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Fig.3
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DISPLAY DEVICE, AND CIRCUIT AND
METHOD FOR DRIVING THE SAME

TECHNICAL FIELD

The present invention relates to a display device, such as a
liquid crystal display device, in which an image is displayed
by applying a voltage between a plurality of pixel electrodes
and a common electrode being opposed thereto, and more
specifically, the present invention relates to a drive method
and suchlike for rendering any defective pixel less noticeable
in such a display device.

BACKGROUND ART

The flat-panel display devices that are widely used at
present are active-matrix liquid crystal display devices using
thin-film transistors (TFTs) (hereinafter, referred to as “TFT-
LCD devices™).

The liquid crystal panel of the TFT-LCD device includes a
pair of opposing substrates (hereinafter referred to as “first
and second substrates”). These substrates are fixed at a pre-
determined distance from each other, and a liquid crystal
material is filled in between the substrates to form a liquid
crystal layer. At least one of the substrates is transparent; in
order to effect a transmissive display, the substrates are both
required to be transparent. The TFT-LCD device has a plu-
rality of parallel scanning signal lines provided on the first
substrate, and a plurality of data signal lines provided perpen-
dicular to the scanning signal lines. Provided at each inter-
section between the scanning signal lines and the data signal
lines are a pixel electrode, and a pixel TFT, which is a switch-
ing element for electrically connecting the pixel electrode to
the data signal line. The pixel TFT has a gate terminal con-
nected to the scanning signal line, a source terminal con-
nected to the data signal line, and a drain terminal connected
to the pixel electrode.

A common electrode is provided as a counter electrode
over the entirety of the second substrate being opposed to the
first substrate, and liquid crystal capacitances are formed by
the pixel electrodes on the first substrate, the common elec-
trode on the second substrate, and liquid crystal sandwiched
therebetween. In addition, auxiliary capacitance lines are pro-
vided on the first substrate so as to cross the pixel electrodes,
and auxiliary capacitances are formed by the pixel electrodes
and the auxiliary capacitance lines.

A data signal line driver circuit, a scanning signal line
driver circuit, a common electrode driver circuit, and an aux-
iliary capacitance line driver circuit are provided in order to
respectively drive the data signal lines, the scanning signal
lines, the common electrode, and the auxiliary capacitance
lines. In addition, the data signal line driver circuit and the
scanning signal line driver circuit apply a voltage to each
pixel electrode in accordance with an image to be displayed,
and a common electrode driver portion and an auxiliary
capacitance line driver portion respectively apply an appro-
priate voltage to the common electrode and the auxiliary
capacitance lines. As a result, the voltage that corresponds to
the value of each pixel for the image to be displayed is held by
the liquid crystal capacitance and the auxiliary capacitance,
which are formed by the pixel electrode associated with that
pixel, and the voltage that corresponds to the difference in
potential between the pixel electrode and the common elec-
trode is applied to the liquid crystal layer.
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The applied voltage makes it possible to control the optical
transmittance of the liquid crystal layer, and thereby to dis-
play the image in accordance with the voltage supplied to
each pixel electrode.

[Patent Document 1] Japanese Laid-Open Patent. Publication

No. 8-248389

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

Incidentally, in the case of the liquid crystal display device
as described above, when the power is shut off (at the time of
power-off), the charge that has accumulated in the liquid
crystal panel because of previously displayed images
remains, and thereafter when the power is supplied (at the
time of power-on), in some cases, an abnormal display might
be effected due to the remaining charge until an original
display based on display data (hereinafter, referred to as a
“normal display”) is started, as shown in FIG. 15. There is a
known method for preventing this, in which a blank display is
effected during a period between activation of the liquid
crystal display device, for example, by supplying the power,
and start of the normal display (a period in which the liquid
crystal display device transitions from non-display state to
normal display state; hereinafter, the state of the liquid crystal
display device during this period is referred to as the “display
starting state”). According to this method, for example, in the
case of a liquid crystal display device including a normally-
white liquid crystal panel, a full-screen white display is
effected during a period between supplying of the power and
starting of the normal display (a period between the non-
display state and the normal display state), and during that
period, display data is transferred to the data signal line driver
circuit in the liquid crystal display device before a display
(normal display) is started based on the display data, as shown
in FIG. 16.

On the other hand, there is a known method in which, when
a pixel TFT has been brought into an opened state, for
example, due to a manufacture defect of the liquid crystal
panel, a defective pixel, which is a pixel to be displayed by a
pixel electrode connected to that pixel TFT (hereinafter,
referred to as the “open fault TF'T”), is displayed in black (as
ablack dot), thereby rendering the defective pixel less notice-
able (see, for example, Japanese Laid-Open Patent Publica-
tion No. 8-248389 (Patent Document 1)).

However, if such a method for rendering the defective pixel
into a black dot (hereinafter, referred to as a-“defective-pixel-
to-black-dot rendering method”) is applied to the liquid crys-
tal display device that effects a full-screen white display as a
blank display during the display starting state as shown in
FIG. 16, any defective pixel P, is displayed as a black dot,
which is noticeable, during the display starting state.

For example, in the case where the liquid crystal display
device disclosed in Japanese Laid-Open Patent Publication
No. 8-248389 is used as the liquid crystal display device
according to the defective-pixel-to-black-dot rendering
method, the following is conceivable. In this liquid crystal
display device, an equivalent circuit for a portion of the liquid
crystal panel that forms a single pixel is configured as shown
in (A) of FIG. 17. Specifically, a TFT 7, which acts as a
switching element, and pixel electrodes 8 are formed in the
vicinity of an intersection between a signal line 6 and a
scanning line 5, such that the pixel electrodes 8 are connected
to the signal line via the TFT 7, which has a gate terminal
connected to the scanning line. In addition, a pixel capaci-
tance portion 31 and an auxiliary capacitance portion 32 are
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respectively formed between one of the pixel electrodes 8 and
a common electrode 24, and between the other pixel electrode
8 and an auxiliary capacitance line 9. Moreover, the common
electrode 24 is connected to a high-tension power source 41,
and the auxiliary capacitance line 9 is connected to a low-
tension power source 42. Note that parasitic capacitance por-
tions 33 and 34 are provided between the pixel electrodes 8
and the scanning line 5.

Here, if the TFT 7 has been brought into an opened state
due to a manufacture defect, the equivalent circuit for a por-
tion that forms a single pixel is configured as shown in (B) of
FIG.17. Inthis case, the voltage difference between a voltage
V_.om On the counter electrode side of the liquid crystal panel
(avoltage at the common electrode 24) and a voltage V_; on
the auxiliary capacitance electrode side (a voltage at the aux-
iliary capacitance line 9) is divided by the capacitance ratio
between a liquid crystal capacitance C,_ and an auxiliary
capacitance C, and the resultant voltage from that division is
applied to the liquid crystal. For example, if V_,,=5 [V]
V=9 [V], and the capacitance ratio C, /C _=1/3, then a pixel
electrode voltage V=8 [V], so that the voltage applied to the
liquid crystal IV ~V_,,.I1=3 [V]. Here, if a curve illustrating
the relationship between the voltage applied to the liquid
crystal and the transmittance of the liquid crystal (hereinafter,
referredtoasa “VT curve”) is given as shown in FIG. 18, light
from the defective pixel is almost blocked, so that a black dot
appears. As a result, when the full-screen white display is
effected as a blank display, the defective pixel that appears as
a black dot is noticeable.

Therefore, an objective of the present invention is to pro-
vide a display device in which any defective pixel is rendered
less noticeable even if a full-screen white display or such like
is effected, and also to provide a circuit and a method for
driving the same.

Solution to the Problems

A first aspect of the present invention is directed to a
display device for displaying an image in accordance with
differences in potential between a plurality of pixel electrodes
and a common electrode provided in common for the pixel
electrodes, the device comprising:

switching elements provided in association with their
respective pixel electrodes;

auxiliary electrodes provided so as to form predetermined
capacitances between the auxiliary electrodes and the pixel
electrodes;

a pixel electrode driver portion for supplying a voltage
according with an image to be displayed to the pixel elec-
trodes via the switching elements associated therewith;

a common electrode driver portion for supplying a prede-
termined counter voltage to the common electrode; and

an auxiliary electrode driver portion for supplying a pre-
determined auxiliary voltage to the auxiliary electrodes,

wherein the auxiliary electrode driver portion includes:

an auxiliary voltage generation portion for generating the
auxiliary voltage such that a voltage difference occurs
between the auxiliary voltage and the counter voltage;
and

a voltage difference control portion for altering the voltage

difference in accordance with the image to be displayed,
so as to render a defective pixel less noticeable, the
defective pixel being displayed by a pixel electrode
associated with an open fault switching element from
among the switching elements that has been brought into
an opened state due to a fault.
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In a second aspect of the present invention, based on the
first aspect of the invention, the voltage difference control
portion controls the voltage difference such that:

when the image to be displayed is a full-screen white
display image, a voltage corresponding to a white display is
applied between the pixel electrode associated with the open
fault switching element and the common electrode; and

when the image to be displayed is not a full-screen white
display image, a voltage corresponding to a black display is
applied between the pixel electrode associated with the open
fault switching element and the common electrode.

