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(57) ABSTRACT

It is possible to realize a driver circuit which exhibits low
power consumption and high image quality ina liquid crystal
display device used in miniaturized portable equipment. In a
liquid crystal display device which includes a liquid crystal
display element and a liquid crystal driver circuit, the liquid
crystal driver circuit is mounted on one side of a liquid crystal
display panel. The liquid crystal driver circuit can output
counter electrode voltages of two systems and hence, the
liquid crystal driver circuit can select a first mode in which the
first counter voltage and the second counter voltage have the
opposite polarities from each other and a second mode in

(22)  Filed: Nov. 14, 2008 which the first counter voltage and the second counter voltage
have the same polarity. Due to such constitution, while driv-
(30) Foreign Application Priority Data ing the liquid crystal display device in the first mode, the
second mode is selected depending on a video signal thus
Nov. 19,2007 (IP) e 2007-298784 realizing power saving.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The disclosure of Japanese Patent Application No.
2007-298784 filed on Nov. 19, 2007 including the specifica-
tion, drawings and abstract is incorporated herein by refer-
ence in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly to a technique which is
effectively applicable to a driver circuit of a liquid crystal
display device used in a display part of a portable device.
[0004] 2. Description of the Related Arts

[0005] A TFT (thin film transistor)-method liquid crystal
display device has been popularly used as a display device of
apersonal computer, a television receiver set or the like. Such
aliquid crystal display device includes a liquid crystal display
panel and a driver circuit which drives the liquid crystal
display panel.

[0006] With respect to such a liquid crystal display device,
a miniaturized liquid crystal display device has been popu-
larly used as a display device of portable equipment such as a
mobile phone. In using the liquid crystal display device as the
display device of the portable equipment, there has been a
demand for a liquid crystal display device which can cope
with complicated display modes compared to a conventional
liquid crystal display device.

[0007] Japanese Patent Laid-open Hei08-211411 (Patent
document 1) discloses a liquid crystal display device having
counter electrodes belonging to two systems, wherein the
liquid crystal display device adopts common voltages of
opposite phases which invert polarities thereof from each
other for every 1 frame. However, patent document 1 merely
discloses the common voltages belonging to two systems and
neither discloses nor suggests a control of outputting of the
common voltages belonging to two systems.

SUMMARY

[0008] As a display device of portable equipment, the lig-
uid crystal display device is required to satisfy the further
reduction of power consumption. For this end, a driver circuit
which is driven at a low voltage is developed. Further, in a
conventional liquid crystal display device, a gradation volt-
age applied to a pixel electrode is inverted while setting a
common voltage to a fixed value. However, there has been
proposed so-called common AC driving which also changes a
common voltage to polarity opposite to polarity of a voltage
applied to a pixel electrode for realizing low-voltage driving.
[0009] However, this common AC driving has a drawback
that the common voltage is changed depending on a magni-
tude of a voltage written in the pixel electrode or a length of
a signal line.

[0010] That is, in common AC driving, during a period in
which one row is scanned, a common voltage of positive
polarity or negative polarity is supplied to all pixels which
constitute the row to be scanned through one common line.
[0011] In such a method, when the number of pixels in the
lateral direction becomes large, a quantity of charge supplied
by one common line is increased resulting in shortage of
charge supply ability of a power source. Further, when the
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number of pixels in the longitudinal direction is increased and
a frame frequency is held at the same frequency, a period for
scanning 1 row becomes short and hence, a time necessary for
sufficiently supplying a charge through 1 common line also
becomes insufficient. Accordingly, a drawback that the com-
mon voltage is changed due to a change of the voltage of the
pixel electrode becomes conspicuous.

[0012] Further, along with the realization of a higher reso-
lution, it is necessary to supply a larger quantity of electric
current within a shorter period and hence, it is necessary to
reduce line resistance to suppress a change of the common
voltageto alevel which does not cause a problem with respect
to a display. However, there has been also a demand for a
larger numerical aperture, and it is necessary to decrease a
width of the common line to realize the larger numerical
aperture to the contrary.

[0013] The present invention has been made to overcome
the above-mentioned drawbacks of the related art, and it is an
object of the present invention to provide a miniaturized
liquid crystal display device having a driver circuit and a
liquid crystal display panel which are configured to apply a
common voltage in a stable manner.

[0014] The above-mentioned and other objects and novel
features of the present invention will become apparent from
the description of this specification and attached drawings.
[0015] To briefly explain the summary of typical inventions
among inventions described in this specification, they are as
follows.

[0016] A liquid crystal display device includes two sub-
strates, liquid crystal composition which is sandwiched
between two substrates, a plurality of pixels which are formed
on the substrate, pixel electrodes each of which is formed on
the pixel, counter electrodes which face the pixel electrodes in
an opposed manner, switching elements which are configured
to supply video signals to the pixel electrodes in an ON state,
video signal lines which are configured to supply video sig-
nals to the switching elements, scanning signal lines which
are configured to supply scanning signals for controlling an
ON/OFF state of the switching elements, counter electrode
signal lines which are configured to supply a counter voltage
to the counter electrodes, and a driver circuit which is con-
figured to output the video signals, the scanning signals and
the counter voltage.

[0017] A first scanning signal line and a second scanning
signal line which are arranged adjacent to each other are
provided with first pixel electrodes to which the video signals
are supplied from the switching elements which are con-
trolled in response to the scanning signals supplied through
the first scanning signal line, and second pixel electrodes to
which the video signals are supplied from the switching ele-
ments which are controlled in response to the scanning sig-
nals supplied through the second scanning signal line, a first
counter electrode signal line is connected to the counter elec-
trodes which face the first pixel electrodes in an opposed
manner, and a second counter electrode signal line is con-
nected to the counter electrodes which face the second pixel
electrodes in an opposed manrer.

[0018] During a first scanning period in which the scanning
signals are outputted to the first scanning signal line, the
liquid crystal display device is driven in a first mode in which
the counter voltage having polarity opposite to polarity of the
voltage applied in the immediately-before frame period is
supplied to the counter electrode of the second pixel elec-
trode, and polarity of a voltage applied to the first counter
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electrode signal line and polarity of a voltage applied to the
second counter electrode signal line are set opposite to each
other.

[0019] TItisnecessary to continuously output the video sig-
nals having the same polarity to the video signal line for
realizing power saving. According to the present invention,
the liquid crystal display device can select a second mode in
which the voltage applied to the first counter electrode signal
line and the voltage applied to the second counter electrode
signal line have the same polarity.

[0020] During a retracing period in which the scanning
signal is not outputted to the scanning signal line, the liquid
crystal display device is configured to be capable of selecting
asecond mode in which the voltage applied to the first counter
electrode signal line and the voltage applied to the second
counter electrode signal line have the same polarity.

