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A driving method for driving an LCD panel having a counter
electrode and a source line. In a first period, the counter
electrode is driven to a potential VCOMH. In a second period,
the counter electrode and the source line are short-circuited to
apower supply interconnection having apower supply poten-
tial VCI. In a third period, the counter electrode is connected
to a ground interconnection while the source line is kept to be
short-circuited to the power supply interconnection. In a
fourth period, the counter electrode is pulled down to a poten-
tial VCOML lower than a ground potential In a fifth period,
the source line is driven to a potential corresponding to an
image data while the counter electrode is kept to the potential
VCOML. The electric power consumed in pulling down the
counter electrode from a positive potential to a negative
potential can be effectively reduced.
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Fig. 6B
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Fig. 7A
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Fig. 1B
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Fig. 8A
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PERIOD:T1 INITIAL STATE
» VCOM QUTPUT = POTENTIAL VCOMH

» SOURCE QUTPUT = LAST POTENTIAL [N NEGATIVE POLARITY PERIOD

+ SW1=0FF, SW2=0N,
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Fig.9
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Fig 12
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Fig. 15
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Fig.16
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Fig. 19
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Fig.22
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Fig.23

PERIOD:T1 INITIAL STATE
« VCOM OUTPUT = POTENTIAL VCOML
» SOURCE OUTPUT = LAST POTENTIAL IN POSITIVE POLARITY PERIOD
« SW1=0FF, SW2=0N,
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PERIOD:T3 VCOM QUTPUTS VCONH AND SOURCE IS SET TO TARGET POTENTIAL
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Fig. 26

PERIOD:T1 INITIAL STATE

» VCOM OUTPUT = POTENTIAL VCOMH

» SOURCE OUTPUT = LAST POTENTIAL IN NEGATIVE POLARITY PERIOD
+ SW1=0FF, SW2=0N,

SW6=0N,SW7=0FF,SW8=OFF,SW9=0FF

(]PERIOD:TZ SOURCE QUTPUT AND VCOM OUTPUT ARE SHORT-CIRCUITED h
TO VCI POWER SOURCE

» VCOM OUTPUT = POTENTIAL VCI

» SOURCE POTENTIAL = POTENTIAL VCI

» SW1=ON, SW2=0FF,

\ SW6=0FF, SW7=0FF, SW8=0N, SW9=0FF _4)

!

('PERIOD:T3 VCOM IS SHORT-CIRCUITED TO GND WHILE SOURCE OUTPUT )
[S KEPT TO BE SHORT-CIRCUITED T0 VCI PONER SUPPLY

« VGOM QUTPUT = POTENTIAL GND

« SOURCE POTENTIAL = PQTENTIAL VCI
» SH1=0N, SW2=0FF

\ SW6=0FF, SW7=0FF, SW8=CFF, SW3=0N

y

(]PERIOD:T4 VCOM IS CHANGED TO TARGET POTENTIAL VOOML WHILE SOURCE ‘\
QUTPUT IS KEPT TO BE SHORT-CIRCUITED TO VCI PONER SUPPLY
- VGOM QUTPUT = POTENTIAL VCOML
« SOURCE POTENTIAL = POTENTIAL VCI
« SW1=0N, SW2=0FF,
u SW6=0FF, SW7=O0N, SWB=0FF, SWO=0FF )

¢

/'bERIOD:T5 VCOM QUTPUTS POTENTIAL VCOML AND SOURCE IS SET TO__‘\
TARGET POTENTIAL
» VCOM OUTPUT = POTENTIAL VCOML
» SOURCE POTENTIAL = TARGET POTENTIAL
» SW1=0FF, SW2=0N,
\ SW6=0FF, SW7=0N, SW8=0FF, SW9=0FF

J




Patent Application Publication  Apr. 30,2009 Sheet 26 0f38  US 2009/0109158 A1

Fig. 27
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Fig.30
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Fig. 32
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Fig. 33

PERIOD:T1 INITIAL STATE

+ VCOM OUTPUT = POTENTIAL VCOMH
+ SOURCE QUTPUT = LAST POTENTIAL [N NEGATIVE POLARITY PERIOD
+ SW1=0FF, SW2=0N, SW3=0FF, SK4=0FF, SW5=0FF,

SW6=ON, SW7=0FF, SW8=0FF, SH9=0FF

!

(]DERIOD:TZ SOURGE OUTPUT AND VCOM OUTPUT ARE SHORT-GIRCUITED TO VGY\
POWER SOURCE. SOURGE OUTPUT IS SHORT-CIRCUITED TO VCOM.

» VCOM QUTPUT = POTENTIAL VCI
+ SOURCE POTENTIAL = POTENTIAL VCI
+ SW1=0N, SW2=0FF, SW3=ON, SW4=0FF, SW5=0N,
SW8=0FF, SW7=0FF , SiY8=ON, SWo=0FF y

!

(rPERIOD!T3 VGOM IS SHORT-CIRGUITED 70 GND WHILE SOURGE QUTPUT Ié\
KEPT TO BE SHORT-CIRCUITED TO VC! POWER SUPPLY
+ YGOM OUTPUT = POTENTIAL GND
» SOURCE POTENTIAL = POTENTIAL VCI
» SW1=0N, SW2=0FF, SW3=0N, SW4=OFF, SW5=0FF,
\ SW6=0FF, SW7=0FF, SW8=0FF, SW9=0N

!

('PERIOD:T4 VCOM 1S CHANGED TO TARGET POTENTIAL VOOML WHILE )
SOURGE OUTPUT 1S SET T0 Hiz STATE
. OO OUTPUT = POTENTIAL VCOML
. SOURCE POTENTIAL = POTENTIAL IN T3 PERIOD -
(GND - VCONL). THEREFORE, IT BECOMES 1.8[V]
« SWI=OFF, SW2=0FF, SN3=0FF , SH4=OFF, SH5=0FF,
L SH=OFF SH1=ON. SHS=OFF. SHO=OFF )

|

('PERJOD:T5 VCOM QUTPUTS POTENTIAL VCOML AND SOURGE 1S SET T0 )
TARGET POTENTIAL

+ YCOM OUTPUT = POTENTIAL VCOHL

+ SOURCE POTENTIAL = TARGET POTENTIAL

« SWI=OFF, SW2=ON, S3=OFF, SHA=OFF  SH5=CFF.

L SH6=0FF SHI=ON. SHE=OFF. SHO=OFF

\.

J/




Patent Application Publication

Apr. 30,2009 Sheet 34 of 38

Fig. 34

POSITIVE

NEGATIVE

US 2009/0109158 A1

POLARITY PERIOD POLARITY PERIOD
St

SOURGE

. J@M__ ': LINE
ol N

e
S NI N

R N N s s
S-SH (S I — ; |
S-S0 (M) § % | é ;
5540 (5H0) | § g | ;
S-SH (SH0) § g | | |
506 (56)____| |
s—sws<sws>§ ; % é é
S—sw7(sw7)% . ? f | ?
S-S | |

]
)

$~5HO (SH9) |

PERIOD T1|PERIOD T2|PERIOD T3
SeE———

fEERIOD T4|PERIOD T5



Patent Application Publication  Apr. 30,2009 Sheet350f38  US 2009/0109158 A1

Fig.35

PERIOD:T1 INITIAL STATE

« VCOM OUTPUT = POTENTIAL VCOMH
- SOURCE OUTPUT = LAST POTENTIAL IN NEGATIVE POLARITY PERIOD
» SW1=0FF, SW2=0N, SW3=CFF, SW4=0FF, SW5=0FF,

SW6=0N, SH7=0FF, SW8=0FF, SW9=0FF

('PERIOD:T2 SOURGE QUTPUT AND VCOM OUTPUT ARE SHORT-CIRCUITED TO VeI
PONER SOURCE. SOURCE OUTPUT 1S SHORT-CIRCUITED TO VCOM.

« VCOM QUTPUT = POTENTIAL VCI

» SOURCE POTENTIAL = POTENTIAL VCI .

» SW1=0N, SW2=0FF, SW3=ON, SW4=0FF, SW5=0N,
SW6=0FF, SW7=0FF, SW8=O0N, SW9=0FF

!

('PERIOD:T3 VOOM IS SHORT-CIRGUITED TO GND WHILE SOURGE OUTPUT 1S )
KEPT T0 BE SHORT-CIRCUITED 10 VGI POWER SUPPLY
- VCOM OUTPUT = POTENTIAL GND
 SOURGE POTENTIAL = POTENTIAL VCI
« SW1=0N. SH2=OFF, SW3=ON, SH4=OFF, SH5=0FF,
L SWE=0FF. SW7=0FF,, SHB=OFF, SWO=0N )

'

("PERIOD: T4 VCOM IS GHANGED TO TARGET POTENTIAL VOOML WHILE SOURCE )
QUTPUT IS KEPT T0 BE SHORT-CIRCUITED TO VCI POWER SUPPLY

- VCOM OUTPUT = POTENTIAL VCOML

- SOURCE POTENTIAL = POTENTIAL V!

+ SH1=ON, SW2=0FF, SH3=0N, SWA=OFF, SH5=OFF,

SWE=OFF, SW7=ON, SW8=O0FF, SHO=0FF

!

(rPERIODZTS VCOM QUTPUTS POTENTIAL VCOML AND SOURCE 1S SET T0 )
TARGET POTENTIAL

« VOOM QUTPUT = POTENTIAL VCOML

» SOURCE POTENTIAL = TARGET POTENTIAL

» SW1=0FF, SW2=0N, SW3=0FF, SW4=0FF, SW5=0FF,

\ SW6=0FF, SW7=0N, SW8=0FF, SW9=0FF
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Fig. 37

PERIOD:T1 INITIAL STATE

+ VCOM OUTPUT = POTENTIAL VCOML

+ SOURCE QUTPUT = LAST POTENTIAL IN POSITIVE POLARITY PERIOD
+ S1=0FF, SW2=0N, SW3=0FF, SW4=0FF , SW5=0FF,

SW6=0FF, SH7=ON, SW8=OFF, SW9=0FF

!

(PERIOD:TZ SOURCE OUTPUT AND VCOM OUTPUT ARE SHORT-CIRCUITED TO \@
PONER SOURCE. SOURGE OUTPUT IS SHORT-CIRCUITED TO VCOM,
* YCOM OUTPUT = POTENTIAL VCI
+ SOURCE POTENTIAL = POTENTIAL VCI
» SW1=0N, SW2=0FF, SW3=0N, SW4=OFF, SW5=ON,
\ SW6=OFF, SH7=OFF, SWB=ON, SW9=0FF

!

("PERIOD:T3 VCOM OUTPUTS POTENTIAL VCOMH WHILE )
SOURCE OUTPUT IS SET T0 Hiz STATE
+ VCOM OUTPUT = POTENTIAL VCONH
. SOURCE POTENTIAL = POTENTIAL IN T2 PERIOD +
(VCOMH - VCI). THEREFORE IT BEGONES POTENTIAL VCOM
- « SWI=0FF, SH2=0FF, SH3=OFF, SH4=OFF. SHE=OFF
L SW6=0N, SH7=0FF, SHG=OFF SWO=0FF

J,

(PERIOD:T4 VCON QUTPUTS POTENTIAL VCOMH AND SOURCE 1S SET T0 )
TARGET POTENTIAL
+ VCOM QUTPUT = POTENTIAL VOOMH
« SOURGE POTENTIAL = TARGET POTENTIAL
« SW1=0FF, SH2=0N, SH3=0FF, SWA=OFF, SW5=0FF,
L SHE=ON, SH7<OFF, SHB=OFF. SHO=0FF
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LIQUID CRYSTAL DISPLAY PANEL
DRIVING METHOD, LIQUID CRYSTAL
DISPLAY DEVICE, AND LCD DRIVER

INCORPORATION BY REFERENCE

[0001] This patent application is based on Japanese Patent
Application No. 2007-283116. The disclosure of the Japa-
nese Patent Application is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and, more specifically, to a driving technique for
a liquid crystal panel of a liquid crystal display device that
employs common inversion driving.

[0004] 2. Description of Related Art

[0005] In driving of the liquid crystal display, in order to
avoid so-called ghosting, the inversion drive is performed. In
the inversion drive, the polarity of a driving voltage applied to
each pixel (that is, potential polarity of a pixel electrode for a
counter electrode) at an appropriate time interval. As an
example of inversion drive, in a frame inversion drive, a
driving voltage of each pixel is inverted for every one frame
period.

[0006] However, in a simple frame inversion drive, flickers
tend to become apparent. Therefore, when performing the
frameinversiondrive, apolarity of the driving voltage applied
to each pixel is inverted at adequate spatial interval for sup-
pressing the flickers. For example, one of widely-employed
inversion drive techniques is the dot inversion drive which
drives pixels in such a manner that the polarities of the driving
voltages for neighboring pixels become opposite from each
other both in a vertical direction and a horizontal direction.
Another one of those widely-employed inversion drive tech-
niques is the horizontal line inversion drive which inverts a
polarity of the driving voltage for each pixel by every pre-
scribed number of horizontal line(s). The inversion cycle of
the horizontal lines for inverting the driving voltage can be
determined variously. For example, the horizontal line inver-
sion drive which inverts a polarity of the driving voltage for
every horizontal line is referred to as the 1H inversion drive.
The horizontal line inversion drive which inverts the polarity
of the driving voltage by a unit of two horizontal lines may be
referred to as the 2H inversion drive.

[0007] The inversion drive can be classified from another
viewpoint based on a method for driving the counter elec-
trode. That s, the inversion drive can be largely classified into
the common constant drive and the common inversion drive.
The common constant drive is a driving method which keeps
potential of the counter electrode constant. The common
inversion drive is a driving method which inverts the potential
of the counter electrode in accordance with a cycle at which a
polarity of the driving voltage of the pixel is inverted. The
common inversion drive is preferable than the common con-
stant drive if it can be employed, since it is capable of reduc-
ing an operating voltage of a driving circuit which generates
the driving voltage of the pixel. When the dot inversion drive
is employed, the common inversion drive cannot be
employed. Thus, the common constant drive is employed for
such case. However, in a case where the horizontal line inver-
sion drive is to be performed, the common inversion drive is
normally employed.

Apr. 30,2009

[0008] One of the problems for employing the common
inversion drive is that it requires large power for driving the
counter electrode, since parasitic capacitance of the counter
electrode is generally large. This is not preferable, because it
increases the power consumption of the liquid crystal display
device.

[0009] One of the methods for reducing the power con-
sumption of the liquid crystal display device in a case that the
common inversion drive is employed is to short-circuit source
lines (also referred to as data lines or signal lines in general)
of the liquid crystal display panel and the common electrodes
before driving the common electrodes. This makes it possible
to utilize electric charges accumulated in the source lines and
the counter electrode effectively and to reduce the power
required for driving the source lines and the counter electrode
effectively. Such technique is disclosed in Japanese Laid-
Open Patent Application JP-P2007-101570A (referred to as
Patent Document 1 in the following), for example.

