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(57) ABSTRACT 

A common Voltage generation circuit includes a first opera 
tional amplifier which outputs an amplitude Voltage of a 
common Voltage based on a first power Supply Voltage, a 
Second operational amplifier which outputs a high-potential 
Side Voltage of the common Voltage based on the first power 
Supply Voltage, and a low-potential-Side Voltage generation 
circuit which generates a low-potential-Side Voltage of the 
common Voltage which is lower in potential than the high 
potential-side Voltage for the amplitude Voltage by a charge 
pump operation. The common Voltage generation circuit 
Supplies the high-potential-Side Voltage or the low-potential 
Side Voltage to a common electrode which faces a pixel 
electrode Specified by a Scan line and a data line of an 
electro-optical device through an electro-optical Substance. 
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COMMON VOLTAGE GENERATION CIRCUIT, 
POWER SUPPLY CIRCUIT, DISPLAY DRIVER, 
AND COMMON VOLTAGE GENERATION 

METHOD 

0001 Japanese Patent Application No. 2004-60793, filed 
on Mar. 4, 2004, is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a common voltage 
generation circuit, a power Supply circuit, a display driver, 
and a common Voltage generation method. 
0003) As a liquid crystal panel (electro-optical device) 
used in an electronic instrument, a simple matrix type liquid 
crystal panel and an active matrix type liquid crystal panel 
using a Switch element Such as a thin film transistor (here 
inafter abbreviated as “TFT) have been known. 
0004. The simple matrix type liquid crystal panel can 
easily reduce power consumption in comparison with the 
active matrix type liquid crystal panel. However, it is 
difficult to increase the number of colors and to present a 
Video display by using the Simple matrix type liquid crystal 
panel. The active matrix type liquid crystal panel is Suitable 
for an increase the number of colors and a video display. 
However, it is difficult to reduce power consumption using 
the active matrix type liquid crystal panel. 
0005. In recent years, a demand for an increase in the 
number of colors and a Video display has been increased for 
a portable electronic instrument Such as a portable telephone 
in order to provide a high-quality image. Therefore, the 
active matrix type liquid crystal panel has been increasingly 
used instead of the Simple matrix type liquid crystal panel. 
0006. In the active matrix type liquid crystal panel used 
in a portable electronic instrument, the Voltage applied to a 
liquid crystal element Sealed between a pixel electrode and 
a common electrode which faces the pixel electrode is 
reversed in Scan period units in order to deal with a demand 
for a liquid crystal AC drive and a low power Supply Voltage, 
for example. 
0007. In the case of generating a common voltage applied 
to the common electrode, a high-potential-side Voltage and 
a low-potential-Side Voltage of the common Voltage may be 
generated by using operational amplifiers. However, it is 
necessary to provide a power Supply Voltage to the opera 
tional amplifiers using a dual power Supply method in order 
to Sufficiently Secure the output amplitude of the operational 
amplifiers. Therefore, Since power consumption is increased 
due to an increase in the power Supply Voltage of the 
operational amplifiers, it is difficult to further reduce power 
consumption. 

BRIEF SUMMARY OF THE INVENTION 

0008 A first aspect of the present invention relates to a 
common Voltage generation circuit for generating a common 
Voltage applied to a common electrode which faces a pixel 
electrode Specified by a Scan line and a data line of an 
electro-optical device through an electro-optical Substance, 
the common Voltage generation circuit including: 

0009 a first operational amplifier which outputs an 
amplitude Voltage of the common Voltage based on 
a first power Supply Voltage; 
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0010 a second operational amplifier which outputs 
a high-potential-Side Voltage of the common Voltage 
based on the first power Supply Voltage; and 

0011 a low-potential-side voltage generation circuit 
which generates a low-potential-side Voltage of the 
common Voltage by a charge-pump operation and 
Supplies the low-potential-side Voltage to a backup 
capacitor, to which a first Voltage is Supplied at one 
end, at the other end, the low-potential-Side Voltage 
being lower in potential than the high-potential-side 
Voltage for the amplitude Voltage, 

0012 wherein the common voltage generation cir 
cuit Supplies the high-potential-Side Voltage or the 
low-potential-side Voltage to the common electrode. 

0013 A second aspect of the present invention relates to 
a common Voltage generation circuit for generating a com 
mon Voltage applied to a common electrode which faces a 
pixel electrode specified by a Scan line and a data line of an 
electro-optical device through an electro-optical Substance, 
the common Voltage generation circuit including: 

0014 a first operational amplifier which outputs an 
amplitude Voltage of the common Voltage based on 
a first power Supply Voltage; 

0015 a second operational amplifier which outputs 
a high-potential-side voltage of the common voltage 
based on the first power Supply Voltage; and 

0016 a low-potential-side voltage generation circuit 
which generates a low-potential-side Voltage of the 
common Voltage by a charge-pump operation which 
causes the high-potential-Side Voltage to be Supplied 
to one end of a flying capacitor which Stores an 
electric charge corresponding to a Voltage difference 
between the first power Supply Voltage and the 
amplitude Voltage, the low-potential-side Voltage 
being lower in potential than the high-potential-side 
Voltage for the amplitude Voltage, 

0017 wherein the common voltage generation cir 
cuit Supplies the high-potential-Side Voltage or the 
low-potential-side Voltage to the common electrode. 

0018. A third aspect of the present invention relates to a 
power Supply circuit including one of the above common 
Voltage generation circuits. 

0019. A fourth aspect of the present invention relates to 
a power Supply circuit for providing a power Supply to an 
electro-optical device including a plurality of Scan lines and 
a plurality of data lines, the power Supply circuit including: 

0020 one of the above common voltage generation 
circuits, and 

0021 a scan voltage generation circuit which gen 
erates a Scan Voltage of the Scan line and Supplies a 
high-potential-Side Voltage and a low-potential-side 
Voltage of the Scan Voltage to the common Voltage 
generation circuit. 

0022. A fifth aspect of the present invention relates to a 
display driver for driving an electro-optical device including 
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a plurality of Scan lines and a plurality of data lines, the 
display driver including: 

0023 one of the above power supply circuits; and 
0024 a scan line driver circuit which drives the scan 
line by using the Scan Voltage. 

0.025 A sixth aspect of the present invention relates to a 
display driver for driving an electro-optical device including 
a plurality of Scan lines and a plurality of data lines, the 
display driver including: 

0026 one of the above power supply circuits; and 
0027 a data line driver circuit which drives the data 
line based on display data. 

0028. A seventh aspect of the present invention relates to 
a display device including one of the above common Voltage 
generation circuits, and performing a liquid crystal display 
by using the common Voltage generated by the common 
Voltage generation circuit. 
0029. An eighth aspect of the present invention relates to 
a common Voltage generation method for generating a 
common Voltage applied to a common electrode which faces 
a pixel electrode Specified by a Scan line and a data line of 
an electro-optical device through an electro-optical Sub 
stance, the common Voltage generation method including: 

0030 outputting an amplitude voltage of the com 
mon Voltage based on a first power Supply Voltage by 
using a p-channel driver transistor of a Voltage 
follower-connected first operational amplifier, and 
generating a high-potential-side Voltage of the com 
mon Voltage based on the first power Supply Voltage 
by using an n-channel driver transistor of a Voltage 
follower-connected Second operational amplifier; 

0031 generating a low-potential-side voltage of the 
common Voltage by a charge-pump operation by 
using a flying capacitor connected between output of 
the first operational amplifier and the first power 
Supply Voltage, the low-potential-side Voltage being 
lower in potential than the high-potential-Side Volt 
age for the amplitude Voltage, and 

0032 Supplying the high-potential-side voltage or 
the low-potential-side Voltage to the common elec 
trode. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.033 FIG. 1 is an example of a block diagram of a liquid 
crystal device to which a common Voltage generation circuit 
in an embodiment of the present invention is applied. 
0034 FIG. 2 is a block diagram of a configuration 
example of a data line driver circuit shown in FIG. 1. 
0.035 FIG. 3 is a block diagram of a configuration 
example of a scan line driver circuit shown in FIG. 1. 
0.036 FIG. 4 is a block diagram of a configuration 
example of a power supply circuit shown in FIG. 1. 
0037 FIG. 5 is a block diagram of a configuration 
example of a Scan Voltage generation circuit shown in FIG. 
4. 
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0038 FIG. 6 shows an example of a drive waveform of 
a display panel shown in FIG. 1. 
0039 FIG. 7 is illustrative of a polarity reversal drive of 
a common electrode. 