[0021] Further, at the time of performing the scanning line
simultaneous driving in which the scanning signal is simul-
taneously outputted to a plurality of scanning signal lines, the
liquid crystal display device can select a second mode in
which the voltage applied to the first counter electrode signal
line and the voltage applied to the second counter electrode
signal line have the same polarity.

[0022] The counter voltage for positive polarity and the
counter voltage for negative polarity can be supplied using the
counter electrode signal lines of two systems. By providing
the circuit which supplies the counter voltage for positive
polarity and the counter voltage for negative polarity to the
driver circuit, a quantity of charge supplied through one cir-
cuit can be reduced thus making it possible to sufficiently
drive the counter electrodes. Accordingly, the fluctuation of
the counter voltage can be suppressed.

[0023] Further,a mode for outputting the counter voltage to
the counter electrode signal lines of two systems can be
changed over between the first mode in which the voltages
having opposite polarities are outputted and the second mode
in which the voltages having the same polarity are outputted
and hence, the video signal can be continuously outputted
with a fixed polarity by changing the voltage outputting mode
to the second mode whereby the present invention is also
applicable to power saving.

[0024] Further, the optimum counter voltage can be
selected during a retracing period in which signals are not
written in the pixel electrodes or at the time of simultaneously
driving scanning lines through which the plurality of scan-
ning signals are outputted and hence, it is possible to provide
the liquid crystal panel of high display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a schematic block diagram showing a
liquid crystal display device of an embodiment 1 according to
the present invention;

[0026] FIG. 2 is a schematic block diagram showing the
liquid crystal display device of the embodiment 1 according
to the present invention;

[0027] FIG. 3 is a schematic block diagram showing a
driver circuit used in the liquid crystal display device of the
embodiment 1 according to the present invention;

[0028] FIG.4 is aschematic state-transition diagram show-
ing the transition of a state of the driver circuit used in the
liquid crystal display device of the embodiment 1 according
1o the present invention;
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[0029] FIG. 5A and FIG. 5B are schematic views showing
a command to be recorded in a memory element used in the
liquid crystal display device of the embodiment 1 according
to the present invention;

[0030] FIG. 61is atiming chart showing a verifying function
of the liquid crystal display device of the embodiment 1
according to the present invention;

[0031] FIG. 7 is a schematic plan view showing a pixel
portion of the liquid crystal display device of the embodiment
1 according to the present invention; and

[0032] FIG. 8 is a schematic cross-sectional view showing
the pixel portion of the liquid crystal display device of the
embodiment 1 according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Hereinafter, an embodiment ofthe present invention
is explained in detail in conjunction with drawings. Here, in
all drawings for explaining the embodiment, parts having
identical functions are given same symbols and their repeated
explanation is omitted.

[0034] FIG. 1isablock diagram showing the basic consti-
tution of a liquid crystal display device of the embodiment
according to the present invention. As shown in FIG. 1, the
liquid crystal display device 100 of this embodiment is con-
stituted of a liquid crystal display panel 1, a driver circuit 5
and a flexible printed circuit board 30.

[0035] The liquid crystal display panel 1 is configured as
follows. A TFT substrate 2 on which thin film transistors 10,
pixel electrodes 11, counter electrodes 15 and the like are
formed and a filter substrate (not shown in the drawing) on
which color filters and the like are formed overlap with each
other with a predetermined gap therebetween. Both sub-
strates are adhered to each other using a frame-shaped sealing
material (not shown in the drawing) arranged between both
substrates and in the vicinity of peripheral portions of both
substrates and, at the same time, liquid crystal composition is
filled and sealed in a space defined by both substrate and the
sealing material. Further, a polarizer is adhered to outer sur-
faces of both substrates.

[0036] Here, the embodiment of the present invention is
applicable to both of a so-called IPS-method liquid crystal
display panel in which the counter electrodes 15 are arranged
on the TFT substrate 2 and a so-called vertical-electric-field-
method liquid crystal display panel in which the counter
electrodes 15 are arranged on the filter substrate in the same
manner.

[0037] InFIG. 1, scanning signal lines (also referred to as
gate signal lines) 21 which extend in the x direction and are
arranged parallel to each other in the y direction in the draw-
ing and video signal lines (also referred to as drain signal
lines) 22 which extend in the y direction and are arranged
parallel to each other in the x direction in the drawing are
formed on the TFT substrate 2, and a pixel portion 8 is formed
in each region which is surrounded by the scanning signal
lines 21 and the drain signal lines 22.

[0038] Here, although the liquid crystal display panel 1
includes a large number of pixel portions 8 in a matrix array,
for facilitating the understanding of the drawing, only one
pixel portion 8 is shown in FIG. 1. The pixel portions 8
arranged in a matrix array form a display region 9, the respec-
tive pixel portions 8 play a role of pixels of a display image,
and an image is displayed in the display region 9.

[0039] Thethin film transistor 10 of each pixel portion 8 has
a source thereof connected to the pixel electrode 11, has a
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drain thereof connected to the video signal line 22, and has a
gate thereof connected to the scanning signal line 21. The thin
film transistor 10 functions as a switch for supplying a display
voltage (gradation voltage) to the pixel electrode 11.

[0040] Here, although naming of “source” and “drain” may
be reversed based on the relationship of biases, in this
embodiment, the terminal which is connected to the video
signal line 22 is referred to as the drain.

[0041] The driver circuit 5 is arranged on a transparent
insulation substrate (glass substrate, resin substrate or the
like) which constitutes the TFT substrate 2. The scanning
signal lines 21, the video signal lines 22, distribution signal
lines 23 and counter electrode signal lines 25 are connected to
the driver circuit 5.

[0042] The flexible printed circuit board 30 is connected to
the TFT substrate 2. The flexible printed circuit board 30
includes a connector 4 and an LED 150.

[0043] The connector 4 is connected to an external signal
line so as to allow inputting of signals to the flexible printed
circuit board 30 from the outside. A line 31 is provided
between the connector 4 and the driver circuit 5 for allowing
the signals from the outside to be inputted to the driver circuit
5.

[0044] A constant voltage is supplied to the LED (light
emitting diode) 150 via the connector 4. The LED 150 is used
as a light source of the liquid crystal display device 100.
[0045] A control signal transmitted from a control device
(not shown in the drawing) arranged outside the liquid crystal
display device 100 and a power source voltage supplied from
an external power source circuit (not shown in the drawing)
are inputted to the driver circuit 5 via the connector 4 and the
line 31.

[0046] Signals inputted to the driver circuit 5 from the
outside are control signals including a clock signal, a display
timing signal, a horizontal synchronizing signal, a vertical
synchronizing signal and the like, display-use data (R*G*B)
and a display mode control command. The driver circuit 5
drives the liquid crystal display panel 1 in response to the
inputted signals.

