and

a potential control section configured to control the poten-
tial of the common electrode,

wherein

when C,, is a parasitic capacitance formed between the
data signal line and a drain of the switching element, C,.
is a liquid crystal capacitance, C; is a storage capaci-
tance, gray level 0 denotes black display, and gray level
255 denotes white display, when, in the case of alternate
display of gray level 0 and gray level 255 every pixel,
Vo 18 a potential set for the data signal line to apply a
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positive potential required for display of gray level 0 to
the pixel electrode, V,, is a potential set for the data
signal line to apply a negative potential required for
display of gray level O to the pixel electrode, V,s5 is a
potential set for the data signal line to apply a positive
potential required for display of gray level 255 to the
pixel electrode, V; 55 is a potential set for the data signal
line to apply a negative potential required for display of
gray level 255 to the pixel electrode, and V55 is a
potential of the common electrode at which flicker is
minimum, and when, in the case of display of gray level
255 for all the plurality of pixels, V_.,,,.55 1s a potential of
the common electrode at which flicker is minimum, the
potential control section sets a potential obtained by
reducing V., »s5 by

1 CSd

e (Wi + Vig— Viass = V.
7 Clc+cx+cxd( 1o + Vio — Viass — Viass)

as Vcen255 .

2. A liquid crystal display device, comprising:

a plurality of data signal lines;

a plurality of scanning signal lines intersecting with the
plurality of data signal lines;

a plurality of pixels arranged in a matrix to correspond to
intersections between the plurality of data signal lines
and the plurality of scanning signal lines, each of the
pixels including a switching element that is on when the
corresponding scanning signal line is in a selected state
and is off when it is in a non-selected selected, a pixel
electrode connected to the corresponding data signal
line via the switching element, a common electrode
opposed to the pixel electrode, and a liquid crystal layer
sandwiched between the pixel electrode and the com-
mon electrode; and

apotential control section configured to control the poten-
tial of the common electrode,

wherein

when C,_,, C,_,, and C,_,55 are respectively liquid crystal
capacitances in gray level a, gray level b, and gray level
255, gray levels a and b being two arbitrary halftones
obtained when black display is defined as gray level 0
and white display as gray level 255 and the brightness
therebetween is divided into 254 levels,

when v, =~(Vuo+Vio"Via,=Vid: Vem=(Vuo+Vio+V—
Vi), and voss==(V o+ V0=Viss=V2ss) are defined
where V,,, is a potential set for the data signal line to
apply a positive potential required for display of gray
level Oto the pixel electrode, V, is a potential set for the
data signal line to apply a negative potential required for
display of gray level O to the pixel electrode, V, is a
potential set for the data signal line to apply a positive
potential required for display of gray level a to the pixel
electrode, V, , is a potential set for the data signal line to
apply a negative potential required for display of gray
level ato the pixel electrode, V4, is a potential set for the
data signal line to apply a positive potential required for
display of gray level b to the pixel electrode, V;, is a
potential set for the data signal line to apply a negative
potential required for display of gray level b to the pixel
electrode, V;, 55 is a potential set for the data signal line
to apply a positive potential required for display of gray
level 255 to the pixel electrode, and V , 5 is a potential
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set for the data signal line to apply a negative potential
required for display of gray level 255 to the pixel elec-

trode, and
when Avcena:Vcena_Vcenfa and Avcenb:Vcenb_Vcenﬁ are
defined where V., -, is a potential of the common elec-

trode at which flicker is minimum in the case of alternate
display of gray level O and gray level a every pixel, V_,,,,
is a potential of the common electrode at which flicker is
minimum in the case of alternate display of gray level 0
and gray level b every pixel, and V_,,,, and V_,,,, are
potentials of the common electrode at which flicker is
minimum in the case of display of gray level a and gray
level b, respectively, for all the plurality of pixels,

the potential control section sets a potential obtained by
adding

V2ss

- Cie,

Va Vp Cieyss Va
NN B R R V7
ceng ceny, lca fcy, ceng

Ciess  Clepss

to VceanSS as Vcen255'
3. A potential setting method for a liquid crystal display
device including

a plurality of data signal lines,

a plurality of scanning signal lines intersecting with the
plurality of data signal lines, and

a plurality of pixels arranged in a matrix to correspond to
intersections between the plurality of data signal lines
and the plurality of scanning signal lines, each of the
pixels including a switching element that is on when the
corresponding scanning signal line is in a selected state
and is off when it is in a non-selected state, a pixel
electrode connected to the corresponding data signal
line via the switching element, a common electrode
opposed to the pixel electrode, and a liquid crystal layer
sandwiched between the pixel electrode and the com-
mon electrode, the method at least comprising the steps
of:

displaying gray level O as black display and gray level 255
as white display alternately every pixel;

setting a voltage at which flicker is minimum during the
alternate display of gray level 0 and gray level 255 every
pixel as a center voltage V., 55 of the potential of the
common electrode; and

setting a potential obtained by reducing V_,, »ss by

1 Cy

e (Vo + Vie— Viass — V.
7 Clc+cx+cxd( Ho + VLo — Viass — Vioss)

