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(54) Circuit for and method of driving the counter electrode of a liquid crystal display panel

(57)  Aliquid crystal display panel is driven by scan
line inversion driving. Here, a virtual scanning period is
provided between an Mth scanning period and a first
scanning period which constitutes a frame next to the
Mth scanning period. In the virtual period, the display
panel is driven by setting a voltage level of a counter
electrode VCOM to a voltage level different from VCOM
during the Mth and the first scanning periods. During the
period T1 in which VCOM becomes VC1, data line is
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driven using a P-type operational amplifier OP1 having
a P-type driving transistor, while during the period T2 in
which VCOM becomes VC2, the data line is driven using
an N-type operational amplifier OP2 having an N-type
driving transistor. The data line is set to the high imped-
ance state when the periods T1, T2 are changed over
and the voltage level of the data line is preliminarily
changed to the VDD side or the VSS side before driving
by positively utilizing the parasitic capacitance between
the counter electrode and the data line.
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Description
BACKGROUND

[0001] The present invention relates to a driving cir-
cuit and a driving method.

[0002] Conventionally, as a liquid crystal panel (elec-
tro-optical device) which is used for an electronic equip-
ment such as a portable telephone, there have been
known a single matrix type liquid crystal panel and an
active matrix type liquid crystal panel which uses switch-
ing elements such as thin film transistors (abbreviated
as TFT hereinafter).

[0003] Although the single matrix type is advanta-
geous compared to the active matrix type with respect
to a point that the lowering of power consumption can
be easily obtained, the single matrix type has a disad-
vantage that the multi-colorization and the moving pic-
ture display are difficult. With respect to a technique for
lowering the power consumption in the single matrix
type, there has been known a conventional technique
disclosed in Japanese Patent Application Laid-open No.
7-98577, for example.

[0004] On the other hand, although the active matrix
type has an advantage that this type is suitable for the
multi-colorization and the moving picture display, the ac-
tive matrix type has a disadvantage that the lowering of
the power consumption is difficult.

[0005] Recently, in the field of the portable type elec-
tronic equipment such as a portable telephone set, the
demand for multi-colorization and moving picture dis-
play has been increasing to provide images of high qual-
ity. Accordingly, in place of the single matrix type liquid
crystal panel which has been used heretofore, the active
matrix type liquid crystal panel is now popularly used.
[0006] However, with respect to the active matrix type
liquid crystal panel used in the portable type electronic
equipment, to cope with the demand for the alternating
current driving of the liquid crystal and the lowering of
voltage of power sources, a voltage level of counter
electrodes (common electrodes) which face pixel elec-
trodes in an opposed manner is inverted every scanning
period, for example. Accordingly, due to the large charg-
ing/discharging of a liquid crystal panel and an operation
current of an operational amplifier circuit which drives
an analogue voltage, there has been a drawback that
the realization of the lowering of power consumption is
less than optimal.

SUMMARY

[0007] The present invention has been made in view
of the above-mentioned technical problems, and ac-
cording to the present invention, there are provided a
driving circuit and a driving method which can realize
the lowering of power consumption of an electro-optical
device using a simple circuit configuration.

[0008] One aspect of the present invention is directed
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to a driving circuit which drives an electro-optical device
having scan lines, data lines and pixel electrodes which
are specified by the scan lines and the data lines, the
driving circuit performs:

ascan line-inversion-driving in which a voltage level
of a counter electrode in a scanning period is set to
a voltage level different from a voltage level in a pre-
ceding scanning period, the counter electrode fac-
ing a pixel electrode with an electro-optical material
interposed therebetween;

adriving in an Mth scanning period in which the volt-
age level of the counter electrode is set to one of
first and second voltage levels;

a driving in a virtual scanning period coming next to
the Mth scanning period, in which the voltage level
of the counter electrode is set to one of the first and
second voltage levels different from the voltage lev-
el to which the voltage level of the counter electrode
has been set in the Mth scanning period; and

a driving in a first scanning period coming next to
the virtual scanning period, in which the voltage lev-
el of the counter electrode is set to the voltage level
to which the voltage level of the counter electrode
has been set in the Mth scanning period.

[0009] According to this configuration, the electro-op-
tical device can be driven by the scan line inversion driv-
ing. For example, the driving is performed in a state that
the voltage level of the counter electrode is set to the
first voltage level (or the second voltage level) in the first
scanning period, the driving is performed in a state that
the voltage level of the counter electrode is set to the
second voltage level (or the first voltage level) in the sec-
ond scanning period, and the driving is performed in a
state that the voltage level of the counter electrode is
set to the first voltage level (or the second voltage level)
in the third scanning period. Further, the voltage level of
the counter electrode is polarity-inverted in every frame,
for example.

[0010] Further, in the driving circuit, the virtual scan-
ning period is provided next to the Mth scanning period.
Here, when the voltage level of the counter electrode
becomes the second voltage level in the Mth scanning
period and the subsequent first scanning period, for ex-
ample, the voltage level of the counter electrode in the
virtual period is set to the first voltage level. On the other
hand, when the voltage level of the counter electrode
becomes the first voltage level in the Mth scanning pe-
riod and the subsequent first scanning period, the volt-
age level of the counter electrode in the virtual period is
set to the second voltage level.

[0011] In this manner, it is possible to eliminate a sit-
uation that the voltage level of the counter electrode is
not polarity-inverted between the adjacent scanning pe-
riods. Accordingly, the driving method which effectively
utilizes the polarity inversion of the voltage level of the
counter electrode can be realized.
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[0012] Further, the driving circuit may comprise:
an operational amplifier circuit which drives a data
line of the electro-optical device,

wherein the operational amplifier circuit includes:

a first operational amplifier which drives the data
line in a first period in which the voltage level of the
counter electrode becomes the first voltage level;
and

a second operational amplifier which drives the data
line in a second period in which the voltage level of
the counter electrode becomes the second voltage
level.

[0013] In this manner, the data line can be driven by
the optimum operational amplifier corresponding to the
change (polarity inversion) of the voltage level of the
counter electrode so that the lowering of the power con-
sumption can be realized.

[0014] Further, in the driving circuit, the operational
amplifier circuit may include a selection circuit which se-
lects an output of the first operational amplifier and con-
nects the output to the data line in the first period in
which the voltage level of the counter electrode be-
comes the first voltage level, and selects an output of
the second operational amplifier and connects the out-
put to the data line in the second period in which the
voltage level of the counter electrode becomes the sec-
ond voltage level.

[0015] Due to such a constitution, the changeover of
the operational amplifiers in response to the transition
of the voltage level of the counter electrode can be re-
alized with the simple circuit configuration.

[0016] Further, in the driving circuit, the output of the
selection circuit may be set to a high impedance state
in a given period including a transition between the first
and second periods.

[0017] Due to such a constitution, it is possible to
change the voltage level of the data line to a given volt-
age level before driving the data line, by effectively uti-
lizing the parasitic capacitance between the counter
electrode and the data line, for example.

[0018] Further, in the driving circuit, the first opera-
tional amplifier may include:

a differential section; and

an output section which has a first driving transistor
of a first conductivity-type having a gate electrode
which is controlled based on an output of the differ-
ential section, and

the second operational amplifier may include:

a differential section; and

an output section which has a second driving
transistor of a second conductivity-type having
a gate electrode which is controlled based on
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an output of the differential section.

[0019] Due to such a constitution, the data line can be
driven by the first driving transistor of the first conduc-
tivity-type in the first period and can be driven by the
second driving transistor of the second conductivity-
type in the second period. Accordingly, it is possible to
drive the data line with the proper driving transistor so
that the lowering of power consumption of the driving
circuit can be realized.

[0020] Further, the driving circuit may comprise:

an operational amplifier circuit which drives a data
line of the electro-optical device,

wherein, when the voltage level of the counter
electrode changes from a second voltage level of a first
power source side to a first voltage level of a second
power source side, and a voltage level of the data line
changes to the second power source side due to capac-
itive coupling caused by parasitic capacitance between
the counter electrode and the data line, the operational
amplifier circuit changes the voltage level of the data
line, which has changed to the second power source
side, to the first power source side and sets the voltage
level of the data line to a voltage level corresponding to
a gray scale level, and

wherein, when the voltage level of the counter
electrode changes from the first voltage level of the sec-
ond power source side to the second voltage level of the
first power source side and the voltage level of the data
line changes to the first power source side due to the
capacitive coupling caused by the parasitic capacitance
between the counter electrode and the data line, the op-
erational amplifier circuit changes the voltage level of
the data line, which has changed to the first power
source side, to the second power source side and sets
the voltage level of the data line to a voltage level cor-
responding to a gray scale level.
[0021] Due to such a constitution, it is possible to
change the voltage level of the data line in a given di-
rection before driving the data line, by effectively utilizing
the parasitic capacitance between the counter electrode
and the data line. Then, the voltage level is changed by
the operational amplifier circuit in the direction opposite
to the changing direction so as to set the data line to the
voltage level corresponding to the gray scale level. Ac-
cordingly, it is possible to determine the changing direc-
tion of the voltage level at the time of driving the data
line to one direction so that the lowering of the power
consumption of the operational amplifier circuit can be
realized.
[0022] Further, in the driving circuit, the data line may
be set to a high impedance state in a given period in-
cluding a transition between a first period in which the
voltage level of the counter electrode becomes the first
voltage level and a second period in which the voltage
level of the counter electrode becomes the second volt-
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age level.

[0023] According to this, in the given period including
a transition (a transition timing) between the first and
second periods in which the voltage level of the counter
electrode becomes the first and second voltage levels
respectively, the data line is set to the high impedance
state (non-driving state) . Due to such a constitution, by
effectively utilizing the parasitic capacitance between
the counter electrode and the data line, for example, it
is possible to change the voltage level of the data line
to a desired voltage level before driving the data line,
anditis also possible to return the charge, which is flown
out from the data line due to the change of the voltage
level of the counter electrode, to the power source side.
[0024] Another aspect of the present invention is di-
rected to a driving method of driving an electro-optical
device having scan lines, data lines and pixel electrodes
which are specified by the scan lines and the data lines,
comprising:

performing a scan line-inversion-driving in which a
voltage level of a counter electrode is set in a scan-
ning period to a voltage level different from a voltage
level in a preceding scanning period, the counter
electrode facing a pixel electrode with an electro-
optical material interposed therebetween;
performing a driving in an Mth scanning period in
which the voltage level of the counter electrode is
set to one of first and second voltage levels;
providing a virtual scanning period next to the Mth
scanning period, and performing a driving in the vir-
tual scanning period, in which the voltage level of
the counter electrode is set to one of the first and
second voltage levels different from the voltage lev-
el to which the voltage level of the counter electrode
has been set in the Mth scanning period; and
performing a driving in a first scanning period com-
ing next to the virtual scanning period, in which the
voltage level of the counter electrode is set to the
voltage level to which the voltage level of the coun-
ter electrode has been set in the Mth scanning pe-
riod.