0040 FIG. 8 shows a schematic configuration example 
of a common Voltage generation circuit shown in FIG. 4. 
0041 FIG. 9 shows an example of a principle configu 
ration of a common Voltage generation circuit in this 
embodiment. 

0042 FIG. 10 shows another example of a principle 
configuration diagram of a common Voltage generation 
circuit in this embodiment. 

0043 FIG. 11 is a circuit diagram of a configuration 
example of a common Voltage generation circuit in this 
embodiment. 

0044 FIG. 12 is a timing diagram of an operation 
example of the common Voltage generation circuit shown in 
FIG. 11. 

004.5 FIGS. 13A and 13B show equivalent circuits of a 
low-potential-side Voltage generation circuit in each phase. 
0046 FIG. 14 is a circuit diagram of a configuration 
example of a first operational amplifier using a p-channel 
operational amplifier. 
0047 FIG. 15 is a circuit diagram of a configuration 
example of a Second operational amplifier using an n-chan 
nel operational amplifier. 
0048 FIG. 16 is a circuit diagram of a configuration 
example of a common Voltage generation circuit in a com 
parative example of this embodiment. 
0049 FIG. 17 shows a configuration example of a sub 
tractor circuit formed using a fifth operational amplifier. 
0050 FIG. 18 shows a configuration example of an 
inverting amplifier circuit formed using the fifth operational 
amplifier. 
0051 FIG. 19 shows a configuration example of a non 
inverting amplifier circuit formed using the fifth operational 
amplifier. 
0052 FIG. 20 schematically shows an example of vari 
ous power Supply Voltages of the common Voltage genera 
tion circuit in the comparative example shown in FIG. 16. 
0053 FIG. 21 is illustrative of parasitic capacitance of a 
TFT. 

0054 FIG. 22 schematically shows an example of vari 
ous power Supply Voltages of the common Voltage genera 
tion circuit in this embodiment shown in FIG. 11. 

0055 FIG. 23A is a diagram illustrative of power con 
Sumption of a common Voltage generation circuit in this 
embodiment; and FIG. 23B is a diagram illustrative of 
power consumption of a common Voltage generation circuit 
in the comparative example. 

0056 FIG. 24 is illustrative of a potential relationship in 
the power supply circuit shown in FIG. 4. 
0057 FIG. 25 shows an example of gate voltages of 
MOS transistors which form first and second output switch 
elements. 
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0.058 FIG. 26 shows an example of gate voltages of 
MOS transistors which form first to fourth Switch elements. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

0059. The present invention has been achieved in view of 
the above-described technical problem, and may provide a 
common Voltage generation circuit, a power Supply circuit, 
a display driver, and a common Voltage generation method 
which can generate a common Voltage while consuming 
only a Small amount of power. 
0060 An embodiment of the present invention provides 
a common Voltage generation circuit for generating a com 
mon Voltage applied to a common electrode which faces a 
pixel electrode specified by a Scan line and a data line of an 
electro-optical device through an electro-optical Substance, 
the common Voltage generation circuit including: 

0061 a first operational amplifier which outputs an 
amplitude Voltage of the common Voltage based on 
a first power Supply Voltage; 

0062) a second operational amplifier which outputs 
a high-potential-Side Voltage of the common Voltage 
based on the first power Supply Voltage; and 

0063 a low-potential-side voltage generation circuit 
which generates a low-potential-side Voltage of the 
common Voltage by a charge-pump operation and 
Supplies the low-potential-side voltage to a backup 
capacitor, to which a first Voltage is Supplied at one 
end, at the other end, the low-potential-Side Voltage 
being lower in potential than the high-potential-side 
Voltage for the amplitude Voltage, 

0064 wherein the common voltage generation cir 
cuit Supplies the high-potential-Side Voltage or the 
low-potential-side Voltage to the common electrode. 

0065. An embodiment of the present invention provides 
a common Voltage generation circuit for generating a com 
mon Voltage applied to a common electrode which faces a 
pixel electrode specified by a Scan line and a data line of an 
electro-optical device through an electro-optical Substance, 
the common Voltage generation circuit including: 

0066 a first operational amplifier which outputs an 
amplitude Voltage of the common Voltage based on 
a first power Supply Voltage; 

0067 a second operational amplifier which outputs 
a high-potential-Side Voltage of the common Voltage 
based on the first power Supply Voltage; and 

0068 a low-potential-side voltage generation circuit 
which generates a low-potential-side Voltage of the 
common Voltage by a charge-pump operation which 
causes the high-potential-Side Voltage to be Supplied 
to one end of a flying capacitor which Stores an 
electric charge corresponding to a Voltage difference 
between the first power Supply Voltage and the 
amplitude Voltage, the low-potential-side Voltage 
being lower in potential than the high-potential-side 
Voltage for the amplitude Voltage, 

0069 wherein the common voltage generation cir 
cuit Supplies the high-potential-Side Voltage or the 
low-potential-side Voltage to the common electrode. 
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0070 According to these embodiments, since the low 
potential-side Voltage of the common Voltage is generated 
by the charge-pump operation, the number of operational 
amplifiers can be reduced. Moreover, the width (the ampli 
tude) of the power Supply voltage of the operational ampli 
fier which forms the common Voltage generation circuit can 
be reduced in comparison with a configuration in which an 
operational amplifier outputs the low-potential-Side Voltage. 
Furthermore, power consumption can be significantly 
reduced in comparison with a configuration in which an 
operational amplifier outputs the low-potential-side Voltage 
by reducing the number of paths of current consumed by the 
operational amplifier and reducing the width of the power 
Supply Voltage of the operational amplifier. 
0071. With any one of the above common voltage gen 
eration circuits, 

0072 the low-potential-side voltage generation cir 
cuit may include: 

0073 first and second switch elements connected in 
Series, and 

0074) 
Series, 

0075 the amplitude voltage may be supplied to one 
end of the first Switch element, 

0076 the high-potential-side voltage may be Sup 
plied to one end of the Second Switch element, 

0077 the first power supply voltage may be Sup 
plied to one end of the third Switch element, 

0078 the first power supply voltage may be Sup 
plied to one end of the backup capacitor, 

0079 in a first period, the first Switch element may 
be turned on and the Second Switch element may be 
turned off to Supply the amplitude Voltage to one end 
of a flying capacitor, and the third Switch element 
may be turned on and the fourth Switch element may 
be turned off, and 

0080 in a second period subsequent to the first 
period, the first Switch element may be turned off and 
the Second Switch element may be turned on to 
Supply the high-potential-side Voltage to one end of 
the flying capacitor, and the third Switch element 
may be turned off and the fourth Switch element may 
be turned on to Supply a Voltage of the other end of 
the flying capacitor to the other end of the backup 
capacitor. 

third and fourth Switch elements connected in 

0081. According to this feature, power consumption of 
the common Voltage generation circuit can be significantly 
reduced by reducing the number of paths of current con 
Sumed by the operational amplifier and reducing the width 
of the power Supply Voltage of the operational amplifier 
using a simple configuration of providing the first to fourth 
Switch elements. 

0082. With any one of the above common voltage gen 
eration circuits, 

0083 the first and second switch elements may be 
MOS transistors, amplitude of gate voltages of the 
MOS transistors which form the first and second 
Switch elements being greater than a Voltage differ 
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ence between the amplitude Voltage and the high 
potential-side Voltage, and 

0084 the third and fourth Switch elements may be 
MOS transistors, amplitude of gate voltages of the 
MOS transistors which form the third and fourth 
Switch elements being greater than a Voltage differ 
ence between the first power Supply Voltage and the 
low-potential-side Voltage. 

0085. With any one of the above common voltage gen 
eration circuits, the amplitude of the gate Voltages of the 
MOS transistors which form the first to fourth Switch 
elements may be the same as amplitude of a Scan Voltage 
applied to the Scan line. 