[0010] FIG. 1 is a block diagram showing a structure of a
liquid crystal display device disclosed in the Patent Docu-
ment 1. A driving device 600 for driving a liquid crystal
display panel 512 includes a source line driving circuit 520
for driving source lines S1 to Sn and a power supply circuit
542. The power supply circuit 542 includes a counter elec-
trode voltage supply circuit 560 which generates a counter
electrode voltage to be supplied to a counter electrode
VCOM, and supplies the counter electrode voltage to the
counter electrode VCOM. The source line driving circuit 520
includes short-circuiting circuits SHT1 to SHTN for short-
circuiting the counter electrode VCOM and the source lines
S1 to Sn. The short-circuiting circuits SHT1 to SHTN operate
in response to a polarity signal POL and a control signal BSC
generated in accordance with an electric charge reuse period
designating signal. The power supply circuit 542 includes the
counter electrode voltage supply circuit 560 which generates
the driving voltage of the counter electrode VCOM in accor-
dance with the polarity of the driving voltage of the pixel, and
avoltage setting circuit 562 which supplies either the voltage
supplied from the counter electrode voltage supply circuit
560 or a set voltage VSET to the counter electrode VCOM.
The set voltage VSET is a potential close to a ground potential
VSS. The voltage setting circuit 562 operates in response to
the control signal VSC that is generated in accordance with
the polarity signal POL and the electric charge reuse period
designating signal.

[0011] FIG. 2 is a timing chart showing an operation of the
liquid crystal display device shown in FIG. 1. In FIG. 2, a
curve with reference code S1 shows variation of a potential of
a given source line Sj, and a curve with reference code VCOM
shows variation of a potential of the counter electrode
VCOM. Note that FIG. 2 shows an operations of the liquid
crystal display device when the liquid crystal display panel
512 is “normally-white”.

[0012] Inthe liquid crystal display device shown in FIG. 1,
driving procedures for the source lines S1 to Sn and the
counter electrode VCOM are different for a case where the
polarity of the driving voltage of the pixel is changed from
positive to negative and for a case where the polarity is
changed from negative to positive. In other words, the driving
procedures are different for a case where the counter elec-
trode VCOM is pulled up to a potential VCOMH and for a
case whereitis pulled down to a potential VCOML. Note here
that the potential VCOMH is a predetermined positive poten-
tial that is to be set for the counter electrode VCOM when the
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polarity of the driving voltage of the pixel is negative, and the
potential VCOML is a predetermined negative potential that
is to be set for the counter electrode VCOM when the polarity
of the driving voltage of the pixel is positive.

[0013] When the polarity of the driving voltage of the pixel
is changed from positive to negative, first, the counter elec-
trode VCOM is driven to the setting potential VSET. Specifi-
cally, the voltage setting period signal is asserted, the setting
potential VSET is selected by the voltage setting circuit 562,
and the counter electrode VCOM is driven to the setting
potential VSET. Subsequently, the electric charge reuse
period designating signal is asserted. Thereby, the counter
electrode VCOM and the source lines S1 to Sn are short-
circuited through the short-circuiting circuits STH1 to STHn.
With this, the counter electrode VCOM and the source lines
S1 to Sn come to have a mean potential of the source lines S1
to S2 and the counter electrode VCOM without electric power
consumption. In this procedure, the counter electrode VCOM
is driven to the setting potential in advance.

[0014] Thisisdoneto prevent the source lines S1 to S2 from
having a negative potential, when the counter electrode
VCOM and the source lines S1 to Sn are short-circuited. After
the counter electrode VCOM and the source lines S1 to Sn are
short-circuited, each pixel connected to the source lines S1 to
Sn is driven to a predetermined driving voltage.

[0015] In the meantime, when the polarity of the driving
voltage of the pixel is changed from negative to positive, the
counter electrode VCOM and the source lines S1 to Sn are
short-circuited (without driving the counter electrode VCOM
to the setting potential VSET). After the counter electrode
VCOM and the source lines S1 to Sn are short-circuited, each
pixel connected to the source lines S1 to Sn is driven to a
predetermined driving voltage.

[0016] In any cases, by short-circuiting the counter elec-
trode VCOM and the source lines S1 to Sn, the electric
charges accumulated in the counter electrode VCOM or the
source lines S1 to Sn are reutilized effectively. As a result, the
power required for driving the counter electrode VCOM and
the source lines S1 to Sn can be reduced.

SUMMARY

[0017] However, the inventor of the present invention has
found that a process for changing the driving voltage of each
pixel from negative to positive (that is, process for pulling
down the counter electrode VCOM to the potential VCOML
from the potential VCOMH) is not optimum in a reference
technique described above, and that it is possible to reduce the
power consumption further. This is related to a fact that the
driving method of the above mentioned reference technique
does not sufficiently consider that the source lines S1to Sn are
electrically coupled to the counter electrode VCOM by para-
sitic capacitance. As described above, with the driving
method of the reference technique, the procedure for pulling
down the counter electrode VCOM to the potential VCOML
includes two steps. That is, the source lines S1 to Sn and the
counter electrode VCOM are short-circuited in an electric
charge reuse period and, thereafter, the source lines S1 to Sn
are driven to a predetermined potential and the counter elec-
trode VCOM is driven to the potential VCOML in a driving
period. It is true that the power is not consumed in the electric
charge reuse period, since the source lines S1 to Sn and the
counter electrode VCOM are simply short-circuited in that
period. However, unnecessarily large amount of power is
consumed in the driving period, due to a fact that the source
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lines S1 to Sn are electrically coupled to the counter electrode
VCOM by parasitic capacitance.

[0018] More specifically, with the driving method of the
reference technique, the counter electrode VCOM is pulled
down to the potential VCOML while driving the source lines
S1 to Sn to a predetermined potential. When the counter
electrode VCOM is pulled down, a potential of the source
lines S1 to Sn also follows to go down because the source
lines S1 to Sn are electrically coupled to the counter electrode
VCOM by the parasitic capacitance. To drive the source lines
S1 to Sn to the predetermined potential by canceling such
action, the power for canceling such action that works to
lower the potential of the source lines S1 to Sn is required in
addition to the power required for driving the source lines S1
to Sn to the predetermined potential. That is, provided that the
potential of the source lines S1 to Sn and the counter electrode
VCOM after being short-circuited is VSH™, and the prede-
termined potential of the source line Sj is Vj, it is necessary to
have the power that can cancel the action working to pull
down the source line Sj by an amount of voltage (V g~
VCOML) and then to pull up the source line Sj by an amount
of voltage (Vij=V ) in order to drive the source line Sj to the
potential Vj.

[0019] Similarly, with the reference technique, the source
lines S1 to Sn are pulled up, when pulling down the counter
electrode VCOM to the potential VCOML. Since the source
lines S1 to Sn are electrically coupled to the counter electrode
VCOM by the parasitic capacitance, the potential of the
counter electrode VCOM also follows to go up when the
source lines S1 to Sn are pulled up. To drive the counter
electrode VCOM to the predetermined potential VCOML by
canceling such action, the power for canceling such action
that works to boost up the potential of the counter electrode
VCOM is required in addition to the power that is required for
driving the counter electrode VCOM to the potential
VCOML.

[0020] Such conditions bring particularly serious results
when the source lines S1 to Sn are driven by a power supply
voltage generated by a boost-up power supply. When driving
the liquid crystal panel, normally, the source lines 81 to Snare
driven by a power supply voltage generated by a double
boost-up power supply. For example, when the source lines
S1 to Sn are pulled up by supplying an electric charge to the
source lines S1 to Sn by the power supply voltage generated
by the double boost-up power supply, the electric charge of
twice as much is consumed compared to a case where the
double boost-up power supply is not used. Therefore, the
increase in the power required for driving the source lines S1
to Sn becomes more serious when using the boost-up power
supply.

[0021] Inthe followings, electric changes required for driv-
ing the counter electrode VCOM and the source lines S1 to Sn
when executing the operations of F1G. 2 will be calculated. In
this calculation, it is assumed that the pixels of the liquid
crystal display panels 512 are in a structure shown in FIG. 3.
That is, a gate line G1 is connected to a gate of a TFT, and a
source line Sj is connected to a source of the TFT. A drain of
the TFT is connected to the pixel electrode and a storage
capacitance Cst. Electrically, a liquid crystal capacitance CI
and the storage capacitance Cst are connected between the
drain of the TFT and the counter electrode VCOM. A parasitic
capacitance Csv is formed between the counter electrode
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VCOM and the source lines S1 to Sn, and a parasitic capaci-
tance Cgv is formed between the counter electrode VCOM
and the gate lines G1 to Gnu.

[0022] When calculating the electric charges required for
driving the counter electrode VCOM and the source lines S1
to Sn, only the parasitic capacitance Csv between the counter
electrode VCOM and the source lines S1 to Sn is taken into
consideration, and the liquid crystal pixel capacitance CI, the
storage capacitance Cst, and the parasitic capacitance Cgv are
neglected. Regarding the liquid crystal pixel capacitance CI
and the storage capacitance Cst, the electric charges are trans-
ferred only between the liquid crystal capacitance CI and the
storage capacitance Cst of each pixel of a selected line, and
the capacitance per pixel is also insignificant. Thus, the elec-
tric current generated in the liquid crystal capacitance CI and
the storage capacitance Cst is small, so that it is neglected in
the explanations below. Regarding the parasitic capacitance
of the gate line Gj, the capacitance of the gate of the TFT is
more dominant than the parasitic capacitance Cgv between
the counter electrode VCOM and the gate lines G1 to Gm.
Further, the number of gate lines provided in the structure of
the typical liquid crystal panel is smaller than that of the
source lines, so that the parasitic capacitance Cgv is not so
significant. Thus, it is neglected in the explanations below.
The most influential factor for the current consumption when
driving the counter electrode VCOM and the source lines S1
to Sn is the parasitic capacitance Csv between the counter
electrode VCOM and the source lines S1 to Sn.

[0023] Theelectric charges are calculated under the follow-
ing conditions.
[0024] Ttisassumed that the potential VCOML is -1V, and

the potential VCOMH 1is +4 V. The possible range of the
source line potential is assumed to be +0.5t0 4.5V. Tt is also
assumed that a source line driving circuit and a circuit for
generating the potential VCOMH are driven by a power sup-
ply voltage that is generated by the double boost-up power
supply which operates by receiving the power supply voltage
V(I (-2.8 V). In the meantime, it is assumed that the circuit
for generating the potential VCOML is driven by the power
supply voltage that is generated by a negative voltage power
supply which operates by receiving the power supply voltage
V(I (=2.8 V). Further, a factor that is most influential to the
electric charge consumption when driving the counter elec-
trode VCOM and the source lines S1 to Sn is the parasitic
capacitance Csv between the counter electrode VCOM and
the source lines S1to Sn. Thus, the other parasitic capacitance
Cgv, the liquid crystal pixel capacitance CI, and the storage
capacitance Cst are neglected. The parasitic capacitance Csv
between the source lines S1 to Sn and the counter electrode
VCOM is assumed to be C[F]. Further, the liquid crystal
panel is assumed to be a normally-white panel. That is, the
source lines are driven to a potential that is close to the
potential of the counter electrode VCOM for white display
(by which a pixel is displayed in white color), and the source
lines are driven to a potential that is deviated from the poten-
tial of the counter electrode VCOM for black display. The
source lines are driven to an intermediate potential for gray
display.

[0025] FIG. 4 is a table showing the electric charge con-
sumed when pulling up the counter electrode VCOM to the
potential VCOMH from the potential VCOML. FIG. 5 is a
table showing the electric charge consumed when pulling
down the counter electrode VCOM from the potential
VCOML to the potential VCOMH.
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(1) A Case Where Counter Electrode VCOM is Pulled Up
from Potential VCOML to Potential VCOMH

[0026] Hereinafter, at first, the calculation of the electric
charge consumed when the LCD panel 2 provides black dis-
play is described.

[0027] A period T1 is considered as a period where the
liquid crystal display device 1 is in an initial state. In the
period T1, the counter electrode VCOM is kept to the poten-
tial VCOML (=-1 [ V]. Further, the source lines S1 to Sn are
driven to 4.5 V. In the period T1, there is no transfer of the
electric charge, so that no electric charge is consumed.

[0028] In a period T2, the voltage setting period designat-
ing signal is asserted, and the counter electrode VCOM is
driven to the setting potential VSET from the potential
VCOML. In the Patent Document 1 mentioned above, it is so
depicted that the setting potential VSET is the ground poten-
tial VSS or a potential slightly higher than the ground poten-
tial VSS. However, it is assumed herein that the setting poten-
tial VSET is the ground potential VSS. The source lines S1 to
Snarekeptat4.5V. The counter electrode VCOM is pulled up
from the potential VCOML to the ground potential VSS by
discharging the electric charge of “1 [V]xC” to the ground
line. Further, because of the variation in the counter electrode
VCOM, the source lines S1 to Sn are to boost up by 1 [V].
However, the potential of the source lines S1 to Sn is kept at
+4.5 [V] by discharging the electric charge of “1 [V]xC” to
the ground line. As a result, no electric charge is consumed
also in the period T2.

[0029] Inaperiod T3, the electric charge reuse period des-
ignating signal is asserted, and the source lines S1 to Sn and
the counter electrode VCOM are short-circuited. With this,
the potential of the source lines 31 to Sn and the counter
electrode VCOM becomes +2.25 [V]. When the source lines
S1 to Sn and the counter electrode VCOM are short-circuited,
the electric charges are only cancelled but not supplied addi-
tionally. Thus, no electric charge is consumed in the period
T3, and there is no consumption of the power.

[0030] In a period T4, the source lines S1 to Sn are driven
from +2.25 [V] to +0.5V, and the counter electrode VCOM is
driven from +2.25 [V] to the potential VCOMH (=+4.0 [V]).
At this time, the potential of the source lines S1 to Sn also
follows to boost up because the counter electrode VCOM is
pulled up. However, the electric charges are only released
from the source lines S1 to Sn to the ground line, so that no
electric charge is consumed in the source lines S1 to Sn. Thus,
there is no consumption of the power.

[0031] In the meantime, the power is consumed in driving
of the counter electrode VCOM. It should be noted that a
larger amount of electric charge than that of a potential dif-
ference to be driven originally is consumed when driving the
counter electrode VCOM, since the potential of the source
lines S1 to Sn is lowered. The counter electrode VCOM is
pulled up by a potential difference of +1.75 [V]. However, the
potential of the source lines S1 to Sn is pulled down by 1.75
V, so that it is necessary to supply electric charges of “3.5
[V]xC” to the counter electrode VCOM as a result. The circuit
for generating the potential VCOMH is driven by the double
boost-up power supply, so that the electric charge of “7.0
[VIxC” is required for driving the counter electrode VCOM,
when converting it on the basis of the power supply voltage
VCL

[0032] As aresult of the above, the total amount of electric
charge consumed in the periods T1 to T4 for providing black
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display is <7.0 [V]xC”. For displays of other colors, the
electric charge consumption can be calculated similarly. FIG.
4 shows the results thereof.

(2) A Case Where Counter Electrode VCOM is Pulled Down
from Potential VCOMH to Potential VCOML

[0033] First, calculations of the electric charge consump-
tion for providing black display will be described.