[0047] The driver circuit 5 is constituted of a single-chip
semiconductor integrated circuit (LSI). The driver circuit 5
includes an output circuit for outputting the scanning signals
to the scanning signal lines 21, an output circuit for outputting
the video signals to the video signal lines 22, and an output
circuit for outputting counter voltages to the counter elec-
trode signal line 25. Based on a reference clock generated
inside the driver circuit 5, the driver circuit § sequentially
supplies a selection voltage (scanning signal) of “High” level
to the respective scanning signal lines 21 of the liquid crystal
display panel 1 for every 1 horizontal scanning period. Due to
such an operation, the plurality of thin film transistors 10
connected to each scanning signal line 21 of the liquid crystal
display panel 1 allows the electrical conduction between the
video signal lines 22 and the pixel electrodes 11 for 1 hori-
zontal scanning period.

[0048] Further, the driver circuit 5 outputs a gradation volt-
age corresponding to a gradation to be displayed by the pixels
to the video signal lines 22 via the distribution transistor 6.
When the thin film transistors 10 assume an ON state (become
conductive), the gradation voltage (video signal) is supplied
to the pixel electrodes 11 from the video signal lines 22.
Thereafter, when the thin film transistors 10 are brought into
an OFF state, the gradation voltage based on a video to be
displayed by the pixels is held in the pixel electrodes 11.
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[0049] The distribution transistor 6 distributes the video
signal outputted from the driver circuit 5 to three video signal
lines 22, for example. Although the distribution transistor
distributes the video signal to three video signal lines 22 in
FIG. 1, the number of the video signal lines 22 to which the
distribution transistor 6 can distribute the video signal may be
set to six or more.

[0050] Further, in performing AC driving, the driver circuit
adopts common inversion driving in which a counter voltage
which inverts a polarity thereof for every fixed period is
outputted to the counter electrode signal lines 25. Further,
signals are outputted from the driver circuit § via counter
electrode signal lines 25 belonging to two systems. The
counter electrode signal line of one system is indicated by
numeral 25-1, and the counter electrode signal line of another
system is indicated by numeral 25-2.

[0051] The liquid crystal display panel 1 has the counter
electrode signal line 25-1 of the first system and the counter
electrode signal line 25-2 of the second system and hence, it
is possible to supply a counter electrode voltage using the
counter electrode signal lines of two systems whereby the
ability of the driver circuit 5 to supply the counter voltage to
the counter electrodes 15 of the respective pixels 8 can be
enhanced.

[0052] Further, the counter electrode signal line 25-1 of the
first system and the counter electrode signal line 25-2 of the
second system are formed corresponding to two neighboring
scanning signal lines 21. To explain this relationship with
respect to the first scanning signal line 21-1 and the second
scanning signal line 21-2 which are arranged adjacent to each
other in FIG. 1, the counter electrode signal line 25-1 of the
first system supplies the counter voltage to the pixels 8 which
are electrically connected with the first scanning signal line
21-1, and the counter electrode signal line 25-2 of the second
system supplies the counter voltage to the pixels 8 which are
electrically connected with the second scanning signal line
21-2.

[0053] Dueto such constitution, by inverting the polarity of
the counter voltage of the counter electrode signal line 25-1 of
the first system and the polarity of the counter voltage of the
counter electrode signal line 25-2 of the second system from
each other, it is possible to drive the liquid crystal display
device by inverting the polarity of the video signal voltage
supplied to the pixels 8 which are electrically connected with
the first scanning signal line, and the polarity of the video
signal voltage supplied to the pixels 8 which are electrically
connected with the second scanning signal line.

[0054] Next, FIG. 2 is a block diagram showing the inside
of the driver circuit 5. Control signals and video signals are
inputted 1o a system interface 71 of the driver circuit 5 via
terminals for inputting external signals, while video signals
are inputted to an external display interface 72. Further, sig-
nals and voltages necessary for driving the liquid crystal
display panel 1 are outputted from scanning signal terminals
41, video signal output lines 42 and voltage outputting termi-
nals 43 which constitute output terminals.

[0055] The driver circuit 5 incorporates a graphic RAM 52
therein as described later, and the graphic RAM 52 stores
display data therein. In driving the liquid crystal display panel
1, an address of the graphic RAM 52 corresponding to the
liquid crystal display panel 1 is designated, and display datais
written in the graphic RAM 52. The driver circuit 5 outputs
gradation voltages to the liquid crystal display panel 1 based
on the display data in the graphic RAM 52.
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[0056] To realize the low power consumption particularly, a
partial display which displays only a necessary minimum
portion is performed within the display region 9. In perform-
ing such a partial display, at the time of displaying a standby
screen on a mobile phone, for example, a fixed pattern display
region indicative of a remaining battery quantity, time or the
like 1s formed in a portion of the display region 9 of the liquid
crystal display device 100, and other regions are designated as
non-lit regions thus driving only the fixed pattern display
region at the time of performing a power saving operation.
[0057] Inperforming the partial display, the display data of
the graphic RAM 52 is outputted in a portion of the display
region 9 and other portions of the display region 9 are desig-
nated as the non-lit regions where the display data of the
graphic RAM 52 is not outputted. A voltage which brings
about a black display or a white display irrespective of the
display data is outputted to the non-lit region of the liquid
crystal display panel 1 as the video signal.

[0058] Further, the liquid crystal display panel 1 can also
perform a gradation display with gradations whose number is
equal to or below the number of displayable gradations. For
example, although the number of gradations which can be
displayed at maximum is 260,000 colors, there is a demand
for the reduction of the number of gradations to an 8-color
display at the time of displaying a standby screen for power
saving.

[0059] Further, in forming the non-lit regions on up and
lower portions of the display region, there also exists a
demand for power saving by outputting a scanning signal to
the plurality of scanning signal lines simultaneously thus
writing a gradation voltage for a black display to a plurality of
rows selected simultaneously. That is, when the black display
continues over the plurality of rows, by writing the gradation
voltage corresponding to the black display collectively over
the plurality of rows, the repetition of the writing operation
can be omitted thus realizing the power saving.

[0060] The driver circuit 5 has various display modes for
power saving as described above and hence, it is necessary to
output the optimum video signal and counter electrode volt-
age for every display mode.

[0061] For this end, various display modes are designated
from the outside via the system interface 71 and, at the same
time, outputting of the counter electrode voltage is also con-
trolled by the driver circuit 5 in response to an instruction
signal. The driver circuit 5 is configured to cope with various
display modes based on the instruction signal. Here, by form-
ing the driver circuit 5 by a single IC chip, it is possible to
realize a multi-functional driver circuit by suppressing a
mounting area of the driver circuit 5 to a small area.

[0062] Further, recently, there has been developed a mobile
phone having various functions other than the above-men-
tioned various display modes and hence, a liquid crystal dis-
play device used in the mobile phoneis also requested to cope
with such various display modes.