In a third aspect of the present invention, based on the first
aspect of the invention, when a full-screen white display
image is displayed for a predetermined period at the time of
turning the display device on or off, the voltage difference
control portion controls the voltage difference such that:

a voltage corresponding to a white display is applied
between the pixel electrode associated with the open fault
switching element and the common electrode during the pre-
determined period; and

a voltage corresponding to a black display is applied
between the pixel electrode associated with the open fault
switching element and the common electrode during a period
other than the predetermined period.

In a fourth aspect of the present invention, based on the first
aspect of the invention, the device further comprises a deter-
mination portion for determining whether a white display is
dominant in the image to be displayed, and

when the determination portion determines that the white
display is dominant the voltage difference control portion
controls the voltage difference such that a voltage corre-
sponding to the white display is applied between the pixel
electrode associated with the open fault switching element
and the common electrode.

In a fifth aspect of the present invention, based on the first
aspect of the invention, the auxiliary voltage generation por-
tion includes:

a capacitor having one end to which the counter voltage or
a voltage equal in alternating current to the counter voltage is
supplied; and

a diode connected at one end to the other end of the capaci-
tor,

the auxiliary electrode driver portion outputs a voltage at
said other end of the capacitor as the auxiliary voltage, and

the voltage difference control portion generates and sup-
plies a predetermined clamp voltage to the other end of the
diode, and changes a value of the clamp voltage, thereby
altering the voltage difference.

In a sixth aspect of the present invention, based on the fifth
aspect of the invention, the auxiliary voltage generation por-
tion has a resistor element connected in parallel to the capaci-
tor.

In a seventh aspect of the present invention, based on the
fifth aspect of the invention, the auxiliary voltage generation
portion has a resistor element connected between said other
end of the capacitor and a ground point.

In an eighth aspect of the present invention, based on the
fifth aspect of the invention, the auxiliary voltage generation
portion has a switch connected in parallel to the capacitor, and

the switch is opened/closed depending on whether the volt-
age difference is required.

In a ninth aspect of the present invention, based on the fifth
aspect of the invention, the auxiliary voltage generation por-
tion has a switch connected between said other end of the
capacitor and a ground point, and the switch is opened/closed
depending on whether the voltage difference is required.
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Actenth aspect of the present invention is directed to a driver
circuit for use in a display device including a plurality of pixel
electrodes, a common electrode provided in common for the
pixel electrodes so as to form first capacitances between the
common electrode and the pixel electrodes, and auxiliary
electrodes provided so as to form second capacitances
between the auxiliary electrodes and the pixel electrodes, the
display device displaying an image in accordance with dif-
ferences in potential between the pixel electrodes and the
common electrode, the circuit comprising:

a pixel electrode driver portion for supplying a voltage
according with the image to the pixel electrodes;

a common electrode driver portion for supplying a prede-
termined counter voltage to the common electrode; and

an auxiliary electrode driver portion for supplying a pre-
determined auxiliary voltage to the auxiliary electrodes,

wherein the auxiliary electrode driver portion includes:

an auxiliary voltage generation portion for generating the
auxiliary voltage such that a voltage difference occurs
between the auxiliary voltage and the counter voltage;
and

a voltage difference control portion for altering the voltage

difference.

In an eleventh aspect of the present invention, based on the
tenth aspect of the invention, the auxiliary voltage generation
portion includes:

a capacitor having one end to which the counter voltage or

a voltage equal in alternating current to the counter
voltage is supplied; and

adiode connected at one end to the other end of the capaci-

tor,

the auxiliary electrode driver portion outputs a voltage at
said other end of the capacitor as the auxiliary voltage, and

the voltage difference control portion generates and sup-
plies a predetermined clamp voltage to the other end of the
diode, and changes a value of the clamp voltage, thereby
altering the voltage difference.

A twelfth aspect of the present invention is directed to a
drive method for use with a display device including a plu-
rality of pixel electrodes, switching elements provided in
association with their respective pixel electrodes, a common
electrode provided in common for the pixel electrodes so as to
form first capacitances between the common electrode and
the pixel electrodes, and auxiliary electrodes provided so as to
form second capacitances between the auxiliary electrodes
and the pixel electrodes, the display device displaying an
image in accordance with differences in potential between the
pixel electrodes and the common electrode, the method com-
prising:

a pixel electrode driving step of supplying a voltage
according with the image to the pixel electrodes via the
switching elements associated therewith;

a common electrode driving step of supplying a predeter-
mined counter voltage to the common electrode; and

an auxiliary electrode driving step of supplying a predeter-
mined auxiliary voltage to the auxiliary electrodes,

wherein the auxiliary electrode driving step involves:

generating the auxiliary voltage such that a voltage differ-

ence occurs between the auxiliary voltage and the
counter voltage; and

altering the voltage difference in accordance with the

image to be displayed, so as to render a defective pixel
less noticeable, the defective pixel being displayed by a
pixel electrode associated with an open fault switching
element from among the switching elements that has
been brought into an opened state due to a fault.
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In a thirteenth aspect of the present invention, based on the
twelfth aspect of the invention, the auxiliary electrode driving
step includes:

the step of controlling, for the case where the image to be
displayed is a full-screen white display image, the voltage
difference such that a voltage corresponding to a white dis-
play is applied between the pixel electrode associated with the
open fault switching element and the common electrode, and

the step of controlling, for the case where the image to be
displayed is not a full-screen white display image, the voltage
difference such that a voltage corresponding to a black dis-
play is applied between the pixel electrode associated with the
open fault switching element and the common electrode.

In a fourteenth aspect of the present invention, based on the
twelfth aspect of the invention, when a full-screen white
display image is displayed for a predetermined period at the
time of turning the display device on or off, the voltage
difference control step involves:

controlling the voltage difference such that a voltage cor-
responding to a white display is applied between the pixel
electrode associated with the open fault switching element
and, the common electrode during the predetermined period;
and

controlling the voltage difference such that a voltage cor-
responding to a black display is applied between the pixel
electrode associated with the open fault switching element
and the common electrode during a period other than the
predetermined period.

In a fifteenth aspect of the present invention, based on the
twelfth aspect of the invention, the method further comprises
the step of determining whether a white display is dominant in
the image to be displayed, and

when the white display is determined to be dominant, the
voltage difference is controlled in the auxiliary electrode
driving step, such that a voltage corresponding to the white
display is applied between the pixel electrode associated with
the open fault switching element and the common electrode.

Effect of the Invention

According to the first or twelfth aspect of the invention, the
auxiliary voltage is generated such that the voltage difference
occurs between the auxiliary voltage and the counter voltage,
and the voltage difference is altered in accordance with the
image to be displayed, in order to render any defective pixel
less noticeable. As a result, the defective pixel is displayed in,
for example, black or white in accordance with the image to
be displayed, and therefore, it is possible to render the defec-
tive pixel less noticeable not only during the normal display
state, but also, for example, during the full-screen blank white
display where a white display is dominant.

According to the second or thirteenth aspect of the inven-
tion, in the case where the image to be displayed is a full-
screen white display image, the defective pixel is displayed in
white, whereas in the case where the image to be displayed is
not a full-screen white display image, the defective pixel is
displayed in black. Accordingly, during the normal display
state, the defective pixel is rendered less noticeable by dis-
playing it in black, and even during the full-screen white
display (blank display), the defective pixel is rendered less
noticeable by displaying it in white.

According to the third or fourteenth aspect of the invention,
in the case where a full-screen white display image is dis-
played for a predetermined period at the time of turning the
display device on or off, in order to prevent any abnormal
display due to remaining charge in the display panel, the
defective pixel is displayed in white during the predetermined
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period, and therefore the defective pixel can also be rendered
less noticeable during such a period. Specifically, it is pos-
sible to prevent any abnormal display due to the remaining
charge, and to render the defective pixel less noticeable, not
only during the normal display state but also during the dis-
play starting state and the completion display state.

According to the fourth or fifteenth aspect of the invention,
when the white display is dominant, the defective pixel is
displayed in white, and therefore it is possible to render the
defective pixel less noticeable by displaying it in white not
only in the case where the full-screen blank white display is
effected during the display starting state or the completion
display state, but also in the case where the white display is
dominant during the normal display state.

According to the fifth aspect of the invention, an auxiliary
voltage is generated by a clamp circuit including a capacitor
and a diode, such that a voltage difference occurs between the
auxiliary voltage and the counter voltage. Specifically, in the
case where the cathode of the diode is connected to the
capacitor, the auxiliary voltage is generated so as to have a
lower limit equal to the clamp voltage, whereas in the case
where the anode of the diode is connected to the capacitor, the
auxiliary voltage is generated so as to have an upper limit
equal to the clamp voltage. Accordingly, the voltage differ-
ence is altered by changing the value of the clamp voltage.
Thus, itis possible to achieve the same effect as that achieved
by the first aspect of the invention by changing the value of the
clamp voltage in accordance with the image to be displayed.