[0025] Further, in the driving circuit, a data line may
be driven by a first operational amplifier in a first period
in which the voltage level of the counter electrode be-
comes the first voltage level, and

the data line may be driven by a second opera-
tional amplifier in a second period in which the voltage
level of the counter electrode becomes the second volt-
age level.
[0026] Further, in the driving circuit, the data line may
be set to a high impedance state in a given period in-
cluding a transition between a first period in which the
voltage level of the counter electrode becomes the first
voltage level and a second period in which the voltage
level of the counter electrode becomes the second volt-
age level.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0027]

Fig. 1is a block diagram showing an example of the
configuration of a liquid crystal device;

Fig. 2 is a block diagram showing an example of the
configuration of a data line driving circuit;

Fig. 3 is a block diagram showing an example of the
configuration of a scan line driving circuit;

Fig. 4 is an illustrative describing various types of
inversion driving methods in the liquid crystal de-
vice;

Fig. 5 is a timing waveform chart showing the
change of voltage levels of a counter electrode and
data line;

Fig. 6 is a diagram showing an example of the con-
figuration of an operational amplifier circuit of AB
class;

Fig. 7A and Fig. 7B are diagrams describing a meth-
od of switching the operational amplifier when
VCOM is switched;

Fig. 8 is a diagram showing an example of the con-
figuration of a P-type operational amplifier;

Fig. 9 is a diagram showing an example of the con-
figuration of an N-type operational amplifier;

Fig. 10 is a diagram describing a method of setting
an output of the operational amplifier circuit in high
impedance state at the time of switching the VCOM;
Fig. 11A and Fig. 11B are also diagrams describing
amethod of setting an output of the operational am-
plifier circuit in high impedance state at the time of
switching the VCOM,;

Fig. 12A and Fig. 12B are diagrams describing a
storage capacitance method and an additional ca-
pacitance method;

Fig. 13 is a timing waveform chart showing the
change of voltage levels of the counter electrode,
data line, and scan line;

Fig. 14 is a diagram describing parasitic capaci-
tance between the counter electrode and the data
line;

Fig. 15 is a diagram describing parasitic capaci-
tance between the counter electrode and the data
line;

Fig. 16 is a diagram describing the change of the
voltage level of the data line due to the parasitic ca-
pacitance;

Fig. 17 is a timing waveform chart describing a driv-
ing method of this embodiment;

Fig. 18 is a diagram describing an example of a de-
tailed configuration of the operational amplifier cir-
cuit;

Fig. 19A and Fig. 19B are timing waveform charts
describing a method of performing an ON/OFF con-
trol of a current source of the operational amplifier
circuit;
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Fig. 20 is a timing waveform chart describing a
method of performing an ON/OFF control of a driv-
ing transistor;

Fig. 21A, Fig. 21B and Fig. 21C are diagrams de-
scribing a method of providing a clamp circuit to an
output of the operational amplifier circuit;

Fig. 22A, Fig. 22B and Fig. 22C are diagrams de-
scribing a method of lowering the power consump-
tion by providing the clamp circuit;

Fig. 23 is a diagram describing the scan line inver-
sion driving;

Fig. 24 is a timing waveform chart describing prob-
lems when an virtual scanning period is not provid-
ed; and

Fig. 25 is a timing waveform chart describing a
method of providing a virtual scanning period.

DETAILED DESCRIPTION

[0028] Embodiments of the present invention are de-
scribed hereinafter.

[0029] Note that the embodiments described hereun-
der do not in any way limit the scope of the invention
defined by the claims laid out herein. Note also that all
of the elements of these embodiments should not be
taken as essential requirements to the means of the
present invention.

1. Liquid crystal device

[0030] Fig. 1is a block diagram showing an example
of a liquid crystal device to which an operational ampli-
fier circuit of this embodiment is applied.

[0031] The liquid crystal device 10 (display device in
a broad sense) includes a display panel 12 (LCD (Liquid
Crystal Display) panel in a narrow sense) , a data line
driving circuit 20 (a source driver in a narrow sense) , a
scan line driving circuit 30 (gate driver in a narrow
sense), a controller 40 and a power source circuit 42.
Here, the liquid crystal device 10 is not always required
to include all of these circuit blocks and some circuit
blocks may be omitted.

[0032] Here, the display panel 12 (electro-optical de-
vice in a broad sense) includes a plurality of scan lines
(gate lines in a narrow sense), a plurality of data lines
(source lines in a narrow sense) and pixel electrodes
which are specified by the scan lines and the data lines.
Here, TFTs (switching elements in a broad sense) are
connected to the data lines and the pixel electrodes are
connected to the TFTs thus constituting an active matrix
type liquid crystal device.

[0033] To be more specific, the display panel 12 is
formed as an active matrix substrate (glass substrate,
for example) . On this active matrix substrate, a plurality
of scan lines G, to Gy, (M is a natural number of 2 or
more) which are arranged in parallel in the Y direction
in Fig. 1 and are respectively extended in the X direction
in Fig. 1 and a plurality of data lines S; to Sy (N is a
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natural number of 2 or more) which are arranged in par-
allel in the X direction in Fig. 1 and are respectively ex-
tended in the Y direction in Fig. 1 are arranged. Further,
at a position corresponding to a crossing point of the
scan line Gk (1 = K= M, Kis a natural number) and the
dataline S| (1 =L =N, Lis a natural number), a TFTy
(switching element in a broad sense) is provided.
[0034] A gate electrode of the TFTy is connected to
the scan line G, a source electrode of the TFTy is con-
nected to the data line S|, and a drain electrode of the
TFTy is connected to the pixel electrode PEy, . Be-
tween pixel electrode PEy and a counter electrode
VCOM (common electrode) which faces the pixel elec-
trode PEy with a liquid crystal element (electro-optical
material in a broad sense) interposed therebetween, lig-
uid crystal capacitance CL (liquid crystal element) and
auxiliary capacitance CSy, are generated. Further, lig-
uid crystal is filled between the active matrix substrate
on which the TFTy, pixel electrodes PEy, and the like
are formed and a counter substrate on which the counter
electrode VCOM is formed. The transmittance of the lig-
uid crystal element is changed in response to a voltage
applied between the pixel electrodes PEy, and the
counter electrode VCOM.

[0035] Here, the voltage levels (first and second volt-
age levels) applied to the counter electrode VCOM are
generated by the power source circuit 42. Further, with-
out forming the counter electrode VCOM in a matted
manner on the counter substrate, it is possible to form
counter electrodes in a strip shape such that they cor-
respond to respective scan lines.

[0036] The data line driving circuit 20 drives the data
lines 84 to Sy of the display panel 12 based on the image
data. On the other hand, the scan line driving circuit 30
sequentially performs the scanning driving of the scan
lines G4 to G, of the display panel 12.

[0037] The controller 40 controls the data line driving
circuit 20, the scan line driving circuit 30 and the power
source circuit 42 in accordance with a content set by a
host computer such as a central processing unit (here-
inafter referred to as "CPU") not shown in the drawing.
To be more specific, the controller 40 performs the set-
ting of operational modes and supplies vertical synchro-
nous signals and horizontal synchronous signals which
are generated in the inside of the controller 40 to the
dataline driving circuit 20 and the scan line driving circuit
30, while the controller 40 performs the control of polar-
ity inversion timing of voltage level of the counter elec-
trode VCOM to the power source circuit 42.

[0038] The power source circuit 42 generates various
types of voltage levels (gray scale voltages) and the volt-
age level of the counter electrode VCOM necessary for
driving the display panel 12 based on reference voltages
supplied from the outside.

[0039] In the liquid crystal device 10 having such a
constitution, under the control of the controller 40, based
on the image data supplied from the outside, the data
line driving circuit 20, the scan line driving circuit 30 and
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the power source circuit 42 drive the display panel 12 in
a cooperative manner.

[0040] Here, in Fig. 1, although the liquid crystal de-
vice 10 is configured to incorporate the controller 40
therein, the controller 40 may be provided outside the
liquid crystal device 10. Alternately, a host computer
may be incorporated into the liquid crystal device 10 to-
gether with the controller 40. Further, a portion of or all
of the data line driving circuit 20, the scan line driving
circuit 30, the controller 40 and the power source circuit
42 may be formed on the display panel 12.

1.1 Data line driving circuit

[0041] Fig. 2 shows an example of the constitution of
the data line driving circuit 20 shown in Fig. 1.

[0042] The data line driving circuit 20 includes a shift
register 22, line latches 24, 26, a DAC 28 (digital/ana-
logue conversion circuit, data voltage generation circuit
in a broad sense), and an output buffer 29 (operational
amplifier circuits).

[0043] The shift register 22 includes a plurality of flip-
flops which are provided corresponding to respective
data lines and are sequentially connected with each oth-
er. The shift register 22 holds enable input/output sig-
nals in synchronism with clock signals CLK and sequen-
tially shifts the enable input/output signals EIO to neigh-
boring flip-flops in synchronism with the clock signals
CLK.

[0044] The image data (DIO) is inputted to the line
latch 24 per a unit of 18 bits (6 bits (gray scale data) X
3 (respective colors R, G, B)) from the controller 40, for
example. The line latch 24 latches the image data (DIO)
in synchronism with the enable input/output signals EIO
which are sequentially shifted by respective flip-flops of
the shift register 22.

[0045] The line latch 26 latches the image data for 1
horizontal scanning unit which is latched by the line latch
24 in synchronism with horizontal synchronous signals
LP supplied from the controller 40.

[0046] The DAC 28 generates analogue data voltag-
es to be supplied to respective data lines. To be more
specific, the DAC 28, based on digital image data from
the line latch 26, selects any one of gray scale voltages
from the power source circuit 42 shown in Fig. 1 and
outputs the analogue data voltages corresponding to
the digital image data.

[0047] The output buffer 29 outputs the data voltages
from the DAC 28 to the data lines after buffering them
and drives the data lines. To be more specific, the output
buffer 29 includes operational amplifier circuits OPC in
voltage follower connection provided for respective data
lines and these operational amplifier circuits OPC output
the data voltages from the DAC 28 to respective data
lines after performing the impedance conversion.
[0048] Here, in Fig. 2, the data line driving circuit is
configured such that the digital image data is subjected
to the digital/analogue conversion and the analogue da-
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ta is outputted to the data lines through the output buffer
29. However, the analogue video signals may be sub-
jected to a sample holding and may be outputted to the
data lines through the output buffer 29.

1.2 Scan line driving circuit

[0049] Fig. 3 shows an example of the constitution of
the scan line driving circuit 30 shown in Fig. 1.

[0050] The scan line driving circuit 30 includes a shift
register 32, a level shifter 34 and an output buffer 36.
[0051] The shift register 32 includes a plurality of flip-
flops which are provided corresponding to respective
scan lines and are sequentially connected to each other.
The shift register 32, when enable input/output signals
EIO are held by the flip-flops in synchronism with clock
signals CLK, sequentially shifts the enable input/output
signals EIO to neighboring flip-flops in synchronism with
the clock signals CLK. Here, the inputted enable input/
output signals EIO are vertical synchronous signals
which are supplied from the controller 40.

[0052] The level shifter 34 shifts the voltage levels
outputted from the shift register 32 to the voltage levels
corresponding to the capacities of the liquid crystal ele-
ment of the display panel 12 and the TFTs. The high
voltage level of 20V to 50V, for example, is necessary
as the voltage level and hence, the high dielectric
strength process different from that of the other logic cir-
cuit parts is used.

[0053] The output buffer 36 outputs the scanning volt-
age which is shifted by the level shifter 34 after buffering
the scanning voltage and drives the scan lines.

2. Operational amplifier circuit
2.1 Line inversion driving

[0054] The liquid crystal element has a property that
when the direct current voltage is applied to the liquid
crystal element for a long time, the liquid crystal element
is deteriorated. To prevent such deterioration, a driving
method which inverts the polarity of the voltage applied
to the liquid crystal element every given period become
necessary. As such a driving method, there have been
known a frame inversion driving, a scanning (gate) line
inversion driving, a data (source) line inversion driving
method, a dot inversion driving and the like.

[0055] Among these driving methods, although the
frame inversion driving method exhibits the lowering of
power consumption, the method has a disadvantage
that the image quality is not so good. Further, although
the data line inversion driving and the dot inversion driv-
ing exhibit the good image quality, these methods have
a disadvantage that the high voltage is necessary for
driving the display panel.