[0063] Accordingly, functions of the driver circuit 5 are
also increased in number to cope with the liquid crystal dis-
play panels 1 of various specifications and hence, the driver
circuit 5 is also requested to control these respective func-
tions. The driver circuit 5 used in the liquid crystal display
device 100 of the present invention includes registers and
executes various functions by setting values of the registers.
[0064] Further, to obviate cumbersomeness in setting the
large number of registers, the driver circuit 5 may also adopt
an automatic sequence function. However, when the auto-
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matic sequence function is adopted, it is necessary to limit
functions preliminarily and hence, it is necessary to provide
the custom specification for every liquid crystal display
panel. Accordingly, it is necessary to prepare the driver circuit
having the different specification for every liquid crystal dis-
play panel.

[0065] Besides the above-mentioned constitutions, an
EPROM is provided in addition to the driver circuit 5, set
values of the registers are stored corresponding to the respec-
tive liquid crystal display panels, and instruction signals are
inputted to the driver circuit 5 from an external control circuit
and hence, the respective necessary set values can be read
from the EPROM.

[0066] In general, setting of the instruction signals is per-
formed via the system interface 71. The system interface 71
includes two kinds of interfaces consisting of a bus interface
of arbitrary n bits such as 18 bits or 16 bits and a clock-
synchronous-serial interface, and can cope with both parallel
and serial signals supplied from an external control circuit
such as an MPU (Micro Processing Unit).

[0067] The driver circuit 5 includes 16-bit registers such as
an index register 74 and a control register 75, and 18-bit
registers such as a write data register 78 and a read data
register 79. Data is read from or written into the respective
registers via the system interface 71. Numeral 31 indicates an
input signal line and numeral 32 indicates an output signal
line. Numeral 33 indicates a verifying signal output line. The
collation of input and output data becomes possible with the
use of the verifying signal.

[0068] Further, an external display interface 72 includes an
RGB interface and a vertical synchronizing interface for an
animated picture display, and video signals are inputted to the
external display interface 72 from the outside via an input
signal line 34. In operating the RGB interface, display data is
fetched at the same timing that a vertical synchronizing signal
and a horizontal synchronizing signal are supplied from the
outside.

[0069] At the time of operating the vertical synchronizing
interface, frame synchronization is conducted in response to
the vertical synchronizing signal, and the display data is
fetched in response to an internal clock.

[0070] The index register 74 is a register for storing access
information for the control register 75 or the graphic RAM
52, and addresses of the control register 75 and the graphic
RAM 52 can be designated by the index register 74.

[0071] The control register 75 can designate various func-
tions of the driver circuit 5. The driver circuit 5 can control the
display operation based on values set in the control register
75. For example, the control register 75 can designate the
number of the signal lines driven by the timing generation
circuit 76 or the like.

[0072] The write data register 78 temporarily stores data to
be written in the graphic RAM 52. In accordance with set
values in the control register 75, values set in the address
counter 77 described later and values of various control ter-
minals, the display data which is temporarily stored in the
write data register 78 is written in the graphic RAM 52 via the
external display interface 72.

[0073] The read data register 79 is a register which tempo-
rarily stores data read from the graphic RAM 52. In accor-
dance with the set values in the control register 75, the values
in the address counter 77 described later and the values of
various control terminals, the read data register 79 outputs the
temporarily stored data to the outside.
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[0074] The address counter 77 is a counter which gives an
address to the graphic RAM 52. When an instruction for
setting an address is written in the index counter 74, the
address information is transmitted to the address counter 77
from the index counter 74.

[0075] The graphic RAM 52 has the constitution of 18 bits
per 1 pixel, for example, incorporates an SRAM (Static
RAM) which stores bit pattern data of 172,800 bytes therein,
and can cope with a display of a size of 240RGBx320 at
maximum.

[0076] The timing generation circuit 76 generates timing
signals for operating internal circuits necessary for a display.
That is, the timing generation circuit 76 generates interface
signals such as a signal for read timing of the graphic RAM 52
necessary for a display or a signal for internal operation
timing corresponding to an access from the outside.

[0077] The latch circuit 53 temporarily holds digital data
corresponding to outputting from the video signal line side
240. When signals to be outputted are prepared in the latch
circuit 53, the latch circuit 53 outputs the display data to the
RGB data selector circuit 51.

[0078] The RGB data selector circuit 51, in synchronism
with a control of the distribution transistor 6 incorporated in
the liquid crystal display panel 1, selects respective data of
RGB from the latch circuit 53 and outputs the data to the first
level shifter 54.

[0079] The first level shifter 54 converts a voltage level of a
signal held by the latch circuit 53 and allows the signal to have
a voltage necessary for controlling the decoder circuit 55.

[0080] The decoder circuit 55 outputs a gradation voltage
in accordance with an inputted signal. The voltage outputted
from the decoder circuit 55 is subject to the current amplifi-
cation by the first output circuit 56 and the current-amplified
voltage is outputted to the video signal output lines 42.

[0081] The video signal output lines 42 are electrically
connected with the video signal lines 22 of the liquid crystal
display panel so that the gradation voltage is outputted to the
video signal lines 22. The number of video signal lines 22 to
which the gradation voltage is outputted, the position of the
video signal line 22 from which outputting of the gradation
voltage is started and the like are set by the control register in
response to instruction signals.

[0082] On the other hand, the driver circuit 5 includes a
scanning signal generation circuit 57 for the scanning signal
lines 21. A scanning timing signal is outputted from the
scanning signal generation circuit 57, a voltage of the scan-
ning timing signal is converted by a second level shift circuit,
and a scanning signal is outputted to the scanning signal
terminals 41 connected with scanning signal lines from a
second output circuit 59.

[0083] The gradation voltage generation circuit 62 gener-
ates a gradation voltage and supplies the gradation voltage to
the decoder circuit 55. A y regulation circuit 63 approximates
a rate of the increase/decrease of a gradation voltageto a y
function thus realizing a change of brightness suitable for
characteristics of an eye of a human. The regulator 64 outputs
a power source voltage for an internal logic circuit.

[0084] TheRGB data selector control circuit 65 generates a
signal for controlling an ON/OFF state of the distribution
transistor 6 formed on the liquid crystal display panel 1, and
outputs the signal to the liquid crystal display panel 1. The
liquid crystal drive voltage generation circuit 61 generates a
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voltage necessary for driving the liquid crystal display panel
and outputs the voltage from the voltage outputting terminals
43.

[0085] Next, FIG. 3 shows voltages which the liquid crystal
drive voltage generation circuit 61 generates and signal wave
forms formed by the respective voltages when the liquid
crystal display device adopts a so-called common inversion
drive method in which a counter voltage VCOM supplied to
the counter electrode 15 is inverted at a fixed cycle.

[0086] The scanning signal VSCN shown in FIG. 3 is a
scanning signal outputted to the arbitrary scanning signal line
21. In FIG. 3, a period in which the scanning signal VSCN
supplied to the scanning signal line 21 assumes a High volt-
age VGON is referred to as a 1 horizontal scanning period
(1H). Here, symbol VGOFF indicates a Low voltage.