According to the sixth aspect of the invention, the resistor
element is connected in parallel to the capacitor included in
the clamp circuit, and therefore even when the clamp voltage
is changed from a clamp voltage value at which the voltage
difference between the counter voltage and the auxiliary volt-
age is relatively large to a clamp voltage value at which the
voltage difference is 0, the capacitor is quickly discharged via
the resistor element. Since discharging of the capacitor is
accelerated in such a manner, it is possible to prevent any
malfunction such as an abnormal display due to remaining
charge in the capacitor.

According to the seventh aspect of the invention, the resis-
tor element is connected between the aforementioned other
end of the capacitor included in the clamp circuit and the
ground point, and therefore the counter voltage is also equal
to the ground voltage when the power is shut off, making it
possible to achieve an effect similar to that achieved by the
sixth aspect of the invention.

According to the eighth aspect of the invention, the switch
is connected in parallel to the capacitor included in the clamp
circuit, and the switch is opened/closed depending on
whether the voltage difference is required between the
counter voltage and the auxiliary voltage, so that even when
the clamp voltage is changed from a clamp voltage value at
which the voltage difference is relatively large to a clamp
voltage value at which the voltage difference is 0, the capaci-
tor can be quickly discharged via the switching element.
Thus, it is possible to prevent any malfunction such as an
abnormal display due to remaining charge in the capacitor.

According to the ninth aspect of the invention, the switch is
connected between the aforementioned other end of the
capacitor included in the clamp circuit and the ground point,
and the switch is opened/closed depending on whether the
voltage difference is required between the counter voltage
and the auxiliary voltage, so that the counter voltage is also
equal to the ground voltage when the power is shutoff, mak-
ing it possible to achieve an effect similar to that achieved by
the eighth aspect of the invention.
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According to the tenth aspect of the invention, the auxiliary
voltage is generated by the auxiliary voltage generation por-
tion, such that a voltage difference occurs between the aux-
iliary voltage and the counter voltage, and the voltage differ-
ence is altered by the voltage difference control portion, so
that any defective pixel can be displayed in, for example,
black or white in accordance with the image to be displayed.
Thus, it is possible to render the defective pixel less notice-
able not only during the normal display state, but also, for
example, during the full-screen blank white display where a
white display is dominant.

According to the eleventh aspect of the invention, the aux-
iliary voltage is generated by a clamp circuit including a
capacitor and a diode, such that a voltage difference occurs
between the auxiliary voltage and the counter voltage, and the
voltage difference can be altered by changing the value of the
clamp voltage. Thus, it is possible to achieve the same effect
as that achieved by the tenth aspect of the invention by chang-
ing the value of the clamp voltage in accordance with the
image to be displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating the configuration of a
liquid crystal display device according to a first embodiment
of the present invention.

FIG. 2 consists of circuit diagrams (A, B, C), each illus-
trating an equivalent circuit (pixel circuit) for a pixel forma-
tion portion in the first embodiment.

FIG. 3 is a circuit diagram illustrating the basic configura-
tion of an auxiliary electrode driver portion in the first
embodiment.

FIG. 4 is a diagram consisting of signal waveforms (B, C)
for describing the operation of the auxiliary electrode driver
portion in the first embodiment, and timing charts (A, D)
illustrating operational states and display states of the liquid
crystal display device.

FIG. 5 is a circuit diagram illustrating an exemplary con-
figuration of a clamp voltage generation circuit included in a
clamp voltage control portion within the auxiliary electrode
driver portion in the first embodiment.

FIG. 6 is a circuit diagram illustrating a first exemplary
configuration of the auxiliary electrode driver portion in the
first embodiment.

FIG. 7 is a circuit diagram illustrating a variant of the first
exemplary configuration of the auxiliary electrode driver por-
tion in the first embodiment.

FIG. 8 is a circuit diagram illustrating a second exemplary
configuration of the auxiliary electrode driver portion in the
first embodiment.

FIG. 9 is a circuit diagram illustrating a variant of the
second exemplary configuration of the auxiliary electrode
driver portion in the first embodiment.

FIG. 10 is a circuit diagram illustrating another exemplary
configuration of the auxiliary electrode driver portion in the
first embodiment.

FIG. 11 is a circuit diagram illustrating yet another exem-
plary configuration of the auxiliary electrode driver portion in
the first embodiment, along with the overall configuration of
the liquid crystal display device.

FIG. 12 is a functional block diagram illustrating the con-
figuration of a liquid crystal display module acting as a liquid
crystal display device according to a second embodiment of
the present invention.

FIG. 13 is adiagram illustrating a display example where a
white display is dominant.
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FIG. 14 is a diagram consisting of signal waveforms (B, C)
for describing another embodiment of the present invention,
and timing charts (A, D) illustrating operational states and
display states of the liquid crystal display device.

FIG. 15 consists of diagrams (A, B, C) for describing an
abnormal display caused during display starting state due to
remaining charge in a liquid crystal panel.

FIG. 16 consists of diagrams (A, B, C) for describing issues
in the case of effecting a blank display during the display
starting state in order to avoid the abnormal display due to
remaining charge.

FIG. 17 consists of circuit diagrams (A, B) for describing a
conventional technique in which a defective pixel caused by a
manufacture defect of the liquid crystal panel is rendered less
noticeable.

FIG. 18 is a characteristics graph illustrating the relation-
ship (V-T curve) between applied voltage and transmittance
in the liquid crystal panel.

DESCRIPTION OF THE REFERENCE

CHARACTERS
10 ... TFT (switching element)
100 . . . liquid crystal panel
102 ... TFT substrate
104 . . . counter substrate
200 . . . data signal line driver circuit
300 . . . scanning signal line driver circuit
400 . . . common electrode driver portion
403 . .. DC/DC converter
450 . . . auxiliary electrode driver portion
451 . .. clamp voltage control portion
455 . .. DC/DC converter
461 . . . voltage setting register
600 . . . controller
C, ... capacitor
D, ...diode

R, ... discharge resistor element
SW,, .. . discharge switch
N,,, - - - output point
CS,, . . . auxiliary capacitance line (j=1 to M)
C,. ... liquid crystal capacitance
C, auxiliary capacitance
E....common electrode
E, ... pixel electrode
Vom - - - counter voltage
V, - . . auxiliary capacitance line voltage
Vim - - - clamp voltage
Vimo - - - initial clamp voltage value
.. normal clamp voltage value
V,p - - - rectangular-wave voltage
AV ... voltage difference between auxiliary capacitance

line voltage and counter voltage

clml *

BEST MODES FOR CARRYING OUT THE
INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings.

1. First Embodiment
1.1 Overall Configuration
FIG. 1 is a block diagram illustrating the overall configu-

ration of a liquid crystal display device according to a first
embodiment of the present invention. The liquid crystal dis-
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play device includes: a liquid crystal panel 100; a driver
circuit, which includes a data signal line driver circuit 200, a
scanning signal line driver circuit 300, a common electrode
driver portion 400, and an auxiliary electrode driver portion
450; and a control circuit 600 acting as a display control
circuit. Note that the following description will be given on
the assumption that the liquid crystal display device employs
the line inversion drive mode, and counter AC drive is applied,
but the present invention is not limited to such a drive mode.
Here, the “counter AC drive” is intended to mean that, in order
to minimize the amplitude of voltage on the data signal lines
in the liquid crystal display device of the line inversion drive
mode, the potential of the common electrode, i.e., the value of
the counter voltage, is changed in accordance with the line
inversion drive.

The liquid crystal panel 100 consists of a pair of electrode
substrates having a liquid crystal layer sandwiched therebe-
tween, and each electrode substrate has a polarizing plate
attached to its outer surface, so that a white display is effected
when no voltage is applied to the liquid crystal layer. Specifi-
cally, in the present embodiment, the liquid crystal panel 100
used is of a normally-white type and the transmittance of the
liquid crystal panel 100 is maximized when the voltage
applied to the liquid crystal layer is substantially O.

In the liquid crystal panel 100, one of the pair of electrode
substrates is an active-matrix substrate called a “TFT sub-
strate”, and the TFT substrate 102 includes an insulating
substrate, such as glass, on which a plurality of data signal
lines S, to S, and a plurality of scanning signal lines G, to
Gy are provided in the form of a lattice, so as to cross each
other, and auxiliary electrodes are formed by a plurality of
auxiliary capacitance lines CS ,, to CS,, extending in paral-
lel to the scanning signal lines G, to G,,,. The other one of
the pair of electrode substrates is called a counter substrate
104, in which a common electrode E_, and an alignment layer
are sequentially layered over the entirety of an insulating
substrate such as glass.