[0034] The period T1 is considered as a period where the
liquid crystal display device is in the initial state. In the period
T1, the counter electrode VCOM is kept to the potential
VCOMH (=4.0 [V]). Further, the source lines S1 to Sn are
driven to 0.5 V. In the period T1, there is no transfer of the
electric charges, so that no electric charge is consumed.
[0035] In the period T2, the electric charge reuse period
designating signal is asserted, and the source lines S1 to Sn
and the counter electrode VCOM are short-circuited. With
this, the potential of the source lines S1 to Sn and the counter
electrode VCOM becomes +2.25 [V]. When the source lines
S1 to Sn and the counter electrode VCOM are short-circuited,
the electric charges are only cancelled but not supplied addi-
tionally. Thus, no power is consumed in the period T2.
[0036] Inthe period T3, the source lines S1 to Sn are driven
from +2.25[V] to +4.5[V], and the counter electrode VCOM
is driven from +2.25 [V] to the potential VCOML (=-1.0
[V]). The source lines S1 to Sn originally need to be pulled up
by 2.25 V. However, the counter electrode VCOM is pulled
down by 3.25V, so that it is necessary to supply the electric
charge of “5.5 [V]xC” to the source lines S1 to Sn as a result.
In addition, the source lines S1 to Sn are driven by a double
boost-up power supply. Thus, the electric charge of “11.0
[V]xC”1s required for driving the source lines S1 to Sn, when
converting it on the basis of the power supply voltage VCI.
[0037] Furthermore, the counter electrode VCOM origi-
nally needs to be pulled down by 3.25 V when driving the
counter electrode VCOM. However, the electric charge of
more than that is required for driving the counter electrode
VCOM. That s, it is necessary to supply the electric charge of
“5.5 [VIxC” to the counter electrode VCOM for driving the
counter electrode VCOM to the target potential VCOML
(=-1.0 [V]), since the source lines S1 to Sn are pulled up by
2.25V.

[0038] Therefore, the total amount of electric charge con-
sumed in the periods T1 to T3 is “16.5 [V]xC”. For displays
of other colors, the electric charge consumption can be cal-
culated similarly. FIG. 5 shows the results thereof.

[0039] Inthe above-described procedure executed for pull-
ing down the counter electrode VCOM from the potential
VCOMH to the potential VCOML, the power is consumed
uneconomically. As will be described in detail hereinafter, it
is possible to reduce the power consumption by pulling down
the counter electrode VCOM to the potential VCOML by
employing an optimum procedure.

[0040] According to an aspect of the present invention, a
driving method of a liquid crystal display panel having a
source line and a counter electrode includes:

(a) driving the counter electrode to a first potential being a
high level of an amplitude of a potential of the counter elec-
trode;

(b) setting the counter electrode and the source line to a
second potential by short-circuiting the counter electrode and
the source line to a power supply interconnection having the
second potential lower than the first potential after the driv-
ng;
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(¢) connecting the counter electrode to a ground interconnec-
tion having a ground potential while the source line is kept to
be short-circuited to the power supply interconnection after
the setting;

(d) driving the counter electrode to a third potential being a
low level of an amplitude of a potential of the counter elec-
trode after the connecting; and

(e) driving the source line to a potential corresponding to an
image data after the connecting.

[0041] The (d) driving and the (e) driving may be executed
at a same time. Or, the (e) driving is executed after the (d)
driving.

[0042] Inthis aspect of the present invention, the following
phenomena are effectively used: (1) electric power is not
consumed even when a counter electrode and a source line are
short-circuited; (2) electric charge is not newly consumed
when a counter electrode output is connected to ground ter-
minal and the charge existing in the counter electrode is
supplied to the ground terminal. As a result, it is possible to
pull down the counter electrode from a first potential which is
the high level potential of the amplitude of the counter elec-
trode to a third potential which is the low level potential of the
amplitude of the counter electrode by consuming less electric
power.

[0043] The liquid display panel driving method of this
aspect of the present invention is especially effective when the
driving of the source line driven to a potential corresponding
to the image data is performed by a driving circuit which is
driven by a boost-up power source voltage generated by
boosting-up a first power source voltage supplied by the first
power source or a second power source voltage which is
generated by regulator circuit from the boost-up power source
voltage.

[0044] According to another aspect of the present inven-
tion, a liquid crystal display device includes:

[0045] a liquid crystal display panel having a source line
and a counter electrode; and

[0046] an LCD driver which comprises a source driver
circuit having a source output connected to the source line,
VCOM circuit having a VCOM output connected to the
counter electrode and a power supply interconnection having
a predetermined potential. The source driver circuit includes:
adriving section configured to drive the source line; and a first
switch connected between the source output and the power
supply interconnection. The VCOM circuit includes: a first
driving section configured to drive the counter electrode to a
first potential being a high level of an amplitude of a potential
of the counter electrode; a second switch connected between
the counter electrode and the power supply interconnection; a
third switch connected between the counter electrode and a
ground interconnection; and a second driving section config-
ured to drive the counter electrode to a third potential being a
low level of an amplitude of a potential of the counter elec-
trode. The predetermined potential of the power supply inter-
connection is lower than the first potential and higher than the
ground interconnection.

[0047] A liquid crystal display apparatus having such a
configuration is preferable for performing the aforemen-
tioned driving method of a liquid crystal display panel. Here,
by such a representation “a component C connected between
a component A and component B” includes a case in which
another component exists between the component C and
components A or B.
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[0048] According to a preferable embodiment, the source
driver circuit further includes: a common interconnection
connected to the source output via the first switch; and a
fourth switch connected between the common interconnec-
tion and the power supply interconnection. The second switch
is connected between the VCOM output of the VCOM circuit
and the common interconnection.

[0049] Inthiscase,itisalso preferable that the source driver
circuit further includes: a fifth switch connected to the VCOM
output in parallel with the second switch and connected
between the VCOM output and the power supply intercon-
nection.

[0050] According to an embodiment of the present inven-
tion, it is possible to effectively reducing the power required
for pulling down the counter electrode from the positive
potential to the negative potential.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The above and other objects, advantages and fea-
tures of the present invention will be more apparent from the
following description of certain preferred embodiments taken
in conjunction with the accompanying drawings, in which:

[0052] FIG. 11is a block diagram showing a structure of a
liquid crystal display device according to a reference tech-
nique;

[0053] FIG. 2 is a timing chart showing an operation of a

liquid crystal display device shown in FIG. 1;

[0054] FIG. 3 is a circuit diagram showing a typical struc-
ture of pixels of a liquid crystal display panel;

[0055] FIG. 4 is a table showing electric charges consumed
when pulling up a counter electrode from a potential VCOML
to a potential VCOMH in a operation shown in FIG. 2;
[0056] FIG.5is a table showing electric charges consumed
when pulling down the counter electrode from the potential
VCOMH to the potential VCOML in the operation shown in
FIG. 2;

[0057] FIG. 6A is a block diagram showing a structure of a
liquid crystal display device according to a first embodiment
of the present invention;

[0058] FIG. 6B is a block diagram showing a structure of a
power supply circuit that is built-in to an LCD driver of a first
embodiment;

[0059] FIG. 6C is a block diagram showing a structure of a
source driver circuit of the LCD driver according to a first
embodiment;

[0060] FIG.7A is a timing chart showing an example of an
operation when pulling down a counter electrode of the liquid
crystal display device according to a first embodiment from
the potential VCOMH to the potential VCOML;

[0061] FIG. 75 is a timing chart showing another example
of an operation when pulling down the counter electrode of
the liquid crystal display device according to a first embodi-
ment from the potential VCOMH to the potential VCOML;
[0062] FIG. 8A is a flowchart showing an example of
operations when pulling down the counter electrode of the
liquid crystal display device according to a first embodiment
from the potential VCOMH to the potential VCOML;
[0063] FIG. 8B is a flowchart showing an example of an
operation when pulling down the counter electrode of the
liquid crystal display device according to a first embodiment
from the potential VCOML to the potential VCOMH;
[0064] FIG.9is a conceptual illustration showing a state of
electric charges accumulated in a source line and the counter
electrode in a period T1 of the operation of FIG. 7A,;
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[0065] FIG. 10 is a conceptual illustration showing a state
of electric charges accumulated in the source line and the
counter electrode in a period T2 of the operation of FIG. 7A;
[0066] FIG. 11 is a conceptual illustration showing a state
of electric charges accumulated in the source line and the
counter electrode in a period T3 of the operation of FIG. 7A,
[0067] FIG. 12 is a conceptual illustration showing a state
of electric charges accumulated in the source line and the
counter electrode in a period T4 of the operation of FIG. 7A;
[0068] FIG. 13 is a conceptual illustration showing a state
of electric charges accumulated in the source line and the
counter electrode in a period T5 of the operation of FIG. 7A;
[0069] FIG. 14 is a table showing electric charges con-
sumed in the operations shown in FIGS. 7A and 8A;

[0070] FIG. 15 is a timing chart showing an example of
operations when pulling up the counter electrode of the liquid
crystal display device according to a first embodiment from
the potential VCOML to the potential VCOMH;

[0071] FIG. 16 is a flowchart showing an example of opera-
tions when pulling up the counter electrode of the liquid
crystal display device according to a first embodiment from
the potential VCOML to the potential VCOMH;

[0072] FIG. 17 is a conceptual illustration showing a state
of electric charges accumulated in the source line and the
counter electrode in a period T1 of the operations of FIG. 15;
[0073] FIG. 18 is a conceptual illustration showing a state
of electric charges accumulated in the source line and the
counter electrode in a period T2 of the operations of FIG. 15;
[0074] FIG. 19 is a conceptual illustration showing a state
of electric charges accumulated in the source line and the
counter electrode in a period T3 of the operations of FIG. 15,
[0075] FIG. 20 is a conceptual illustration showing a state
of electric charges accumulated in the source line and the
counter electrode in a period T4 of the operations of FIG. 15;
[0076] FIG. 21 is a table showing electric charges con-
sumed in the operations shown in FIGS. 15 and 16;

[0077] FIG. 22 is a timing chart showing another example
of operations when pulling up the counter electrode of the
liquid crystal display device according to a first embodiment
from the potential VCOML to the potential VCOMH;
[0078] FIG. 23 is a flowchart showing another example of
operations when pulling up the counter electrode of the liquid
crystal display device according to a first embodiment from
the potential VCOML to the potential VCOMH,;

[0079] FIG. 24 is a table showing electric charges con-
sumed in the operations shown in FIGS. 22 and 23;

[0080] FIG. 25 is a timing chart showing an example of
operations when pulling down a counter electrode of a liquid
crystal display device according to a second embodiment
from the potential VCOMH to the potential VCOML,;
[0081] FIG. 26 is a flowchart showing an example of opera-
tions when pulling down the counter electrode of a liquid
crystal display device according to a second embodiment
from the potential VCOMH to the potential VCOML;
[0082] FIG. 27 is aconceptual illustration showing the state
of electric charges accumulated in the source line and the
counter electrode in the period T4 of the operations shown in
FIG. 25;

[0083] FIG. 28 is a table showing electric charges con-
sumed in the operations shown in FIGS. 25 and 26;

[0084] FIG. 29 is a block diagram showing a structure of a
source driver circuit of an LCD driver according to a third
embodiment;
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[0085] FIG. 30 is a true-value table showing operations of a
data judging circuit loaded on the source driver circuit of a
third embodiment;

[0086] FIG. 31A is a block diagram showing a structure of
a liquid crystal display device according to a fourth embodi-
ment of the present invention;

[0087] FIG.31Bis ablock diagram showing another struc-
ture of the liquid crystal display device according to a fourth
embodiment of the present invention;

[0088] FIG. 32 is a timing chart showing an example of
operations when pulling down a counter electrode of the
liquid crystal display device according to a fourth embodi-
ment from the potential VCOMH to the potential VCOML;
[0089] FIG. 33 is a flowchart showing an example of opera-
tions when pulling down the counter electrode of the liquid
crystal display device according to a fourthembodiment from
the potential VCOMH to the potential VCOML;

[0090] FIG. 34 is a timing chart showing another example
of operations when pulling down the counter electrode of the
liquid crystal display device according to a fourth embodi-
ment from the potential VCOMH to the potential VCOML;
[0091] FIG. 35 is a flowchart showing another example of
operations when pulling down the counter electrode of the
liquid crystal display device according to a fourth embodi-
ment from the potential VCOMH to the potential VCOML;
[0092] FIG. 36 is a timing chart showing an example of
operations when pulling up the counter electrode of the liquid
crystal display device according to a fourthembodiment from
the potential VCOML to the potential VCOMH,;

[0093] FIG. 37 is a flowchart showing another example of
operations when pulling up the counter electrode of the liquid
crystal display device according to a fourthembodiment from
the potential VCOML to the potential VCOMH; and

[0094] FIG. 38 is a table showing electric charges con-
sumed respectively in a liquid crystal display device of a
reference technique, the liquid crystal display device of a first
embodiment, and the liquid crystal display device of a second
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0095] Hereinafter, a semiconductor storage device and a
memory cell test method according to embodiments of the
present invention will be described with reference to the
attached drawings.

First Embodiment

[Structure of Liquid Crystal Display Device]

[0096] FIG. 6A is a block diagram showing a structure of a
liquid crystal display device 1 according to a first embodi-
ment of the present invention. The liquid crystal display
device of a first embodiment includes an LCD panel 2 and an
LCD driver 3. The LCD driver 3 includes a power supply
circuit 11, a source driver circuit 12, a gate driver circuit 13,
a VCOM circuit 14, and a timing control circuit 15.

[0097] The power supply circuit 11 generates supply volt-
ages with voltage levels corresponding to each circuit from a
power supply voltage VCI that is supplied form a VCI power
supply interconnection 30. The VCI power supply intercon-
nection 30 is an interconnection for supplying the power
supply voltage VCI to the power supply circuit 11 froma VCI
power supply (not shown). The VCI power supply may be
integrated to the LCD driver or may be provided externally.
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[0098] More specifically, the power supply circuit 11 sup-
plies a power supply voltage VS to the source driver circuit
12, and supplies power supply voltages VGH, VGL to the gate
driver circuit 13. Note here that the power supply voltage
VGH is a power supply voltage used for pulling up gate lines
Gj and the power supply voltage VGL is a power supply
voltage used for pulling down the gate lines Gj. Further, the
power supply circuit 11 supplies power supply voltages
VCOMH, VCOML to the VCOM circuit 14, and supplies a
double boost-up power supply VDD2 to the timing control
circuit 15. The power supply voltage VCOMH is a power
supply voltage used for pulling up a counter voltage VCOM,
and the power supply voltage VCOML is a power supply
voltage used for pulling down the counter voltage VCOM.
The double boost-up power supply VDD2 is a power supply
voltage obtained by performing double boost-up of the power
supply voltage VCI.