0.086 According to this feature, since the impedance 
when the first to fourth Switch elements of the common 
Voltage generation circuit are turned on can be decreased, 
the boost efficiency can be improved by preventing loSS 
caused by the charge-pump operation, and the above-de 
Scribed reduction of power consumption can be realized. 

0.087 With any one of the above common voltage gen 
eration circuits, 

0088 the second operational amplifier may be a 
Voltage-follower-connected operational amplifier, 
output of the Second operational amplifier being 
driven by an n-channel driver transistor, and 

0089 the amplitude voltage may be a potential 
higher than the high-potential-Side Voltage. 

0090. With any one of the above common voltage gen 
eration circuits, 

0091 the second operational amplifier may include 
a Second differential Section and a Second driver 
Section which are Voltage-follower-connected, and 

0092) 

0093 a current source which is connected with a 
Second power Supply Voltage at one end and is 
connected with the output of the Second operational 
amplifier at the other end; and 

0094) an n-channel driver transistor which is con 
nected with the first power Supply Voltage at one end 
and is connected with the output of the Second 
operational amplifier at the other end. 

the Second driver Section may include: 

0.095 According to this feature, since it suffices that the 
Second operational amplifier Supply current to Such an extent 
that the output potential is not decreased, the amount of 
current flowing through the current Source of the Second 
operational amplifier can be reduced, whereby power con 
Sumption can be further reduced. 

0.096] With any one of the above common voltage gen 
eration circuits, the first operational amplifier may be a 
Voltage-follower-connected operational amplifier, output of 
the first operational amplifier being driven by a p-channel 
driver transistor. 

0097 With any one of the above common voltage gen 
eration circuits, the first operational amplifier may include a 
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first differential section and a first driver section which are 
Voltage-follower-connected, and 

0098) 
0099 a p-channel driver transistor which is con 
nected with a Second power Supply Voltage at one 
end and is connected with the output of the first 
operational amplifier at the other end; and 

0100 a current source which is connected with the 
first power Supply Voltage at one end and is con 
nected with the output of the first operational ampli 
fier at the other end. 

the first driver Section may include: 

0101 According to this feature, since it is unnecessary 
for the first operational amplifier to decrease the output 
potential toward the low potential Side, the amount of 
current flowing through the current Source of the first 
operational amplifier can be reduced, whereby power con 
Sumption can be further reduced. 
0102) Any one of the above common voltage generation 
circuits may include: 

0103 a first output transistor to which the high p 9. 
potential-side Voltage is Supplied at one end; and 

0104 a second output transistor to which the low 
potential-side Voltage is Supplied at one end, 

0105 the other end of the first output transistor may 
be connected with the other end of the second output 
transistor, and 

0106 amplitude of gate voltages of the first and 
Second output transistors may be greater than a 
Voltage difference between the high-potential-side 
Voltage and the low-potential-side Voltage. 

0107. With any one of the above common voltage gen 
eration circuits, the amplitude of the gate Voltages of the first 
and Second output transistors may be the same as amplitude 
of a Scan Voltage applied to the Scan line. 
0108. According to this feature, since the output imped 
ance of the common Voltage generation circuit can be 
decreased, a desired high-potential-side Voltage or low 
potential-side Voltage can be Supplied to the common elec 
trode. Therefore, even when using a charge pump output 
having a low drive capability in comparison with an opera 
tional amplifier, power consumption can be reduced while 
preventing deterioration of the image quality. 
0109) An embodiment of the present invention provides 
a power Supply circuit including one of the above common 
Voltage generation circuits. 
0110. An embodiment of the present invention provides a 
power Supply circuit for providing a power Supply to an 
electro-optical device including a plurality of Scan lines and 
a plurality of data lines, the power Supply circuit including: 

0111 one of the above common voltage generation 
circuits, and 

0112 a scan voltage generation circuit which gen 
erates a Scan Voltage of the Scan line and Supplies a 
high-potential-Side Voltage and a low-potential-side 
Voltage of the Scan Voltage to the common Voltage 
generation circuit. 
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0113. According to these embodiments, a power Supply 
circuit which realizes a significant reduction of power con 
Sumption can be provided. 
0114. An embodiment of the present invention provides a 
display driver for driving an electro-optical device including 
a plurality of Scan lines and a plurality of data lines, the 
display driver including: 

0115 one of the above power supply circuits; and 
0116 a scan line driver circuit which drives the scan 
line by using the Scan Voltage. 

0117 This display driver may include a data line driver 
circuit which drives the data line based on display data. 
0118. An embodiment of the present invention provides a 
display driver for driving an electro-optical device including 
a plurality of Scan lines and a plurality of data lines, the 
display driver including: 

0119 one of the above power supply circuits; and 
0120 a data line driver circuit which drives the data 
line based on display data. 

0121 According to this embodiment, a display driver 
which realizes a Significant reduction of power consumption 
can be provided. 
0122) An embodiment of the present invention provides 
a display device including one of the above common Voltage 
generation circuits, and performing a liquid crystal display 
by using the common Voltage generated by the common 
Voltage generation circuit. 
0123. According to this embodiment, a display device 
which realizes a Significant reduction of power consumption 
can be provided. 
0.124. An embodiment of the present invention provides 
a common Voltage generation method for generating a 
common Voltage applied to a common electrode which faces 
a pixel electrode Specified by a Scan line and a data line of 
an electro-optical device through an electro-optical Sub 
stance, the common Voltage generation method including: 

0.125 outputting an amplitude voltage of the com 
mon Voltage based on a first power Supply Voltage by 
using a p-channel driver transistor of a Voltage 
follower-connected first operational amplifier, and 
generating a high-potential-side Voltage of the com 
mon Voltage based on the first power Supply Voltage 
by using an n-channel driver transistor of a Voltage 
follower-connected Second operational amplifier; 

0.126 generating a low-potential-side Voltage of the 
common Voltage by a charge-pump operation by 
using a flying capacitor connected between output of 
the first operational amplifier and the first power 
Supply Voltage, the low-potential-side Voltage being 
lower in potential than the high-potential-Side Volt 
age for the amplitude Voltage, and 

0127 Supplying the high-potential-side Voltage or 
the low-potential-side Voltage to the common elec 
trode. 

0128. The embodiments of the present invention are 
described below in detail with reference to the drawings. 
Note that the embodiments described hereunder do not in 

Sep. 8, 2005 

any way limit the scope of the invention defined by the 
claims laid out herein. Note also that not all of the elements 
of these embodiments should be taken as essential require 
ments to the means of the present invention. 
0129. 1. Liquid Crystal Device 
0.130 FIG. 1 is a block diagram of a liquid crystal device 
to which a common Voltage generation circuit in this 
embodiment is applied. 
0131 This liquid crystal device 10 (display device in a 
broad Sense) includes a display panel 12 (liquid crystal 
display (LCD) panel in a narrow Sense), a data line driver 
circuit 20 (Source driver in a narrow Sense), a Scanline driver 
circuit 30 (gate driver in a narrow sense), a controller 40, and 
a power Supply circuit 50. The liquid crystal device 10 does 
not necessarily include all of these circuit blockS. The liquid 
crystal device 10 may have a configuration in which Some of 
the circuit blocks are omitted. 

0132) The display panel 12 (electro-optical device 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 specified by the Scan 
lines and the data lines. In this case, an active matrix type 
liquid crystal device may be formed by connecting a thin 
film transistor TFT (switch element in a broad sense) with 
the data line and connecting the pixel electrode with the thin 
film transistor TFT. 

0133. In more detail, the display panel 12 is formed on an 
active matrix Substrate (glass Substrate, for example). A 
plurality of Scan lines G to GM (M is a natural number of 
two or more), arranged in a direction Y shown in FIG. 1 and 
extending in a direction X, and a plurality of data lines S to 
SN (N is a natural number of two or more), arranged in the 
direction X and extending in the direction Y, are disposed on 
the active matrix Substrate. A thin film transistor TFT, 
(Switch element in a broad Sense) is formed at a position 
corresponding to the interSecting point of the Scan line G 
(1s KsM, K is a natural number) and the data line S. 
(1sLs N, L is a natural number). 
0134) A gate electrode of the thin film transistor TFT, 
is connected with the Scan line Gs, a Source electrode of the 
thin film transistor TFT is connected with the data line S, 
and a drain electrode of the thin film transistor TFT is 
connected with the pixel electrode PEk. A liquid crystal 
capacitor CLKL(liquid crystal element) and a storage capaci 
tor CSki are formed between the pixel electrode PEk and 
a common electrode CE which faces the pixel electrode 
CL through a liquid crystal (electro-optical Substance in a 
broad sense). A liquid crystal is sealed between the active 
matrix substrate on which the thin film transistor TFT, the 
pixel electrode PEk, and the like are formed and a common 
Substrate on which the common electrode CE is formed, and 
the transmissivity of a pixel changes corresponding to the 
voltage applied between the pixel electrode PE and the 
common electrode CE. 