The liquid crystal panel 100 has a plurality (NxM) of pixel
formation portions P, , provided in the form of a matrix, each
pixel formation portion being associated with one of the
intersections between the data signal lines S, to S, and the
scanning signal lines G, to G,,. The pixel formation por-
tions Py, ;10 Py, €ach have a thin-film transistor (TFT) 10
acting as a switching element, and a pixel electrode EP, which
are both formed on the TFT substrate 102, and each pixel
formation portion being associated with one of the pixels
constituting an image to be displayed. The common electrode
EC and the liquid crystal layer are provided in common for
the pixel formation portions P, ;) t0 Py, liquid crystal
capacitances C, . are formed by the pixel electrodes E,,, the
common electrode E_, and the liquid crystal layer sandwiched
therebetween, and auxiliary capacitances C; are formed by
the pixel electrodes E_. and the auxiliary capacitance lines
CS,,.

]ga)ich pixel formation portion P, ;, has a circuit configura-
tion as shown in (A) of FIG. 2 (hereinafter, when the pixel
formation portion P, ,, is described from the circuit perspec-
tive, it is referred to as a “pixel circuit”). Specifically, each
pixel formation portion P; ), when referred to as the “pixel
circuit”, includes the TFT 10 acting as a switching element, as
well as the liquid crystal capacitance C, and the auxiliary
capacitance Cs, and the TFT 10 has a gate terminal connected
to the scanning signal line G ,, associated with the pixel for-
mation portion P, ,, a source terminal connected to the data
signal line S, associated with the pixel formation portion
P and adrain terminal connected to the pixel electrode EC,
which constitutes the liquid crystal capacitance C, . and the
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auxiliary capacitance C,. Note that in the following descrip-
tion, the symbol “C, " also denotes the capacitance value of
the liquid crystal capacitance, and the symbol “C,” also
denotes the capacitance value of the auxiliary capacitance.

Incidentally, in some cases, the TFT 10 of a pixel formation
portion P, ;, is fixed in an opened state due to a manufacture
defect or suchlike of the liquid crystal panel 100 (the TFT
substrate 102), as shown in (B) of FIG. 2 (hereinafter, any
pixel associated with such a pixel formation portion with a
TFT fixed in an opened state is referred to as a “defective
pixel”). In such cases, the pixel formation portion P, ;, has a
circuit configuration as shown in (C) of FIG. 2, and the
potential V at the pixel electrode E,, (the potential at the
source terminal of the TFT 10) is determined by the potential
difference between the potential (counter voltage) V., of the
common electrode E_ and the potential (auxiliary capacitance
line voltage) V. of the auxiliary capacitance line C; ;), as well
as the capacitance ratio between the liquid crystal capacitance
C,. and the auxiliary capacitance C,. That is,

ViACo Vest CroVeom)/ (C14C) M.

Note that in the following description, the capacitance C, +
C,, which is the sum of the liquid crystal capacitance C,_ and
the auxiliary capacitance C; (hereinafter, referred to as a
“pixel capacitance™), is denoted by the symbol “C,”.

The controller 600, which acts as a display control circuit,
generates a drive control signal for operating the data signal
line driver circuit 200 (including an image signal D by which
to supply a voltage corresponding to the pixel value to each
pixel electrode), and a drive control signal for operating the
scanning signal line driver circuit 300, in accordance with an
image signal D, and a control signal C,, which are supplied
from a CPU (central processing unit) (not shown) acting as an
external main controller. In addition, the controller 600 gen-
erates control signals for operating the common electrode
driver portion 400 and the auxiliary electrode driver portion
450 (e.g., a clamp voltage V ,,, to be supplied to the auxiliary
electrode driver portion 450).

The common electrode driver portion 400 generates a
counter voltage V. to be described later, in accordance with
the control signal (not shown) or suchlike from the controller
600, and applies it to the common electrode E_.. In the present
embodiment, the line inversion drive is carried out as
described above, and in accordance with this, the value of the
counter voltage V_,,, alternates between a predetermined
high voltage value V_; and a predetermined low voltage value
V_; every horizontal period of an image display.

The auxiliary electrode driver portion 450 generates an
auxiliary capacitance line voltage V_ to be described later as
an auxiliary voltage, in accordance with the clamp voltage
Vi or suchlike from the controller 600, and applies it to the
auxiliary capacitance lines CS;) to CS,,. The auxiliary
capacitance line voltage VCS is a voltage in the same phase
withthe counter voltageV ., and the value thereof alternates
between two voltage values as in the case of the counter
voltage V., but during the normal display state, it has a
predetermined voltage difference AV, relative to the counter
voltage V_,,,. Note that in the configuration as shown in FIG.
1, the auxiliary electrode driver portion 450 is an element
separated from the controller 600, but may be configured by
using a portion of the controller 600 as described below.

The data signal line driver circuit 200 is connected to each
data signal line S ;) (where i=1, 2, .. ., N) on the liquid crystal
panel 100, and generates a data signal to be applied to the data
signal line S, in order to display an image on the liquid
crystal panel 100, in accordance with the drive control signal
from the controller 600. In addition, the scanning signal line
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driver circuit 300 is connected to each scanning signal line
Gy, (wherej=1,2,..., M) onthe liquid crystal panel 100, and
generates a scanning signal to be applied to the scanning
signal line G;), in accordance with the drive control signal
from the controller 600. In order to write a data signal, which
is to be applied to each data signal line G ;, by the data signal
line driver circuit 200, to each pixel formation portion (its
pixel capacitance C,=C, +C,) the scanning signal line driver
circuit 300 applies the scanning signal to each scanning signal
line G ), thereby sequentially selecting each of the scanning
signal lines Gy, to G, on the liquid crystal panel 100 for
almost one horizontal period per frame period of the image
display. Note that the data signal line driver circuit 200 and
the scanning signal line driver circuit 300 may be mounted on
the TFT substrate 102, or may be provided, for example, in
such a form that the data signal line driver circuit 200 and
soon are connected to wiring (the data signal lines, etc.) on the
TFT substrate 102 via a flexible substrate. In addition, both or
either of the data signal line driver circuit 200 and the scan-
ning signal line driver circuit 300, along with the pixel cir-
cuits, may be integrally formed with a glass substrate, thereby
forming a liquid crystal panel of a so-called driver monolithic
or partially driver monolithic type.

In the liquid crystal panel 100 as described above, the
counter voltage V., is supplied to the common electrode E _,
which acts as a counter electrode, by the common electrode
driver portion 400, and a voltage according with an image to
be displayed is supplied to each pixel electrode B, by the data
signal line driver circuit 200 and the scanning signal line
driver circuit 300. As a result, voltages according with the
differences in potential between the pixel electrodes E,, and
the common electrode E_ are applied to the liquid crystal layer
sandwiched between the electrodes. Thus, optical modulation
is performed on each portion of the liquid crystal layer,
thereby implementing the image display. Note that the data
signal line driver circuit 200 and the scanning signal line
driver circuit 300 constitute a pixel electrode driver portion,
which is a driver portion for supplying a voltage according
with an image to be displayed to the pixel electrodes, each
being associated with a pixel for that image, via the TFTs
acting as switching elements.

1.2 Auxiliary Electrode Driver Portion
1.2.1 Basic Configuration and Operation

FIG. 3 is a circuit diagram illustrating the basic configura-
tion of the auxiliary electrode driver portion 450 in the present
embodiment. The auxiliary electrode driver portion 450 in the
present embodiment includes as basic elements a capacitor
C, which receives at one end the counter voltage V__,, sup-
plied from the common electrode driver portion 400, a diode
D, which has a cathode connected to the other end of the
capacitor C,, and a clamp voltage control portion 451 which
supplies a clamp voltageV _,,, to be described later to an anode
of the diode D, . A voltage at a connecting point (hereinafter,
referred to as an “output point”’) N, between the other end of
the capacitor C, and the cathode of the diode D, is applied to
the auxiliary capacitance lines CS;, to CS,,, as an auxiliary
capacitance line voltage V. (see FIG. 1).

With such a configuration, the counter voltage V_,,, is
supplied to the output point N,,, after its direct-current com-
ponent is blocked by the capacitor C,, and the clamp voltage
V_m 1s supplied to the output point N, via the diode D,.
Therefore, a voltage having its lower limit equal to the clamp
voltageV_,,, and differing from the counter voltageV_,,,, only
in terms of the direct-current component can be obtained at
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the output point N, as the auxiliary capacitance line voltage
VCS. Specifically, the capacitor C, and the diode D, consti-
tute a clamp circuit, which functions as an auxiliary voltage
generation portion for generating the auxiliary capacitance
line voltage V__ such that a voltage difference occurs between
the counter voltage V_,,, and the auxiliary capacitance line
voltage V,, and the clamp voltage control portion 450 func-
tions as a voltage difference control portion for altering the
voltage difference. Note that in the present embodiment, the
cathode of the diode D, is connected to the other end of the
capacitor C1, i.e., the output point N, but the anode of the
diode D, may be connected to the output point N, (i.e., the
diode D, may be directed to the opposite direction). In such a
case, voltage having it supper limit equal to the clamp voltage
V.. and differing from the counter voltage V_,,, only in
terms of the direct-current component can be obtained at the
output point N _, , as the auxiliary capacitance line voltage V ..
Also, in the present embodiment, the clamp voltage control
portion 451 is provided in the controller 600, but it may be
provided separately from the controller.