[0099] FIG. 6B is a block diagram showing a structure of'a
part of the power supply circuit 11, which generates the power
supply voltage VS, the power supply voltages VCOMH,
VCOML, and the double boost-up power supply VDD2. The
power supply circuit 11 includes a double boost-up circuit 31,
a VS regulator circuit 32, a VCOMH regulator circuit 33, a
negative voltage generation circuit 34, and a VCOML regu-
lator circuit 35. The double boost-up circuit 31 performs
double boost-up of the power supply voltage VCI that is
supplied from the VCI power supply interconnection 30 so as
to generate the double boost-up power supply VDD2. Upon
receiving a supply of the double boost-up power supply
VDD2, the VS regulator 32 generates the power supply volt-
age VS that is slightly lower than the double boost-up power
supply VDD?2, and supplies the generated power supply volt-
age VS to the source driver circuit 12. Upon receiving a
supply of the double boost-up power supply VDD2, the
VCOMH regulator 33 generates the power supply voltage
VCOMH that is slightly lower than the double boost-up
power supply VDD2, and supplies the generated power sup-
ply voltage VCOMH to the VCOM circuit 14. The negative
voltage generation circuit 34 generates a negative voltage—
V(I from the power supply voltage VCI, and supplies the
power supply voltage -VCI to the VCOML regulator circuit
35. The VCOML regulator circuit 35 generates the power
supply voltage VCOML in a range of the power supply volt-
age VCI to the negative voltage -VCI, and supplies the gen-
erated power supply voltage VCOML to the VCOM circuit
14. Typically, the power supply voltage VCl is 2.8 V (that is,
the double boost-up power supply voltage VDD2 is 5.6 V),
the power supply voltage VS is 5.0 V, the power supply
voltage VCOMH is 4.0 V, and the power supply voltage
VCOML is -1.0 V. It is possible for the double boost-up
power supply VDD2 to be supplied to the source driver circuit
12 instead of the power supply voltage VS so as to operate the
source driver 12 by the double boost-up power supply VDD2.

[0100] When the electric charges are consumed in circuits
to which the power supply voltage VS and the power supply
voltage VCOMH are supplied, it is to be noted that the electric
charges of twice as much are consumed in the VCI power
supply interconnection 30. This means that it is highly effec-
tive to reduce the electric charges consumed in the circuits to
which the power supply voltage VS and the power supply
voltage VCOMH are supplied, in order to reduce power con-
sumption.

[0101] Thesource driver circuit 12 has sourcelines S1 to Sn
of the LCD panel 2 connected to its output, and drives the
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source lines S1 to Sn. An output of the source driver circuit 12
may be referred to as a “source output” hereinafter. FIG. 6C is
a block diagram showing an example of a structure of the
source driver circuit 12. The source driver circuit 12 includes
latch circuits 21-1 to 21-x, latch circuits 22-1 to 22-n, decoder
circuits 23-1 to 23-n, gray-scale selection circuits 24-1 to
24-p, output amplifiers 25-1 to 25-n, output control circuits
26-1 to 26-n, and a VCI power supply interconnection 27.
[0102] Each of the latch circuits 21-1 to 21-r successively
latches N-bit image data transmitted successively to the
source driver circuit 12, in response to strobe signals
STRB1-1 to STRB1-n. More specifically, the strobe signals
STRB1-1to STRB1-# are asserted by synchronizing with the
image data transferred successively to the source driver cir-
cuit 12. Each latch circuit 21-f latches the image data, when a
corresponding strobe signal STRB1-/ is asserted. The latch
circuits 21-1 to 21-» latch the image data for pixels of one
horizontal line all together. More specifically, the latch cir-
cuits 21-1 to 21-x latch the image data of the pixels corre-
sponding to the gate lines Gj+1 that are selected in a next
horizontal scanning period.

[0103] Each of the latch circuits 22-1 to 22-» latches the
image data latched by the latch circuits 21-1 to 21-» simulta-
neously or by shifting the timing slightly for dispersing peak
currents, in response to a common strobe signal SRTB2. The
latch circuits 22-1 to 22-r latch the image data of the pixels
corresponding to the gate lines Gj selected in a current hori-
zontal scanning period.

[0104] The decoder circuits 23-1 to 23-» decode the image
data received from the latch circuits 22-1to 22-», and outputs
2"-numbers of selection signals. Further, depending on a
circuit structure, a level shifter circuit may be inserted
between the decoder circuits 23-1 to 23-» and the latch cir-
cuits 22-1 10 22-n.

[0105] Thegray-scale selection circuits 24-1 to 24-r selects
one gray-scale voltage VG from gray-scale voltages VG, to
VG,, in response to the selection signals received from the
decoder circuits 23-1 to 23-n.

[0106] Output amplifiers 25-1 to 25-x output a driving volt-
age corresponding to the gray-scale voltage VG selected by
the gray-scale selection circuits 24-1 to 24-r. The source lines
S1 to Sn are driven to a predetermined voltage level by the
output amplifiers 25-1 to 25-n.

[0107] The output control circuits 26-1 to 26-x are circuits
for switching connecting relations of the output terminals
(that is, the source lines S1 to Sn) of the source driver circuit
12, the output amplifiers 25-1 to 25-r, and the VCI power
supply interconnection 27. Note here that the VCI power
supply interconnection 27 is an interconnection through
which the power supply voltage VCl is supplied from the VCI
power supply (not shown), and it is electrically connected to
the VCI power supply interconnection 30 that is connected to
the power supply circuit 11. The potential of the VCI power
supply interconnection 27 is kept to the potential VCI by the
VCI power supply.

[0108] Each of the output control circuits 26-1 to 26-»
includes a switch SW1 and a switch SW2. The switches SW1
are connected between the source outputs of the source driver
circuit 12 and the VCI power supply interconnection 27. The
switches SW2 are connected between the source outputs and
the output amplifiers 25-1 to 25-n. The switches SW1 are
turned on/off in response to a control signal S-SW1 supplied
from the timing control circuit 15, and the switches SW2 are
turned on/offin response to a control signal S-SW2. When the
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switches SW1 are turned on, the source lines S1 to Sn are
electrically connected to the VCI power supply interconnec-
tion 27, and the source lines S1 to Sn are driven to the poten-
tial VCI. In the meantime, when the switches SW2 are turned
on, the source lines S1 to Sn are electrically connected to the
output amplifiers 25-1 to 25-», and the source lines S1 to Sn
are driven thereby to a potential corresponding to the image
data.

[0109] Note here that the decoder circuits 23-1 to 23-», the
gray-scale selection circuits 24-1 to 24-r, the output amplifi-
ers 25-1 to 25-n, and the output control circuits 26-1 to 26-»
are operated by receiving the supply of the power supply
voltage VS generated from the double boost-up power supply
voltage VDD2. When the electric charges are consumed in
those circuits, electric charges of twice as much are consumed
in the VCI power supply interconnection 30.

[0110] Further, note here that the configuration of the
source driver circuit 12 can be modified variously. For
example, the output amplifiers 25-1 to 25-» may be omitted
from the source driver circuit 12.

[0111] Referring back to FIG. 6A, the gate driver circuit 13
is a circuit for driving the gate lines G1 to Gm by receiving the
supply of power supply voltages VGH and VGL. The gate
driver circuit 13 scans and drives the gate lines G1 to Gm
suiccessively.

[0112] The VCOM circuit 14 has the counter electrode
VCOM connected to its output, and functions to drive the
counter electrode VCOM. The output of the VCOM circuit 14
may be referred to asa VCOM output hereinafter. The VCOM
circuit 14 includes a VCOMH output amplifier 41,a VCOML
output amplifier 42, a VCI power supply interconnection 43,
a ground interconnection 44, and switches SW6 to SW9. The
power supply voltage VCOMH is supplied to the VCOMH
output amplifier 41, and it is used for pulling up the counter
electrode VCOM to the potential VCOMH. In the meantime,
the power supply voltage VCOML is supplied to the VCOML
outputamplifier 42, and itis used for pulling down the counter
electrode VCOM to the potential VCOML. The VCI power
supply interconnection 43 is an interconnection connected to
the VCI power supply, and a potential of the VCI power
supply interconnection 43 is kept to the potential VCI. The
VIC power supply interconnection 43 is electrically con-
nected to the VCI power supply interconnections 27 and 30
described above. The ground interconnection 44 is an intet-
connection kept to the ground potential VSS. The switch SW6
is connected between the VCOM output of the VCOM circuit
14 and the VCOMH output amplifier 41, and it is turned
on/off in response to a control signal S-SW6 that is supplied
from the timing control circuit 15. The switch SW7 is con-
nected between the VCOM output and the VCOML output
amplifier 42, and it is tumed on/off in response to a control
signal S-SW7 that is supplied from the timing control circuit
15. The switch SW8 is connected between the VCOM output
and the VCI power supply interconnection 43, and it is turned
on/off in response to a control signal S-SW8 that is supplied
from the timing control circuit 15. The switch SW9 is con-
nected between the VCOM output and the ground potential
VSS44, and it is turned on/off in response to a control signal
S-SW9 that is supplied from the timing control circuit 15.

[0113] The VCOMH output amplifier 41 operates by
receiving the power supply voltage VCOMH generated from
the double boost-up power supply voltage VDD2, and it is
noted that when the electric charges are consumed in the
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VCOM output amplifier 41, the electric charges of twice as
much are consumed in the VCI power supply interconnection
30.

[0114] The timing control circuit 15 controls timings of the
LCD driver 3. More specifically, the timing control circuit 15
supplies the control signals S-SW1, S-SW2 to the source
driver circuit 12, and supplies the control signals S-SW6 to
S-SW9 to the VCOM circuit 14.

[Operations]

[0115] A most distinctive point in the operations of the
liquid crystal display device 1 according to a present embodi-
ment is the procedure for changing the polarity of the driving
voltage from negative to positive, i.e., the procedure for pull-
ing down the counter electrode VCOM from the potential
VCOMH to the negative potential VCOML. In a present
embodiment, the procedure for pulling down the counter
electrode VCOM to the negative potential VCOML is opti-
mized so as to achieve reduction of the power consumption.
[0116] More specifically, as shown in FIG. 7A, in a present
embodiment, the source lines S1 to Sn and the counter elec-
trode VCOM are short-circuited to the VCI power supply to
be the potential VCI and, thereafter, the counter electrode
VCOM is connected to a ground interconnection to pull it
down to the ground potential while keeping the source lines
S1 to Sn to the potential VCI. Further, the source lines S1 to
Sn are driven to a predetermined potential. The operation for
short-circuiting the source lines S1 to Sn and the counter
electrode VCOM to the VCI power supply can be executed
without consuming the electric charge. Further, for an opera-
tion executed to connect the counter electrode VCOM to the
ground interconnection, the electric charge is consumed in
the source lines S1 to Sn but not consumed in the counter
electrode VCOM. After those operations, the counter elec-
trode VCOM is pulled down to the negative potential
VCOML. With this, the counter electrode VCOM can be
pulled down from the potential VCOMH to the negative
potential VCOML, while reducing the power consumption.
[0117] With a reference technique shown in FIG. 2, the
counter electrode VCOM and the source lines S1 to Sn are
driven simultaneously. Thus, the power is consumed uneco-
nomically in both the counter electrode VCOM and the
source lines S1 to Sn. That is, there is required an extra power
for canceling the influence that is generated because the
source lines S1 to Sn are pulled up when driving the counter
electrode VCOM, and there is required an extra power for
canceling the influence that is generated because the counter
electrode VCOM is pulled down when driving the source
lines S1 to Sn. With the operation of a present embodiment,
however, when driving the source lines S1 to Sn, there is
required only a half the power since the influence by the
pull-down of the counter electrode VCOM is cancelled while
being short-circuited to the VCI power supply, without using
the double boost-up power supply. Further, for driving the
source lines S1 to Sn to the target potential thereafter, the
power for driving the source lines S1 to Sn can be reduced
since the change in the potential is small. The source lines S1
to Sn are driven by using the power supply voltage VS gen-
erated from the double boost-up power supply voltage VDD2,
so that reduction of the electric charges required for driving
the source lines S1 to Sn is effective for reducing the power
consumption.

[0118] In astrict sense, there is such a disadvantage in the
operations of this embodiment that it requires an additional
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power to keep the source lines S1 to Sn to the potential VCI,
when pulling down the counter electrode VCOM to the
ground potential VSS. However, this power is smaller com-
pared to the increase in the power required for simultaneously
driving the counter electrode VCOM and the source lines S1
to Sn.

[0119] Hereinafter, the operations of this embodiment will
be described in details.

(1) A Case where Counter Electrode VCOM is Pulled Down
from Potential VCOMH to Potential VCOML

[0120] FIG. 7A is a timing chart for describing an operation
of the liquid crystal display device 1 when the polarity of the
driving voltage is changed from negative to positive, i.e.,
when the counter electrode VCOM is pulled down from the
potential VCOMH to the potential VCOML. FIG. 8A is a
flowchart showing an operation of the liquid crystal display
device 1 in each period. Explanations hereinafter will be
provided assuming that the liquid crystal display device 1 is in
an initial state in the period T1.

[0121] In the period T1, the counter electrode VCOM is
pulled up to the potential VCOMH, and the source lines S1 to
Sn are driven to the potential corresponding to the image data.
For achieving black display, the source lines S1 to Sn are
driven to a positive potential that is lower than the VCOMH
and deviated from the potential VCOMH. In the meantime,
for achieving white display, the source lines S1 to Sn are
driven to a potential slightly higher than the potential
VCOMH. In addition, the switches SW1, SW7 to SW9 are
turned off, while the switches SW2 and SW6 are turned on.
That is, the control signals S-SW1, S-SW7 to S-SW9 are
negated, while the control signals S-SW2 and S-SW6 are
asserted.

[0122] From the period T2, the operations for changing the
polarity of the driving voltage from negative to positive are
started. In the period T2, the source lines S1 to Sn and the
counter electrode VCOM are short-circuited to the VCI
power supply. More specifically, the control signals S-SW1,
S-SW8 are asserted and the switches SW1, SW8 are turned
on, while the switches SW2, SW6, SW7, and SW9 are turned
off, With this, the source lines S1 to Sn are connected to the
VCI power supply interconnection 27, and the counter elec-
trode VCOM is connected to the VCI power supply intercon-
nection 43. Thereby, the source lines S1 to Sn and the counter
electrode VCOM are driven to the potential VCI. Note that the
VCI power supply interconnection 27 and the VCI power
supply intercornnection 43 are both connected to the VCI
power supply interconnection 30 electrically. With this opera-
tion, the electric charges of the source lines S1 to Sn and the
counter electrode VCOM are simply redistributed through the
VCI power supply interconnections 27 and 43, so that no
power is consumed.