[0087] Inthe commoninversion drive method, for example,
as shown in FIG. 3, the counter voltage VCOM is inverted
between VCOMH and VCOML for every 1 horizontal scan-
ning period. Further, a video signal VSIG is also inverted to
perform AC driving in conformity with the inversion of the
counter voltage VCOM. By adopting the common inversion
drive method, even when amplitude of the video signal VSIG
is small, a large potential difference can be acquired between
the video signal VSIG and the counter voltage VCOM and
hence, low-voltage driving and low power consumption can
be realized.

[0088] In the drawing, symbol VSH of the video signal
VSIG indicates that the gradation voltage supplied to the
pixel is a positive gradation voltage constituting a signal of
positive polarity with respect to the counter voltage VCOM.
Symbol VSL of the video signal VSIG indicates that the
gradation voltage supplied to the pixel is a negative gradation
voltage constituting a signal of negative polarity with respect
to the counter voltage VCOM.

[0089] Symbol VCOMH indicates a counter-electrode
High voltage and symbol VCOML indicates a counter-elec-
trode Low voltage. The counter voltage VCOM is inverted
between the High voltage VCOMH and the Low voltage
VCOML for every fixed period. Symbol VDH indicates a
reference voltage which becomes the reference with respect
to the counter-electrode high voltage VCOMH, and symbol
VDW indicates an amplitude reference voltage indicative of
amplitude of the counter voltage.

[0090] In FIG. 3, to facilitate the understanding of the
present invention, polarities of voltages are inverted for every
1 horizontal scanning period. However, the polarities of volt-
ages may be inverted for every several horizontal scanning
periods or the polarities of voltages may be inverted for every
1 frame period.

[0091] Symbol VGON of the scanning signal VSCN indi-
cates a High voltage of the scanning signal VSCN for turning
on the thin film transistor (TFT) 10 of a pixel portion, and the
High voltage is required to be set to a value higher than a
maximum value of the positive gradation voltage VSH by an
amount corresponding to a threshold voltage or more. Fur-
ther, symbol VGOFF of the scanning signal VSCN indicates
a Low voltage of the scanning signal VSCN for turning off the
thin film transistor 10 and the Low voltage is required to be set
to a value lower than a minimum value of the negative gra-
dation voltage VSL by an amount corresponding to a thresh-
old voltage or more.

[0092] Next, FIG. 4is a block diagram of the liquid crystal
drive voltage generation circuit 61 for generating the above-
mentioned respective voltages. Numeral 181 indicates a



US 2009/0128723 Al

counter voltage outputting circuit, numeral 182 indicates a
counter voltage reference voltage circuit, numeral 183 indi-
cates a counter voltage High-level regulation circuit, numeral
184 indicates a counter-voltage Low level regulation circuit,
and numeral 185 indicates a reference voltage generation
circuit.

[0093] The counter voltage reference voltage circuit 182
outputs the reference voltage VDH which becomes the refer-
ence with respect to the counter voltage based on the refer-
ence voltage outputted from the reference voltage generation
circuit 185. The counter voltage reference voltage circuit 182
outputs a voltage which becomes the reference with respect to
the counter-electrode High-voltage VCOMH based on the
reference voltage VDH.

[0094] An output of the counter voltage reference voltage
circuit is applied to a variable resistance 194, and the counter
voltage High-level regulation circuit 183 generates the
counter-electrode high-voltage VCOMH based on the refer-
ence voltage inputted from the variable resistance 194. Fur-
ther, the counter-voltage Low-level setting circuit 184 gener-
ates the counter-electrode Low-voltage VCOML by setting
the amplitude reference voltage VDW of the counter voltage.
[0095] The counter-voltage High-level regulation circuit
183 may generate the counter-electrode High-voltage
VCOMH without using the variable resistance 194. That is,
based on a regulation value held in a non-volatile memory, a
fuse circuit and the like arranged in the counter-voltage High-
level regulation circuit 183, the counter-electrode High-volt-
age VCOMH may be generated to have a voltage value which
is obtained by multiplying the reference voltage VDH with
the regulation value.

[0096] An output of the counter-voltage High-level regula-
tion circuit 183 is inputted to a counter-voltage High-level
outputting circuit 191a of the counter voltage outputting cir-
cuit 181, and an output of the counter-voltage Low-level
regulation circuit 184 is inputted to a counter-voltage Low-
level outputting circuit 1915 of the counter voltage outputting
circuit 181.

[0097] The counter-electrode High-voltage VCOMH 1is
outputted from the counter voltage High-level outputting cir-
cuit 1914, and is inputted into a switching element 1924 and
a switching element 1924. In the same manner, the counter-
electrode Low-voltage VCOML is outputted from the counter
voltage Low-level outputting circuit 1915, and is inputted
into the switching element 192a and a switching element
1925

[0098] The switching elements 192a, 1924 are configured
to change over the connections between the outputs from the
counter-voltage High-level outputting circuit 191a and the
counter-voltage Low-level outputting circuit 1915, and the
first counter voltage output terminal 193¢ and the second
counter voltage output terminal 1935 mutually at a fixed
cycle.

[0099]  Accordingly, it is possible to output the counter-
electrode High-voltage VCOMH from the first counter volt-
age output terminal 193a and to output the counter electrode
Low-voltage VCOML from the second counter-voltage out-
put terminal 1935 during a first period, and it is possible to
output the counter-electrode Low-voltage VCOML from the
first counter voltage output terminal 1934 and to output the
counter electrode High-voltage VCOMH from the second
counter-voltage output terminal 1935 during a second period.
[0100] Here, with respect to the inside of a liquid crystal
drive voltage generation circuit 61, numeral 186 indicates a

May 21, 2009

first boosting reference voltage circuit which outputs a refer-
ence voltage VCl for a first boosting circuit 151 and a second
boosting circuit 152. Further, numeral 187 indicates a second
boosting reference voltage circuit which outputs a reference
voltage VDCDC for a third boosting circuit 153 and a fourth
boosting circuit 154.

[0101] The first boosting circuit 151 generates a power
source voltage DDVDH for a circuit which outputs a video
signal to the video signal output lines 42 by boosting the
reference voltage VCI. The power source voltage DDVDH is
used in the latch circuit 53, the first level shifter 54, the
decoder circuit 55, and the first output circuit 56.

[0102] The second boosting circuit 152 generates a power
source voltage VCL for driving the counter-voltage Low-
level output circuit 1915 by boosting the reference voltage
VCL

[0103] The third boosting circuit 153 generates the power
source voltage VGH and the power source voltage VGL used
in the scanning signal generation circuit 57, the second level
shift circuit and the second output circuit 59 for the scanning
signal lines 21 by boosting the reference voltage VDCDC.
[0104] The fourth boosting circuit 154 generates the power
source voltage VSWH and the power source voltage VSWL
used in the distribution transistor driver circuit 65 by boosting
the reference voltage VDCDC.