[0056] Accordingly, this embodiment adopts the scan
line inversion driving shown in Fig. 4. In this scan line
inversion driving, the voltage applied to the liquid crystal
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element has the polarity thereof inverted every scanning
period (every scan line). For example, the voltage of
positive polarity is applied to the liquid crystal element
in the first scanning period (scan line), the voltage of
negative polarity is applied to the liquid crystal element
in the second scanning period, and the voltage of posi-
tive polarity is applied to the liquid crystal element in the
third scanning period. On the other hand, in the next
frame, the voltage of negative polarity is applied to the
liquid crystal element in the first scanning period, the
voltage of positive polarity is applied to the liquid crystal
element in the second scanning period, and the voltage
of negative polarity is applied to the liquid crystal ele-
ment in the third scanning period.

[0057] Then, in this scan line inversion driving, the
voltage level of the counter electrode VCOM has the po-
larity thereof inverted every scanning period.

[0058] To be more specific, as shown in Fig. 5, the
voltage level of the counter electrode VCOM becomes
VCA1 (first voltage level) in the period T1 of positive po-
larity (first period) and becomes VC2 (second voltage
level) in the period T2 of negative polarity(second peri-
od).

[0059] Here, the period T1 of positive polarity is a pe-
riod in which the voltage level of the data line S (pixel
electrode) becomes higher than the voltage level of the
counter electrode VCOM. In this period T1, the voltage
of positive polarity is applied to the liquid crystal ele-
ment. On the other hand, the period T2 of negative po-
larity is a period in which the voltage level of the data
line S (pixel electrode) becomes lower than the voltage
level of the counter electrode VCOM. In this period T2,
the voltage of negative polarity is applied to the liquid
crystal element. Further, VC2 is the voltage level which
is obtained by performing the inversion of polarity of VC1
with respect to a given voltage level.

[0060] In this manner, by performing the inversion of
polarity of the counter electrode VCOM, the voltage nec-
essary for driving the display panel can be lowered. Ac-
cordingly, the dielectric strength of the driving circuit can
be lowered leading to the simplifying of the manufactur-
ing process and the reduction of the manufacturing cost.
[0061] However, it has been found that the method
which performs the inversion of polarity of the counter
electrode VCOM has following drawbacks in view of the
lowering of power consumption of circuits.

[0062] For example, as indicated by A1, A2 in Fig. 5,
when the period is changed from the period T1 to the
period T2, there may be a case (A1) that the voltage
level of the data line S is changed to the low potential
side and also there exists a case (A2) that the voltage
level of the data line S is changed to the high potential
side. In the same manner, as indicated by A3, A4 in Fig.
5, when the period is changed from the period T2 to the
period T1, there may be a case (A3) that the voltage
level of the data line S is changed to the high potential
side and also there exists a case (A4) that the voltage
level of the data line S is changed to the low potential
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side.

[0063] For example, when the gray scale of the data
line S in the period T1 is 63 and the gray scale of the
data line S in the period T2 is also 63, the voltage level
of the data line S is changed to the low potential side as
indicated by A1 in Fig. 5. On the other hand, when the
gray scale of the data line S in the period T1 is 0 and
the gray scale of the data line S in the period T2 is also
0, the voltage level of the data line S is changed to the
high potential side.

[0064] In this manner, to perform the inversion of po-
larity of the counter electrode VCOM in the active matrix
type liquid crystal device, the direction of the change of
the voltage level of the data line S depends on the gray
scale level. Accordingly, there has been a drawback that
the power consumption lowering technique of the single
matrix type liquid crystal device disclosed in Japanese
Patent Application Laid-open No. 7-98577 cannot be
applied directly or as it is.

[0065] Therefore, in the conventional active matrix
type liquid crystal device, as an operational amplifier cir-
cuit (OPC including the output buffer 29 shown in Fig.
2) for driving the data line, an AB class (push-pull meth-
od) operational amplifier circuit shown in Fig. 6 has been
used.

[0066] This AB class operational amplifier circuit in-
cludes a differential section 300 and an output section
310 which has a P-type (first conductivity-type in a broad
sense) driving transistor PT53 and an N-type (second
conductivity-type in a broad sense) driving transistor
NT55.

[0067] Here, the differential section 300 includes P-
type transistors PT51, PT52 which have gate electrodes
thereof connected to an output DQ of the differential
section 300 in common, N-type transistors NT51, NT52
which have gate electrodes thereof connected to inputs
I, Xl of the differential section 300, and a current source
1S51.

[0068] The output section 310 includes an inversion
circuit which is constituted of an N-type transistor NT53
which has a gate electrode thereof connected to an out-
put XDQ (inversion output) of the differential section 300
and a current source 1S52. Further, the output section
310 includes the P-type driving transistor PT53 which
has a gate electrode thereof connected to the output
XDQ of the differential section 300, the N-type driving
transistor NT55 which has a gate electrode thereof con-
nected to an output BQ of the inversion circuit, an N-
type transistor NT54 which has a gate electrode thereof
connected to a VSS, and capacitance CC for phase
compensation.

[0069] Inthe operational amplifier circuit shown in Fig.
6, an output Q of the output section 310 is connected to
the input XI (inversion input) of the differential section
300 thus establishing a voltage follower connection.
[0070] Further, the current sources IS51, 1S52 are
constituted of N-type transistors which have gate elec-
trodes thereof connected to the reference voltage (con-
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stant voltage), for example.

[0071] In the AB class operational amplifier circuit
shown in Fig. 6, the output section 310 includes both of
the P-type driving transistor PT53 and the N-type driving
transistor NT55. Accordingly, when the voltage levels
are changed over as indicated by A1, A4 in Fig. 5, the
N-type driving transistor NT55 is operated so that the
voltage level of the data line S can be rapidly lowered
to the low potential side. On the other hand, when the
voltage levels are changed over as indicated by A2, A3
in Fig. 5, the P-type driving transistor PT53 is operated
so that the voltage level of the data line S can be rapidly
elevated to the high potential side. Accordingly, in the
liquid crystal device which performs the scan line inver-
sion driving while inverting the polarity of the counter
electrode VCOM, in most cases, the AB class operation-
al amplifier circuit shown in Fig. 6 has been used as an
operational amplifier circuit which an output buffer of a
data line driving circuit includes.

[0072] However, the AB class operational amplifier
circuit shown in Fig. 6 includes three paths in which an
electric current flows, that is, the paths for electric cur-
rents 151, 152, 153 and hence, the electric current which
is consumed uselessly is increased thus giving rise to a
drawback that the power consumptionis increased. Par-
ticularly, with respect to this type of AB class operational
amplifier circuit, to properly control gate electrodes of
the driving transistors PT53, NT55, a circuit having a
constitution which uses four or more current paths is
used in many cases. When such a circuit constitution is
adopted, the power consumption is further increased.
On the other hand, when the electric currents 151, 152,
153 are reduced in amount to lower the power consump-
tion, this brings about the lowering of response speed
and the deterioration of frequency characteristics.
[0073] Further, with respect to the operational ampli-
fier circuit shown in Fig. 6, a large number of these op-
erational amplifier circuits are provided corresponding
to respective data lines as shown in Fig. 2. Accordingly,
when the power consumption of each operational am-
plifier circuit is increased, the power consumption of the
liquid crystal device is increased corresponding to the
number of the operational amplifier circuits thus giving
rise to a drawback that the lowering of power consump-
tion of the liquid crystal device is considerably hindered.
[0074] Accordingly, to solve such a drawback, this
embodiment adopts a method which will be explained
hereinafter.

2.2 Changeover of operational amplifiers

[0075] First of all, in this embodiment, the operational
amplifiers for driving the data line are changed over cor-
responding to the changeover of the voltage level of the
counter electrode VCOM.

[0076] To be more specific, as shown in Fig. 7A, in the
period T1 (first period, period of positive polarity shown
in Fig. 5) in which the voltage level of the counter elec-
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trode VCOM becomes VC1 (first voltage level), the data
line is driven using the operational amplifier OP1. On
the other hand, in the period T2 (second period, period
of negative polarity shown in Fig. 5) in which the voltage
level of the counter electrode VCOM becomes VC2
(second voltage level which is obtained by inverting the
polarity of VC1), the data line is driven using the opera-
tional amplifier OP2 which is different from the opera-
tional amplifier OP1.

[0077] An example of the constitution of the opera-
tional amplifier circuit which can realize such a driving
method is shown in Fig. 7B. The operational amplifier
circuit includes the operational amplifier OP1 (P-type
first operational amplifier), the operational amplifier OP2
(N-type second operational amplifier) and a selection
circuit 70.

[0078] Here, the operational amplifier OP1 (P-type)
includes, as shown in Fig. 7B, a differential section 50
and an output section 52 which has a P-type driving tran-
sistor PT13 and a current source 1S12, for example.
Here, the P-type driving transistor PT13 has a gate elec-
trode thereof controlled based on an output (inversion
output) of the differential section 50.

[0079] Further, the operational amplifier OP2 (N-type)
includes, as shown in Fig. 7B, a differential section 60
and an output section 62 which has an N-type driving
transistor NT23 and a current source 1S22, for example.
Here, the N-type driving transistor NT23 has a gate elec-
trode thereof controlled based on an output (inversion
output) of the differential section 60.

[0080] Here, the current sources 1S12, 1S22 are
served for supplying constant currents and each current
source can be constituted of an N-type transistor which
connects a gate electrode thereof to a reference volt-
age, a depression-type transistor or a resistance ele-
ment. Further, in Fig. 7B, the operational amplifier circuit
may be constituted without using the current sources
1S12, 1S22.

[0081] The selection circuit 70, when the counter elec-
trode VCOM become VC1 (in the period T1), selects the
output Q1 of the operational amplifier OP1 and connects
the output Q1 with the data line S. On the other hand,
the selection circuit 70, when the counter electrode
VCOM become VC2 (in the period T2), selects the out-
put Q2 of the operational amplifier OP2 and connects
the output Q2 with the data line S. Due to such an op-
eration, the data line S can be driven by the operational
amplifier OP1 in the period T1 and can be driven by the
operational amplifier OP2 in the period T2.

[0082] Fig. 8 shows an example of the constitution of
the operational amplifier OP1. This operational amplifier
OP1is a P-type operational amplifier whose output sec-
tion 52 includes a P-type driving transistor PT13 while
eliminating an N-type driving transistor.

[0083] A differential section 50 of the operational am-
plifier OP1 includes P-type transistors PT11, PT12
which have gate electrodes thereof connected in com-
mon to an output DQ1 of the differential section 50, N-
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type transistors NT11, NT12 which have gate electrodes
thereof connected to inputs 1, XI1 of the differential sec-
tion 50 and a current source IS11 which is provided at
the VSS (second power source) side.

[0084] The output section 52 of the operational ampli-
fier OP1 includes the P-type transistor PT13 which has
a gate electrode thereof connected to an output XDQ1
(inversion output) of the differential section 50, a current
source 1S12 which is provided at the VSS side and ca-
pacitance CC1 for phase compensation.

[0085] The operational amplifier OP1 shown in Fig. 8
has an output Q1 thereof connected to an input XI1 (in-
version input) of the differential section 50 thus estab-
lishing a voltage follower connection.

[0086] Fig. 9 shows an example of the constitution of
the operational amplifier OP2. This operational amplifier
OP2 is an N-type operational amplifier whose output
section 62 includes an N-type driving transistor NT23
while eliminating a P-type driving transistor.

[0087] A differential section 60 of the operational am-
plifier OP2 includes a current source 1S21 which is pro-
vided at the VDD (first power source) side, P-type tran-
sistors PT21, PT22 which have gate electrodes thereof
connected to inputs 12, XI2 of the differential section 60,
and N-type transistors NT21, NT22 which have gate
electrodes thereof connected in common to an output
DQ2 of the differential section 60.