0135) The voltage level (high-potential-side voltage or 
low-potential-side voltage) of a common voltage VCOM 
applied to the common electrode CE is generated by a 
common Voltage generation circuit included in the power 
supply circuit 50. The common electrode CE may not be 
formed over the common Substrate, and may be formed in 
the shape of Strips So as to correspond to the Scan lines. 
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0.136 The data line driver circuit 20 drives the data lines 
S to SN of the display panel 20 based on display data. The 
Scan line driver circuit 30 Scans (Sequentially drives) the 
Scan lines G to GM of the display panel 12. 

0137) The controller 40 controls the data line driver 
circuit 20, the scan line driver circuit 30, and the power 
Supply circuit 50 according to the content Set by a host Such 
as a central processing unit (CPU) (not shown). In more 
detail, the controller 40 provides an operation mode Setting 
and a vertical Synchronization signal or a horizontal Syn 
chronization signal generated therein to the data line driver 
circuit 20 and the scan line driver circuit 30. The controller 
40 controls the power Supply circuit 50 as to the polarity 
reversal timing of the Voltage level of the common Voltage 
VCOM applied to the common electrode CE. 
0.138. The power Supply circuit 50 generates various 
voltage levels (gray-Scale Voltages) necessary for driving the 
display panel 12 or the Voltage level of the common Voltage 
VCOM of the common electrode CE based on a reference 
Voltage Supplied from the outside. 

0.139. In the liquid crystal device 10 having such a 
configuration, the data line driver circuit 20, the Scan line 
driver circuit 30, and the power Supply circuit 50 drive the 
display panel 12 in combination based on the display data 
supplied from the outside under control of the controller 40. 

0140. In FIG. 1, the liquid crystal device 10 includes the 
controller 40. However, the controller 40 may be provided 
outside the liquid crystal device 10. Or, the host may be 
included in the liquid crystal device 10 together with the 
controller 40. Some or all of the data line driver circuit 20, 
the Scan line driver circuit 30, the controller 40, and the 
power Supply circuit 50 may be formed on the display panel 
12. 

0141. In FIG. 1, a display driver 60 may be formed by 
integrating the data line driver circuit 20, the Scanline driver 
circuit 30, and the power supply circuit 50 as a semicon 
ductor device (integrated circuit or IC). The display driver 
60 may include the controller 40. In FIG. 1, the display 
driver 60 may be a semiconductor device in which one of the 
data line driver circuit 20 and the scan line driver circuit 30 
and the power Supply circuit 50 are integrated. 

0142 1.1 Data Line Driver Circuit 
0143 FIG. 2 shows a configuration example of the data 
line driver circuit 20 shown in FIG. 1. 

0144. The data line driver circuit 20 includes a shift 
register 22, line latches 24 and 26, a digital-to-analog 
converter (DAC) 28 (data voltage generation circuit in a 
broad sense), and an output buffer 29. 
0145 The shift register 22 includes a plurality of flip 
flops, each of the flip-flops being provided corresponding to 
the data line and Sequentially connected. The shift register 
22 holds an enable input-output Signal EIO in Synchroniza 
tion with a clock signal CLK, and Sequentially shifts the 
enable input-output signal EIO to the adjacent flip-flops in 
Synchronization with the clock signal CLK. 

0146 Display data (DIO) is input to the line latch 24 from 
the controller 40 in units of 18 bits (6 bits (grayscale data)x3 
(each color of RGB)), for example. The line latch 24 latches 

Sep. 8, 2005 

the display data (DIO) in synchronization with the enable 
input-output Signal EIO Sequentially shifted by the flip-flops 
of the shift register 22. 
0147 The line latch 26 latches the display data in one 
horizontal Scan unit latched by the data latch 24 in Synchro 
nization with a horizontal Synchronization signal LP Sup 
plied from the controller 40. 
0.148. The DAC 28 generates an analog data voltage 
supplied to the data line. In more detail, the DAC 28 selects 
one of gray-Scale Voltages from the power Supply circuit 50 
shown in FIG. 1 based on digital display data from the line 
latch 26, and outputs an analog data Voltage corresponding 
to the digital display data. 
0149 The output buffer 29 drives the data line by buff 
ering the data voltage from the DAC 28 and outputting the 
data Voltage to the data line. In more detail, the output buffer 
29 includes Voltage-follower-connected operational ampli 
fier circuits OPC provided in data line units, and each of the 
operational amplifier circuits OPC converts the data Voltage 
from the DAC 28 by impedance conversion and outputs the 
converted data Voltage to the data line. 
0150. In FIG. 2, a configuration in which the digital 
display data is digital/analog converted and output to the 
data line through the output buffer 29 is used. However, a 
configuration in which an analog image Signal is Sampled/ 
held and output to the data line through the output buffer 29 
may also be used. 
0151) 1.2 Scan Line Driver Circuit 
0152 FIG. 3 shows a configuration example of the scan 
line driver circuit 30 shown in FIG. 1. 

0153. The scan line driver circuit 30 includes a shift 
register 32, a level shifter 34, and an output buffer 36. 
0154) The shift register 32 includes a plurality of flip 
flops, each of the flip-flops being provided corresponding to 
the Scan line and Sequentially connected. The shift register 
32 holds the enable input-output signal EIO in the flip-flop 
in Synchronization with the clock Signal CLK, and Sequen 
tially shifts the enable input-output Signal EIO to the adja 
cent flip-flops in Synchronization with the clock signal CLK. 
The input enable input-output signal EIO is the vertical 
Synchronization Signal Supplied from the controller 40. 
0155 The level shifter 34 shifts the voltage level from the 
shift register 32 to a Voltage level corresponding to the liquid 
crystal device of the display panel 12 and the transistor 
performance of the thin film transistor TFT. Since a high 
voltage level of 20 to 50 V is required as the voltage level, 
a high Voltage process differing from that for other logic 
circuit Sections is used. 