[0123] Inthe period T3 following the period T2, the counter
electrode VCOM is pulled down to the ground potential VSS,
while the source lines S1 to Sn are being connected to the VCI
power supply. More specifically, the control signals S-SW1,
S-SW9 are asserted, and the switches SW1, SW9 are turned
on. The switches SW2, SW6, SW7, and SW8 are turned off.
With this operation, the counter electrode VCOM is short-
circuited to the ground interconnection 44, while the source
lines S1 to Sn are being connected to the VCI power supply
interconnection 27. This operation requires no electric charge
for pulling down the counter electrode VCOM to the ground
potential VSS, even though electric charge is consumed for
keeping the source lines S1 to Sn to the potential VCI.
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[0124] Inthe period T4 following the period T3, the counter
electrode VCOM is pulled down to the potential VCOML,
while the source lines S1 to Sn are kept to a high-impedance
state. More specifically, the control signal S-SW7 is asserted
and the switch SW7 is turned on, while the switches SW1,
SW2, SW6, SW8, and SW9 are turned off. With this, the
counter electrode VCOM is connected to the output of the
VCOML output amplifier 42, and the counter electrode
VCOM is pulled down to the potential VCOML. The poten-
tial of the source lines S1 to Sn is lowered because of the
pull-down of the counter electrode VCOM. However, the
change in the potential of the counter electrode VCOM is
small, so that an amount of the change in the potential of the
source lines S1 to Sn s also small. Thus, no electric charge is
consumed in the period T4.

[0125] Inthe period T5 following the period T4, the source
lines 81 to Sn are driven to the potential in accordance with
the image data (different from that of the period T1), while the
counter electrode VCOM is kept to the potential VCOML.
More specifically, the control signals S-SW2, S-SW7 are
asserted and the switches SW2, SW7 are turned on, while the
switches SW1, SW6, SW8, and SW9 are turned off. With this,
the source lines S1 to Sn are connected to the output ampli-
fiers 25-1 to 25-n, and driven to the potential corresponding to
the image data.

[0126] FIGS.9to 13 are illustrations for respectively show-
ing examples of the state of the electric charges in the periods
T1 to T5 in details. In the explanations using FIGS. 9 to 13, it
1s assumed that the potential VCOML 1s -1.0 (VI, the poten-
tial VCOMH is +4.0 [V], and the potential VCT is 2.8 [V]. A
possible range of the source line potential is assumed to be
+0.5-4.5 [V]. Further, the factor that is most influential to the
electric charges consumed when driving the counter electrode
VCOM and the source lines S1 to Sn is the parasitic capaci-
tance Csv between the counter electrode VCOM and the
source lines S1 to Sn. Thus, the parasitic capacitance Cgv
between the common electrode VCOM and the gate lines G1
to Gm, the liquid crystal pixel capacitance CI. and the storage
capacitance Cst are neglected, since influences of those are
insignificant. The parasitic capacitance Csv between each
source line Sj and the counter electrode VCOM is assumed to
be C [F]. Further, the LCD panel 2 is assumed to be a nor-
mally-white panel, and it is assumed that black display is
performed on the LCD panel 2. That is, it is assumed that the
source line Sj is driven to 0.5 V when the counter electrode
VCOM is pulled up to the potential VCOMH (-4.0 [V]), and
that the source line Sj is driven to 4.5 V when the counter
electrode VCOM is pulled down to the potential VCOML
(==1.0[V].

[0127] In the period T1 being the initial state, as shown in
FIG. 9, the counter electrode VCOM is in the potential
VCOMH (+4.0 [V]), and the potential of the source line Sj is
0.5 V. As a result, the electric charge of “3.5 [V]xC” is to be
accumulated to the parasitic capacitance between the source
line Sj and the counter electrode VCOM.

[0128] As shown in FIG. 10, in the period T2, the counter
electrode VCOM and the source lines S1 to Sn are short-
circuited to the VCI power supply. In this operation, the
electric charges accumulated to the parasitic capacitance are
simply transferred from the common electrode VCOM to the
source lines S1 to Sn, so that no power is consumed in the VCI
power supply. In the period T2, there is no electric charge
accumulated in the parasitic capacitance between the source
lines S1 to Sn and the counter electrode VCOM.
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[0129] As shown in FIG. 11, in the period T3, the counter
electrode VCOM is pulled down to the ground potential VSS,
while the source lines S1 1o Sn are connected to the VCI
power supply. At this time, the VCI power supply supplies the
electric charge corresponding to the change in the potential of
the counter electrode (that is, electric charges of “2.8 [V]xC”)
to the source lines S1 to Sn in order to keep the source lines S1
to Sn to the potential VCI. That is, the electric charge con-
sumed in the VCI power supply is “2.8 [V]xC”. In the mean-
time, the counter electrode VCOM can be pulled down to the
ground potential VSS by simply having the electric charge
flown out to the ground interconnection 44, so that no electric
charge is consumed in the VCI power supply. In the period T3,
the electric charge accumulated in the parasitic capacitance
between the source lines S1 to Sn and the counter electrode
VCOM is “2.8 [V]|xC”. Thus, the electric charge of “2.8
[VIxC” is to be consumed in the period T3.

[0130] As shown in FIG. 12, in the period T4, the source
lines S1 to Sn are driven to a high-impedance state. Further,
the counter electrode VCOM is pulled down to the potential
VCOML (=-1.0 [V]). In accordance with the pull-down of
the counter electrode VCOM, the source lines S1 to Sn come
to exhibit a same potential change as that of the counter
electrode VCOM. Thereby, the source lines S1 to Sn are
pulled down to 1.8 [V]. The electric charges accumulated in
the parasitic capacitance between the source lines S1 to Sn
and the counter electrode VCOM are not transferred when
pulling down the counter electrode VCOM to the potential
VCOML. Thus, no electric charge is consumed in the VCI
power supply.

[0131] As shown in FIG. 13, in the period T5, the source
lines S1 to Sn are pulled up to 4.5 V, while the counter
electrode VCOM is kept to the potential VCOML (=-1.0
[V]). At this time, the electric charge of “2.7 [V]xC” is sup-
plied from the VCI power supply to the source lines S1 to Sn
in order to pull up the source lines S1 to Sn to 4.5 V. The
source lines S1 to Sn are driven by the power supply voltage
VS generated from the double boost-up power supply VDD?2,
so that the electric charge consumed in the VCI power supply
is the electric charge of 5.4 [V]xC” that is twice as much, In
addition, an electric charge corresponding to the change inthe
potential of the source lines S1 to Sn (that is, electric charge
of “2.7 [V]xC”) is consumed in the VCOML output amplifier
42 in order to cancel the influence generated by the pull-up of
the source lines S1 to Sn and to keep the counter electrode
VCOMto -1.0 [V]. As a result, the electric charge consumed
in the VCI power supply in the period T5 is “8.1 [V]xC”.
[0132] Through the whole periods T1 to T5, the electric
charge of “10.9 [V]xC” intotal is consumed in the VCI power
supply for providing black display. For displays of other
colors, the electric charge consumption can also be calculated
similarly.

[0133] FIG. 14 is a table showing the electric charges con-
sumed for each display color when executing the driving
method shown in FIGS. 7A and 8A. As described above, the
electric charge of “10.9 [V]xC” in total is consumed in the
VCI power supply for providing black display. Further, the
electric charge of “4.1 [V]xC” intotal is consumed in the VCI
power supply for providing white display, and the electric
charge of “4.9 [V]xC” in total is consumed in the VCI power
supply for providing gray display. The advantages of the
driving method shown in FIGS. 7A and 8 A can be understood
by comparing FIG. 14 with FIG. 5 which shows the electric
charges consumed in a driving method according to the afore-
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mentioned reference technique. For performing black display
in particular, it is possible with the driving method of this
embodiment to reduce the electric charge consumption to
“10.9 [V]xC”, while the electric charge of “16.5 [V]xC” is
consumed with the reference technique. The electric charge
consumption can be reduced for other display colors as well.
FIG. 38 shows a comparison table regarding the electric
charge consumption and a consumption current. The con-
sumption current is calculated assuming that capacitance C
between the source lines S1 to Sn and the counter electrode
VCOM is 100 pF, the number of gate lines G1 to Gm is 160,
and the frame frequency is 60 Hz. For example, when the
electric charge consumption is “10 [V]xC”, it can be calcu-
lated as follows.

I=10000 pfx10 Fx160x60=0.96 mA

[0134] As shown in FIG. 38, the driving method of this
embodiment can reduce the electric charge consumption by
about 34% for a case of providing black display, and about 9%
for the case of providing white display.

[0135] In a first embodiment, pull-down of the counter
electrode VCOM from the ground potential VSS to the poten-
tial VCOML and drive of the source lines S1 to Sn to the
potential in response to the image data may be performed
simultaneously. F1G. 7B is a timing chart for describing the
operations of the liquid crystal display device 1 executed for
such case, and FIG. 5B is a flowchart showing the operation of
the liquid crystal display device 1 in each period of FIG. 7B.

[0136] The operations of the periods T1 to T3 shown in
FIGS. 7B and 8B are the same as the operations shown in
FIGS. 7A and 8A.

[0137] That is, in the period T1 where the liquid crystal
display device 1 is in the initial state, the counter electrode
VCOM is pulled up to the potential VCOMH, while the
source lines S1 to Sn are driven to the potential corresponding
to the image data. In addition, the switches SW1, SW7 to
SW9 are turned off, while the switches SW2 and SW6 are
turned on. That is, the control signals S-SW1, S-SW7 to
S-SW9 are negated, and the control signals S-SW2, S-SW6
are asserted. The state of the electric charges in the period T1
of the operations shown in FIGS. 7B and 8B is the same as the
state of the electric charges in the period T1 of the operations
of FIGS. 7A and 8A shown in FIG. 9.

[0138] From the period T2, the operations for changing the
polarity of the driving voltage from negative to positive are
started. In the period T2, the source lines S1 to Sn and the
counter electrode VCOM are short-circuited to the VCI
power supply. More specifically, the control signals S-SW1,
S-SW8 are asserted and the switches SW1, SW8 are turned
on, while the switches SW2,SW6, SW7, and SW9 are turned
off. With this, the source lines S1 to Sn are connected to the
VCI power supply interconnection 27, and the counter elec-
trode VCOM is connected to the VCI power supply intercon-
nection 43. Thereby, the source lines S1 to Snand the counter
electrode VCOM are driven to the potential VCI. Note that the
VCI power supply interconnection 27 and the VCI power
supply interconnection 43 are electrically connected to each
other. With this operation, the electric charges of the source
lines S1 to Sn and the counter electrode VCOM are simply
redistributed through the VCI power supply interconnections
27 and 43, so that no power is consumed. The state of the
electric charges in the period T2 of the operations shown in
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FIGS. 7B and 8B is the same as the state of the electric
charges in the period T2 of the operations of FIGS. 7A and 8A
shown in FIG. 10.

[0139] Inthe period T3 following the period T2, the counter
electrode VCOM is pulled down to the ground potential VSS,
while the source lines S1 to Sn are being connected to the VCI
power supply. More specifically, the control signals S-SW1,
S-SW9 are asserted and the switches SW1, SW9 are turned
on, while the switches SW2, SW6, SW7, and SW8 are turned
off. With this operation, the counter electrode VCOM is,
short-circuited to the ground interconnection 44, while the
source lines S1 to Sn are being connected to the VCI power
supply interconnection 27. This operation requires no electric
charge for pulling down the counter electrode VCOM to the
ground potential VSS, even though electric charge is con-
sumed for keeping the source lines S1 to Sn to the potential
VCI. The state of the electric charges in the period T3 of the
operations shown in FIGS. 7B and 8B is the same as the state
of the electric charges in the period T3 of the operations of
FIGS. 7A and 8A shown in FIG. 11. When performing black
display under the same conditions shown in FIGS. 9 to 13 (the
potential VCl is 2.8 V, the potential to which the source lines
S1 to Sn are to be driven is 4.5 V, and the potential VCOML
is =1.0V), the electric charge of “2.8 [V]xC” is consumed in
the period T3 for keeping the source lines S1 to Sn to the
potential VCI.

[0140] Inthe period T4 following the period T3, the source
lines S1 to Sn are driven to the potential corresponding to the
image data, and the counter electrode VCOM is pulled down
from the ground potential VSS to the potential VCOML.
More specifically, the control signals S-SW2, S-SW7 are
asserted and the switches SW2, SW7 are turned on, while the
switches SW1, SW6, SW8, and SW9 are turned off. With this,
the source lines S1 to Sn are connected to the output ampli-
fiers 25-1 to 25-n, while the counter electrode VCOM is
connected to the output of the VCOML output amplifier 42.
At this time, in order to drive the source lines S1 to Sn to the
potential corresponding to the image data, it is necessary to
supply, to the source lines, the electric charges required for
canceling the influence generated by the pull-down of the
counter electrode VCOM from the ground potential VSS to
the potential VCOML and driving the source lines S1 to Sn
from the ground potential VCT to the potential corresponding
to the image data. Thus, the electric charge of*“12.7 [V]xC” is
consumed for driving the source lines S1 to Sn, when per-
forming black display under the same conditions as those
shown in FIG. 9 to FIG. 13. More specifically, the electric
charge of “1.0 VxC”is consumed for canceling the influence
generated when pulling down the counter electrode VCOM
from the ground potential VSS to the potential VCOML, and
the electric charge of “1.7 [V]xC” is consumed for pulling up
the source lines S1 to Sn from 2.8 V to 4.5 V. The source lines
S1to Snare driven by the power supply voltage VS generated
from the double boost-up power supply VDD?2, so that the
electric charge consumed in the VCI power supply is the
electric charge of “5.4 [V]xC” that is twice as much. In the
meantine, the electric charge corresponding to the sum of the
change in the potential of the source lines S1 to Sn and the
change in the potential of the counter electrode VCOM (that
is, electric charge of “2.7 [V]xC”) is consumed in the
VCOML output amplifier 42 in order to cancel the influence
generated by the pull-up of the source lines S1 to Sn and to
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drive the counter electrode VCOM to -1.0 [V]. As aresult, the
electric charge consumed in the VCI power supply in the
period T4 is “8.1 [V]xC”.

[0141] As a result, the electric charge of “10.9 [V]xC” in
total is consumed in the VCI power supply when performing
black display by the operations of FIGS. 7B and 8B, similarly
to the operations of FIGS. 7A and 8A.

[0142] For such operations, when driving the source lines
S1 to Sn, there is required only a half the power since the
influence generated by the pull-down of the counter electrode
VCOM is cancelled while being short-circuited to the VCI
power supply, without using the double boost-up power sup-
ply. Further, for driving the source lines S1 to Sn to the target
potential thereafter, the power required for driving the source
lines S1 to Sn can be reduced since the change in the potential
is small.

(2) Case Where Counter Electrode VCOM is Pulled Up from
Potential VCOML to Potential VCOMH

[0143] FIG.15isatiming chart for describing the operation
of the liquid crystal display device 1 when changing the
polarity of the driving voltage from positive to negative, i.e.,
when pulling up the counter electrode VCOM from the poten-
tial VCOML to the potential VCOMH. FIG. 16 is a flowchart
showing the operation of the liquid crystal display device 1 in
each period of FIG. 15. As will be described hereinafter, the
counter electrode VCOM is pulled up from the potential
VCONL to the potential VCOMH in the liquid crystal display
device 1 of a present embodiment by a driving method dif-
ferent from that of a liquid crystal device of the aforemen-
tioned reference technique, because of the difference between
the structures of those devices. However, with the driving
method explained below, there is no increase generated in the
power consumption at least. Explanations hereinafter will be
provided assuming that the liquid crystal display device 1is in
the initial state in the period T1.