[0088] The output section 62 of the operational ampli-
fier OP2 includes a current source 1S22 which is provid-
ed at the VDD side, the N-type transistor NT23 which
has a gate electrode thereof connected to an output
XDQ2 (inversion output) of the differential section 60,
and capacitance CC2 for phase compensation.

[0089] The operational amplifier OP2 shown in Fig. 9
has an output Q2 thereof connected to an input XI2 (in-
version input) of the differential section 60 thus estab-
lishing a voltage follower connection.

[0090] In the operational amplifier OP1 shown in Fig.
8, the paths in which the electric current flows are con-
stituted of only two paths 111, 112. In the same manner,
in the operational amplifier OP2 shown in Fig. 9, paths
in which the electric current flows are constituted of only
two paths 121, 122. Accordingly, compared to the AB
class operational amplifier circuit shown in Fig. 6 which
uses three or more electric current paths, these opera-
tional amplifiers OP1, OP2 can reduce the current which
flows uselessly so that the lowering of power consump-
tion can be achieved.

[0091] Further, with respect to the AB class operation-
al amplifier circuit shown in Fig. 6, when the current sup-
ply ability of the driving transistors PT53, NT55 is de-
creased, the data-line driving ability is lowered. Accord-
ingly, it is not possible to effectively reduce the current
153 which flows the paths of the driving transistors PT53,
NT55.

[0092] To the contrary, with respect to the operational
amplifier OP1 shown in Fig. 8, in a situation (B15 shown
in Fig. 17 which will be explained later) where it is not
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so much necessary to lower the voltage level of the out-
put Q1 to the low potential side, the current 112 which
flows in the current source 1IS12 can be made extremely
small. In the same manner, with respect to the opera-
tional amplifier OP2 shown in Fig. 9, in a situation (B5
shown in Fig. 17 which will be explained later) where it
is not so much necessary to elevate the voltage level of
the output Q2 to the high potential side, the current 122
which flows in the current source 1S22 can be made ex-
tremely small. Accordingly, compared to the AB class
operational amplifier circuit shown in Fig. 6 which cannot
make the current 153 at the output section 310 sufficient-
ly small, the operational amplifiers OP1, OP2 shown in
Fig. 8 and Fig. 9 can make the currents 112, 122 which
flow in the output sections 52, 62 sufficiently small so
that the power consumption can be extremely reduced.
[0093] Then, inthis embodiment, as shown in Fig. 7A,
only the operational amplifier OP1 whose power con-
sumption is extremely small is used in the period T1 and
only the operational amplifier OP2 whose power con-
sumption is also extremely small is used in the period
T2. Accordingly, compared to a conventional method
using the AB class operational amplifier circuit shown in
Fig. 6 which consumes a large amount of power in the
whole periods (T1 and T2), the power consumption of
the liquid crystal device can be drastically reduced.
[0094] Further, with respect to the operational ampli-
fier circuit of this embodiment shown in Fig. 7B, the op-
erational amplifier circuits are provided corresponding
to respective data lines as shown in Fig. 2 and hence
are provided corresponding to the number of data lines
whereby the number of operational amplifier circuits is
extremely large. Accordingly, when the power consump-
tion of each operational amplifier circuit can be de-
creased, the power consumption of the liquid crystal de-
vice can be reduced corresponding to the number of op-
erational amplifier circuits so that the power consump-
tion of the liquid crystal device can be drastically re-
duced.

2.3 Setting of output of operational amplifier circuit to
high impedance state

[0095] Further, in this embodiment, the output of the
operational amplifier circuit can be set to the high im-
pedance state.

[0096] To be more specific, as shown in Fig. 10, this
embodiment adopts a driving method in which in a given
period (including transition timing) at the time of a tran-
sition of the period from the period T1 (first period) in
which the voltage level of the counter electrode VCOM
becomes VC1 (first voltage level) to the period T2 (sec-
ond period) in which the voltage level of the counter
electrode VCOM becomes VC2 (second voltage level) ,
the output of the operational amplifier circuit is set to the
high impedance state (HIZ).

[0097] Anexample of the constitution of an operation-
al amplifier circuit which can realize such a driving meth-
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od is shown in Fig. 11A. This operational amplifier circuit
includes an operational amplifier OP1 (P-type), an op-
erational amplifier OP2 (N-type) and a selection circuit
70. Here, an output of the selection circuit 70 is set to
the high impedance state in the given period at the time
of changing over the period between the period T1 and
the period T2.

[0098] To be more specific, the selection circuit 70 in-
cludes transfer gates TG1, TG2 (path transistors,
switching elements in a broad sense) where a P-type
transistor and an N-type transistor are connected in par-
allel. The transfer gate TG1 is subjected to an ON/OFF
control in response to a signal SEL1 and the transfer
gate TG2 is subjected to an ON/OFF control in response
to a signal SEL2.

[0099] Fig. 11B shows timing waveforms of the ON/
OFF control of the transfer gates TG1, TG2 using the
signals SEL1, SEL2.

[0100] As shown in Fig. 11B, when the signal SEL1
becomes active (H level) in the period T1 in which the
voltage level of the counter electrode VCOM becomes
VC1, the transfer gate TG1 is turned on (conductive
state). Then, the operational amplifier OP1 is selected
and the output Q1 of the operational amplifier OP1 is
connected to the data line S. Accordingly, the data line
S is driven by the P-type operational amplifier OP1.
[0101] On the other hand, when the signal SEL2 be-
comes active in the period T2 in which the voltage level
of the counter electrode VCOM becomes VC2, the
transfer gate TG2 is turned on. Then, the operational
amplifier OP2 is selected and the output Q2 of the op-
erational amplifier OP2 is connected to the data line S.
Accordingly, the data line S is driven by the N-type op-
erational amplifier OP2.

[0102] Then, when both of the signals SEL1, SEL2
become non-active (L level), both of the transfer gates
TG1, TG2 are turned off (non-conductive state). Then,
the data line S is driven by neither the operational am-
plifier OP1 nor the operational amplifier OP2 and the da-
ta line S become the high impedance state (HIZ). Due
to such operations, it is possible to set the data line S
to the high impedance state at the time of a transition of
period between the periods T1 and T2.

[0103] In this manner, according to this embodiment,
using the signals SEL1, SEL2 which become active in
the periods T1 and T2 and make the periods in which
these signals become active not overlapped to each oth-
er, the ON/OFF control of the transfer gates TG1, TG2
(switching elements) is performed. Due to such a con-
trol, the changeover driving of the data line S using the
operational amplifiers OP1, OP2 and the setting of the
data line S to the high impedance can be realized with
the simple circuit constitution and the simple circuit con-
trol.

[0104] Although the high impedance control of the
outputs of the operational amplifiers are realized by us-
ing the method which sets the output of the selection
circuit 70 to the high impedance state in Fig. 11A and
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Fig. 11B, the high impedance control may be realized
by a method which sets the outputs Q1, Q2 of the oper-
ational amplifiers OP1, OP2 to the high impedance
state.

3. Principle of lowering of power consumption

[0105] Subsequently, the principle of the method of
lowering the power consumption according to this em-
bodiment is explained.

[0106] In the liquid crystal device, to enhance the im-
age quality while holding the voltage level of the pixel
electrode in the non-selective periods, the auxiliary ca-
pacitance is connected to the pixel electrode for assist-
ing the liquid crystal capacitance. As a method of form-
ing such auxiliary capacitance, there exist a storage ca-
pacitance method shown in Fig. 12A and an addition ca-
pacitance method shown in Fig. 12B.

[0107] In the storage capacitance method shown in
Fig. 12A, the auxiliary capacitance CS is formed be-
tween the pixel electrode and the counter electrode
VCOM. This can be realized by separately forming wir-
ing of the counter electrode VCOM on the active matrix
substrate, for example. On the other hand, in the addi-
tion capacitance method shown in Fig. 12B, the auxiliary
capacitance CS is formed between the pixel electrode
and the scan line (gate line) of the preceding stage. This
can be realized by a layout which overlaps the pattern
of the pixel electrode with the pattern of the scan line of
the preceding stage.

[0108] Although the power consumption lowering
method of this embodimentis applicable to both the stor-
age capacitance method shown in Fig. 12A and the ad-
dition capacitance method shown in Fig. 12B, to simplify
the explanation, a case in which the power consumption
lowering method is applied to the storage capacitance
method shown in Fig. 12A is explained by way of an ex-
ample.

[0109] Here, in the storage capacitance method
shown in Fig. 12A, the parasitic capacitance between
the gate and the drain of the TFT and the parasitic ca-
pacitance between the gate and the source of the TFT
actin the direction to suppress the change of the voltage
level of the data line. To the contrary, in the addition ca-
pacitance method shown in Fig. 12B, the voltage level
of the scan line of the preceding stage is also changed
at the time of changing of the voltage level of the counter
electrode VCOM. Accordingly, the change of the voltage
level of the scan line acts in the direction to assist the
change of the voltage level of the data line. Accordingly,
with respect to the method of the embodiment which
changes the voltage level of the data line in response to
the change of the voltage level of the counter electrode
VCOM and lowers the power consumption by utilizing
the change of the voltage level of the data line, the ad-
dition capacitance method shown in Fig. 12B is more
effective.

[0110] Fig. 13 conceptually shows an example of sig-
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nal waveforms of the data line S, the counter electrode
VCOM and the scanning signal line G in the case of the
storage capacitance method.

[0111] As shown in Fig. 13, the voltage levels of the
data line S and the counter electrode VCOM are sub-
jected to the inversion of polarity with reference to a giv-
en voltage level every scanning period. Then, when the
voltage level of the data line S has a potential higher
than that of the counter electrode VCOM, the voltage
applied to the liquid crystal element becomes the posi-
tive polarity, while when the voltage level of the counter
electrode VCOM has a potential higher than that of the
data line S, the voltage applied to the liquid crystal ele-
ment becomes the negative polarity. In this manner, by
inverting the polarity of the voltage applied to the liquid
crystal element every scanning period, it is possible to
prevent the direct voltage from being applied to the liquid
crystal element for along time so that the life of the liquid
crystal element can be prolonged.

[0112] Here, when the counter electrode VCOM is
subjected to the inversion of polarity so that the voltage
level is changed from VC1 to VC2 or from VC2 to VC1
as shown in Fig. 13, the change of the voltage level of
the counter electrode VCOM is transmitted to the data
line S due to the capacitive coupling caused by the par-
asitic capacitance between the counter electrode
VCOM and the data line S.

[0113] Here, as shown in Fig. 14, the parasitic capac-
itance CPApx between the counter electrode VCOM
and the data line S per 1 pixel can be expressed by a
following equation.

CPApy = {1/CDS + 1/(CL + CS)}" )

[0114] Inthis equation (1), CDS s the parasitic capac-
itance between the drain and the source of the TFT, CL
is the liquid crystal capacitance and CS is the auxiliary
capacitance. In the equation (1), the parasitic capaci-
tance between the gate and the drain of the TFT and
the parasitic capacitance between the gate and the
source of the TFT are ignored.

[0115] Then, as shown in Fig. 15, the parasitic capac-
itance CPA between the counter electrode VCOM and
the data line S per 1 data line can be expressed by a
following equation.

CPA = CPAgy X (M-1) @)

[0116] In the equation (2), M indicates the number of
scan lines. The reason that CPA is not calculated as
CPApx X M but is calculated as CPApx X (M-1) is that
there is no influence of the parasitic capacitance CPApx
with respect to the pixel selected by the scan line.