[0105] Here, capacitances C11, C12, C21, C31, C32, C33,
C41, C42 and C43 are boosting capacitances and are used for
boosting operations performed by the respective boosting
circuits. Capacitances Coutl, Cout2, Cout3, Coutd, Cout5
and Cout6 are holding capacitance elements which are con-
nected with the output terminals.

[0106] Next, non-lit regions of the liquid crystal display
panel 1 are explained in conjunction with FIG. 5. For
example, assume a partial display in which a region of display
data outputted from the graphic RAM 52 is small compared to
the display region 9. In such a case, a region which the display
data of the graphic RAM 52 is not written is formed. There
may be a case that the region in which the display data of the
graphic RAM 52 is not written is designated as a black display
(or a white display). The black display (or the white display)
region in which the display data of the graphic RAM 52 is not
written is referred to as the non-lit region 27.

[0107] As shown in FIGS. SA and 5B, a black-display
video signal voltage is written in pixels 8 (not shown in the
drawing) which are connected with the scanning signal lines
21 on the first several rows and the last several rows thus
forming non-lit regions 27-1, 27-2 as shown in FIG. 5B.
[0108] Thenumber of scanning signal lines 21 in the non-lit
regions 27-1, 27-2 can be set by the register. By setting the
number of scanning signal lines 21 using the register, it is
possible to designate the number of the scanning signal lines
21 served for the black display.

[0109] Inoutputting the video signal voltage to the non-lit
regions 27-1, 27-2, for realizing power saving, the counter
electrode voltages of two systems are set to have the same
polarity so as to output the video signal continuously with the
sarme polarity.

[0110] That is, in outputting the video signal to the pixels
which are connected to two neighboring scanning signal
lines, when the polarity ofthe outputting video signal voltage
is changed over for every 1 scanning period, an operation for
charging the video signal lines and the like is repeated and
hence, the power consumption is increased. Accordingly, for
achieving the power saving, it is desirable to supply the video
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signal voltage of the same polarity to the pixels which are
connected with two neighboring scanning signal lines.
[0111] Further, the plurality of scanning lines may be
simultaneously selected in the non-lit region 27 so as to
simultaneously write a black-display video signal voltage to
the pixels on a plurality of rows. In this case, when the counter
electrode voltages VCOMH, VCOML belonging to two sys-
tems are outputted, it is necessary to simultaneously output
the black-display video signal voltage for positive polarity
and the black-display video signal voltage for negative polar-
ity through one video signal line and hence, it is difficult to
realize such simultaneous writing of the black-display video
signal voltage to the pixels on the plurality of rows.

[0112] Accordingly, with respect to the non-lit regions
27-1, 27-2, it is necessary to stop outputting of the counter
electrode voltages of two systems having opposite polarities
and to output the counter electrode voltages having the same
polarity. The above-mentioned counter voltage output circuit
181 is configured to, with the use of the switching element
192¢ and the switching element 1925, select a connection
mode between a connection mode in which outputting from
the counter-voltage High-level output circuit 191a is con-
nected with both of the first counter voltage output terminal
193¢ and the second counter voltage output terminal 1935
and a connection mode in which outputting from the counter-
voltage Low-level output circuit 1915 is connected with both
of the first counter voltage output terminal 193a and the
second counter voltage output terminal 19354.

[0113] That is, when the video signal is continuously out-
putted with the same polarity or when the plurality of scan-
ning lines is simultaneously selected in the non-lit regions
27-1, 27-2, the counter voltage output circuit 181 is config-
ured to simultaneously output the counter-electrode High-
voltage VCOMH to the first counter-voltage output terminal
193¢ and the second counter-voltage output terminal 1935, or
is configured to simultaneously output the counter-electrode
Low-voltage VCOML to the first counter-voltage output ter-
minal 193a and the second counter-voltage output terminal
1935.

[0114] The counter-voltage output circuit 181 is capable of,
in accordance with a set value in the control register 75,
selecting a first mode in which the counter voltages having the
opposite phases are outputted from the first counter-voltage
output terminal 1934 and the second counter-voltage output
terminal 1935 and a second mode in which the counter volt-
ages having the same phase are outputted from the first
counter-voltage output terminal 193a and the second counter-
voltage output terminal 1935.

[0115] In accordance with the set value in the control reg-
ister 75, the driver circuit 5 is configured to allow the counter-
voltage output circuit 181 to output the counter voltages of
two systems in the first mode and the counter voltages of one
system in the second mode.

[0116] Here, the switching element 192a and the switching
element 1925 do not merely change over the connection
between the first counter-voltage output terminal 1934, the
second counter-voltage output terminal 1935 and the counter-
voltage High-level output circuit 1914, the counter-voltage
Low-level outputcircuit 1915, but records the polarities of the
video signals outputted to the pixels corresponding to the
scanning signal line which becomes the reference, and sets
the counter-voltage High-level output circuit 191a, the
counter-voltage Low-level output circuit 1915 to be con-
nected to the first counter-voltage output terminal 1934, the
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second counter-voltage output terminal 1935 based on the
determination of the polarity of the video signal which
becomes the reference.

[0117] Further, in setting values in the register in the first
mode and in the second mode, the instruction signals are used.
However, the values can be set in the register using instruction
signals directly from an external control circuit. In this case,
by imparting an automatic sequence function or by providing
an EPROM and storing instruction signals in the EPROM,
necessary set values can be read from the EPROM.

[0118] Next, an operation during a retracing period is
explained. A period from a point of time that the last scanning
signal line 21-320 in the display region 9 is scanned to a point
of time that the first scanning signal line 21-1 in the display
region 9 is scanned is referred to as the retracing period. It is
necessary to output the counter voltages also during this
retracing period. Here, the driver circuit 5 is capable of, in
accordance with set values in the control register 75, also in
the retracing period, selecting the first mode in which the
counter voltages having opposite phases are outputted from
the first counter-voltage output terminals 193 and the second
counter-voltage output terminals 1935 and the second mode
in which the counter voltages having the same phase are
outputted from the first counter-voltage output terminal 193a
and the second counter-voltage output terminal 1935.

[0119] Next, a driver circuit ofthe above-mentioned non-lit
region 27 is explained in conjunction with FIG. 6. Numeral
indicates an output amplifier provided in the first output cir-
cuit 56. A gradation voltage outputted from the decoder cir-
cuit 55 is inputted to the output amplifier 161 via a voltage line
173. The output amplifier 161 performs the current amplifi-
cation and outputs the gradation voltage to the video signal
output line 42.

[0120] In performing a black display (or white display) in
the non-lit region 72, an operation of the output amplifier 161
is stopped and a black display (or white display) voltage is
outputted from the output inverter 162 thus realizing a low
consumption mode which reduces the power consumption.