[0144] In the period T1, the counter electrode VCOM is
pulled down to the potential VCOML, and the source lines S1
to Sn are driven to the potential corresponding to the image
data. Forachieving black display, the source lines S1 to Sn are
driven to a positive potential that is higher than the VCOML
and deviated from the potential VCOML. In the meantime,
for achieving white display, the source lines S1 to Sn are
driven to a potential slightly higher than the potential
VCOML. In addition, the switches SW1, SW6, SW8, and
SW9 are turned off, while the switches SW2 and SW7 are
turned on. That is, the control signals S-SW1, S-SW6,
S-SW8, and S-SW9 are negated, while the control signals
S-SW2 and S-SW7 are asserted.

[0145] From the period T2, the operations for changing the
polarity of the driving voltage from positive to negative are
started. In the period T2, the source lines S1 to Sn and the
counter electrode VCOM are short-circuited to the VCI
power supply. More specifically, the control signals S-SW1,
S-SW8 are asserted and the switches SW1, SW8 are turned
on, while the switches SW2,SW6, SW7, and SW9 are turned
off. With this, the source lines S1 to Sn are connected to the
VCI power supply interconnection 27, and the counter elec-
trode VCOM is connected to the VCI power supply intercon-
nection 43. Thereby, the source lines 81 to Sn and the counter
electrode VCOM are driven to the potential VCI. Note that the
VCI power supply interconnection 27 and the VCI power
supply interconnection 43 are electrically connected to each
other. With this operation, the electric charges of the source
lines S1 to Sn and the counter electrode VCOM are simply
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redistributed through the VCI power supply interconnections
27 and 43, so that no power is consumed.

[0146] Inthe period T3 following the period T2, the counter
electrode VCOM is pulled up to the potential VCOMH, while
the source lines S1 to Sn are in the high-impedance state.
More specifically, the control signal S-SW6 is asserted and
the switch SW6 is turned on, while the switches SW1, SW2,
and SW7 to SW9 are turned off. With this, the counter elec-
trode VCOM is connected to the output of the VCOMH
output amplifier 41, and the counter electrode VCOM 1is
pulled up to the potential VCOMH. The potential of the
source lines S1 to Sn is boosted up because of the pull-up of
the counter electrode VCOM. However, the change in the
potential of the counter electrode VCOM is small, so that an
amount of change in the potential of the source lines S1 to Sn
is also small. Thus, no electric charge is consumed.

[0147] Inthe period T4 following the period T3, the source
line S1 to Sn are driven to the potential corresponding to the
image data, while the counter electrode VCOM is kept to the
potential VCOMH. More specifically, the control signals
S-SW2, S-SW6 are asserted and the switches SW2, SW6 are
turned on, while the switches SW1, and SW7 to SW9 are
turned off. With this, the source lines S1 to Sn are connected
to the output amplifiers 25-1 to 25-», and drivento a potential
corresponding to the image data.

[0148] FIGS. 17 to 20 are illustrations for respectively
showing examples of a state of the electric charges in the
periods T1 to T4 in details. In the explanations using FIGS. 17
to 20, the same conditional assumptions as those of the expla-
nations provided with FIGS. 9 to 13 are employed. That is, it
is assumed that the potential VCI is -1.0 [V], the potential
VCOMH is +4.0 [V], and the potential VCI is 2.8 [V]. Fur-
ther, the possible range of the source line potential is assumed
to be +0.5-4.5 [V]. Furthermore, the LCD panel 2 is assumed
to be a normally-white panel, and it is assumed that black
display is performed on the LCD panel 2.

[0149] As shown in FIG. 17, the potential of the counter
electrode VCOM is the potential VCOML (-1.0 [V]) and the
potential of the source lines S1 to Sn is 4.5 V in the period T1
thatisinthe initial state. As a result, the electric charge of “5.5
[VIxC” is accumulated to the parasitic capacitance between
the source lines S1 to Sn and the counter electrode VCOM.
[0150] As shown in FIG. 18, the counter electrode VCOM
and the source lines S1 to Sn are short-circuited to the VCI
power supply in the period T2. In this operation, no power is
consumed in the VCI power supply since the electric charges
are canceled by short-circuiting both ends of the parasitic
capacitance. In the period T2, there is no electric charge
accumulated in the parasitic capacitance between the source
lines S1 to Sn and the counter electrode VCOM.

[0151] As shown in FIG. 19, in the period T3, the source
lines S1 to Sn are driven to the high-impedance state. Further,
the counter electrode VCOM is pulled up to the potential
VCOMH (=+4.0 [V]). The electric charges accumulated in
the parasitic capacitance between the source lines S1 to Sn
and the counter electrode VCOM are not transferred when
pulling up the counter electrode VCOM to the potential
VCOMH. Thus, no electric charge is consumed in the VCI
power supply.

[0152] As shown in FIG. 20, in the period T4, the source
lines S1 to Sn are pulled down to 0.5 V, while the counter
electrode VCOM is kept to the potential VCOMH (=+4 [V]).
At this time, the source lines S1 to Sn are pulled down by
having the electric charges discharged from the source lines
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S1 to Sn to the ground potential via the output amplifier 25.
Thus, no power is consumed for pulling down the source lines
S1 to Sn. In the meantime, the VCOMH output amplifier 41
supplies the electric charge corresponding to the change in the
potential of the source lines S1 to Sn (that is, the electric
charge of “3.5 [V]xC”) to the counter electrode VCOM in
order to cancel the influence of the pull-down of the source
lines S1 to Sn and to keep the counter electrode VCOM to
+4.0 [V]. The VCOMH output amplifier 41 is driven by the
power supply voltage VCOMH that is generated from the
double boost-up power supply voltage VDD?2, so that the
electric charge consumed in the VCI power supply is “7.0
[V]xC” that is twice as much. As a result, the electric charge
consumed in the VCI power supply in the period T3 is “7.0
[V]xC”.

[0153] Through the whole periods T1 to T4, the electric
charge of “7.0 [V]xC” in total is consumed in the VCI power
supply for providing black display. For displays of other
colors, the electric charge consumption can be calculated
similarly.

[0154] FIG. 21 is a table showing the electric charges con-
sumed for each display color when executing the driving
method shown in FIGS. 15 and 16. As described above, the
electric charge of “7.0 [V]xC” in total is consumed in the VCI
power supply for providing black display. Further, the electric
charge of “1.0 VxC” in total is consumed in the VCI power
supply for providing white display, and the electric charge of
“3.0[V]xC” in total is consumed in the VCI power supply for
providing gray display. It can be understood by comparing
FIG. 21 with FIG. 14 that it is possible with the driving
method of FIGS. 15 and 16 to pull up the counter electrode
VCOM from the potential VCOML to the potential VCOMH
without increasing the power consumption at least.

[0155] For the operation to change the polarity of the driv-
ing voltage from positive to negative, it is also possible to
employ other procedures. FIG. 22 is a timing chart for
describing another example of the operations executed by the
liquid crystal display device 1 when changing the polarity of
the driving voltage from positive to negative (that is, when
pulling up the counter electrode VCOM from the potential
VCOML to the potential VCOMH), and FIG. 23 is a flow-
chart for describing the operation of the liquid crystal display
device 1 executed in each period. A difference between the
operations of FIGS. 22 and 23 and the operations of FIGS. 15
and 16 is that the counter electrode VCOM and the source
lines S1 to Sn are driven simultaneously in the operations of
FIGS. 22 and 23. Detailed explanations will be provided
hereinafter.

[0156] Theoperations in the periods T1 and T2 of FIGS. 22
and 23 are the same as those shown in FIGS. 15 and 16. That
is, in the period T1 where the liquid crystal display device 1 is
in the initial state, the counter electrode VCOM is pulled
down to the potential VCOML, while the source lines S1to Sn
are driven to the potential corresponding to the image data. In
addition, the switches SW1, SW6, SW8, and SW9 are turned
off, while the switches SW2 and SW7 are turned on. That is,
the control signals S-SW1, S-SWé6, S-SW8, S-SW9 are
negated, and the control signals S-SW2, S-SW7 are asserted.
The state of the electric charges in the period T1 of the
operations shown in FIGS. 22 and 23 is the same as the state
of the electric charges in the period T1 of the operations of
FIGS. 15 and 16 shown in FIG. 18.

[0157] From the period T2, the operations for changing the
polarity of the driving voltage from positive to negative are
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started. In the period T2, the source lines S1 to Sn and the
counter electrode VCOM are short-circuited to the VCI
power supply. More specifically, the control signals S-SW1,
S-SW8 are asserted and the switches SW1, SW8 are turned
on, while the switches SW2, SW6, SW7, and SW9 are turned
off. With this, the source lines S1 to Sn are connected to the
VCI power supply interconnection 27, and the counter elec-
trode VCOM is connected to the VCI power supply intercon-
nection 43. Thereby, the source lines S1 to Sn and the counter
electrode VCOM are driven to the potential VCI. Note that the
VCI power supply interconnection 27 and the VCI power
supply interconnection 43 are electrically connected to each
other. With this operation, the electric charges of the source
lines S1 to Sn and the counter electrode VCOM are simply
redistributed through the VCI power supply interconnections
27 and 43, so that no additional electric charge is consumed.
The state of the electric charges in the period T2 of the
operations shown in FIGS. 22 and 23 is the same as the state
of the electric charges in the period T2 of the operations of
FIGS. 15 and 16 shown in FIG. 18.

[0158] Inthe period T3 following the period T2, the source
lines S1 to Sn are driven to the potential corresponding to the
image data, and the counter electrode VCOM is pulled up to
the potential VCOMH at the same time. More specifically, the
control signals S-SW2, S-SW6 are asserted and the switches
SW2, SW6 are turned on, while the switches SW1, SW7 to
SW9 are turned off. With this, the source lines S1 to Sn are
connected to the output amplifiers 25-1 to 25-r, while the
counter electrode VCOM is connected to the output of the
VCOMH output amplifier 41. When it is assumed that the
potential VCOML is 1.0 [V], the potential VCOMH is +4.0
[V], the potential VCl is 2.8 [V], and the possible range of the
source line potential is +0.5-4.5[ V], the state of the electric
charges in the period T3 of the operations shown in FIGS. 22
and 23 is the same as the state of the electric charges in the
period T4 of the operations of FIGS. 15 and 16 shown in FIG.
20. Inthe period T3, the source lines S1 to Sn are drivento 0.5
V by having the electric charges flown out from the source
lines S1 to Sn to the ground potential via the output amplifier
25.

[0159] Thus, no electric charge is consumed for driving the
source lines S1 to Sn. In the meantime, the VCOMH output
amplifier 41 supplies the electric charge of“3.5 [V]xC”to the
counter electrode VCOM for pulling up the counter electrode
VCOM from +2.8 [V] to +4.0 [V]. It is supposed that the
counter electrode VCOM can be driven by simply supplying
the electric charge required for pulling up the counter elec-
trode by 1.2 [V] (that is, the electric charge of “1.2 [V]xC”),
if there is no influence generated by the pull-down of the
source lines S1 to Sn. However, in order to cancel the influ-
ence generated by pulling down the source lines S1to Sn from
2.8 [V] to 0.5 [V], it is necessary to additionally supply the
electric charge of “2.3 [V]xC” that corresponds to the change
in the potential of the source lines S1 to Sn. The VCOMH
output amplifier 41 is driven by the power supply voltage
VCOMH that is generated from the double boost-up power
supply voltage VDD2, so that the electric charge consumed in
the VCI power supply is “7.0 [V]xC” that is twice as much. As
aresult, the electric charge consumed in the VCI power sup-
ply in the period T3 is “7.0 [V]xC”.

[0160] As a result, as shown in FIG. 24, the power con-
sumed with the driving method of FIGS. 22 and 23 is the same
as the power consumed with the driving method executed by
the operations of FIGS. 15 and 16, i.e., same as the power
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consumed with a driving method of the reference technique.
At least, there is no increase in the power consumption caused
by employing the driving method of FIGS. 22 and 23.

Second Embodiment

[0161] FIG.251satiming chart for describing operations of
the liquid crystal display device 1 according to a second
embodiment when changing the polarity of the driving volt-
age from negative to positive, i.e., when pulling down the
counter electrode VCOM from the potential VCOMH to the
potential VCOML. FIG. 26 is a flowchart showing the opera-
tion of the liquid crystal display device 1 in each period. In a
second embodiment, the counter electrode VCOM is pulled
down to the potential VCOML by a procedure different from
that of a first embodiment.

[0162] More specifically, the operations regarding the peri-
0ds T1 to T3 of a second embodiment shown in FIGS. 25 and
26 are the same as the operations of a first embodiment shown
in FIGS. 7A and 8A. In the period T1 under the initial state,
the counter electrode VCOM is pulled up to the potential
VCOMH, while the source lines S1 to Sn are driven to the
potential corresponding to the image data. In the period T2
following the period T1, the source lines S1 to Sn and the
counter electrode VCOM are short-circuited to the VCI
power supply. As described in a first embodiment, no electric
charge is consumed in the periods T1 and T2. In the period T3
following the period T2, the counter electrode VCOM is
pulled down to the ground potential VSS, while the source
lines S1 to Sn are being connected to the VCI power supply.
Under the same conditions shown in FIG. 9 to FIG. 13, the
electric charge of “2.8 [V]xC” is consumed in the period T3
for keeping the source lines S1 to Sn to the potential VCI.
[0163] Inthe meantime, the operations of the period T4 and
thereafter according to a second embodiment are different
from those of a first embodiment. More specifically, in the
period T4, the counter electrode VCOM is pulled down from
the ground potential VSS to the potential VCOML, while the
source lines S1 to Sn are being connected to the VCI power
supply. More specifically, the control signals S-SW1, S-SW7
are asserted and the switches SW1, SW7 are turned on, while
the switches SW2, SW6, SW8, and SW9 are turned off. With
this, the counter electrode VCOM is connected to the output
of the VCOML output amplifier 42 and pulled down to the
potential VCOML, while the source lines S1 to Sn are being
connected to the VCI power supply interconnection 27.
[0164] FIG. 27 is a conceptual illustration showing a state
of electric charges accumulated in the period T4. In FIG. 27,
it is assumed that the potential VCOML is -1.0 [V], the
potential VCOMH is +4.0 [V], the potential VCI is 2.8 [V],
and the possible range of the source line potential is +0.5 to
4.5[V].

[0165] In the period T4, the electric charge of “1.0 [V]xC”
is consumed in the VCOML output amplifier 42 because the
counter electrode VCOM is pulled down from the ground
potential VSS to the potential VCOML. Further, due to the
influence caused by the pull-down of the counter electrode
VCOM from the ground potential VSS to the potential
VCOML, the electric charge corresponding to the change in
the potential of the counter electrode VCOM (that is, the
electric charge of “1.0 [V]xC”) is supplied to the source lines
S1 to Sn and consumed therein, in order to keep the source
lines S1 to Sn to the potential VCI. Therefore, the electric
charge of “2.0 VxC” in total is to be consumed in the period
T4.
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[0166] Inthe period T5 following the period T4, the source
line S1 to Sn are driven to the potential corresponding to the
image data, while the counter electrode VCOM is kept to the
potential VCOML. More specifically, the control signals
S-SW2, S-SW7 are asserted and the switches SW2, SW7 are
turned on, while the switches SW1, SW6, SW8, and SW9 are
turned off. With this, the source lines S1 to Sn are connected
to the output amplifiers 25-1 to 25-», and driven to the poten-
tial according to the image data.