0156 The output buffer 36 drives the scan line by buff 
ering the scan voltage shifted by the level shifter 34 and 
outputting the Scan Voltage to the Scan line. 
0157 1.3 Power Supply Circuit 
0158 FIG. 4 shows a configuration example of the 
power supply circuit 50 shown in FIG. 1. 
0159. The power supply circuit 50 includes a positive 
direction two-fold Voltage booster circuit 52, a Scan Voltage 
generation circuit 54, and a common Voltage generation 
circuit 56. A system ground power supply voltage VSS (first 
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power Supply voltage) and a System power Supply voltage 
VDD are supplied to the power supply circuit 50. 
0160 The system ground power supply voltage VSS and 
the System power Supply Voltage VDD are Supplied to the 
positive direction two-fold voltage booster circuit 52. The 
positive direction two-fold Voltage booster circuit 52 gen 
erates a power Supply Voltage VOUT (Second power Supply 
voltage) obtained by boosting the System power Supply 
voltage VDD twice in the positive direction based on the 
System ground power Supply Voltage VSS. Specifically, the 
positive direction two-fold voltage booster circuit 52 boosts 
the Voltage difference between the System ground power 
Supply Voltage VSS and the System power Supply Voltage 
VDD twice. The positive direction two-fold voltage booster 
circuit 52 may be formed by a conventional charge-pump 
circuit. The power supply voltage VOUT is supplied to the 
data line driver circuit 20, the Scan Voltage generation circuit 
54, and the common Voltage generation circuit 56. It is 
desirable that the positive direction two-fold voltage booster 
circuit 52 output the power supply voltage VOUT obtained 
by boosting the system power supply voltage VDD twice in 
the positive direction by boosting the System power Supply 
Voltage VDD at a boost factor of two or more and regulating 
the Voltage level using a regulator after boosting. 
0.161 The system ground power supply voltage VSS and 
the power Supply Voltage VOUT are Supplied to the Scan 
Voltage generation circuit 54. The Scan Voltage generation 
circuit 54 generates the Scan Voltage. The Scan Voltage is a 
Voltage applied to the Scan line driven by the Scan line driver 
circuit 30. The high-potential-side voltage of the scan volt 
age is a Voltage VDDHG, and the low-potential-side Voltage 
of the scan voltage is a voltage VEE. In this embodiment, the 
high-potential-side voltage VDDHG and the low-potential 
Side Voltage VEE of the Scan Voltage are also Supplied to the 
common Voltage generation circuit 56. 
0162 The common voltage generation circuit 56 gener 
ates the common voltage VCOM. The common voltage 
generation circuit 56 outputs one of the high-potential-side 
voltage VCOMH and the low-potential-side voltage 
VCOML as the common voltage VCOM based on a polarity 
reversal signal POL. The polarity reversal signal POL is 
generated by the controller 40 corresponding to the polarity 
reversal timing. 
0163 FIG. 5 shows a configuration example of the scan 
voltage generation circuit 54 shown in FIG. 4. 
0164. The scan voltage generation circuit 54 includes a 
positive direction three-fold voltage booster circuit 58 and a 
negative direction two-fold voltage booster circuit 59. 
0.165. The positive direction three-fold voltage booster 
circuit 58 generates the high-potential-side voltage VDDHG 
of the Scan Voltage obtained by boosting the power Supply 
voltage VOUT three times in the positive direction based on 
the System ground power Supply Voltage VSS. Specifically, 
the positive direction three-fold voltage booster circuit 58 
boosts the Voltage difference between the System ground 
power Supply Voltage VSS and the power Supply Voltage 
VOUT three times. The positive direction three-fold voltage 
booster circuit 58 may be formed by a conventional charge 
pump circuit. 
0166 The negative direction two-fold voltage booster 
circuit 59 generates the high-potential-side voltage VEE of 
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the Scan Voltage obtained by boosting the power Supply 
voltage VOUT twice in the negative direction based on the 
System ground power Supply Voltage VSS. Specifically, the 
negative direction two-fold voltage booster circuit 59 boosts 
the Voltage difference between the System ground power 
supply voltage VSS and the power supply voltage VOUT 
(-2) times. The negative direction two-fold voltage booster 
circuit 59 may be formed by a conventional charge-pump 
circuit. 

0.167 The positive direction three-fold voltage booster 
circuit 58 and the negative direction two-fold voltage 
booster circuit 59 may boost a voltage at a predetermined 
boost factor or more, regulate the Voltage level using a 
regulator, and output the regulated Voltage. 
0.168. In the case where the common voltage generation 
circuit 56 shown in FIG. 4 is formed by using a high voltage 
process as in the Scan Voltage generation circuit 54, it is 
preferable that the amplitude of the gate Voltages of metal 
oxide semiconductor (MOS) transistors which form the 
common Voltage generation circuit 56 be the amplitude 
between the high-potential-side voltage VDDHG and the 
low-potential-side Voltage VEE generated by the Scan Volt 
age generation circuit 54. In this case, the impedance can be 
sufficiently reduced when the MOS transistors conduct 
electricity. 
0169 FIG. 6 shows an example of a drive waveform of 
the display panel 12 shown in FIG. 1. 
0170 A grayscale voltage DLV corresponding to the 
grayScale value of the display data is applied to the data line. 
In FIG. 6, the grayscale voltage DLV having an amplitude 
of 5 V with respect to the System ground power Supply 
voltage VSS (=0 V) is applied. 
0171 A low-potential-side voltage VEE (=-10 V) is 
applied to the Scan line during a nonselect period, and a 
high-potential-side voltage VDDHG (=15 V) is applied to 
the Scan line during a Select period, as a Scan Voltage GLV. 
0172 A high-potential-side voltage VCOMH (=3 V) or a 
low-potential-side voltage VCOML (=-2 V) is applied to the 
common electrode CE as the common voltage VCOM. The 
polarity of the voltage level of the common voltage VCOM 
based on a given Voltage is reversed in Synchronization with 
the polarity reversal timing. FIG. 6 shows the waveform of 
the common voltage VCOM during a scan line reversal 
drive. The polarity of the grayscale voltage DLV of the data 
line is also reversed based on a given Voltage in Synchro 
nization with the polarity reversal timing. 
0173 1.4 Polarity Reversal Drive 
0.174 Aliquid crystal element deteriorates when a direct 
current Voltage is applied to the liquid crystal element for a 
long period of time. Therefore, a drive method in which the 
polarity of the Voltage applied to the liquid crystal element 
is reversed in units of a predetermined period is necessary. 
AS Such a drive method, a frame reversal drive, a Scan (gate) 
line reversal drive, a data (Source) line reversal drive, a dot 
reversal drive, and the like can be given. 
0.175 Of these, the frame reversal drive has a disadvan 
tage in that the image quality is poor although power 
consumption is low. The data line reversal drive and the dot 
reversal drive have a disadvantage in that a high Voltage is 
required to drive the display panel although the image 
quality is good. 
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0176) Therefore, this embodiment employs the scan line 
reversal drive. In the scan line reversal drive, the polarity of 
the Voltage applied to the liquid crystal element is reversed 
in Scan period units (in units of Scan lines). For example, a 
positive Voltage is applied to the liquid crystal element in a 
first Scan period (Scan line), a negative voltage is applied in 
a Second Scan period, and a positive Voltage is applied in a 
third Scan period. In the next frame, a negative Voltage is 
applied to the liquid crystal element in the first Scan period, 
a positive Voltage is applied in the Second Scan period, and 
a negative Voltage is applied in the third Scan period. 

0177. In the scan line reversal drive method, the polarity 
of the voltage level of the common voltage VCOM of the 
common electrode CE is reversed in Scan period units. 

0178. In more detail, the voltage level of the common 
voltage VCOM is the low-potential-side voltage VCOML in 
a positive period T1 (first period) and is the high-potential 
side voltage VCOMH in a negative period T2 (second 
period), as shown in FIG. 7. The polarity of the grayscale 
Voltage applied to the data line is also reversed in Synchro 
nization with this timing. The low-potential-Side Voltage 
VCOML is the voltage level obtained by reversing the 
polarity of the high-potential-side voltage VCOMH based 
on a given Voltage level. 

0179 The positive period T1 is a period in which the 
Voltage level of the pixel electrode to which the grayScale 
Voltage of the data line is Supplied is higher than the Voltage 
level of the common electrode CE. In the period T1, a 
positive Voltage is applied to the liquid crystal element. The 
negative period T2 is a period in which the Voltage level of 
the pixel electrode to which the grayScale Voltage of the data 
line is Supplied is lower than the Voltage level of the 
common electrode CE. In the period T2, a negative Voltage 
is applied to the liquid crystal element. 
0180. The voltage necessary for driving the display panel 
can be reduced by reversing the polarity of the common 
voltage VCOM as described above. This enables the break 
down voltage of the driver circuit to be reduced, whereby the 
manufacturing process of the driver circuit can be Simplified 
and cost can be reduced. 

0181 2. Common Voltage Generation Circuit 
0182. The common electrode CE to which the above 
described common voltage VCOM is applied for performing 
the polarity reversal drive is an electrode formed over the 
common Substrate, for example. Since the load capacity 
when driving the common electrode CE is high and the 
Voltage level must be changed within a predetermined 
period, the common electrode CE is generally driven by 
using an operational amplifier having a high drive capability. 
For example, outputs from two operational amplifiers which 
generate the high-potential-side voltage VCOMH and the 
low-potential-side voltage VCOML are selectively output 
corresponding to the polarity reversal timing. 

0183 In this case, since the power supply voltage must be 
Supplied to the operational amplifiers using a dual power 
Supply method in order to Sufficiently Secure the amplitude 
of the outputs from the two operational amplifiers, it is 
difficult to reduce power consumption due to an increase in 
the width (the amplitude) of the power supply voltage of the 
operational amplifiers. 
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0184. In this embodiment, in order to solve such a 
problem, power consumption is reduced by using a common 
Voltage generation circuit having a configuration as 
described below. 