[0117] For example, in the above-mentioned equa-
tions (1) and (2), assuming that CL + CS = 0.1 pico farad
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1"

(pf), CDS = 0.05 pf and the number of scan lines M =
228, the parasitic capacitance per 1 pixel CPAp |y be-
comes approximately 0.33 pf and the parasitic capaci-
tance per 1 data line CPA becomes approximately 7.6
pf.

[0118] In this manner, the parasitic capacitance of a
level which cannot be ignored is formed between the
counter electrode VCOM and the data line. Accordingly,
as shown in Fig. 16, when the voltage level of the coun-
ter electrode VCOM is changed with the data line S held
in the non-driven state, the voltage level of the data line
S is also changed due to the capacitive coupling caused
by the parasitic capacitance CPA.

[0119] For example, as shown in Fig. 16, when the
voltage level of the counter electrode VCOM is changed
from VC1 to VC2 or from VC2 to VC1, the voltage level
of the data line S is changed from VS1 to VS2 or from
VS2 to VS1. Here, in an ideal case that other parasitic
capacitance is not formed on the data line S, the rela-
tionship VS2 - VS1 = VC2- VC1 is established among
the voltage levels. However, in an actual operation,
since the parasitic capacitance is present between the
data line S and the substrate as well as between the
data line S and the atmosphere, the relationship among
the voltage levels becomes VS2 - VS1 <VC2 - VC1.
[0120] Inthis embodiment, the lowering of power con-
sumption of the liquid crystal device is realized by pos-
itively utilizing such a change of the voltage level of the
data line S caused by the parasitic capacitance CPA.
[0121] For example, at B1 in a timing waveform chart
shown in Fig. 17, the voltage level of the counter elec-
trode VCOM is changed from VC1 at the VSS (second
power source) side to VC2 at the VDD (first power
source) side. In this case, according to this embodiment,
at the timing of changeover of the voltage level, the data
line S (output of the operational amplifier circuit) is set
to the high impedance state as indicated by B2 (see Fig.
10 to Fig. 11B).

[0122] By setting the data line S to the high imped-
ance state in this manner, the data line S becomes the
non-driven state. Accordingly, due to the parasitic ca-
pacitance CPA between the counter electrode VCOM
and the data line S (see Fig. 14 to Fig. 16), the voltage
level of the data line S is changed to the VDD side (high
potential side) as indicated by B3 in Fig. 17.

[0123] Then, in this embodiment, as indicated by B4
in Fig. 17, in the period T2 in which the voltage level of
the counter electrode VCOM becomes VC2, the data
line S is driven by the N-type operational amplifier OP2
(see Fig. 7A to Fig. 9). Accordingly, the voltage level of
the data line which has changed to the VDD side as in-
dicated by B3 in Fig. 17 is changed to the VSS side (low
potential side) by driving the operational amplifier OP2
as indicated by B5 and is set to the voltage level as in-
dicated by B6 corresponding to the gray scale level (see
Fig. 5).

[0124] Inthis case, OP2is the N-type operational am-
plifier having the N-type driving transistor NT 23 as
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shown in Fig. 9. Accordingly, by utilizing the driving abil-
ity of the driving transistor NT23 provided at the VSS
side, the voltage level of the data line S can be easily
changed to the VSS side (low potential side) as indicat-
ed by B5 shown in Fig. 17. In other words, since it is
unnecessary to change the voltage level of the data line
S to the VDD side (high potential side), the electric cur-
rent which flows in the current source 1S22 in Fig. 9 can
be reduced (or eliminated) . Accordingly, the power con-
sumption of the operational amplifier circuit can be low-
ered so that the power consumption of the liquid crystal
device can be lowered.

[0125] On the other hand, at B11 in Fig. 17, the volt-
age level of the counter electrode VCOM is changed
from VC2 of the VDD side to VC1 of the VSS side. In
this case, according to this embodiment, the data line S
is set to the high impedance state as indicated by B12
at the timing of transition of the voltage level.

[0126] When the data line S is set to the high imped-
ance state, the data line S becomes the non-driven
state. Accordingly, as indicated by B13 in Fig. 17, the
voltage level of the data line S is changed to the VSS
side due to the parasitic capacitance CPA generated be-
tween the counter electrode VCOM and the data line S.
[0127] Then, in this embodiment, as indicated by B14
shown in Fig. 17, in the period T1 in which the voltage
level of the counter electrode VCOM becomes VC1, the
data line S is driven by the P-type operational amplifier
OP1. Accordingly, the voltage level of the data line S
which has changed to the VSS side as indicated by B13
shown in Fig. 17 is changed to the VDD side by driving
the operational amplifier OP1 as indicated by B15 and
is set to the voltage level as indicated by B16 corre-
sponding to the gray scale level.

[0128] In this case, OP1 is the P-type operational am-
plifier having the P-type driving transistor PT13 as
shown in Fig. 8. Accordingly, by utilizing the driving abil-
ity of the driving transistor PT13 provided at the VDD
side, the voltage level of the data line S can be easily
changed to the VDD side as indicated by B15 shown in
Fig. 17.In other words, since itis unnecessary to change
the voltage level of the data line S to the VSS side, the
electric current which flows in the current source 1S12
in Fig. 8 can be reduced (or eliminated) . Accordingly,
the power consumption of the operational amplifier cir-
cuit can be lowered so that the power consumption of
the liquid crystal device can be lowered.

[0129] For example, according to a method which
does not set the data line S to the high impedance state
at the time of changing over the voltage level of the
counter electrode VCOM, the data line S always be-
comes the driving state due to the operational amplifier
circuit. Accordingly, even when the voltage level of the
counter electrode VCOM is changed, the capacitive
coupling caused by the parasitic capacitance CPA does
not bring about the changes of the voltage level of the
data line S as indicated by B3 and B13 in Fig. 17. Ac-
cordingly, as has been explained previously in conjunc-
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tion with A1 to A4 in Fig. 5, the direction that the voltage
level of the data line S is changed depends on the gray
scale level and it is difficult to specify the changing di-
rection to one direction. Accordingly, there is no way but
to use the AB class operational amplifier circuit shown
in Fig. 6 which can change the voltage level of the data
line S to the VDD side as well as to the VSS side with
the same driving force. However, since the AB class op-
erational amplifier circuit exhibits the large power con-
sumption, it has been difficult for the liquid crystal device
to realize the lowering of power consumption.

[0130] To the contrary, by positively utilizing the par-
asitic capacitance CPA between the counter electrode
VCOM and the data line S, this embodiment has suc-
ceeded in changing the voltage level of the data line S
to the VDD side as well as to the VSS side before driving
the data line S as indicated by B3 and B13 in Fig. 17.
[0131] Here, when the voltage level of the data line S
is changed to the VDD side before driving the data line
S as indicated by B3 in Fig. 17, the direction that the
voltage level of the data line S is changed thereafter is
not dependent on the gray scale level and is set to the
VSS side. Accordingly, as the operational amplifier
which drives the data line S, it is possible to use the N-
type operational amplifier OP2 which exhibits the weak
driving force at the VDD side but the strong driving force
at the VSS side.

[0132] On the other hand, when the voltage level of
the data line S is changed to the VSS side before driving
the data line S as indicated by B13 in Fig. 17, the direc-
tion that the voltage level of the data line S is changed
thereafter is not dependent on the gray scale level and
is set to the VDD side. Accordingly, as the operational
amplifier which drives the data line S, it is possible to
use the P-type operational amplifier OP1 which exhibits
the weak driving force at the VSS side but the strong
driving force at the VDD side.

[0133] Here, both of P-type and N-type operational
amplifiers OP1, OP2 exhibit the small power consump-
tion. In this manner, this embodiment can drastically
lower the power consumption compared to the method
which uses the AB class operational amplifier circuit
shown in Fig. 6.

[0134] The change width of the voltage level of the
data line S at B3, B13 in Fig. 17 is small when parasitic
capacitance (parasitic capacitance between the data
line S and the atmosphere, for example) other than the
parasitic capacitance CPA is large. Then, when the
change width of the voltage level of the data line S is
small, depending on the gray scale level, there may
arise a state in which the voltage level of the data line
S is to be inversely changed to the VDD side at B5 or to
the VSS side at B15 in Fig. 17.

[0135] However, even when such a state arises, the
change of the voltage level at B3 assists the driving of
the N-type operational amplifier OP2. That is, the time
which the current source 1S22 (see Fig. 9) of the oper-
ational amplifier OP2 needs to change the voltage level
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of the data line S to the VDD side can be shortened. In
the same manner, the change of the voltage level at B13
also assists the driving of the P-type operational ampli-
fier OP1. That s, the time which the current source 1S12
(see Fig. 8) of the operational amplifier OP1 needs to
change the voltage level of the data line S to the VSS
side can be shortened.

[0136] Although the voltage level of the data line S is
changed as indicated by B3, B13 in Fig. 17 by setting
the output of the operational amplifier circuit to the high
impedance state, the voltage level of the data line S may
be changed at the time of changeover of the counter
electrode VCOM by other method which uses an addi-
tional transistor (pre-charge transistor, for example) for
changing the voltage level, for example.

[0137] However, according to the method which sets
the output of the operational amplifier circuit to the high
impedance state shown in Fig. 17, it is possible to
change the voltage level of the data line S as indicated
by B3, B13 by effectively utilizing the charging/discharg-
ing of the display panel which is generated by the coun-
ter electrode VCOM. Accordingly, the method can en-
hance the lowering of power consumption compared to
the above-mentioned method using the additional tran-
sistor.

4. Detailed example of operational amplifier circuit

[0138] Fig. 18 shows an example of a detailed consti-
tution of the operational amplifier circuit.

[0139] The operational amplifier circuit shown in Fig.
18 differs from the operational amplifier circuit which has
been explained in conjunction with Fig. 7A to Fig. 11B
with respect to a point that the operational amplifier OP1
includes the N-type transistors NT14, NT16 and the P-
type transistor PT14, while the operational amplifier
OP2includes the P-type transistors PT24, PT26 and the
N-type transistor PT24.

[0140] In Fig. 18, the N-type transistors NT13, NT15
having the reference voltage (bias voltage) VB1 con-
nected to gate electrodes thereof and the P-type tran-
sistors PT23, PT25 having the reference voltage (bias
voltage) VB2 connected to gate electrodes thereof re-
spectively correspond to the current sources 1IS11,1S12,
IS21, IS22 in Fig. 8 and Fig. 9. Further, RP indicates a
resistance for protecting an output of the operational
amplifier circuit from static electricity.

4.1 ON/OFF control of current sources

[0141] In this embodiment, using the transistors
NT14,NT16, PT24, PT26 shown in Fig. 18, the ON/OFF
control of the current sources IS11(NT13), IS12(NT15),
IS21(PT23), 1S22(PT25) of the operational amplifiers
OP1, OP2 is performed so as to realize the ON/OFF
control of the operations of the operational amplifiers.

[0142] Here, signals OFF1D, OFF1Q are connected
to the gate electrodes of the N-type transistors NT 14,
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NT16, while signals XOFF2D, XOFF2Q are connected
to the gate electrodes of the P-type transistors PT24,
PT26. Then, these signals OFF1D, OFF1Q, XOFF2D,
XOFF2Q are subjected to a signal control as shown in
a timing waveform chart in Fig. 19A, for example. Here,
'X' of the signals XOFF2D, XOFF2Q means "negative
logic".

[0143] For example, in the period T1 (first period) in
which the counter electrode VCOM becomes VC1, the
signals OFF1D, OFF1Q become H level (active) and the
N-type transistors NT14, NT16 in Fig. 18 are turned on.
Accordingly, the current flows into the current sources
IS11(NT13), IS12(NT15) of the operational amplifier
OP1 so that the operational amplifier OP1 becomes the
operable state.