[0167] A state of the electric charges in the period T5 is the
same as that of the period T5 of a first embodiment shown in
FIG. 13. In the period T5, the electric charge of “1.7 [V]xC”
is supplied from the VCI power supply to the source lines S1
to Sn in order to pull up the source lines S1 to Sn from 2.8V
to 4.5 V. The source lines S1 to Sn are driven by the power
supply voltage VS generated from the double boost-up power
supply VDD2, so that the electric charge consumed in the VCI
power supply is “3.4 [V]xC” that is twice as much. In addi-
tion, the electric charge corresponding to the change in the
potential of the source lines S1 to Sn (that is, electric charge
of “1.7 [V]xC”) is consumed in the VCOML output amplifier
42 in order to cancel the influence caused by the pull-up ofthe
source lines S1 to Snand to keep the counter electrode VCOM
to -1.0 [V]. As a result, the electric charge consumed in the
VCI power supply in the period T5 is “5.1 [V]xC”.

[0168] Through the whole periods T1 to T5, the electric
charge of 9.9 [V]xC” in total is consumed in the VCI power
supply for providing black display. For displays of other
colors, the electric charge consumption can also be calculated
similarly.

[0169] FIG. 28 is a table showing the electric charges con-
sumed for each display color when executing the driving
method shown in FIGS. 25 and 26. As described above, the
electric charge 0f “9.9 [V]xC” in total is consumed in the VCI
power supply for providing black display. Further, the electric
charge of “7.1 [V]xC” in total is consumed in the VCI power
supply for providing white display, and the electric charge of
“5.1[V]xC” in total is consumed in the VCI power supply for
providing gray display. Advantages of the driving method
shown in FIGS. 25 and 26 can be understood by comparing
FIG. 28 with FIG. 5 which shows the electric charges con-
sumed with a driving method according to the reference tech-
nique. For performing black display, it is possible with the
driving method of a second embodiment to reduce the electric
charge consumption to “9.9 [V]xC”, while the electric charge
of “16.5 [V]xC” is consumed with the reference technique.
FIG. 38 shows a comparison table regarding the electric
charge consumption.

Third Embodiment

[0170] By comparing the electric charges consumed in the
operations of a first embodiment for changing the polarity of
the driving voltage from negative to positive, i.e., the electric
charges consumed in the operations for pulling down the
counter electrode VCOM to the potential VCOML (see FIG.
14), with the electric charges consumed by the same opera-
tions of a second embodiment (see FIG. 28), it can be under-
stood that: for performing white display, the electric charge
consumption is smaller in a first embodiment; and for per-
forming black display, it is smaller in a second embodiment.
Therefore, it is possible to reduce the electric charge con-
sumption by changing, in accordance with the values of
image data, the operation of the period T4 where the counter
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electrode VCOM is pulled down from the ground potential
VSS to the potential VCOML.

[0171] More specifically, as shown in FIGS. 7A and 8A of
a first embodiment, the source line Sj providing white display
(that is, the source line Sj that is driven to a potential relatively
close to the potential VCOML) is set to be in the high-
impedance state in the period T4 where the counter electrode
VCOM is pulled down from the ground potential VSS to the
potential VCOML. In the meantime, as shown in FIGS. 25
and 26 of a second embodiment, the source line Sj providing
black display (that is, the source line Sj that is driven to a
potential relatively deviated from the potential VCOML) is
continuously connected to the VCI power supply in the period
T4,

[0172] FIG. 29 is ablock diagram showing an example of a
structure of the source driver circuit 12 that makes it possible
to achieve such operations. FIG. 29 shows the circuit structure
of a part of the source driver circuit 12, which corresponds to
a single source line Sj. As can be understood by comparing it
with the structure of the source driver circuit 12 of a first
embodiment shown in FIG. 6C, a data judging circuit 28-f for
controlling the switch SW1 in accordance with the value of
the image data is provided in a third embodiment. More
specifically, the polarity signal POL for designating the polar-
ity of the driving voltage and the control signal S-SW1 are
supplied to the data judging circuit 28-j from the timing
control circuit 15, and the highest order bit of the image data,
“MSBDATA”, is supplied to the data judging circuit 28-j
from the latch circuit 22-7. Note that the control signal S-SW1
is asserted in the period T4, as in the case of a second embodi-
ment. The data judging circuit 28- generates a control signal
SW1_SEL for controlling the switch SW1 of the output con-
trol circuit 26-f, from the polarity signal POL, the control
signal S-SW1, and a highest order bit MSBDATA.

[0173] FIG.301is atrue-value table showing an operation of
the data judging circuit 28-j. The true-value table of FIG. 30
shows logic behaviors of a case where black-based display is
performed on a normally-white panel, when the gray-scale
selection circuit 24-j selects a potential deviated from the
counter electrode VCOM (that s, black display is performed
on the source line Sj), provided that the polarity signal POL
for designating the polarity of the driving voltage to be posi-
tiveis “0” and the value of the image data is large (that is, the
highest order bit MSBDATA is “1”). Inversely, a logic opera-
tion when the highest order bit of the image data, “MSB-
DATA”, is “0” is executed when performing white-based
display.

[0174] When the polarity of the driving voltage is changed
from negative to positive (that is, when the polarity signal
POL is set as “0”, and the counter electrode VCOM is pulled
down from the potential VCOMH to the potential VCOML),
the control signal SW1_SEL is controlled in accordance with
the highest order bit MSBBATA in the period T4. More spe-
cifically, in the period T4, when the highest order bit MSB-
DATA is “0” (that 1s, white display is performed on the source
line Sj), the data judging circuit 28-f sets the control signal
SW1_SEL as “0” to turn off the switch SW1, even though the
control signal SW1 is “1” (that is, “High” level). In the period
T4, the switch SW2 is also turned off. As a result, the source
line Sj is set to be in the high-impedance state. In the mean-
time, when the highest order bit MSBDATA is “1” (that is,
black display is performed on the source line Sj), the control
signal SW1_SEL is set as “1” to turn on the switch SW1. By
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turning on the switch SW1, the source line Sj is connected to
the VCI power supply interconnection 27 and short-circuited
to the VCI power supply.

[0175] In the meantime, when the polarity of the driving
voltage is changed from positive to negative (that is, when the
polarity signal POL is set as “1”, and the counter electrode
VCOM is pulled up from the potential VCOML. to the poten-
tial VCOMH), the data judging circuit 28-j sets the value of
the control signal SW1 to be consistent with the value of the
control signal SW1_SEL regardless of the highest order bit
MSBDATA.

[0176] In the operations of FIG. 30, the control signal
SW1_SEL is generated by responding only to the highest
order bit of the image data, so that the operation for driving
the source line Sj to an intermediate potential may not be
optimum. It becomes possible to execute the operation with
more reduced power consumption, through generating the
control signal SW1_SEL by responding to a plurality of bits
of the image data. However, the structure of generating the
control signal SW1_SEL by responding only to the highest
order bit is effective for reducing the circuit scale of the data
judging circuit 28-j.

[0177] As described, in the liquid crystal display device 1
of a third embodiment, each source line is short-circuited to
the VCI power supply or set to be in the high-impedance sate
in accordance with the image data. With this, the power con-
sumption can be reduced further.

Fourth Embodiment

[0178] FIG. 31A is a block diagram showing a structure of
a liquid crystal display device 1A according to a fourth
embodiment. The liquid crystal display device 1 of a fourth
embodiment has almost a same structure as that of the liquid
crystal display device of a first embodiment shown in FIG.
6A, except for following aspects.

[0179] First, a common interconnection 16 having a low
impedance (that is, the interconnection width thereof is
large), switches SW3 and SW4, and a ground interconnection
29 are added to a source driver circuit 12A of an LCD driver
3A. The switch SW1 is provided between the common inter-
connection 16 and the output of the source driver circuit 12,
the switch SW3 is provided between the common intercon-
nection 16 and the VCI power supply interconnection 27, and
the switch SW4 is provided between the common intercon-
nection 16 and the ground interconnection 29. For controlling
the switches SW3 and SW4, control signals S-SW3 and
S-SW4 are supplied to the source driver circuit 12A from the
timing control circuit 15.

[0180] Secondly, a switch SWS5 is provided to a VCOM
circuit 14A. The switch SW5 is connected between the output
of the VCOM circuit 14A and the common interconnection
16 of the source driver circuit 12A. For controlling the switch
SWS5, a control signal S-SW3 is supplied to the VCOM circuit
14A from the timing control circuit 15.

[0181] TheSwitch SW5 provided to the VCOM circuit 14A
functions to provide a path for directly short-circuiting the
source lines S1 to Sn to the counter electrode VCOM. In a first
embodiment, the source lines S1 to Sn and the counter elec-
trode VCOM are all connected to the VCI power supply to be
electrically short-circuited. With such structure, however, the
impedance of the path through which the electric charges
transfer becomes increased, so that time for the source lines
S1 to Sn and the counter electrode VCOM to be stabilized to
the potential VCI may become extended. With the structure of
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this embodiment, the source lines S1 to Sn and the counter
electrode VCOM can be connected via a short path by turning
on the switch SW5. Therefore, the time for stabilizing the
source lines S1 to Sn and the counter electrode VCOM to the
potential VCI can be shortened.

[0182] The switches SW3 and SW4 are capable of setting
the source lines S1 to Sn not only to the potential VCI but also
to the ground potential VSS. The source lines S1 to Sn can be
set to the potential VCI by turning on the switches SW1 and
SW3 while turning off the switch SW4. Further, the source
lines S1 to Sn can be set to the ground potential VSS by
turning on the switches SW1 and SW4 while turning off the
switch SW3. To set the source lines S1 to Sn to the ground
potential VSS is effective when stopping a display operation
of the liquid crystal display device 1A without having a
residual image. It is preferable to release the electric charges
remained in the pixels of the LCD panel 2 to the ground in
order to stop the display operation of the liquid crystal display
device 1A without having a residual image. It becomes pos-
sible to release the electric charges remained in the pixels of
the LCD panel 2 to the ground and stop the display operation
of the liquid crystal display device 1A without having a
residual image, through scanning the gate lines G1 to Gm by
turning on the switches SW1 and SW4.

[0183] The structure having the VCI power supply inter-
connection 27 and the ground interconnection 29 connected
to the common interconnection 16 via the switches SW3 and
SW4 is preferable, since it is possible to connect the output
terminals (that is, the source lines S1 to Sn) of the source
driver circuit 12A to the VCI power supply interconnection
27 and the ground interconnection 29 electrically without
increasing the circuit scale of the source driver circuit 12. It is
true that a structure having individual switches for connecting
the VCI power supply interconnection 27 and the ground
interconnection 29 to each of the output terminals of the
source driver circuit 12A can also be employed. However,
with such structure, the number of switches 1s increased, and
a plurality of thick interconnections are required for distrib-
uting the potential VCI and the ground potential with a low
impedance. Therefore, the area of the source driver circuit
12A becomes enlarged. The structure of an embodiment can
set the source lines to the potential VCI and the ground poten-
tial VSS by using a single thick interconnection with a low
impedance (specifically, the common interconnection 16), so
that the enlargement of the area can be suppressed.

[0184] Basically, the operations of the liquid crystal display
device 1A of a fourth embodiment are almost the same as
those of the liquid crystal display device 1 of a first embodi-
ment. The main difference is that the switch SW5 is turned on
in a fourth embodiment when short-circuiting the source lines
S1 to Sn and the counter electrode VCOM to the VCI power
supply. Hereinafter, the operations of the liquid crystal dis-
play device 1A of a fourth embodiment will be described in
details.

[0185] FIG.321satimingchart for describing the operation
of the liquid crystal display device 1A when changing the
polarity of the driving voltage from negative to positive (i.e.,
when pulling down the counter electrode VCOM from the
potential VCOMH to the potential VCOML). FIG. 33 is a
flowchart showing the operation of the liquid crystal display
device 1A in each period. Explanations hereinafter will be
provided assuming that the liquid crystal display device 1is in
the initial state in the period T1.
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[0186] In the period T1, the counter electrode VCOM is
pulled up to the potential VCOMH, and the source lines S1 to
Sn are driven to the potential corresponding to the image data.
In addition, the switches SW1,SW3to SW5, SW7to SW9are
turned off, while the switches SW2 and SW6 are turned on.
That is, the control signals S-SW1, S-SW3 to SW-5, S-SW7
to SW9 are negated, while the control signals S-SW2 and
S-SW6 are asserted.

[0187] From the period T2, an operation for changing the
polarity of the driving voltage from negative to positive are
started. In the period T2, the source lines S1 to Sn and the
counter electrode VCOM are short-circuited to the VCI
power supply. Note that, in a present embodiment, the switch
SWS5 is turned on, and the source lines S1 to Sn and the
counter electrode VCOM are short-circuited via the switch
SWS5 for short-circuiting the source lines S1 to Sn and the
counter electrode VCOM to the VCI power supply. As
described above, to have the switch SW5 turned on is effec-
tive for connecting the source lines S1 to Sn and the counter
electrode VCOM viaa short path and for shortening a time for
stabilizing the source lines S1 to Sn and the counter electrode
VCOM to the potential VCI.

[0188] More specifically, the control signals S-SWI,
S-SW3, S-SW5, S-SW8 are asserted and the switches SW1,
SW3, SW5, SW8 are turned on, while the switches SW2,
SW4, SW6, SW7, SW9 are turned off. With this, the source
lines S1 to Sn are connected to the VCI power supply inter-
connection 27, and the counter electrode VCOM is connected
to the VCI power supply interconnection 43. In addition, the
common interconnection 16 and an output of a VCOM circuit
143 are short-circuited, and the source lines S1 to Sn and the
counter electrode VCOM are driven to the potential VCI.
With this operation, the electric charges of the source lines S1
to Sn and the counter electrode VCOM are simply redistrib-
uted through the VCI power supply interconnections 27 and
43 and the switch SW5, so that no power is consumed.
[0189] Inthe period T3 following the period T2, the counter
electrode VCOM is pulled down to the ground potential VSS,
while the source lines S1 to Sn are being connected to the VCI
power supply. More specifically, the control signals S-SW1,
S-SW3, S-SWO are asserted and the switches SW1, SW3,
SW9 are turned on, while the switches SW2, SW4, SW5,
SW6, SW7, and SW8 are turned off. With this operation, the
counter electrode VCOM is short-circuited to the ground
interconnection 44, while the source lines S1 to Sn are being
connected to the VCI power supply interconnection 27. This
operations requires no electric charge for pulling down the
counter electrode VCOM to the ground potential VSS, even
though electric charges are consumed for keeping the source
lines S1 to Sn to the potential VCI.