0185 FIG. 8 shows a schematic configuration example 
of the common voltage generation circuit 56 shown in FIG. 
4. 

0186 The common voltage generation circuit 56 includes 
first and second operational amplifiers OP1 and OP2 and a 
Select circuit SEL. 

0187. The first operational amplifier OP1 outputs an 
amplitude voltage VCOMW of the common voltage VCOM 
based on the System ground power Supply Voltage VSS (first 
power Supply voltage in a broad Sense). The Second opera 
tional amplifier OP2 outputs the high-potential-side Voltage 
VCOMH of the common voltage VCOM based on the 
System ground power Supply Voltage VSS. 
0188 The low-potential-side voltage VCOML which is 
lower in potential than high-potential-side voltage VCOMH 
for the Voltage difference between the amplitude Voltage 
VCOMW and the system ground power supply voltage VSS 
is generated by a charge-pump operation. The Select circuit 
SEL outputs the high-potential-side voltage VCOMH or the 
low-potential-side voltage VCOML as the common voltage 
VCOM corresponding to the logical level of the polarity 
reversal signal POL. 
0189 As described above, the low-potential-side voltage 
VCOML of the common voltage VCOM is not output from 
an operational amplifier, but is generated by the charge 
pump operation. 
0.190 Since the transmissivity of a pixel changes corre 
sponding to the difference between the Voltage of the pixel 
electrode and the Voltage of the common electrode, the 
target value of the deviation of the Voltage applied to the 
liquid crystal is generally 5 to 20 mV. Since color non 
uniformity is confirmed by naked eye observation when the 
deviation becomes equal to or exceeds the above value, the 
applied Voltage must be set with high accuracy. Since it is 
difficult to stably and periodically output the voltage to the 
common electrode within the deviation when using a charge 
pump output having a low drive capability, the applied 
Voltage has been Set using an operational amplifier. 
0191) However, the present inventor has confirmed that 
the effect on the image quality of the entire liquid crystal 
panel cannot be identified by naked eye observation by 
Setting the common Voltage within a predetermined devia 
tion, even if the Voltage is output to the common electrode 
using a charge pump output. Therefore, deterioration of the 
image quality can be prevented even if the Voltage is output 
to the common electrode using the charge pump output as 
described above. 

0.192 It becomes unnecessary to supply the power supply 
Voltage using a dual power Supply method by employing the 
configuration in this embodiment. Therefore, the width of 
the power Supply Voltage of the operational amplifier for 
generating the common Voltage can be reduced, and the 
number of operational amplifiers can be reduced. This 
reduces power consumption. 
0193 FIG. 9 shows an example of a principle configu 
ration diagram of the common Voltage generation circuit in 
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this embodiment. In FIG. 9, Sections the same as the 
Sections of the common Voltage generation circuit 56 shown 
in FIG. 8 are indicated by the same symbols. Description of 
these Sections is appropriately omitted. 
0194 This common voltage generation circuit 100 may 
be applied to the power supply circuit 50 shown in FIG. 4. 
The common voltage generation circuit 100 includes first 
and second operational amplifiers OP1 and OP2 and a 
low-potential-side Voltage generation circuit 110. 
0195 The first operational amplifier OP1 outputs the 
amplitude voltage VCOMW of the common voltage VCOM 
based on the System ground power Supply Voltage VSS (first 
power Supply voltage). The Second operational amplifier 
OP2 outputs the high-potential-side voltage VCOMH of the 
common voltage VCOM based on the system ground power 
Supply Voltage VSS (first power Supply Voltage). 
0196. The low-potential-side voltage generation circuit 
110 supplies the low-potential-side voltage VCOML of the 
common voltage VCOM which is lower in potential than the 
high-potential-side voltage VCOMH for the amplitude volt 
age VCOMW to one terminal (the other end) of a backup 
capacitor BC by a charge-pump operation. A given first 
voltage (System ground power Supply voltage VSS, for 
example) is Supplied to the other terminal (one end) of the 
backup capacitor BC. The backup capacitor BC may be 
included in the common voltage generation circuit 100 or 
the like (common voltage generation circuit 100 or a power 
Supply circuit including the common Voltage generation 
circuit 100). The backup capacitor BC may be externally 
provided So that the backup capacitor BC is connected with 
the common voltage generation circuit 100 or the like 
through an external connection terminal of the common 
voltage generation circuit 100 or the like. 
0197) The common voltage generation circuit 100 Sup 
plies the high-potential-side voltage VCOMH or the low 
potential-side voltage VCOML thus generated to the com 
mon electrode CE. Therefore, the common Voltage 
generation circuit 100 may include a select circuit SEL. The 
Select circuit SEL outputs the high-potential-Side Voltage 
VCOMH or the low-potential-side voltage VCOML corre 
sponding to the logical level of the polarity reversal Signal 
POL. 

0198 FIG. 10 shows another example of a principle 
configuration diagram of a common Voltage generation 
circuit in this embodiment. In FIG. 10, sections the same as 
the sections shown in FIG. 9 are indicated by the same 
Symbols. Description of these Sections is appropriately omit 
ted. 

0199 This common voltage generation circuit 120 may 
be applied to the power supply circuit 50 shown in FIG. 4. 
The common Voltage generation circuit 120 includes first 
and second operational amplifiers OP1 and OP2 and a 
low-potential-side Voltage generation circuit 130. 
0200. The low-potential-side voltage generation circuit 
130 supplies the high-potential-side voltage VCOMH to one 
end of a flying capacitor FC which Stores an electric charge 
corresponding to the Voltage difference between the System 
ground power Supply Voltage VSS (first power Supply 
voltage) and the amplitude voltage VCOMW. This enables 
the low-potential-side Voltage generation circuit 130 to 
generate the low-potential-side voltage VCOML of the 
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common voltage VCOM which is lower in potential than the 
high-potential-side voltage VCOMH for the amplitude volt 
age VCOMW. The flying capacitor FC may be included in 
the common Voltage generation circuit 120 or the like 
(common voltage generation circuit 120 or a power Supply 
circuit including the common Voltage generation circuit 
120). The flying capacitor FC may be externally provided so 
that the flying capacitor FC is connected with the common 
Voltage generation circuit 120 or the like through an external 
connection terminal of the common Voltage generation 
circuit 120 or the like. 

0201 The common voltage generation circuit 120 Sup 
plies the high-potential-side voltage VCOMH or the low 
potential-side voltage VCOML thus generated to the com 
mon electrode CE. Therefore, the common Voltage 
generation circuit 120 may include a Select circuit SEL. 
0202 FIG. 11 is a circuit diagram of a configuration 
example of a common Voltage generation circuit in this 
embodiment. This common voltage generation circuit 200 
may be considered to be a specific configuration example of 
the common voltage generation circuit 100 or 120 shown in 
FG 9 or 10. 