[0144] Further, in this period T1, the signals XOFF2D,
XOFF2Q become H level (non-active) and the P-type
transistors PT24, PT26 are turned off. Accordingly, the
current which flows into the current sources 1IS21(PT23),
1S22(PT25) of the operational amplifier OP2 is cut off so
that the operational amplifier OP2 becomes the inoper-
able state.

[0145] In this manner, in the period T1, while the op-
erational amplifier OP1 is set to the operable state, the
operational amplifier OP2 is set to the inoperable state
and hence, the power consumption can be lowered.
That is, compared to a case in which both of the opera-
tional amplifiers OP1, OP2 are set to the operable state,
the power consumption can be halved. Then, in the pe-
riod T1, only the output of the operational amplifier OP1
is selected by the selection circuit 70 and the data line
S is driven only by the operational amplifier OP1. Ac-
cordingly, even when the operational amplifier OP2 be-
comes the inoperable state in the period T1, there arises
no problem with respect to the driving of the data line S.
[0146] In the period T2 (second period) in which the
counter electrode VCOM becomes VC2, the signals
OFF1D, OFF1Q become L level (non-active) and the N-
type transistors NT14, NT16 in Fig. 18 are cut off. Ac-
cordingly, the current flows into the current sources
1S11, 1S12 of the operational amplifier OP1 so that the
operational amplifier OP1 becomes the inoperable
state.

[0147] Further, in this period T2, the signals XOFF2D,
XOFF2Q become L level (active) and the P-type tran-
sistors PT24, PT26 are turned on. Accordingly, the cur-
rent flows into the current sources 1S21, 1S22 of the op-
erational amplifier OP2 so that the operational amplifier
OP2 becomes the operable state.

[0148] In this manner, in the period T2, while the op-
erational amplifier OP2 is set to the operable state, the
operational amplifier OP1 is set to the inoperable state
and hence, the power consumption can be lowered.
That is, compared to a case in which both of the opera-
tional amplifiers OP1, OP2 are set to the operable state,
the power consumption can be halved. Then, in the pe-
riod T2, only the output of the operational amplifier OP2
is selected by the selection circuit 70 and the data line
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S is driven only by the operational amplifier OP2. Ac-
cordingly, even when the operational amplifier OP1 be-
comes the inoperable state in the period T2, there arises
no problem with respect to the driving of the data line S.
[0149] In this manner, according to this embodiment,
with the provision of the transistors NT14, NT16, PT24,
PT26 which are controlled in response to the signals
OFF1D, OFF1Q, XOFF2D, XOFF2Q, the current sourc-
es of the operational amplifier which is not used can be
turned off thus succeeding in the lowering of the power
consumption of the operational amplifier circuit.

[0150] Here, the signals OFF1D, OFF1Q, XOFF2D,
XOFF2Q may be subjected to a signal control shown in
a timing waveform chart in Fig. 19B.

[0151] That is, in Fig. 19B, although the signals
OFF1D, XOFF2D are changed in response to the tran-
sition of the periods T1, T2, the signals OFF1Q,
XOFF2Q are not changed in response to the transition
of the periods T1, T2. Here, while the signal OFF1Q is
fixed to the H level, the signal XOFF2Q is fixed to the L
level.

[0152] Then, by changing the signals OFF1D,
XOFF2D, the current sources 1S11, 1S22 which the dif-
ferential sections of the operational amplifiers OP1, OP2
in Fig. 18 include are subjected to the ON/OFF control.
[0153] On the other hand, by fixing the signals
OFF1Q, XOFF2Q to the H level and L level, the current
sources 1S12, 1S22 which the output sections of the op-
erational amplifiers OP1, OP2 include always become
the ON state.

[0154] For example, when the electric current which
flows in the current sources 1IS11, 1IS21 of the differential
section of the operational amplifier is large, the re-
sponse speed and the frequency characteristics of the
operational amplifier can be enhanced so that the cur-
rent is large in general. Accordingly, by performing the
ON/OFF control of the current which flows in the current
sources IS11,1S21, the more effective lowering of power
consumption can be realized.

[0155] On the other hand, as has been explained in
conjunction with B5, B15 in Fig. 17, in this embodiment,
the current supply ability (driving ability) is not required
so much with respect to the current sources 1S12, 1S22
ofthe output section of the operational amplifier. Accord-
ingly, even when the current which flows in the current
sources 1S12, S22 is not subjected to the ON/OFF con-
trol but is always allowed to flow into the current sources
I1IS12, 1S22, the transistors PT13, NT23 are turned off
through the transistors PT14, NT24 in response to the
signals SEL1, SEL2 and hence, the power consumption
is not increased so much. Then, by allowing the electric
current to always flow in the current sources 1S12, 1S22,
the voltage levels of the outputs Q1, Q2 of the opera-
tional amplifiers OP1, OP2 can be made stable and the
voltage levels of the outputs Q1, Q2 can be setto L level
(VSS) and H level (VDD) when the driving transistors
PT13, NT23 are in the OFF state. Accordingly, as will
be explained later, a drawback which may arise due to
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a phenomenon that the voltage level of the outputs Q1,
Q2 becomes unstable can be effectively prevented.
[0156] Although the control is performed so as to cut
off the electric current which flows in the current sources
1S11,1812,1S21,1S22 in Fig. 19A and Fig. 19B, the con-
trol may be performed so as to restrict or decrease the
electric current without completely cutting off the cur-
rent.

4.2 ON/OFF control of driving transistors

[0157] In this embodiment, the ON/OFF control of the
driving transistors PT13, NT23 of the operational ampli-
fiers OP1, OP2 is performed using the transistors PT14,
NT24 shown in Fig. 18 thus preventing the outputs Q1,
Q2 of the operational amplifiers OP1, OP2 from becom-
ing unstable.

[0158] Here, the signal SEL1 is connected to the gate
electrode of the P-type transistor PT14. This signal
SEL1 is a signal which is also used for the ON/OFF con-
trol of the transfer gate TG1 and instructs the selection/
non-selection of the operational amplifier OP1 (see Fig.
11A, Fig. 11B).

[0159] Further, an inversion signal of the signal SEL2
is connected to the gate electrode of the N-type transis-
tor NT24. This signal SEL2 is a signal which is also used
for the ON/OFF control of the transfer gate TG2 and in-
structs the selection/non-selection of the operational
amplifier OP2.

[0160] These signals SEL1, SEL2 are subjected to a
signal control as shown in a timing waveform chart in
Fig. 20, for example.

[0161] For example, in the period T1 in which the
counter electrode VCOM becomes VC1, the signal
SEL1 becomes H level (active) and the transfer gate
TG1 in Fig. 18 is turned on. Accordingly, the operational
amplifier OP1 is selected and the output Q1 is connect-
ed to the data line S.

[0162] On the other hand, in the period T1, the signal
SEL2 becomes L level (non-active) and the N-type tran-
sistor NT24 to which the inversion signal of the signal
SEL2 is inputted is turned on. Accordingly, the signal
XDQ2 which is connected to the gate electrode of the
driving transistor NT23 becomes L level so that the driv-
ing transistor NT23 is turned off. Accordingly, the volt-
age level of the output Q2 of the operational amplifier
OP2 is pulled toward the VDD side due to the current
source 1S22 and is set to H level. That is, in the period
T1 in which the operational amplifier OP2 becomes the
inoperable state, it is possible to prevent the voltage lev-
el of the output Q2 of the operational amplifier OP2 from
becoming unstable.

[0163] Further, in the period T2 in which the counter
electrode VCOM becomes VC2, the signal SEL2 be-
comes H level (active) and the transfer gate TG2 in Fig.
18 is turned on. Accordingly, the operational amplifier
OP2 is selected and the output Q2 is connected to the
data line S.
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[0164] On the other hand, in the period T2, the signal
SEL1 becomes L level (non-active) and the P-type tran-
sistor PT14 to which the signal SEL1 is inputted is turned
on. Accordingly, the signal XDQ1 which is connected to
the gate electrode of the driving transistor PT13 be-
comes H level so that the driving transistor PT13 is
turned off. Accordingly, the voltage level of the output
Q1 of the operational amplifier OP1 is pulled toward the
VSS side due to the current source IS12 and is set to L
level. That is, in the period T2 in which the operational
amplifier OP1 becomes the inoperable state, it is possi-
ble to prevent the voltage level of the output Q1 of the
operational amplifier OP1 from becoming unstable.
[0165] As explained above, according to this embod-
iment, in the period before the operational amplifier OP2
is selected and the operational amplifier OP2 drives the
data line S, as indicated by E1 in Fig. 20, the gate elec-
trode of the driving transistor NT23 which the operation-
al amplifier OP2 includes becomes L level so that the
driving transistor NT23 is turned off. Since the current
source 1S22 is always in the ON state at this point of
time, the voltage level of the output Q2 of the operational
amplifier OP2 is changed to the VDD side and becomes
H level.

[0166] Accordingly, even when the transfer gate TG2
is turned on based on the selection of the operational
amplifier OP2 as indicated by E2 in Fig. 20 thereafter,
the adverse influence which may be caused by the re-
distribution of charge can be minimized.

[0167] Thatis, in this embodiment, before driving the
data line S using the operational amplifier OP2, the data
line S (output of the operational amplifier circuit) is set
to the high impedance state as indicated by E3 in Fig.
20. Then, by changing the counter electrode VCOM
from VC1 to VC2 in this high impedance state, the volt-
age level of the data line S is elevated as explained in
conjunction with B3 in Fig. 17.

[0168] However, assuming a case in which the output
Q2 of the operational amplifier OP2 becomes L level
when the transfer gate TG2 shown in Fig. 18 is turned
on, the voltage level of the data line S which is once
elevated as indicated by B3 in Fig. 17 is lowered due to
the redistribution of charge. This gives rise to a phenom-
enon in which the subsequent driving of the data line by
the operational amplifier OP2 is hindered.

[0169] According to this embodiment, in the period
before the data line S is driven by the operational am-
plifier OP2, the driving transistor NT23 of the operational
amplifier OP2 is turned off as indicated by E1 in Fig. 20
and the output Q2 of the operational amplifier OP2 be-
comes H level and hence, the adverse influence caused
by the redistribution of charge can be minimized thus
preventing the above-mentioned phenomenon.

[0170] Inthe same manner, according to this embod-
iment, in the period before the operational amplifier OP1
is selected and the operational amplifier OP1 drives the
dataline S, as indicated by E11 in Fig. 20, the gate elec-
trode of the driving transistor PT13 which the operation-
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al amplifier OP1 includes becomes H level so that the
driving transistor PT13 is turned off. Since the current
source 1S12 is always in the ON state at this point of
time, the voltage level of the output Q1 of the operational
amplifier OP1 is changed to the VSS side and becomes
L level.

[0171] Accordingly, even when the transfer gate TG1
is turned on in response to the selection of the opera-
tional amplifier OP1 as indicated by E12 in Fig. 20 there-
after, the adverse influence which may be caused by the
redistribution of charge can be minimized.

[0172] Thatis, in this embodiment, before driving the
data line S using the operational amplifier OP1, the data
line S is set to the high impedance state as indicated by
E13 in Fig. 20. Then, by changing the voltage level of
the counter electrode VCOM from VC2 to VC1 in this
high impedance state, the voltage level of the data line
S is lowered as explained in conjunction with B13 in Fig.
17.