FIG. 4 is a diagram consisting of signal waveforms for
describing the operation of the auxiliary electrode driver por-
tion 450 in the present embodiment. The counter voltage
V. om» the auxiliary capacitance line voltage V_,, and the
clamp voltage V_,,, change as shown in (B) and (C) of FIG. 4,
in accordance with whether the liquid crystal display device is
in the non-display state, display starting state, or normal
display state. Here, as in the case of the counter voltage for the
conventional liquid crystal display device of the line inver-
sion drive mode, the counter voltage V., is a predetermined
low voltage value V; during the non-display state, and alter-
nates between a predetermined high voltage value VCH and
the predetermined low voltage value V; every horizontal
period of the image display during the display starting state
and the normal display state (see the waveform indicated by
the solid line in (B) of FIG. 4). In contrast, the clamp voltage
V., outputted from the clamp voltage control portion 451
has a value V_,,,, (hereinafter, referred to as an “initial clamp
voltage value”), which is equal to the low voltage value V;,
during the non-display state and the display starting state, and
a predetermined voltage value (hereinafter, referred to as a
“normal clamp voltage value”) V,,,; during the normal dis-
play state. The normal clamp voltage value V,,,, is deter-
mined in accordance with, for example, the VT curve (FIG.
18) for the liquid crystal panel and the capacitance ratio
between the liquid crystal capacitance C,,. and the auxiliary
capacitance C,, such that any pixel (defective pixel) associ-
ated with the pixel formation portion P, ; including an open
fault TFT is displayed in black (the details will be described
later).

By controlling the clamp voltage V_,,,, in accordance with
the state of the liquid crystal display device as described
above, the auxiliary capacitance line voltage V _, outputted
from the auxiliary electrode driver portion 450 shown in FIG.
3 changes as indicated by the dotted line in (B) of FIG. 4 (in
(B) of FIG. 4, for ease of viewing, the waveform indicated by
the solid line and the waveform indicated by the dotted line
are drawn so as to relatively deviate from each other). Spe-
cifically, as in the case of the counter voltage V__,,. the aux-
iliary capacitance line voltage V  remains unchanged at the
predetermined low voltage value during the non-display
state; it has the same amplitude and is in the same phase as the
counter voltage V., during the display starting state, and the
voltage difference relative to the counter voltage V., is 0; it
has the same amplitude and is in the same phase as the counter
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voltage V_,,, during the normal display state, and the voltage
difference relative to the counter voltageV__ is AV =V
VclmO:V VcL‘

As described above, the display starting state refers to the
state of the liquid crystal display device during a period of
transition from the non-display state to the normal display
state, and in this period, the first display data after activation
of the liquid crystal display device is transferred from an
external main controller (e.g., a CPU of an electronic device,
such as a cell phone, which has the liquid crystal display
device as a liquid crystal module) to (the memory device in)
the controller 600 of the liquid crystal display device. Accord-
ingly, the display starting state lasts from point t, at which the
liquid crystal display device is activated, for example, by
supplying the power to point t, at which the external main
controller completely transfers the first display data to the
liquid crystal display device. During the display starting state,
the data signal line driver circuit 200, the scanning signal line
driver circuit 300, and the common electrode driver portion
400 are controlled in such a manner that the full-screen white
display is effected as a blank display (see FIG. 16). Accord-
ingly, in order to render any defective pixel less noticeable,
the clamp voltage V_;,, may be controlled as shown in (D) of
FIG. 4, such that the defective pixel is displayed in white
during the display starting state and in black during the nor-
mal display state.

Therefore, in the present embodiment, the clamp voltage
control portion 451 changes the clamp voltage V_,,,, from the
value V., equal to the low voltage value V; to the prede-
termined value V., at the point of switching from the dis-
play starting state to the normal display state, i.e., the normal
display start point t,. Concretely, in the case where the con-
troller 600 controls the data signal line driver circuit 200 and
so on such that a blank display is effected during the display
starting state for a predetermined period of time determined
by an internal timer of the controller, the clamp voltage V..,
outputted from the clamp voltage control portion 451 is
changed from the initial clamp voltage value V,,,, (V) to
the normal clamp voltage value V_,,,,, in accordance with a
signal outputted from the timer. Also, in the case where the
normal display is started in response to a display starting
signal S_, supplied from outside the liquid crystal display
device, the clamp voltage V_,,, outputted from the clamp
voltage control portion 451 is changed from the initial clamp
voltage value V., (=V ;) to the normal clamp voltage value
V _m1 10 accordance with the display starting signal S_,,.

The pixel circuit associated with the defective pixel ((B) of
FIG. 2)is equivalent to the circuit shown in (C) of FIG. 2, and
avoltage V_-V_,,. corresponding to the difference between
the auxiliary capacitance voltage V_, and the counter voltage
V_.om 15 applied between opposite ends of a circuit in which
the liquid crystal capacitance C, . and the auxiliary capaci-
tance C_ are connected in a series. As can be appreciated from
the circuit configuration shown in FIG. 3, the applied voltage
V_—V.,m 1s equal to the difference V_,,,—V_, between the

com clm

clamp voltage V_,;,, and the low voltage V_;. As described

ciml™

clml™

above, the value of the clamp voltage V_,,, 18 V 0=V
during the display starting state, and V., during the normal
display state. Accordingly, the applied voltage V -V _,,,1s 0

during the display starting state, and V,,,, -V, during the
normal display state. Incidentally, from equation (1), the volt-
age applied to the liquid crystal capacitance C,, in the pixel
circuit (hereinafter, simply referred to as a “liquid crystal
application voltage™) is as follows:

WiV eom| =Csr(Ves=Veom) (C1+C5) @.
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Accordingly, the liquid crystal application voltage is 0 during
the display starting state, and

ColWepm1=Ver (€1 #C) (3)

during the normal display state.

In the present embodiment, the clamp voltage value V,,,;
during the normal display state is set based on the VT curve
for the liquid crystal panel 100 (see FIG. 18), such that the
transmittance of the liquid crystal that corresponds to the
liquid crystal application voltage indicated by the above
equation (3) has a value equivalent to a black display. For
example, in the case where the capacitance ratio C, /C,=1/3,
by setting the clamp voltage value V_,,,,; during the normal
display state, such that V_,,,-V_;=4 [V] in view of the VT
curve shown in FIG. 18, the liquid crystal application voltage
IV ,~V_,,,! for the defective pixel is 3 [V], as derived from the
above equation (3), and therefore the defective pixel is dis-
played in black. On the other hand, during the display starting
state, |V -V, /=0 [V], and therefore the liquid crystal
application voltage IV,-V__ | is also 0 [V] for the defective
pixel, so that the defective pixel is displayed in white. Note
that in this example, V=V __,,. but the transmittance of the
liquid crystal is determined based on the effective value of the
liquid crystal application voltage, and therefore the relation-
ship may be such that V_ =V

By controlling the clamp voltage V,,, from the clamp
voltage control portion 451 based on the clamp voltage value
Vimos Vem1s as set above, the defective pixel is displayed in
white during the non-display state and the display starting
state (i.e. during the full-screen white display), and in black
during the normal display state, as shown in (D) of FIG. 4.

The clamp voltage control portion 451 that outputs the
clamp voltage V_,,, as described above can be implemented,
for example, by using a DA conversion circuit in the control-
ler 600. FIG. 5 is a circuit diagram illustrating an exemplary
configuration of the DA conversion circuit acting as a clamp
voltage generation circuit included in the clamp voltage con-
trol portion 451 in the present embodiment. The clamp volt-
age generation circuit according to the exemplary configura-
tion includes: a resistor array consisting of five resistor
elements R,, to R,s connected in a series; change-over
switches SW, to SW,, selectable between the ground voltage
and a predetermined reference supply voltage V., . (hereinaf-
ter, referred to as a “reference voltage V. /”; resistor elements
R, to R, for connecting the change-over switches SW, to
SW, to their respective connecting points between two resis-
tor elements R ; and R ;,, (where j=1, 2, 3, 4) in the resistor
array; a voltage setting register 461; and a voltage follower
463, the resistor array is grounded at its opposite ends, and the
connecting point between the resistor elements R ., and R .5 is
connected to a non-inverting input terminal of an operational
amplifier included in the voltage follower 463. The change-
over switches SW, to SW,, are controlled by data D_;,,,, which
is written to the voltage setting register 461 as a voltage
setting value. The writing of the data D_,, to the voltage
setting register 461 is carried out based on the function of the
controller 600, and a portion of the controller 600 that writes
the data D, , to the voltage setting register 461 constitutes the
clamp voltage control portion 451.