0203) The first operational amplifier OP1 is formed by a 
Voltage-follower-connected operational amplifier. The first 
operational amplifier OP1 operates using the power Supply 
Voltage VOUT and the System ground power Supply Voltage 
VSS as power supplies. The power supply voltage VOUT is 
generated by the power supply circuit 50 shown in FIG. 4. 
A signal input to a noninverting input terminal (+ terminal) 
of the first operational amplifier OP1 is a divided voltage 
Vin1 obtained by dividing the voltage difference between 
the power supply voltage VOUT and the system ground 
power Supply Voltage VSS using resistors. The output from 
the first operational amplifier OP1 is connected with an 
inverting input terminal (- terminal). The first operational 
amplifier OP1 can stably supply the amplitude voltage 
VCOMW as the output voltage corresponding to the divided 
Voltage Vin1, Since the input impedance is high and the 
output impedance is low. 
0204. The second operational amplifier OP2 is formed by 
a Voltage-follower-connected operational amplifier. The Sec 
ond operational amplifier OP2 operates using the power 
Supply Voltage VOUT and the System ground power Supply 
Voltage VSS as power Supplies. A signal input to a nonin 
verting input terminal (+ terminal) of the Second operational 
amplifier OP2 is a divided voltage Vin2 obtained by dividing 
the Voltage difference between the power Supply Voltage 
VOUT and the system ground power Supply voltage VSS 
using resistors. The output from the Second operational 
amplifier OP2 is connected with an inverting input terminal 
(- terminal). The second operational amplifier OP2 can 
stably supply the high-potential-side voltage VCOMH of the 
common Voltage VCOM as the output voltage correspond 
ing to the divided Voltage Vin2, Since the input impedance 
is high and the output impedance is low. 
0205. A low-potential-side voltage generation circuit 210 
includes first to fourth Switch elements SW1 to SW4. The 
first and second Switch elements SW1 and SW2 are con 
nected in series. The amplitude voltage VCOMW and the 
high-potential-side voltage VCOMH are supplied to either 
end of the first and second Switch elements SW1 and SW2 
connected in series. The third and fourth Switch elements 
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SW3 and SW4 are connected in series. The system ground 
power Supply voltage VSS (first power Supply Voltage) is 
supplied to one end of the third Switch element SW3. The 
other end of the third Switch element SW3 is connected with 
one end of the fourth Switch element SW4. The voltage of 
the other end of the fourth Switch element SW4 is the 
low-potential-side voltage VCOML of the common voltage 
VCOM. 

0206. The first to fourth switch elements SW1 to SW4 are 
ON/OFF controlled using a Switch control signal. The first 
to third switch elements SW1 to SW3 are formed by 
p-channel MOS transistors, and the fourth Switch element 
SW4 is formed by an n-channel MOS transistor. Charge 
clock signals CK1P to CK3P and CK1N are input to gate 
electrodes of the MOS transistors, and the MOS transistors 
are ON/OFF controlled by the charge clock signals CK1P to 
CK3P and CK1 N. 

0207. A connection node ND1 of the first and second 
Switch elements SW1 and SW2 is connected with an exter 
nal connection terminal TC1. A connection node ND2 of the 
third and fourth Switch elements SW3 and SW4 is connected 
with an external connection terminal TC4. The flying 
capacitor FC is connected between the external connection 
terminals TC1 and TC4 outside the common voltage gen 
eration circuit 200. 

0208. The select circuit SEL includes first and second 
output switch elements SWO1 and SWO2. The first and 
second output switch elements SWO1 and SWO2 are con 
nected in series. The high-potential-side voltage VCOMH 
and the low-potential-side voltage VCOML of the common 
voltage VCOM are supplied to either end of the first and 
second output Switch elements SWO1 and SWO2. 
0209. The first output switch element SWO1 is formed by 
a p-channel MOS transistor as a first output transistor. The 
second output switch element SWO2 is formed by an 
n-channel MOS transistor as a second output transistor. The 
polarity reversal Signal POL is Supplied to gate electrodes of 
the output transistors. 

0210. A connection node of the first and second output 
Switch elements SWO1 and SWO2 is connected with an 
external connection terminal TC2. The common Voltage 
VCOM is supplied to the common electrode CE connected 
with the external connection terminal TC2. 

0211) A source electrode of the third Switch element SW3 
is connected with an external connection terminal TC3. A 
Source electrode of the fourth Switch element SW4 is 
connected with an external connection terminal TC5. The 
System ground power Supply Voltage VSS is Supplied to the 
Source electrode of the third Switch element SW3. The 
low-potential-side voltage VCOML of the common voltage 
VCOM is supplied to the source electrode of the fourth 
Switch element SW4. The backup capacitor BC is connected 
between the external connection terminals TC3 and TC5 
outside the common Voltage generation circuit 200. 
0212 FIG. 12 is a timing diagram of an operation 
example of the common Voltage generation circuit 200 
shown in FIG. 11. 

0213 FIG. 12 schematically shows changes in the charge 
clock signals CK1P to CK3P and CK1N and the connection 
nodes ND1, ND2, and ND0. Suppose that the MOS tran 
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Sistor is an ideal Switch element without resistance and loSS 
of the circuit element is absent for convenience of descrip 
tion. 

0214. Each of the charge clock signals CK1P to CK3P 
and CK1N has two periods (PH1 and PH2). The charge 
clock signals CK1P and CK3P are signals which change at 
the same time. The charge clock signals CK2P and CK1N 
are signals which change at the same time. It is preferable 
that the charge clock signals CK1P and CK2P do not change 
at the Same time. It is preferable that the charge clock signals 
CK3P and CK1N do not change at the same time. 
0215. In the phase PH1 (first period), the charge clock 
signals CK1P, CK3P, and CK1N are set at the L level, and 
the charge clock signal CK2P is set at the H level. Therefore, 
the first Switch element SW1 is turned on and the second 
Switch element SW2 is turned off, whereby the amplitude 
voltage VCOMW is supplied to the connection node ND1. 
Therefore, the amplitude voltage VCOMW is supplied to 
one end of the flying capacitor FC. In the phase PH1, the 
third Switch element SW3 is turned on and the fourth Switch 
element SW4 is turned off, whereby the system ground 
power Supply voltage VSS (first power Supply Voltage) is 
supplied to the connection node ND2. Therefore, the system 
ground power Supply Voltage VSS is Supplied to the other 
end of the flying capacitor FC. 
0216) In the phase PH2 (second period subsequent to the 
first period), the charge clock signals CK1P, CK3P, and 
CK1N are set at the H level, and the charge clock signal 
CK2P is set at the Llevel. Therefore, the first Switch element 
SW1 is turned off and the second Switch element SW2 is 
turned on, whereby the high-potential-side voltage VCOMH 
is supplied to the connection node ND1. Therefore, the 
high-potential-side voltage VCOMH is supplied to one end 
of the flying capacitor FC. In the phase PH2, the third switch 
element SW3 is turned off and the fourth Switch element 
SW4 is turned on, whereby the voltage of the other end of 
the flying capacitor FC is Supplied to the connection node 
ND0. Therefore, the voltage of the other end of the flying 
capacitor FC is Supplied to one end of the backup capacitor 
BC. 

0217 FIGS. 13A and 13B show equivalent circuits of 
the low-potential-side Voltage generation circuit 210 in the 
phases PH1 and PH2. 
0218 FIG. 13A shows an equivalent circuit in the phase 
PH1. In the phase PH1, the voltage difference between the 
amplitude voltage VCOMW and the system ground power 
Supply Voltage VSS occurs acroSS the ends of the flying 
capacitor FC. Suppose that the System ground power Supply 
voltage VSS is 0 V (volt) and the capacitance of the flying 
capacitor FC is C1, an electric charge Q1 charged into the 
flying capacitor FC is “C1xVCOMW”. 
0219 FIG. 13B shows an equivalent circuit in the phase 
PH2. In the phase PH2, the high-potential-side voltage 
VCOMH is supplied to the terminal of the flying capacitor 
FC to which the positive Voltage is Supplied in the phase 
PH1. Therefore, the other end of the flying capacitor FC is 
at a Voltage which is lower than the high-potential-side 
voltage VCOMH for a voltage corresponding to the electric 
charge Q1. Specifically, in the phase PH2, the voltage of the 
other end of the flying capacitor FC is (VCOMH-VCOMW), 
whereby (VCOMH-VCOMW) is supplied to the connection 
node ND0 as the low-potential-side voltage VCOML. 
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0220. An electric charge is charged into the backup 
capacitor BC to which (VCOMH-VCOMW) is supplied, 
and the phase PH1 occurs again. When the fourth Switch 
element SW4 is turned off, the electric charge charged into 
the backup capacitor BC is discharged to the common 
electrode CE. However, Since an electric charge is repeat 
edly Supplied from the flying capacitor FC, the low-poten 
tial-side voltage VCOML is maintained as the voltage of the 
connection node ND0. 

0221) The common voltage generation circuit 200 shown 
in FIG. 11 uses a p-channel operational amplifier as the first 
operational amplifier OP1. The common Voltage generation 
circuit 200 uses an n-channel operational amplifier as the 
second operational amplifier OP2. 

0222 FIG. 14 is a circuit diagram of a configuration 
example of the first operational amplifier OP1 using a 
p-channel operational amplifier. 