[0173] However, assuming a case in which the output
Q1 of the operational amplifier OP1 becomes H level
when the transfer gate TG1 shown in Fig. 18 is turned
on, the voltage level of the data line S which is once
lowered as indicated by B13 in Fig. 17 is elevated due
to the redistribution of charge. This gives rise to a phe-
nomenon in which the subsequent driving of the data
line by the operational amplifier OP1 is hindered.
[0174] According to this embodiment, in the period
before the data line S is driven by the operational am-
plifier OP1, the driving transistor PT 13 of the operational
amplifier OP1 is turned off as indicated by E11 in Fig.
20 and the output Q1 of the operational amplifier OP1
becomes L level and hence, the adverse influence
caused by the redistribution of charge can be minimized
thus preventing the above-mentioned phenomenon.

5. Clamp circuit

[0175] Here, to further lower the power consumption
of the liquid crystal device, as shown in Fig. 21A, this
embodiment performs a high impedance control of the
output Q of the operational amplifier circuit and provides
a clamp circuit 80 to the output Q. With the provision of
this clamp circuit 80, the output Q (data line S) of the
operational amplifier circuit is clamped in a voltage
range equal to or wider than a voltage range between
the power sources VDD, VSS of the operational ampli-
fier circuit. Accordingly, it is possible to return the exces-
sive charge to the power source VDD side or the power
source VSS side so that the power consumption of the
liquid crystal device can be lowered.

[0176] As shown in Fig. 21A, the clamp circuit 80 in-
cludes a diode DI1 (clamp element) which is inserted
between the power source VSS (second power source)
and the data line S and a diode DI2 which is inserted
between the data line S and the power source VDD (first
power source). Here, the diode DI1 is a diode which sets
the direction advancing from the power source VSS to
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the data line S as the forward direction and the diode
DI2 is a diode which sets the direction advancing from
the data line S to the power source VDD as the forward
direction.

[0177] Fig. 21B shows an example of the element
structure of the diode DI1 provided on the VSS side. As
shown in Fig. 21B, the diode DI1 uses a p well region p
which is connected to the power source VSS through an
active region p* as a positive-polarity-side electrode and
an active region n* as a negative-polarity-side elec-
trode.

[0178] Fig. 21C shows an example of the element
structure of the diode DI2 provided on the VDD side. As
shown in Fig. 21C, the diode DI2 uses an active region
p* as a positive-polarity-sideelectrode and an n well re-
gion n- which is connected to the power source VDD
through an active region n* as a negative-polarity-side
electrode.

[0179] These diodes DI1, DI2 can be also used as
protective circuits for the operational amplifier circuit. To
be more specific, these diodes DI1, DI2 may be incor-
porated into an 1/O circuit (I/O pad) of a semiconductor
device in which the operational amplifier circuit (driving
circuit) is formed.

[0180] Here, without providing the diodes to both of
the VDD side and the VSS side, the diode may be pro-
vided on only one side. Further, the output transistors
(transfer gates TG1, TG2 in Fig. 18, for example) of the
operational amplifier circuit may be used as the diodes
DI1, DI2 (clamp circuit).

[0181] Subsequently, the principle of the method of
lowering the power consumption with the provision of
the clamp circuit 80 shown in Fig. 21A is explained.
Here, to simplify the explanation, the explanation is
made hereinafter assuming that the power sources
VSS, VDD are setto 0V, 5V and VC1, VC2 of the counter
electrode VCOM are also set to 0V, 5V.

[0182] For example, assume that the written voltage
VS (gray scale voltage) of the data line S is 3V when the
counter electrode VCOM is OV as indicated by F1 in Fig.
22A. Further, assume that the counter electrode VCOM
is changed from 0V (VC1) to 5V(VC2) as indicated by
F1, F2 in Fig. 22A in this state. At this point of time, in
this embodiment, since the output of the operational am-
plifier circuit is set to the high impedance state (see Fig.
10 to Fig. 11B), due to the parasitic capacitance CPA
generated between the counter electrode VCOM and
the data line S (see Fig. 16), the data line S is going to
be changed from 3V (VS) to VS + VC2 = 8V.

[0183] However, in this embodiment, the clamp circuit
80 is provided to the output of the operational amplifier
circuit as shown in Fig. 21A. Accordingly, even when the
data line S is going to be changed to 8V, the voltage of
8V is clamped by the clamp circuit 80 thus resulting in
VDD + 0.6V =5.6 V. Here, 0.6V is the forward direction
voltage of PN junction of the diode.

[0184] Then, when the voltage of 8V is changed to
5.6V by clamping, the charge of EQ1 = (8V - 5.6V) X
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CPA is returned to the power source VDD side and is
utilized again for performing the operation of the opera-
tional amplifier circuit included in the driving circuit. That
is, the energy which is used for changing the counter
electrode VCOM of the display panel is not wasted but
is returned to the power source and is reused so that
the power consumption can be lowered.

[0185] Further, even when the voltage level of the da-
ta line S (output Q of the operational amplifier circuit) is
lowered from 8V to 5.6V, this voltage level is still suffi-
ciently higher than the gray scale voltage (0 to 5V). Ac-
cordingly, this voltage level does not hinder the data line
driving method of this embodiment which has been ex-
plained in conjunction with B3, B5, B13, B15 in Fig. 17.
[0186] Then, assume thatthe written voltage VS (gray
scale voltage) of 2V is written in the data line S in the
state that the counter electrode VCOM is 5V as indicat-
ed by F3 in Fig. 22A. Further, assume that the counter
electrode VCOM is changed from 5V (VC2) to 0V(VC1)
as indicated by F3, F4 in Fig. 22A. At this point of time,
in this embodiment, since the output of the operational
amplifier circuit is set to the high impedance state, due
to the parasitic capacitance CPA between the counter
electrode VCOM and the data line S, the data line S is
going to be changed from 2V to -3V.

[0187] However, in this embodiment, the clamp circuit
80 is provided to the output of the operational amplifier
circuit as shown in Fig. 21A. Accordingly, even when the
data line S is going to be changed to -3V, the voltage of
-3V is clamped by the clamp circuit 80 thus resulting in
VSS - 0.6V =-0.6 V.

[0188] Then, when the voltage of -3V is changed to
-0.6V by clamping, the charge of EQ2 = {-6 - (-3V)} X
CPA is returned to the power source VSS side and is
utilized again so that the power consumption can be low-
ered.

[0189] As explained above, in this embodiment, to
change the voltage level of the data line S using the par-
asitic capacitance CPA, the output of the operational
amplifier circuit is set to the high impedance state at the
time of changeover of the counter electrode VCOM.
Then, as shown in Fig. 22B, the output of the operational
amplifier circuit is clamped to the voltage range (5.6V to
-0.6V) which is equal to or wider than the voltage level
(5V to OV) between the power sources VDD, VSS of the
operational amplifier circuit. Accordingly, the charges
EQ1=2.4V X CPA, EQ2 = 2.4V X CPA which become
excessive due to these clamping operations are re-
turned to the power sources VDD, VSS so that the pow-
er consumption of the liquid crystal device can be low-
ered.

[0190] Here, to facilitate the return of the charge at
the time of clamping, itis desirable that the power source
for the operational amplifier circuit and the power source
for the clamp circuit are provided as circuits different
from each other.

[0191] To be more specific, as indicated by F5 in Fig.
22C, when the power sources of the operational ampli-
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fier circuit are constituted of power sources VDD, VSS
(firstand second power sources) and the power sources
of the clamp circuit are constituted of power sources
VDD', VSS' (third and fourth power sources) , the rela-
tionship VDD - VSS > VDD' - VSS'is established. That
is, the voltage range of the power sources VDD', VSS'
of the clamp circuit is set narrower than the voltage
range of the power sources VDD, VSS of the operational
amplifier circuit. For example, when the voltage range
of VDD, VSS is 5V to 0V, the voltage range of VDD',
VSS'is set to 4.4V to 0.6V.

[0192] Due to such a constitution, as indicated by F6
in Fig. 22C, it is possible to increase the charge which
can be returned to the power source sides compared to
Fig. 22B. For example, while the charge of EQ1 = EQ2
= 2.4V X CPA is returned to the power source side in
Fig. 22B, the charge of EQ1 = EQ2 = 3.0V X CPA is
returned to the power source side in Fig. 22C. Accord-
ingly, the charge which is returned to the power source
side can be increased so that the further lowering of the
power consumption of the liquid crystal device can be
realized.

[0193] The power sources VDD', VSS' of the clamp
circuit can be generated by utilizing the voltage gener-
ation function (gray scale voltage generation function)
of the power source circuit 42 in Fig. 1.

[0194] Further, when the forward voltage of the diode
is set to VBD, it is desirable that the relationship VDD’
= VDD - VBD, VSS' = VSS + VBD is established. For
example, when the voltage VDD is 5V and the voltage
VSS is 0V, the relationship VDD' > 4.4V, VSS' < 0.6V is
established.

[0195] Due to such a constitution, a phenomenon that
the driving current of the operational amplifier circuit
flows in the power sources VDD' and VSS' of the clamp
circuit at the time of driving the data line using the op-
erational amplifier circuit can be prevented. Accordingly,
the proper data line driving of the operational amplifier
circuit can be realized.

[0196] The power consumption lowering method
which sets the output of the operational amplifier circuit
to the high impedance state at the time of changeover
of the voltage level of the counter electrode VCOM and
provides the clamp circuit to the output of the operational
amplifier circuit is also effectively applicable to the AB
class operational amplifier circuit shown in Fig. 6. That
is, also with respect to the AB class operational amplifier
circuit, the excessive charge can be returned to the pow-
er source side and the power consumption can be low-
ered by an amount corresponding to the excessive
charge.

6. Virtual scanning period

[0197] In the scanning (gate) line inversion driving
which has been explained in conjunction with Fig. 4, as
shown in Fig. 23, the polarity of voltage applied to the
liquid crystal element is inverted every scanning period
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(scanline) and is also inverted every frame. Accordingly,
it is possible to prevent the phenomenon that the direct
current voltage is applied to the liquid display element
for a long time so that the deterioration of the liquid crys-
tal element can be prevented.

[0198] In such a scan line inversion driving, when the
number M of the scan lines is an even number (228 piec-
es, for example) , as indicated by J1, J2, J3 and J4 in
Fig. 23, the polarity of the applied voltage in the final Mth
scanning period becomes equal to the polarity of the ap-
plied voltage in the first scanning period of the next
frame. For example, at J1 and J2in Fig. 23, both of these
polarities become negative polarities and at J3 and J4
in Fig. 23, both of these polarities become positive po-
larities.

[0199] Accordingly, when the display panel having the
even number M of scan lines is driven by the driving
method of this embodiment shown in Fig. 17, it has been
found that following drawbacks arise.

[0200] For example, in the (M-1)th scanning period
(the period in which the (M-1)th scan line is selected) as
shownin Fig. 24, VCOM becomes VC1 and VC1 is lower
than the gray scale voltage and hence, the (M-1)th scan-
ning period becomes the period T1 in which the voltage
applied to the liquid crystal element has the positive po-
larity. Further, in the final Mth scanning period (the pe-
riod in which the Mth scan line is selected), VCOM be-
comes VC2 and VC2 is higher than the gray scale volt-
age and hence, the Mth scanning period becomes the
period T2 in which the voltage applied to the liquid crys-
tal element has the negative polarity. Further, in the first
scanning period (the period in which the first scan line
is selected) of the next frame, VCOM becomes VC1 and
hence, the first scanning period becomes the period T2
in which the voltage applied to the liquid crystal element
has the negative polarity.

[0201] That is, in Fig. 24, both of the Mth scanning
period and the first scanning period of the next frame
are periods T2 of negative polarity and hence, even
when the scanning period is changed from the Mth scan-
ning period to the first scanning period, VCOM are held
at VC2 as indicated by K1 and the polarity is not invert-
ed. Further, in the Mth scanning period as well as in the
first scanning period, the data line is driven by the N-
type operational amplifier OP2.