[0121] That is, in the low consumption mode, the connec-
tion of the power source lines 171, 175 to the output amplifier
161 is disconnected using a switching element 163 in
response to a signal from a control signal line 172 thus stop-
ping an operation of the output amplifier 161.

[0122] Here, the transfer of display data is also unnecessary
and hence, it is also possible to stop an operation of the
decoder circuit 55. Further, when necessary, it is also possible
to partially stop operations of the latch circuit 53, the RGB
data selector circuit 51 and the first level shifter circuit 54.

[0123] A maximum gradation voltage (V63)used in ablack
display is supplied to a power source line 176 of the output
inverter 162, and a minimum gradation voltage (V0) used in
a white display is supplied to a power source line 178.

[0124] Inthe black display, the Low voltage is supplied to
the signal line 177 and the maximum gradation voltage (V63)
is outputted to the video signal output line 42. In the white
display, the High voltage is supplied to the signal line 177 and
the minimum gradation voltage (V0) is outputted to the video
signal output line 42.

[0125] Since the black display (or the white display) is
adopted here, the gradation voltage is written in all pixels of
RGB and hence, control signals which bring all distribution
transistors 6 into an ON state are outputted from the RGB data
selector control circuit 65.



US 2009/0128723 Al

[0126] The power saving operation using the output
inverter 162 can be also used in an 8 gradation display and a
2 gradation display. In case of the 8 gradation display, using
an uppermost bit of display data which the latch circuit 53
outputs, when the uppermost bit is “1”, a Low voltage is
supplied to the signal line 177 and the maximum gradation
voltage (V63)is outputted from the output inverter 162, while
when the uppermost bit is “0”, a High voltage is supplied to
the signal line 177 and the minimum gradation voltage (V0)
is outputted from the output inverter 162.

[0127] Incaseofthe 8 gradation display which is the power
saving operation, control signals which bring the distribution
transistor 6 into an ON state corresponding to RGB output-
ting are outputted from the RGB data selector control circuit
05.

[0128] Next, FIG. 7 is a plan view of the pixel portion 8 of
the liquid crystal display device 1. FIG. 8 is a cross-sectional
view takenalong a line A-A in FIG. 7. FIG. 7 and FIG. 8 show
the pixel portion 8 of the liquid crystal panel adopting an
in-plain switching mode. As shown in FIG. 7, the pixel por-
tions 8 are formed on the TFT substrate 2, and each pixel
portion 8 is formed of a region surrounded by the scanning
signal line 21, the counter electrode signal line 25 and the
video signal lines 22.

[0129] As described previously, the switching element
(hereinafter also referred to as TFT) 10 and the pixel electrode
11 are formed in the vicinity of an intersecting portion of the
scanning signal line 21 and the video signal line 22. The pixel
electrode 11 and the counter electrode 15 are formed in a
comb-teeth shape and are alternately arranged. Due to the
potential difference generated between the video signal volt-
age supplied to the pixel electrode 11 and the counter voltage
supplied to the counter electrode 15, the alignment direction
of the liquid crystal molecules is changed thus realizing a
control of intensity of transmitting light.

[0130] Numeral 132 indicates a drain region and numeral
133 indicates a source region, and these regions 132, 133 are
formed on a semiconductor layer 134 described later. The
drain region 132, the source region 133 and the semiconduc-
tor layer 134 form the TFT 10. A through hole indicated by
numeral 146 electrically connects the source region 133 and
the pixel electrode 11. A through hole indicated by numeral
147 electrically connects the counter electrode 15 and the
counter electrode signal line 25.

[0131] The liquid crystal display panel 1 has the cross-
sectional structure shown in FIG. 8, wherein the TFT sub-
strate 2 and the color filter substrate 3 are arranged to face
each other in an opposed manner. The liquid crystal compo-
sition 4 is held between the TFT substrate 2 and the color filter
substrate 3. Between peripheral portions of the TFT substrate
2 and the color filter substrate 3, a sealing material (not shown
in the drawing) is provided. The TFT substrate 2, the color
filter substrate 3 and the sealing material form a container or
an envelope which has a narrow gap, and the liquid crystal
composition 4 is sealed between the TFT substrate 2 and the
color filter substrate 3. Further, numerals 14 and 18 respec-
tively indicate alignment films for controlling the alignment
of the liquid crystal molecules.

[0132] Color filters 150 are formed on the color filter sub-
strate 3 for respective colors consisting of red (R), green (G),
and blue (B). A black matrix 162 is formed on a boundary
between the respective color filters 150 for blocking light.
[0133] The TFT substrate 2 is made of glass, resin or the
like which is at least partially transparent. A background film
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is formed on the TFT substrate 2, and a semiconductor layer
134 constituted of a polysilicon film is formed on the back-
ground film.

[0134] A gate insulation film 136 is formed on the semi-
conductor layer 134, and the gate electrodes 131 are formed
on the gate insulation film 136. As described previously, the
scanning signal lines 21 are formed on the TFT substrate 2,
and a portion of the scanning signal line 21 forms the gate
electrode 131. The scanning signal line 21 is formed of a
multi-layered film consisting of a layer which is mainly made
of chromium (Cr) or zirconium and a layer which is mainly
made of aluminum (Al) Further, side surfaces of the scanning
signal line 21 are inclined such that a line width of the canning
signal line 21 is increased toward a lower surface thereofon a
TFT substrate side from an upper surface thereof.

[0135] Both end portions of the semiconductor layer 134
are doped with impurities thus forming the drain region 132
and the source region 133 in a spaced-apart manner. As
described previously, although naming of drain and source
changes depending on potentials, in this specification, the
region which is connected with the video signal line 22 is
referred to as the drain region and the region which is con-
nected with the pixel electrode 11 is referred to as the source
region.

[0136] Thevideo signal line 22 is formed of a multi-layered
film which is constituted by sandwiching a layer mainly made
of aluminum (Al) by two layers mainly made of an alloy of
molybdenum (Mo) and chromium (Cr), molybdenum (Mo)
or tungsten (W). Further, an inorganic insulation film 143 and
an organic insulation film 144 are formed on the TFT sub-
strate 2 so as to cover the TFT 30. The source region 133 is
connected with the pixel electrode 11 via a through hole 146
formed in the inorganic insulation film 143 and the organic
insulation film 144.

[0137] Here, the inorganic insulation film 143 may be
formed using silicon nitride or silicon oxide, and the organic
insulation film 144 may be formed of an organic resin film.
Although a surface of the organic insulation film 144 may be
formed in arelatively flat shape, the surface may be formed to
have unevenness.