(where C,,is a parasitic capacitance formed between the data
signal line and a drain of the switching element, C,. is a liquid
crystal capacitance, C; is a storage capacitance, V, is a
potential set for the data signal line to apply a positive poten-
tial required for display of gray level 0 to the pixel electrode,
V,, isapotential set for the data signal line to apply a negative
potential required for display of gray level 0 to the pixel
electrode, V55 is a potential set for the data signal line to
apply a positive potential required for display of gray level
255 to the pixel electrode, and V55 is a potential set for the
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data signal line to apply a negative potential required for
display of gray level 255 to the pixel electrode) as a potential
V .onass 0f the common electrode in the case of display of gray
level 255 for all the plurality of pixels.
4. A potential setting method for a liquid crystal display
device including
a plurality of data signal lines,
a plurality of scanning signal lines intersecting with the
plurality of data signal lines, and
a plurality of pixels arranged in a matrix to correspond to
intersections between the plurality of data signal lines
and the plurality of scanning signal lines, each of the
pixels including a switching element that is on when the
corresponding scanning signal line is in a selected state
and is off when it is in a non-selected state, a pixel
electrode connected to the corresponding data signal
line via the switching element, a common electrode
opposed to the pixel electrode, and a liquid crystal layer
sandwiched between the pixel electrode and the com-
mon electrode, the method at least comprising the steps
of:
displaying gray level O as black display and gray level 255
as white display alternately every pixel;
determining a voltage V_,, 55 of the common electrode at
which flicker is minimum during the alternate display of
gray level 0 and gray level 255 every pixel;
displaying gray level 0 and gray level a as an arbitrary
halftone alternately every pixel;
determining a voltage V_,,,., of the common electrode at
which flicker is minimum during the alternate display of
gray level 0 and gray level a every pixel;
displaying gray level O and gray level b as an arbitrary
halftone alternately every pixel;
determining a voltage V,,,,, of the common electrode at
which flicker is minimum during the alternate display of
gray level O and gray level b every pixel;
displaying gray level a for all the plurality of pixels;
determining a voltage V_,,,, of the common electrode at
which flicker is minimum during the display of gray
level a for all the plurality of pixels;
displaying gray level b for all the plurality of pixels;
determining a voltage V__,, of the common electrode at
which flicker is minimum during the display of gray
level b for all the plurality of pixels;
measuring a characteristic between a liquid crystal capaci-
tance and a voltage applied to the liquid crystal layer;
determining voltages applied to the liquid crystal layer in
gray level a, gray level b, and gray level 255;
determining liquid crystal capacitances C,.,, C,,, and
C,.205 10 gray level a, gray level b, and gray level 255,
respectively, based on the characteristic between the
liquid crystal capacitance and the voltage applied to the
liquid crystal layer and the voltages applied to the liquid
crystal layer in gray level a, gray level b, and gray level
255; and
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setting a voltage obtained by adding

V2ss

—

(V_a_v_b].c, . loss
c
Moy AVew, ) 5 "Cii Cigy  AVew,

Cieyss  Clepss

(where AV__ =V __ -V

cena cena cenfad Avcenb Vcenb Vcenﬁ’

(Vao+Vio=Vaa—Vig) Vor=(VpotVio=Ves=Vis), v 557‘
(Vio+V10=Viass=Viass), Vo 18 a potential set for the data

signal line to apply a positive potential required for display of
gray level O to the pixel electrode, V,, is a potential set for the
data signal line to apply a negative potential required for
display of gray level Oto the pixel electrode, V,, is a potential
set for the data signal line to apply a positive potential
required for display of gray level a to the pixel electrode, V,
is a potential set for the data signal line to apply a negative
potential required for display of gray level a to the pixel
electrode, V, is a potential set for the data signal line to apply
a positive potential required for display of gray level b to the
pixel electrode, V; , is a potential set for the data signal line to
apply a negative potential required for display of gray level b
to the pixel electrode, V55 is a potential set for the data
signal line to apply a positive potential required for display of
gray level 255 to the pixel electrode, and V55 is a potential
set for the data signal line to apply a negative potential
required for display of gray level 255 to the pixel electrode) to
the voltage V., 55 of the common electrode as a voltage
V .on2ss 0f the common electrode in the case of display of gray
level 255 for all the plurality of pixels.

5. A potential setting method for a liquid crystal display

device including

a plurality of data signal lines;

a plurality of scanning signal lines intersecting with the
plurality of data signal lines;

a plurality of pixels arranged in a matrix to correspond to
intersections between the plurality of data signal lines
and the plurality of scanning signal lines, each of the
pixels including a switching element that is on when the
corresponding scanning signal line is in a selected state
and is off when it is in a non-selected state, a pixel
electrode connected to the corresponding data signal
line via the switching element, a common electrode
opposed to the pixel electrode, and a liquid crystal layer
sandwiched between the pixel electrode and the com-
mon electrode, the method at least comprising the steps
of:

displaying a given gray level in a range of gray level 223 to
gray level 247, obtained when black display is defined as
gray level 0 and white display as gray level 255 and the
brightness therebetween is divided into 254 levels, for
all the plurality of pixels; and

setting a voltage at which flicker is minimum during the
display of the given gray level in the range of gray level
223 to gray level 247 for all the plurality of pixels, as a
common electrode potential.
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