[0202] In this manner, since VCOM per se is not sub-
jected to the inversion of polarity at K1 in Fig. 24, even
when the output of the operational amplifier circuit be-
comes the high impedance state as indicated by K2, the
voltage level of the data line S is not changed. That is,
although the voltage level of the data line is changed to
the VSS side as indicated by B13 since VCOM is sub-
jected to the inversion of polarity at B11 in Fig. 17, the
voltage level of the data line is not changed with respect
to K1 in Fig. 24.

[0203] Accordingly, in the subsequent first scanning
period, the direction that the voltage level of the data
line is changed depends on the gray scale level (see A1
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to A4 in Fig. 5) and it is difficult to specify the direction
to one direction. Accordingly, when the data line is driv-
en by the N-type operational amplifier OP2 as indicated
by K3 in Fig. 24 in the first scanning period, there arises
a case in which it is necessary to spend a long time until
the voltage level of the data line is set to the voltage
level corresponding to the gray scale level. This is be-
cause that when the direction that the voltage level of
the data line is changed is set to the VDD side, it is nec-
essary to drive the data line using the current source
IS22 in Fig. 9 which exhibits the low current supply abil-
ity.

[0204] Accordingly, in this embodiment, a method
which inserts a virtual (dummy) scanning period be-
tween the Mth scanning period and the first scanning
period is adopted.

[0205] To be more specific, first of all, as a presump-
tion, the display panel (electro-optical device) is driven
by the scan line inversion driving (inversion driving
which sets the voltage level of the counter electrode
VCOM in the scanning period to the voltage level which
is different from the voltage level of the preceding scan-
ning period) shown in Fig. 23.

[0206] Then, as indicated by L1 in Fig. 25, in the Mth
(M being an even number) scanning period, the driving
is performed while setting VCOM to VC2 (either one
voltage level of VC1, VC2 in a broad sense).

[0207] Subsequently, asindicated by L2 in Fig. 25, the
virtual (dummy) scanning period is provided next to the
Mth scanning period. In this virtual scanning period, the
driving is performed while setting VCOM to VC1 (the
other voltage level different from the above-mentioned
one voltage level in a broad sense). That is, the counter
electrode VCOM is subjected to the inversion of polarity.
[0208] Subsequently, as indicated by L3 in Fig. 25, in
the first scanning period next to the virtual scanning pe-
riod, the driving is performed while setting VCOM to VC2
(the above-mentioned one voltage level in a broad
sense).

[0209] Further, in response to such changeover of the
voltage level of the counter electrode VCOM, as indicat-
ed by L4, L5, L6 in Fig. 25, the operational amplifier is
changed over from the operational amplifier OP1 (P
type) to the operational amplifier OP2 (N type), from the
operational amplifier OP2 to the operational amplifier
OP1, and from the operational amplifier OP1 (P type) to
the operational amplifier OP2 (N type) sequentially. That
is, the driving is performed in the scanning period using
the operational amplifier different from the operational
amplifier used in the preceding scanning period.
[0210] Further, at the time of changing over the volt-
age level of the counter electrode VCOM, the output (da-
ta line) of the operational amplifier circuit is set to the
high impedance state.

[0211] Due to such operations, although the counter
electrode VCOM is not subjected to the inversion of po-
larity at K1 in Fig. 24, VCOM is always subjected to the
inversion of polarity as indicated by L1, L2, L3 in Fig.
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25. Accordingly, it is possible to change the voltage level
of the data line before driving by positively utilizing the
parasitic capacitance CPA as indicated by B3, B13 in
Fig. 17. As a result, as indicated by B5, B15 in Fig. 17,
it is possible to specify the changing direction of the volt-
age level to one direction without depending on the gray
scale level and hence, the A class operational amplifiers
OP1, OP2 with small power consumption can be used.
As a result, the lowering of the power consumption of
the liquid crystal device can be enhanced.

[0212] In the virtual scanning period shown in Fig. 25,
the data line is driven using the operational amplifier cor-
responding to the polarity of the period. For example,
the virtual scanning period is the period T1 of positive
polarity at L2 in Fig. 25 and hence, the data line is driven
using the P-type operational amplifier OP1 which has
the high ability to change the voltage level to the VDD
side. On the other hand, when the virtual scanning pe-
riod is the period T2 of negative polarity, the data line is
driven using the N-type operational amplifier OP2 hav-
ing the high ability to change the voltage level to the VSS
side.

[0213] Further, in the virtual scanning period, the scan
line driving circuit 30 shown in Fig. 1 does not drive the
scan lines G1 to GM but performs the virtual driving of
virtual scan lines.

[0214] To be more specific, when the number M of the
scan lines is 228, for example, the controller 40 shown
in Fig. 1 inputs the enable input/output signal EIO shown
in Fig. 3 to the shift resister 32 not every 228 scanning
period but every 229 scanning period. Due to such an
operation, in the virtual scanning period which comes
next to the Mth scanning period, the enable input/output
signal EIO is not present in the shift resister 32 so that
the driving of the actual scan lines is not performed.
[0215] Here, the method which provides the virtual
scanning periods as shown in Fig. 25 is also applicable
to a driving method in which one frame is divided into a
plurality of driving fields.

[0216] Further, the method shown in Fig. 25 is also
applicable to a driving method in which an additional
transistor (pre-charge transistor, for example) is provid-
ed to the output of the operational amplifier circuit and
the voltage level of the data line is changed before driv-
ing.

[0217] Here, the presentinvention is not limited to this
embodiment and various modifications are conceivable
within the scope of the spirit of the present invention.
[0218] For example, although the embodiment has
been explained in conjunction with the case in which the
present invention is applied to the active matrix type lig-
uid crystal device using the TFT, the liquid crystal device
to which the presentinvention is applicable is not limited
to such a liquid crystal device.

[0219] Further, the constitution of the operational am-
plifier circuit is not limited to the constitution which has
been explained in this embodiment.

[0220] Further, the present invention is not limited to
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the liquid crystal device (LCD panel) and is also appli-
cable to an electro-luminescence (EL) device, an organ-
ic EL device and a plasma display device.

[0221] Further, the present invention is not limited to
the scan line inversion driving and is also applicable to
other inversion driving methods.

[0222] Still further, with respect to the inventions ac-
cording to dependent claims among the present inven-
tions, a portion of constituent elements of dependent
claims can be omitted. Further, an essential part of the
invention of one independent claim of the presentinven-
tion may be made dependent on other independent
claim.

Claims

1. A driving circuit which drives an electro-optical de-
vice having scan lines, data lines and pixel elec-
trodes which are specified by the scan lines and the
data lines, the driving circuit performs:

a scan line-inversion-driving in which a voltage
level of a counter electrode in a scanning period
is set to a voltage level different from a voltage
level in a preceding scanning period, the coun-
ter electrode facing a pixel electrode with an
electro-optical material interposed therebe-
tween;

a driving in an Mth scanning period in which the
voltage level of the counter electrode is set to
one of first and second voltage levels;

a driving in a virtual scanning period coming
next to the Mth scanning period, in which the
voltage level of the counter electrode is set to
one of the first and second voltage levels differ-
ent from the voltage level to which the voltage
level of the counter electrode has been set in
the Mth scanning period; and

a driving in a first scanning period coming next
to the virtual scanning period, in which the volt-
age level of the counter electrode is set to the
voltage level to which the voltage level of the
counter electrode has been set in the Mth scan-
ning period.

2. Thedriving circuit as defined in claim 1, comprising:

an operational amplifier circuit which drives a
data line of the electro-optical device,

wherein the operational amplifier circuit in-
cludes:

a first operational amplifier which drives the da-
ta line in a first period in which the voltage level
of the counter electrode becomes the first volt-
age level; and
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a second operational amplifier which drives the
data line in a second period in which the voltage
level of the counter electrode becomes the sec-
ond voltage level.

The driving circuit as defined in claim 2,

wherein the operational amplifier circuit in-
cludes a selection circuit which selects an output of
the first operational amplifier and connects the out-
put to the data line in the first period in which the
voltage level of the counter electrode becomes the
first voltage level, and selects an output of the sec-
ond operational amplifier and connects the output
to the data line in the second period in which the
voltage level of the counter electrode becomes the
second voltage level.

The driving circuit as defined in claim 3,

wherein an output of the selection circuit is set
to a high impedance state in a given period includ-
ing a transition between the first and second peri-
ods.

The driving circuit as defined in any one of claims 2
to 4,

wherein the first operational amplifier in-
cludes:

a differential section; and

an output section which has a first driving tran-
sistor of a first conductivity-type having a gate
electrode which is controlled based on an out-
put of the differential section, and

wherein the second operational amplifier in-
cludes:

a differential section; and

an output section which has a second driving
transistor of a second conductivity-type having
a gate electrode which is controlled based on
an output of the differential section.

The driving circuit as defined in any one of claims 1
to 5, comprising:

an operational amplifier circuit which drives a
data line of the electro-optical device,

wherein, when the voltage level of the counter
electrode changes from a second voltage level of a
first power source side to a first voltage level of a
second power source side, and a voltage level of
the data line changes to the second power source
side due to capacitive coupling caused by parasitic
capacitance between the counter electrode and the
data line, the operational ampilifier circuit changes
the voltage level of the data line, which has changed
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to the second power source side, to the first power
source side and sets the voltage level of the data
line to a voltage level corresponding to a gray scale
level, and

wherein, when the voltage level of the counter
electrode changes from the first voltage level of the
second power source side to the second voltage
level of the first power source side and the voltage
level of the data line changes to the first power
source side due to the capacitive coupling caused
by the parasitic capacitance between the counter
electrode and the data line, the operational amplifier
circuit changes the voltage level of the data line,
which has changed to the first power source side,
to the second power source side and sets the volt-
age level of the data line to a voltage level corre-
sponding to a gray scale level.

The driving circuit as defined in any one of claims 1
to 6,

wherein the data line is set to a high imped-
ance state in a given period including a transition
between a first period in which the voltage level of
the counter electrode becomes the first voltage lev-
el and a second period in which the voltage level of
the counter electrode becomes the second voltage
level.

A driving method of driving an electro-optical device
having scan lines, data lines and pixel electrodes
which are specified by the scan lines and the data
lines, comprising:

performing a scan line-inversion-driving in
which a voltage level of a counter electrode is
set in a scanning period to a voltage level dif-
ferent from a voltage level in a preceding scan-
ning period, the counter electrode facing a pixel
electrode with an electro-optical material inter-
posed therebetween;

performing a driving in an Mth scanning period
in which the voltage level of the counter elec-
trode is set to one of first and second voltage
levels;

providing a virtual scanning period next to the
Mth scanning period, and performing a driving
in the virtual scanning period, in which the volt-
age level of the counter electrode is set to one
of the first and second voltage levels different
from the voltage level to which the voltage level
of the counter electrode has been set in the Mth
scanning period; and

performing a driving in a first scanning period
coming next to the virtual scanning period, in
which the voltage level of the counter electrode
is set to the voltage level to which the voltage
level of the counter electrode has been set in
the Mth scanning period.
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The driving method as defined in claim 8,

wherein a data line is driven by a first opera-
tional amplifier in a first period in which the voltage
level of the counter electrode becomes the first volt-
age level, and

wherein the data line is driven by a second
operational amplifier in a second period in which the
voltage level of the counter electrode becomes the
second voltage level.

The driving method as defined in claim 8 or 9,

wherein the data line is set to a high imped-
ance state in a given period including a transition
between a first period in which the voltage level of
the counter electrode becomes the first voltage lev-
el and a second period in which the voltage level of
the counter electrode becomes the second voltage
level.
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