[0190] Inthe period T4 following the period T3, the counter
electrode VCOM is pulled down to the potential VCOML,
while the source lines S1 to Sn are in the high-impedance
state. More specifically, the control signal S-SW7 is asserted
and the switch SW7 is turned on, while the switches SW1 to
SW6, SW8, and SW9 are turned off. With this, the counter
electrode VCOM is connected to the output of the VCOML
output amplifier 42, and the counter electrode VCOM is
pulled down to the potential VCOML.

[0191] Inthe period T5 following the period T4, the source
lines S1 to Sn are driven to the potential corresponding to the
image data, while the counter electrode VCOM is kept to the
potential VCOML. More specifically, the control signals
S-SW2, S-SW7 are asserted and the switches SW2, SW7 are
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turned on, while the switches SW1, SW3 to SW6, SW8, and
SW9 are turned off. With this, the source lines S1 to Sn are
connected to the output amplifiers 25-1 to 25-x, and driven to
a potential corresponding to the image data.

[0192] The electric charge consumed by the operations for
pulling down the counter electrode VCOM to the potential
VCOML through the above-described procedure is the same
as the electric charge consumed by the operation of a first
embodiment. With the liquid crystal display device 1A of a
fourth embodiment, it is also possible to reduce the power
consumption when pulling down the counter electrode
VCOM from the potential VCOMH to the potential VCOML.
[0193] With the liquid crystal display device 1A of a fourth
embodiment, the counter electrode VCOM may also be
pulled down to the potential VCOML in the period T4 while
having the source lines S1 to Sn short-circuited to the VCI
power supply (as in the case of a second embodiment). FIG.
34 is a timing chart for describing the operations of the liquid
crystal display device 1A of a fourth embodiment, when
short-circuiting the source lines S1 to Sn to the VCI power
supply in the period T4. FIG. 35 is a flowchart showing the
operations of the liquid crystal display device 1A in each
period.

[0194] Intheperiod T4 ofthe operations shown in FIGS. 34
and 35, the control signals S-SW1, S-SW3, S-SW7 are
asserted and the switch SW7 are turned on, while the switches
SW2, SW4-SW6, SW8, and SW9 are turned off. With this,
the counter electrode VCOM is connected to the output of the
VCOML output amplifier 42 and pulled down to the potential
VCOML, while the source lines S1 to Sn are being connected
to the potential VCI. As described in a second embodiment,
these operations make it possible to reduce the power con-
sumption when providing black display.

[0195] In addition, as in the case of a third embodiment,
whether to set each source line Sj to the high-impedance state
or to have it short-circuited to the VCI power supply in the
period T4 may also be determined in accordance with the
image data in a fourth embodiment.

[0196] FIG.361satiming chart for describing the operation
of the liquid crystal display device 1A when changing the
polarity of the driving voltage from positive to negative (i.e.,
when pulling up the counter electrode VCOM from the poten-
tial VCOML to the potential VCOMH). FIG. 37 is a flowchart
showing the operations of the liquid crystal display device 1A
in each period.

[0197] In the period T1, the counter electrode VCOM is
pulled down to the potential VCOML, and the source lines S1
to Sn are driven to the potential corresponding to the image
data. In addition, the switches SW1, SW3 to SW6, SW8, and
SW9 are turned off, while the switches SW2 and SW7 are
turned on. That is, the control signals S-SW1, S-SW3 to
S-SW6, S-SW8, and S-SW9 are negated, while the control
signals S-SW2 and S-SW7 are asserted.

[0198] From the period T2, the operation for changing the
polarity of the driving voltage from positive to negative is
started. In the period T2, the source lines S1 to Sn and the
counter electrode VCOM are short-circuited to the VCI
power supply. Note that when the source lines S1 to Sn and
the counter electrode VCOM are short-circuited to the VCI
power supply in a present embodiment, the switch SW5 is
turned on so that the source lines S1 to Sn and the counter
electrode VCOM are short-circuited via the switch SWS5.
[0199] More specifically, the control signals S-SWI,
S-SW3, S-SW5, S-SW8 are asserted and the switches SW1,
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SW3, SW5, SW8 are turned on, while the switches SW2,
SW4, SW6, SW7, and SW9 are turned off. With this, the
source lines S1 to Sn are connected to the VCI power supply
interconnection 27, and the counter electrode VCOM is con-
nected to the VCI power supply interconnection 43. In addi-
tion, the common interconnection 16 is short-circuited to the
output ofthe VCOM circuit 14B. Thereby, the source lines S1
to Sn and the counter electrode VCOM are driven to the
potential VCI. With this operation, the electric charges of the
source lines S1 to Sn and the counter electrode VCOM are
simply redistributed through the VCI power supply intercon-
nections 27, 43, and the switch SW5, so that no power is
consumed.

[0200] Inthe period T3 following the period T2, the counter
electrode VCOM is pulled up to the potential VCOMH, while
the source lines S1 to Sn are in the high-impedance state.
More specifically, the control signal S-SW6 is asserted and
the switch SW6 is turmed on, while the switches SW1to SW5
and SW7 to SW9 are turned off. With this, the counter elec-
trode VCOM is connected to the output of the VCOMH
output amplifier 41, and the counter electrode VCOM 1is
pulled up to the potential VCOMH. The potential of the
source lines S1 to Sn is boosted up because of the pull-up of
the counter electrode VCOM. However, the change in the
potential of the counter electrode VCOM is small, so that the
amount of the change in the potential of the source lines S1 to
Sn is also small. Thus, no electric charge is consumed in the
period T3.

[0201] Inthe period T4 following the period T3, the source
lines S1 to Sn are driven to the potential corresponding to the
image data, while the counter electrode VCOM is kept to the
potential VCOMH. More specifically, the control signals
S-SW2, S-SW6 are asserted and the switches SW2, SW6 are
turned on, while the switches SW1, SW3to SW5, and SW7 to
SW9 are turned off. With this, the source lines S1 to Sn are
connected to the output amplifiers 25-1 to 25-x, and driven to
the potential corresponding to the image data.

[0202] With such driving method, the counter electrode
VCOM can be pulled up from the potential VCOML to the
potential VCOMH without having an increase in the power
consumption at least.

[0203] With a present embodiment, it is also possible to
employ a structure where the VCI power supply interconnec-
tion 43 and the switch SW8 are omitted from the VCOM
circuit 14B of the LCD driver 3A, as shown in FIG. 31B. In
the operations described above, the switches SW3 and SW5
are turned on in the period T2 where the source lines S1 to Sn
and the counter electrode VCOM are connected to the VCI
power supply. Thus, in the period T2, the counter electrode
VCOM is connected to the VCI power supply interconnection
27 via the switches SW5 and SW3. The VCI power supply
interconnection 43 and the switch SW8 are connected
between the counter electrode VCOM and the VCI power
supply in parallel to the switches SW3 and SW5. Therefore,
the counter electrode VCOM can be connected to the VCI
power supply without having the VCI power supply intercon-
nection 43 and the switch SW8.

[0204] Although the present invention has been described
above in connection with several embodiments thereof, it
would be apparent to those skilled in the art that those
embodiments are provided solely for illustrating the present
invention, and should not be relied upon to construe the
appended claims in a limiting sense.
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What is claimed is:

1. A driving method of a liquid crystal display panel having
a source line and a counter electrode comprising:

(a) driving the counter electrode to a first potential being a
high level of an amplitude of a potential of the counter
electrode;

(b) setting the counter electrode and the source line to a
second potential by short-circuiting the counter elec-
trode and the source line to a power supply interconnec-
tion having the second potential lower than the first
potential after the driving;

(¢) connecting the counter electrode to a ground intercon-
nection having a ground potential while the source line is
kept to be short-circuited to the power supply intercon-
nection after the setting;

(d) driving the counter electrode to a third potential being a
low level of an amplitude of a potential of the counter
electrode after the connecting; and

(e) driving the source line to a potential corresponding to an
image data after the connecting.

2. The driving method according to claim 1, wherein the
driving the source line is performed after the driving the
counter electrode to the third potential,

in the driving the source line, the source line is driven to the
potential corresponding to the image data while the
counter electrode is kept to the third potential, and

in the driving the counter electrode to the third potential,
the source line is set to high impedance state.

3. The driving method according to claim 1, wherein the
diving the source line is performed after the driving the
counter electrode to the third potential,

in the driving the source line, the source line is driven to the
potential corresponding to the image data while the
counter electrode is kept to the third potential, and

in the driving the counter electrode to the third potential,
the source line is kept to be short-circuited to the power
supply interconnection.

4. The driving method according to claim 1, wherein the
diving the source line is performed after the driving the
counter electrode to the third potential,

in the driving the source line, the source line is driven to the
potential corresponding to the image data while the
counter electrode is kept to the third potential, and

in the driving the counter electrode to the third potential,
the source line is set to high impedance state or is kept to
be short-circuited to the power supply interconnection in
response to the image data.

5. The driving method according to claim 1, wherein the
driving the counter electrode to the third potential and the
driving the source line to the potential corresponding to the
image data are simultaneously performed.

6. The driving method according to claim 1, wherein the
source line is connected to an output of a source driver circuit
for driving the source line,

the counter electrode is driven by an output of a VCOM
circuit for driving the counter electrode, and

in the setting, the counter electrode and the source line are
short-circuited to each other via a switch connected
between the output of the source driver circuit and the
output of the VCOM circuit.

7. The driving method according to claim 1, wherein the
driving the source line to the potential corresponding to the
image data is performed by a driving circuit operated based
on: boosted-up power supply voltage generated by boosting-
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up a first power supply voltage supplied by the power supply
interconnection; or a second power supply voltage generated
by the regulator circuit from the boosted-up power supply
voltage.

8. A liquid crystal display device comprising:

a liquid crystal display panel having a source line and a
counter electrode; and

an LCD driver which comprises a source driver circuit
having a source output connected to the source line,
VCOM circuit having a VCOM output connected to the
counter electrode and a power supply interconnection
having a predetermined potential,

wherein the source driver circuit comprises:

a driving section configured to drive the source line; and

a first switch connected between the source output and the
power supply interconnection,

the VCOM circuit comprises:

a first driving section configured to drive the counter elec-
trode to a first potential being a high level of an ampli-
tude of a potential of the counter electrode;

a second switch connected between the counter electrode
and the power supply interconnection;

athird switch connected between the counter electrode and
a ground interconnection; and

a second driving section configured to drive the counter
electrode to a third potential being a low level of an
amplitude of a potential of the counter electrode, and

the predetermined potential of the power supply intercon-
nection is lower than the first potential and higher than
the ground interconnection.

9. The liquid crystal display device according to claim 8,
whereinina first period, the first driving section of the VCOM
circuit drives the counter electrode to the first potential,

is in a second period after the first period, the source driver
circuit short-circuits the source line to the power supply
interconnection by turning on the first switch, and the
VCOM circuit short-circuits the counter electrode to the
power supply interconnection by turning on the second
switch,

in a third period after the second period, the source driver
circuit keeps the source line to be short-circuited to the
power supply interconnection, and the VCOM circuit
connects the ground interconnection to the counter elec-
trode by turning on the third switch, and

after the third period, the second driving section of the
VCOM circuit pulls down the counter electrode to the
third potential, and the source driver circuit drives the
source line to a potential corresponding to an image data.

10. The liquid crystal display device according to claim 9,
wherein in a fourth period after the third period, the second
driving section of the VCOM circuit pulls down the counter
electrode to the third potential, and

in a fifth period after the fourth period, the VCOM circuit
keeps the counter electrode to the third potential, and the
source driver circuit drives the source line to a potential
corresponding to an image data.

11. The liquid crystal display device according to claim 9,
wherein in a fourth period after the third period, the second
driving section of the VCOM circuit drives the counter elec-
trode to the third potential, and at the same time, the source
driver circuit drives the source line to a potential correspond-
ing to an image data.

12. The liquid crystal display device according to claim 8,
wherein the LCD drive further comprises:
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a power supply circuit configured to generate a second
power supply voltage from a first power supply voltage
supplied from the power supply interconnection, and
supplies the second power supply voltage to the source
driver circuit, and

the power supply circuit generates a boosted-up power
supply voltage by boosting up the first power supply
voltage, and supplies the boosted-up power supply volt-
age itself or a voltage generated by a regulator circuit
from the boosted-up power supply voltage to the source
driver circuit as the second power supply voltage.

13. The liquid crystal display device according to claim 8,

wherein the source driver circuit further comprises:

a common interconnection connected to the source output
via the first switch; and

a fourth switch connected between the common intercon-
nection and the power supply interconnection, and

the second switch is connected between the VCOM output
of the VCOM circuit and the common interconnection.

14. The liquid crystal display device according to claim 13,

wherein the source driver circuit further comprises:

a fifth switch connected to the VCOM output in parallel
with the second switch and connected between the
VCOM output and the power supply interconnection.

15. The liquid crystal display device according to claim 13,

wherein the source driver circuit further comprises:

a sixth switch connected between the common intercon-
nection and a ground interconnection.

16. An LCD driver for driving a liquid crystal display panel

having a source line and a counter electrode comprising:
asource driver circuit having a source output connected to
the source line;

a VCOM circuit having a VCOM output connected to the
counter electrode; and

a power supply interconnection having a predetermined
potential,

wherein the source driver circuit comprises:

a driving section configured to drive the source line; and

a first switch connected between the source output and the
power supply interconnection,

the VCOM circuit comprises:

a first driving section configured to drive the counter elec-
trode to a first potential being a high level of an ampli-
tude of a potential of the counter electrode;
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a second switch connected between the counter electrode
and the power supply interconnection;

athird switch connected between the counter electrode and
a ground interconnection; and

a second driving section configured to drive the counter
electrode to a third potential being a low level of an
amplitude of a potential of the counter electrode, and

the predetermined potential of the power supply intercon-
nection is lower than the first potential and higher than
the ground interconnection.

17. The LCD driver according to claim 16, further com-

prising:

a power supply circuit configured to generate a second
power supply voltage from a first power supply voltage
supplied from the power supply interconnection, and
supplies the second power supply voltage to the source
driver circuit, and

the power supply circuit generates a boosted-up power
supply voltage by boosting up the first power supply
voltage, and supplies the boosted-up power supply volt-
age itself or a voltage generated by a regulator circuit
from the boosted-up power supply voltage to the source
driver circuit as the second power supply voltage.

18. The LCD driver according to claim 16, wherein the

source driver circuit further comprises:

a common interconnection connected to the source output
via the first switch; and

a fourth switch connected between the common intercon-
nection and the power supply interconnection, and

the second switch is connected between the VCOM output
of the VCOM circuit and the common interconnection.

19. The LCD driver according to claim 18. wherein the

source driver circuit further comprises:

a fifth switch connected to the VCOM output in parallel
with the second switch and connected between the
VYCOM output and the power supply interconnection.

20. The LCD driver according to claim 18, wherein the

source driver circuit further comprises:

a sixth switch connected between the common intercon-
nection and a ground interconnection.
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