With the configuration as described above, once the data
D,,,, (the voltage setting value) is written to the voltage set-
ting register 461 in the controller 600, a voltage correspond-
ing thereto is inputted to the voltage follower 463, and sub-
jected to impedance conversion before being outputted as the
clamp voltage V ;..

Incidentally, in the auxiliary electrode driver portion 450 in
the present embodiment, the clamp voltageV_,,, is supplied to
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the output point N_,, (the connecting point between the
capacitor C, and the diode D, ) via the diode D,. Accordingly,
in the case where the auxiliary electrode driver portion 450
consists only of elements of the above-described basic con-
figuration (see FIG. 3), when transition from the normal dis-
play state to the blank display state or the non-display state
(e.g., power-off state) occurs, the diode D, is brought into
reversely-biased state even if the clamp voltage V_;,, is equal
to 0 [V] or the low voltage value V;, and therefore it takes
time (e.g., about 10 seconds) to discharge the capacitor C,.
During the discharge, a voltage corresponding to the normal
clamp voltage value V ,,, is applied to a portion of the liquid
crystal layer that is associated with the defective pixel (the
liquid crystal capacitance C,, in the pixel circuit including the
open fault TFT), and therefore, in some cases, the defective
pixel might be displayed in black or nearly black, and thus be
recognized by humans. Therefore, the auxiliary electrode
driver portion 450 in the present embodiment is configured to
include additional elements for avoiding such a problem.
Exemplary configurations of such an auxiliary electrode
driver portion 450 in the present embodiment will be
described below.

1.2.2 First Exemplary Configuration

FIG. 6 is a circuit diagram illustrating a first exemplary
configuration of the auxiliary electrode driver portion 450 in
the present embodiment. In the present exemplary configu-
ration, a discharge resistor element R ;is included in the basic
configuration shown in FIG. 3 as an additional element. Since
other elements are the same as those of the basic configura-
tion, the same portions are denoted by the same reference
characters, and descriptions thereof will be omitted. In the
present exemplary configuration, the resistor element R, is
connected at one end to an end (hereinafter, referred to as an
“input point”) N,,, of the capacitor C, to which the counter
voltage V_,,, is supplied, and at the other end to the output
point N_,,,. That is, the resistor element R, is connected in
parallel to the capacitor C,. The resistor element R, has a
resistance value (e.g., about 1 [M€]) that is selected so as to
be high enough not to affect generation of the auxiliary
capacitance line voltage V_; adapted to the counter AC drive,
but so as to allow the capacitor C, to be discharged in a
sufficiently short period of time. For example, the resistor
element R ; having a resistance value of about 1 [MQ] is used
for the capacitor C, having a capacitance value of about 2.2
[uF]. Thus, even if the clamp voltage V ,, is changed from the
normal clamp voltage valueV ,,,, to alower value (e.g.,0[V])
it is possible to accelerate discharging of the capacitor C,
without impairing the function of the auxiliary electrode
driver portion 450.

With such a first exemplary configuration, it is possible to
output substantially the same auxiliary capacitance line volt-
age V_, as in the basic configuration, while discharging the
capacitor C, in a short period of time (e.g., several hundred
[msec]), even if the clamp voltage V. is changed from the
normal clamp voltage value V,,,, to a lower value. Thus, it is
possible to prevent any defective pixel from being recognized
by humans.

Note that in the first exemplary configuration, the dis-
charge resistor element R, is connected in parallel to the
capacitor C,, but instead of this, the discharge resistor ele-
ment R ;may be connected at one end to the output point N,
and at the other end to, for example, a ground point, which
does not cause any voltage difference between the auxiliary
capacitance line voltage V_; and the counter voltage V_,,, or
causes only a small voltage difference relative to the counter
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voltage V... Specifically, the discharge resistor element R,
may be connected between the output point N_,, and the
ground point as shown in FIG. 7. Even with such a configu-
ration, the counter voltage V_,,, is also set at the ground
potential during the power-off state, and therefore the capaci-
tor C, is discharged via the resistor element R ,, resulting in no
voltage difference between the auxiliary capacitance line
voltage V_, and the counter voltageV__ ..

1.2.3 Second Exemplary Configuration

FIG. 8 is a circuit diagram illustrating a second exemplary
configuration of the auxiliary electrode driver portion 450 in
the present embodiment. In the present exemplary configu-
ration, a discharge switch SW , is included in the basic con-
figuration shown in FIG. 3 as an additional element. Since
other elements are the same as those in the basic configura-
tion, the same portions are denoted by the same reference
characters, and descriptions thereof will be omitted. The
switch SW , has first and second terminals and a control ter-
minal, and when a high level (H level) signal is supplied to the
control terminal, the first terminal and the second terminal are
electrically connected (the switch SW ;s turned on), whereas
when a low level (L level) signal is supplied to the control
terminal, the first terminal and the second terminal are elec-
trically disconnected (the switch SW , is turned off).

In the present exemplary configuration, the first terminal of
the switch SW ,is connected to the input point N,,,, the second
terminal is connected to the output point N_,,, and a control
signal for turning the switch SW, on/off is supplied from the
controller 600 to the control terminal as a discharge control
signal C,. When the clamp voltage V,,, has a normal clamp
voltage value V_, ., (i.e., when a voltage difference occurs
between the auxiliary capacitance line voltage V_, and the
counter voltage V_,,,, which is hereinafter referred to as “at
the normal clamping time”), the discharge control signal C ,is
at L level, whereas when the clamp voltage V_;,,, has an initial
clamp voltage value V., (=V_;) (i.e., no voltage difference
occurs between the auxiliary capacitance line voltage V__ and
the counter voltage V_,_,,, which is hereinafter referred to as
“at the initial clamping time”), the discharge control signal C,,
is at Hlevel. Accordingly, the discharge switch SW , is turned
off at the normal clamping time, and turned on at the initial
clamping time. Specifically, the discharge switch SW, is
opened/closed depending on whether the voltage difference is
required between the auxiliary capacitance line voltage V.,
and the counter voltage V_ . Thus, even when the clamp
voltage V_;,, 1s changed from the normal clamp voltage value
Vi1 to alower value (e.g., 0[V]), it is possible to accelerate
discharging of the capacitor C, without impairing the func-
tion of the auxiliary electrode driver portion 450. Note that as
the discharge control signal C, for controlling on/off of the
switch SW ,, a signal outputted from the controller 600 acting
as a display control circuit can be used. In addition, the
discharge switch SW, can be implemented by a MOS tran-
sistor or a thin-film transistor (TFT), and when the discharge
switch SW , is implemented by a TFT, it can be formed in the
liquid crystal: panel 100.

The second exemplary configuration as described above
also makes it possible to achieve an effect similar to that
achieved by the first exemplary configuration. Specifically, it
is possible to output substantially the same auxiliary capaci-
tance line voltage V., as in the basic configuration, while
instantaneously discharging the capacitor C, when the clamp
voltage V_,,, is changed from the normal clamp voltage value
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V _im1 to the initial clamp voltage value V ;.o (V). Thus, it
is possible to prevent any defective pixel from being recog-
nized by humans.

Note that in the second exemplary configuration, the dis-
charge switch SW, is connected in parallel to the capacitor
C,, but instead of this, the discharge switch SW, may be
connected at the first terminal to the output point N_,,, and at
the second terminal to, for example, a ground point, which
does not cause any voltage difference between the auxiliary
capacitance line voltage V and the counter voltage V., or
causes only a small voltage difference relative to the counter
voltage V.. Specifically, the discharge resistor element R ;
may be connected between the output point N_,, and the
ground point as shown in FIG. 9. Even with such a configu-
ration, the counter voltage V_,,, is also set at the ground
potential during the power-off state, and therefore the capaci-
tor C, is discharged via the switch SW,, resulting in no
voltage difference between the auxiliary capacitance line
voltage V, and the counter voltage V__,,,.

1.2.4 Other Exemplary Configurations

FIG. 10 is a circuit diagram illustrating another exemplary
configuration of the auxiliary electrode driver portion 450 in
the present embodiment. The present exemplary configura-
tion is the same as the first exemplary configuration shown in
FIG. 6, except that a DC/DC converter 455 including a DA
conversion circuit is provided external to the controller 600 as
a clamp voltage generation circuit of the clamp voltage con-
trol portion 451. Since other elements are the same as those in
the first exemplary configuration, the same portions are
denoted by the same reference characters, and descriptions
thereof will be omitted. Note that the clamp voltage control
portion 451 in the present exemplary configuration is imple-
mented by the controller 600 (or a portion thereof) and the
DC/DC converter 455.

With such a configuration, appropriate clamp voltage set-
ting data D_,,,, is supplied to the DC/DC converter 455, which
is provided for driving the liquid crystal panel 100, making it
possible to generate the clamp voltage V_,;,, in accordance
with the properties of the liquid crystal used in the liquid
crystal panel 100. Normally, the controller 600 operates with
low voltage, and therefore, with the above configuration, it is
possible to deal with the case where a high clamp voltage is
required.