[0138] The pixel electrode 11 and the counter electrode 15
are formed of a transparent conductive film, and the transpar-
ent conductive film is formed of a light-transmitting conduc-
tive layer made of ITO (Indium Tin Oxide), ITZO (Indium
Tin Zinc Oxide), 170 (Indium Zinc Oxide), ZnO (Zinc
Oxide), SnO (Tin oxide), In203 (Indium Oxide) or the like.
[0139] Further, the above-mentioned layer mainly made of
chromium may be formed using only chromium or an alloy of
chromium and molybdenum (Mo) or the like. The layer
mainly made of zirconium may be formed using only zirco-
nium or an alloy of zirconium and molybdenum or the like.
The layer mainly made of tungsten may be formed using only
tungsten or an alloy of tungsten and molybdenum or the like.
The layer mainly made of aluminum may be formed using
only aluminum or an alloy of aluminum and neodymium or
the like.

1. A liquid crystal display device comprising:

a first substrate;

a second substrate;

liquid crystal composition which is sandwiched between
the first substrate and the second substrate;

a plurality of pixel electrodes which are formed on the first
substrate;
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counter electrodes which are arranged to face the pixel
electrodes in an opposed manner;

switching elements which are configured to supply video
signals to the pixel electrodes;

video signal lines which are configured to supply video
signals to the switching elements;

scanning signal lines which are configured to supply scan-
ning signals for controlling the switching elements;

first counter electrode signal lines which are configured to
supply a first voltage to the counter electrodes;

second counter electrode signal lines which are configured
to supply a second voltage to the counter electrodes; and

a driver circuit which is configured to output the video
signals and the scanning signals, wherein

a first scanning signal line and a second scanning signal
line which constitute two neighboring scanning signal
lines are provided with first pixel electrodes to which the
video signals are supplied from the switching elements
which are controlled in response to the scanning signals
supplied through the first scanning signal line, and sec-
ond pixel electrodes to which the video signals are sup-
plied from the switching elements which are controlled
in response to the scanning signals supplied through the
second scanning signal line,

a first counter electrode signal line is connected to the
counter electrodes which face the first pixel electrodes in
an opposed manner,

a second counter electrode signal line is connected to the
counter electrodes which face the second pixel elec-
trodes in an opposed manner,

the liquid crystal display device is driven in a first mode in
which polarity of a voltage applied to the first counter
electrode signal line and polarity of a voltage applied to
the second counter electrode signal line are set opposite

to each other during a first scanning period in which the
scanning signals are outputted to the first scanning sig-
nal line, and

the liquid crystal display device is configured to be capable
of selecting a second mode in which the voltage applied
to the first counter electrode signal line and the voltage
applied to the second counter electrode signal line have
the same polarity during a retracing period from a point
of time that outputting of the scanning signal to the
scanning signal line on the last row is finished to a point
of time that outputting of the scanning signal to the
scanning signal line on a start row is started.

2. A liquid crystal display device according to claim 1,

wherein the driver circuit includes a first voltage generation
circuit which is configured to output the first voltage and a
second voltage generation circuit which is configured to out-
put the second voltage.

3. A liquid crystal display device according to claim 1,

wherein the driver circuit includes,

a first voltage generation circuit which is configured to
output the first voltage and a second voltage generation
circuit which is configured to output the second voltage;

a first switching circuit which is configured to change over
the connection between the first voltage generation cir-
cuit and the first counter electrode signal line or the
second counter electrode signal line; and

a second switching circuit which is configured to change
over the connection between the second voltage genera-
tion circuit and the first counter electrode signal line or
the second counter electrode signal line.
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4. A liquid crystal display device comprising:

a first substrate;

a second substrate;

liquid crystal composition which is sandwiched between
the first substrate and the second substrate;

a plurality of pixel electrodes which are formed on the first
substrate;

counter electrodes which are arranged to face the pixel
electrodes in an opposed manner;

switching elements which are configured to supply video
signals to the pixel electrodes;

video signal lines which are configured to supply video
signals to the switching elements;

scanning signal lines which are configured to supply scan-
ning signals for controlling the switching elements;

first counter electrode signal lines which are configured to
supply a first voltage to the counter electrodes;

second counter electrode signal lines which are configured
to supply a second voltage to the counter electrodes; and

a driver circuit which is configured to output the video
signals and the scanning signals, wherein

the driver circuit is configured to be capable of changing
over an operation of the liquid crystal display device
between a first mode in which the scanning signals are
outputted while inverting polarity of the first voltage and
polarity of the second voltage and a second mode in
which the scanning signals are outputted while allowing
the polarity of the first voltage and the polarity of the
second voltage to have the same phase at the time of
performing power saving driving in which the scanning
signals are supplied to the plurality of scanning signal
lines.

5. A liquid crystal display device according to claim 4,

wherein the driver circuit includes a first voltage generation

circuit which is configured to output the first voltage and a

second voltage generation circuit which is configured to out-

put the second voltage.
6. A liquid crystal display device according to claim 4,
wherein the driver circuit includes:

a first voltage generation circuit which is configured to
output the first voltage and a second voltage generation
circuit which is configured to output the second voltage;

a first switching circuit which is configured to change over
the connection between the first voltage generation cir-
cuit and the first counter electrode signal line or the
second counter electrode signal line; and

a second switching circuit which is configured to change
over the connection between the second voltage genera-
tion circuit and the first counter electrode signal line or
the second counter electrode signal line.

7. A liquid crystal display device comprising:

a first substrate;

a second substrate;

liquid crystal composition which is sandwiched between
the first substrate and the second substrate;

a plurality of pixel electrodes which are formed on the first
substrate;

counter electrodes which are arranged to face the pixel
electrodes in an opposed manner;

switching elements which are configured to supply video
signals to the pixel electrodes;

video signal lines which are configured to supply video
signals to the switching elements;
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scanning signal lines which are configured to supply scan-
ning signals for controlling the switching elements;

first counter electrode signal lines which are configured to
supply a first voltage to the counter electrodes;

second counter electrode signal lines which are configured
to supply a second voltage to the counter electrodes; and

a driver circuit which is configured to output the video
signals and the scanning signals, wherein

the driver circuit is configured to be capable of changing
over an operation of the liquid crystal display device
between a first mode in which the scanning signals are
outputted while inverting polarity of the first voltage and
polarity of the second voltage and a second mode in
which the scanning signals are outputted while allowing
the polarity of the first voltage and the polarity of the
second voltage to have the same phase at the time of
performing a power saving operation in which the video
signals are outputted from an inverter circuit provided to
an output circuit.

10
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8. A liquid crystal display device according to claim 7,
wherein the driver circuit includes a first voltage generation
circuit which is configured to output the first voltage and a
second voltage generation circuit which is configured to out-
put the second voltage.

9. A liquid crystal display device according to claim 7,
wherein the driver circuit includes,

a first voltage generation circuit which is configured to
output the first voltage and a second voltage generation
circuit which is configured to output the second voltage;

a first switching circuit which is configured to change over
the connection between the first voltage generation cir-
cuit and the first counter electrode signal line or the
second counter electrode signal line; and

a second switching circuit which is configured to change
over the connection between the second voltage genera-
tion circuit and the first counter electrode signal line or
the second counter electrode signal line.

* 0 ok ok ok %k
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