Note that in the variant of the first exemplary configuration
(FIG. 7), the second exemplary configuration (FIG. 8), or the
variant of the second exemplary configuration (FIG. 9) also,
the clamp voltage control portion 451 may be implemented
by the controller 600 (or a portion thereof) and the DC/DC
converter 455 as shown in FIG. 10.

FIG. 11 is a circuit diagram illustrating yet another exem-
plary configuration of the auxiliary electrode driver portion
450 in the present embodiment, along with the overall con-
figuration of the liquid crystal display device (including the
configuration of the common electrode driver portion 400).
This exemplary configuration will be described below.

The liquid crystal display device shown in FIG. 11 is a
TFT-LCD device in which the counter AC drive is applied,
and the device includes: a liquid crystal panel 100; a data
signal line driver circuit 200 and a scanning signal line driver
circuit 300, which are mounted on the liquid crystal panel
100; a controller 600 acting as a display control circuit; a
DC/DC converter 403 acting as a power supply circuit; a first
resistor element R,, a second resistor element R,, and a
capacitor C,, which are elements of a common electrode
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driver portion; and a capacitor C, and a diode D,, which are
elements of an auxiliary electrode driver portion.

The liquid crystal panel 100 includes a TFT substrate 102
and a counter substrate 104, which have a liquid crystal layer
sandwiched therebetween, and the TFT substrate 102
includes an insulating substrate, such as glass, on which a
plurality of data signal lines and a plurality of scanning signal
lines are provided in the form of a lattice, so as to cross each
other, and a plurality of pixel circuits (pixel formation por-
tions) are provided in the form of a matrix at intersections
between the data signal lines and the scanning signal lines
(hereinafter, the pixel circuits provided in the form of a matrix
are collectively referred to as a “pixel array”). The data signal
line driver circuit 200 and the scanning signal line driver
circuit 300 are mounted on the TFT substrate 102, and respec-
tively connected to the data signal lines and the scanning
signal lines.

The controller 600 generates a drive control signal (includ-
ing an image signal for supplying a voltage equivalent to a
pixel value to each pixel electrode) S, ;, for operating the data
signal line driver circuit 200, and a drive control signal S, ,,
for operating the scanning signal line driver circuit 300, in
accordance with an image signal and a control signal which
are supplied from an external signal source (not shown). In
addition, the controller 600 includes a DA conversion circuit
401 for outputting a bias voltage V,, for driving a common
electrode E_, and a clamp voltage control portion 451 for
outputting a clamp voltage V ,,, for driving auxiliary capaci-
tance lines CS,) to CS,,.

In accordance with a control signal S, from the controller
600, the DC/DC converter 403 generates a direct-current
voltage V,, as a power voltage for the controller 600, the data
signal line driver circuit 200, etc., based on direct-current
voltage supplied by another power source (e.g., a power
source of an electronic device (not shown), such as a cell
phone, which includes the liquid crystal display device) In
addition, the DC/DC converter 403 outputs a rectangular-
wave voltage V,,, for driving the common electrode E_, and a
reference voltage V.

The bias voltage V,, outputted from the DA conversion
circuit 401 in the controller 600 is supplied to one end of the
first resistor element R, which is connected at the other end
to one end of the second resistor element R,. The reference
voltage V,, outputted from the DC/DC converter 403 is sup-
plied to the other end of the second resistor element R ,, so that
the second resistor element R, is grounded at that other end,
and the bias voltage V,,, is applied as a direct-current voltage
between opposite ends of aresistor array consisting of the first
and second resistor elements R; and R,. In addition, the
capacitor C, is connected at one end to a connecting point T, ,,
between the first resistor element R, and the second resistor
element R,, and the rectangular-wave voltage V,,, outputted
from the DC/DC converter 403 is supplied to the other end of
the capacitor C,. As such, the first resistor element R, and the
second resistor element R, constitute the resistor array for
dividing the bias voltage V,,,, and the capacitor C, functions
as a coupling capacitor for supplying the rectangular-wave
voltage V,,, to the connecting point T,,,,, in the resistor array.

The DA conversion circuit 401 in the controller 600, the
DC/DC converter 403, the first and second resist or elements
R, and R,, and the capacitor C, constitute a common elec-
trode driver portion, and a voltage at the connecting point
(hereinafter, referred to as the “output point™) T, between
the first resistor element R, and the second resistor element
R, is supplied to the common electrode E_ of the liquid crystal
panel 100 as a counter voltage V_,,,,.
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The auxiliary electrode driver portion based on such a
configuration of the common electrode driver portion
includes the capacitor C,, the diode D, and the clamp voltage
control portion 451 in the controller 600. The rectangular-
wave voltage V,,, outputted from the DC/DC converter 403 is
supplied to one end of the capacitor C,, the clamp voltage
V i from the clamp voltage control portion 451 is supplied to
the anode of the diode D, the capacitor C, is connected to the
cathode of the diode D, and a voltage at the connecting point
N, is applied to the auxiliary capacitance lines CS,) to
CS 1 as the auxiliary capacitance line voltage V. Note that
the configuration and the operation of the clamp voltage
control portion 451 are the same as in the above-described
basic exemplary configuration, and therefore descriptions
thereof will be omitted. In addition, although omitted in the
present exemplary configuration, it is preferable that the dis-
charge resistor element R, or switch SW , is connected as in
the first or second exemplary configuration (see FIGS. 6,7, 8,
and 9).

In such an auxiliary electrode driver portion, unlike in the
basic configuration and the first and second exemplary con-
figurations, the rectangular-wave voltage V,,, is supplied to
one end of the capacitor C,, but the rectangular-wave voltage
V,,, differs from the counter voltage V_,, only in terms of the
direct-current component (the rectangular-wave voltage V,,,
is a voltage equivalent in alternating current to the counter
voltage V_,,,), and is supplied to the connecting point N_,,,
serving as an output point for the auxiliary capacitance line
voltage V , after the direct-current component is blocked by
the capacitor C, . In addition, the clamp voltageV _,,, from the
clamp voltage control portion 451 is supplied to the connect-
ing point N, via the diode D,. Accordingly, the auxiliary
electrode driver portion in the present exemplary configura-
tion also generates an auxiliary capacitance line voltage VCS
similar to those generated by the basic exemplary configura-
tion, etc.

1.3 Effect

According to the present embodiment as stated above, the
clamp voltage V_,,, in the auxiliary electrode driver portion
450 is set at the initial clamp voltage value V,,,, when the
liquid crystal display device is in the display starting state,
and at the normal clamp voltage value V_,,,; when the liquid
crystal display device is in the normal display state ((C) of
FIG. 4). Therefore, any defective pixel is displayed in white
during the display starting state where the full-screen white
display (blank display) is effected, and in black during the
normal display state. Thus, itis possible to prevent any abnor-
mal display due to remaining charge at the beginning of
display, and render the defective pixel less noticeable not only
during the normal display state but also during the display
starting state.

2. Second Embodiment

FIG. 12 is a functional block diagram illustrating the con-
figuration of a liquid crystal display module acting as a liquid
crystal display device according to a second embodiment of
the present invention. The liquid crystal module 2000 accord-
ing to the present embodiment is used in an electronic device
(hereinafter, referred to as a “main unit”), such as a cell
phone, and the module includes: a controller (hereinafter,
referred to as a “display controller”) 600 acting as a display
control circuit; a liquid crystal panel 100 having mounted
thereon a data signal line driver circuit, a scanning signal line
driver circuit, and the like; a common electrode driver portion
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400; and an auxiliary electrode driver portion 450. The dis-
play controller 600 of such a liquid crystal module 2000 is
connected to a CPU 1000 acting as a main controller for the
main unit, and the CPU 1000 is connected to a RAM (random
access memory) 1020 acting as a memory device for storing
display data and suchlike. When the CPU 1000 reads the
display data from the RAM 1020, and transfers it to the
display controller 600 in the liquid crystal module 2000, the
display controller 600 supplies an image signal based on the
display data to the data signal line driver circuit in the liquid
crystal panel 100, while supplying a predetermined control
signal to the data signal line driver circuit, the scanning signal
line driver circuit, the common electrode driver portion, and
the auxiliary electrode driver portion 450. As a result, the data
signal lines and scanning signal lines in the liquid crystal
panel 100 are respectively driven by the data signal line driver
circuit and the scanning signal line driver circuit, and the
common electrode and the auxiliary capacitance lines on the
liquid crystal panel are respectively driven by the common
electrode driver portion 400 and the auxiliary electrode driver
portion 450, so that an image represented by the display data
is displayed on the liquid crystal panel 100. Note that the
following description will be given on the assumption that the
auxiliary electrode driver portion 450 is configured as shown
in FIG. 10, but such a configuration is not restrictive.

The display controller 600 in such a present embodiment
includes a determination portion 620 for determining whether
a white display is dominant on the liquid crystal panel 100
(whether the white or nearly white color occupies a large
proportion of the display) based on the display data trans-
ferred from the CPU 1000 in the main unit. The determination
portion 620 calculates the proportion of the white or nearly
white display by counting the number of white or nearly white
pixels based on display data for one screen image, and deter-
mines whether the white display is dominant based on that
calculation result. For example, in the case where a “clock
display” as shown in FIG. 14 is provided on the screen with
320 display lines, the area for displaying a numerical value,
such as time, is an area corresponding to, for example, 40 of
the 320 display lines, and other display areas are displayed in
white. In the case of such a clock display, the determination
portion 620 determines that the white display is dominant.

The display controller 600 outputs clamp voltage setting
data D_,,, to the auxiliary electrode driver portion 450 based
on the determination result by the determination portion 620.
As in the first embodiment, the clamp voltage setting data
D,,,, outputted at this time has a value corresponding to the
initial clamp voltage V ;.o (FIG. 4) for the display starting
state of the liquid crystal module 2000, and in addition, in the
case where the determination portion 620 determines that the
white display is dominant, the clamp voltage setting dataD ;,,,
has a value corresponding to the initial clamp voltage V.,
even if the liquid crystal module 2000 is in the normal display
state. Also, when the liquid crystal module 2000 is in the
normal display state, and the determination portion 620 deter-
mines that the white display is not dominant, the clamp volt-
age setting data D, has a value corresponding to the normal
clamp voltage V_;,,;-

According to the present embodiment as stated above,
during the normal display state, the defective pixel is dis-
played in white when the white display is dominant, and in
black when the white display is not dominant. Thus, it is
possible not only to achieve an effect similar to that achieved
by the first embodiment (the effect of rendering any defective
pixel less noticeable during the display starting state where
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the full-screen white display is effected), but also to ensure
that the defective pixel is rendered less noticeable during the
normal display state.

Note that in the above embodiment, the determination por-
tion 620 determines whether the white display is dominant
based on the display data transferred from the CPU 1000 in
the main unit, but instead of or in addition to this, for example,
when effecting a display, such as a “clock display”, in which
the white display is dominant, the determination portion 620
may receive a predetermined command from the CPU 1000 in
the main unit, and determine whether the white display is
dominant based on that command.

3. Other Embodiments and Variants

In the first and second embodiments, the present invention
is applied on the assumption that once the liquid crystal
display device is turned on, the liquid crystal display device
transitions from the non-display state through the display
starting state to the normal display state, and the full-screen
white display is effected as a blank display during the display
starting state in the course of transition (see FIG. 15). How-
ever, instead of or in addition to this, the present invention
may be applied on the assumption that once the liquid crystal
display device is turned off, the liquid crystal display device
transitions from the normal display state through a comple-
tion display state to the non-display state, and the full-screen
white display is effected as a blank display during the comple-
tion display state in the course of transition. In such a case, the
auxiliary electrode driver portion is configured basically in
the same manner as in the first or second embodiment, and the
clamp voltage V_,,, is changed at the time of power-off as
shown in (C) of FIG. 14, thereby changing the auxiliary
capacitance line voltage V_; and the counter voltage V_,,, as
shown in (B) of FIG. 14 (in (B) of FIG. 14, for ease of
viewing, the waveform indicated by the solid line and the
waveform indicated by the dotted line are drawn so as to
deviate from each other). As a result, it is possible to display
any defective pixel in black during the normal display state,
and in white during the completion display state, where the
full-screen blank white display is effected, as shown in (D) of
FIG. 14. Thus, it is possible to prevent any abnormal display
due to remaining charge by means of the blank display during
the completion display state, while rendering any defective
pixel less noticeable not only during the normal display state,
but also during the completion display state (the state of the
full-screen white display).

The first and second embodiments have been described by
taking as an example the liquid crystal panel in which the
pixel electrodes and the common electrode are formed on
different substrates, but these electrode structures are not
restrictive, and the pixel electrodes and the common electrode
may be formed on the same substrate, for example, as they are
formed in the case of an IPS (in-plane switching) mode.

The first and second embodiments have been described by
taking as an example the liquid crystal display device of the
line inversion drive mode, in which the polarity of the voltage
applied to the liquid crystal is inverted every horizontal scan-
ning line, but the present invention is not limited to this, and
can also be applied to any display devices of other inversion
drive modes in which the counter AC drive is applied. For
example, the present invention can be applied to any liquid
crystal display device of an n-line inversion drive mode
(where n=2), in which the polarity of the voltage applied to
the liquid crystal is inverted every n horizontal scanning lines,
or a liquid crystal display device of frame inversion drive
mode. Furthermore, the present invention can be applied to



US 8,390,552 B2

23

any liquid crystal display devices in which the counter AC
drive is not applied, i.e., counter DC drive is applied. For
example, in the case where the counter DC drive is applied,
the auxiliary capacitance line voltage V. may be equal to the
counter voltageV , such that any defective pixel is displayed
in white when the full-screen blank white display is effected
(during the display starting state, etc.), and the value of the
auxiliary capacitance line voltage V_, may be larger or
smaller than the counter voltage V__, such that any defective
pixel is displayed in black during the normal display state.

As can be appreciated from the descriptions of the first and
second embodiments, the present invention can be applied
regardless of whether the liquid crystal panel is driven in
accordance with a dot sequential system or a line sequential
system, and the present invention can also be applied to, for
example, any liquid crystal display device having change-
over switches provided between the output terminal of the
data signal line driver circuit and the data signal lines of the
liquid crystal panel, so that the data signal lines can be driven
in a time-sharing manner within each horizontal period.

Note that the foregoing is based on the assumption that the
normally-white liquid crystal panel is used, but the present
invention can be applied to any liquid crystal display device
with a liquid crystal panel of normally-black mode, so long as
the full-screen white display is effected as a blank display
during the display starting state.

INDUSTRIAL APPLICABILITY

The present invention is applicable to display devices in
which an image is displayed by applying a voltage between a
plurality of pixel electrodes and a common electrode being
opposed thereto, and the present invention is suitable for
active-matrix liquid crystal display devices.
The invention claimed is:
1. A display device for displaying an image in accordance
with differences in potential between a plurality of pixel
electrodes and a common electrode provided in common for
the pixel electrodes, the device comprising:
switching elements provided in association with their
respective pixel electrodes;
auxiliary electrodes provided so as to form capacitances
between the auxiliary electrodes and the pixel elec-
trodes;
a pixel electrode driver for supplying a voltage according
with an image to be displayed to the pixel electrodes via
the respective switching elements associated therewith;
a common electrode driver for supplying a counter voltage
to the common electrode; and
an auxiliary electrode driver for supplying an auxiliary
voltage to the auxiliary electrodes,
wherein the auxiliary electrode driver includes,
an auxiliary voltage generator for generating the auxil-
iary voltage such that a voltage difference occurs
between the auxiliary voltage and the counter voltage,
and

a voltage difference controller for altering the voltage
difference in accordance with the image to be dis-
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played, a defective pixel being displayed by a pixel
electrode associated with an open fault switching ele-
ment, and

the auxiliary voltage generator includes,

a capacitor having one end to which the counter voltage
or a voltage equal in alternating current to the counter
voltage is supplied, and

a diode connected at one end to the other end of the
capacitor,

the auxiliary electrode driver is configured to output a

voltage at said other end of the capacitor as the auxiliary

voltage, and

the voltage difference controller is configured to generate

and supply a clamp voltage to the other end of the diode,

and changes a value of the clamp voltage, thereby alter-
ing the voltage difference.

2. The display device according to claim 1, wherein the
auxiliary voltage generator has a resistor element connected
in parallel to the capacitor.

3. A driver circuit, for a display device including a plurality
ofpixel electrodes, a common electrode provided in common
for the pixel electrodes so as to form first capacitances
between the common electrode and the pixel electrodes, and
auxiliary electrodes provided so as to form second capaci-
tances between the auxiliary electrodes and the pixel elec-
trodes, the display device configured to display an image in
accordance with differences in potential between the pixel
electrodes and the common electrode, the circuit comprising:

a pixel electrode driver for supplying a voltage in accor-

dance with the image to the pixel electrodes;

a common electrode driver for supplying a first counter

voltage to the common electrode; and

an auxiliary electrode driver for supplying a first auxiliary

voltage to the auxiliary electrodes,

wherein the auxiliary electrode driver includes,

an auxiliary voltage generation for generating the first
auxiliary voltage such that a voltage difference occurs
between the first auxiliary voltage and the first
counter voltage, and

a voltage difference controller for altering the voltage
difference

the auxiliary voltage generator includes,

a capacitor having one end to which the first counter
voltage or a voltage equal in alternating current to the
first counter voltage is supplied, and

a diode connected at one end to the other end of the
capacitor,

the auxiliary electrode driver is configured to output a

voltage at said other end of the capacitor as the first

auxiliary voltage, and

the voltage difference controller is configured to generate

and supply a first clamp voltage to the other end of the

diode, and change a value of the first clamp voltage,
thereby altering the voltage difference.
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