0223) The first operational amplifier OP1 is a voltage 
follower-connected operational amplifier, and its output is 
driven by a p-channel driver transistor PT13. The first 
operational amplifier OP1 includes a first differential section 
DIF1 and a first driver section DRV1, and is formed by 
Voltage-follower-connecting the first differential Section 
DIF1 and the first driver Section DRV1. 

0224. The first driversection DRV1 includes the p-chan 
nel driver transistor PT13, but does not include an n-channel 
driver transistor. The first driversection DRV1 includes the 
p-channel driver transistor PT13 and a current source IS12. 
The p-channel driver transistor PT13 is connected with the 
power Supply voltage VOUT (Second power Supply Voltage) 
at one end, and is connected with the output of the first 
operational amplifier OP1 at the other end. The current 
Source IS12 is connected with the System ground power 
Supply voltage (first power Supply voltage) at one end, and 
is connected with the output of the first operational amplifier 
OP1 at the other end. In FIG. 14, a capacitor CC1 is used 
for phase compensation. 

0225. The first differential section DIF1 includes p-chan 
nel transistors PT11 and PT12 of which gate electrodes are 
connected with an output DQ1 of the first differential section 
DIF1, n-channel transistors NT11 and NT12 of which gate 
electrodes are respectively connected with inputs I1 and XI1 
of the first differential section DIF1, and a current Source 
IS11 provided on the side of the system ground power 
Supply Voltage VSS (first power Supply Voltage). 

0226. The first operational amplifier OP1 is voltage 
follower-connected in which an output Q1 is connected with 
the input XI1 (inverting input) of the first differential section 
DIF1. 

0227 FIG. 15 is a circuit diagram of a configuration 
example of the Second operational amplifier OP2 using an 
n-channel operational amplifier. 

0228. The second operational amplifier OP2 is a voltage 
follower-connected operational amplifier, and its output is 
driven by an n-channel driver transistor NT23. The second 
operational amplifier OP2 includes a second differential 
Section DIF2 and a second driver section DRV2, and is 
formed by Voltage-follower-connecting the Second differen 
tial section DIF2 and the second driver section DRV2. 
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0229. The second driver section DRV2 includes the 
n-channel driver transistor NT23, but does not include a 
p-channel driver transistor. The second driversection DRV2 
includes the n-channel driver transistor NT23 and a current 
Source IS22. The n-channel driver transistor NT23 is con 
nected with the System ground power Supply voltage (first 
power Supply voltage) at one end, and is connected with the 
output of the second operational amplifier OP2 at the other 
end. The current source IS22 is connected with the power 
Supply Voltage VOUT (Second power Supply voltage) at one 
end, and is connected with the output of the Second opera 
tional amplifier OP2 at the other end. In FIG. 15, a capacitor 
CC2 is used for phase compensation. 
0230. The second differential section DIF2 includes 
n-channel transistors NT21 and NT22 of which gate elec 
trodes are connected with an output DQ2 of the Second 
differential section DIF2, p-channel transistors PT21 and 
PT22 of which gate electrodes are respectively connected 
with inputs 12 and X12 of the second differential section 
DIF2, and a current source IS21 provided on the side of the 
power supply voltage VOUT (second power supply volt 
age). 
0231. The second operational amplifier OP2 is voltage 
follower-connected in which an output Q2 is connected with 
the input X12 (inverting input) of the second differential 
Section DIF2. 

0232. In the first operational amplifier OP1 shown in 
FIG. 14, current flows through only paths I11 and I12. In the 
second operational amplifier OP2 shown in FIG. 15, current 
flows through only paths 121 and 122. Therefore, the first 
and second operational amplifiers OP1 and OP2 can reduce 
the amount of unnecessary current in comparison with a 
class-AB operational amplifier circuit having three or more 
current paths, whereby power consumption can be reduced. 
0233. In the first operational amplifier OP1, the amount 
of current I12 flowing through the current source IS12 can 
be significantly reduced when it is unnecessary to decrease 
the voltage level of the output Q1 toward the low potential 
Side to a large extent. In the common Voltage generation 
circuit 200 shown in FIG. 11, when the amplitude voltage 
VCOMW of the common voltage VCOM is higher in 
potential than the high-potential-side voltage VCOMH of 
the common voltage VCOM, it is unnecessary for the first 
operational amplifier OP1 to decrease the potential of one 
end of the flying capacitor FC toward the low potential side. 
Therefore, power consumption can be reduced by using a 
p-channel operational amplifier as the first operational 
amplifier OP1. 
0234. In the second operational amplifier OP2, the 
amount of current I22 flowing through the current Source 
IS22 can be significantly reduced when it is unnecessary to 
increase the Voltage level of the output Q2 toward the high 
potential Side to a large extent. In the common Voltage 
generation circuit 200 shown in FIG. 11, when the ampli 
tude voltage VCOMW of the common voltage VCOM is 
higher in potential than the high-potential-side Voltage 
VCOMH of the common voltage VCOM, it is unnecessary 
for the second operational amplifier OP2 to decrease the 
potential of one end of the flying capacitor FC toward the 
high potential Side. Therefore, power consumption can be 
reduced by using an n-channel operational amplifier as the 
second operational amplifier OP2. 
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2.1 COMPARATIVE EXAMPLE 

0235 A comparative example in which the power supply 
Voltage is Supplied using a dual power Supply method is 
described below in order to describe the effect of this 
embodiment. 

0236 FIG. 16 is a circuit diagram of a configuration 
example of a common Voltage generation circuit in a com 
parative example of this embodiment. In FIG. 16, sections 
the same as the Sections of the common Voltage generation 
circuit 200 in this embodiment shown in FIG. 11 are 
indicated by the same Symbols. Description of these Sections 
is appropriately omitted. 
0237) The common voltage generation circuit in the 
comparative example includes third to fifth operational 
amplifiers OP3 to OP5. The third operational amplifier OP3 
outputs the amplitude voltage VCOMW using the voltage 
between the power supply voltage VOUT (second power 
Supply Voltage) and the System ground power Supply Voltage 
VSS (first power Supply voltage) as the power Supply 
voltage. The fourth operational amplifier OP4 outputs the 
high-potential-side voltage VCOMH of the common voltage 
VCOM using the voltage between the power supply voltage 
VOUT and the system ground power supply voltage VSS as 
the power Supply Voltage. 
0238. The fifth operational amplifier OP5 operates as a 
Subtractor circuit including resistor elements (R1 and R2), 
and outputs the low-potential-side voltage VCOML of the 
common voltage VCOM. In more detail, a divided voltage 
obtained by dividing the voltage between the low-potential 
side voltage VCOML, which is the output voltage, and the 
amplitude voltage VCOMW using the resistor elements (R1 
and R2) is Supplied to an inverting input terminal of the fifth 
operational amplifier OP5. When the resistances of the 
resistor elements R1 and R2 are the same, a Voltage half of 
the high-potential-side voltage VCOMH is supplied to a 
noninverting input terminal of the fifth operational amplifier 
OP5. 

0239). The subtractor circuit formed by using the fifth 
operational amplifier OP5 is described below. 
0240 FIG. 17 shows a configuration example of the 
Subtractor circuit formed by using the fifth operational 
amplifier OP5. 
0241 A voltage obtained by dividing the voltage between 
the low-potential-side voltage VCOML, which is the output 
voltage, and the amplitude voltage VCOMW using the 
resistor elements (R1 and R2) is Supplied to the inverting 
input terminal of the fifth operational amplifier OP5. A 
Voltage obtained by dividing the Voltage between the System 
ground power Supply Voltage VSS and the high-potential 
side voltage VCOMH using resistor elements (r1 and r2) is 
Supplied to the noninverting input terminal of the fifth 
operational amplifier OP5. 
0242 Such a subtractor circuit may be considered to be 
a composite circuit of an inverting amplifier circuit formed 
by using the fifth operational amplifier OP5 and a nonin 
Verting amplifier circuit formed by using the fifth opera 
tional amplifier OP5. 
0243 FIG. 18 shows a configuration example of the 
inverting amplifier circuit formed by using the fifth opera 
tional amplifier OP5. 
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0244. In FIG. 18, the high-potential-side voltage 
VCOMH shown in FIG. 17 is the system ground power 
supply voltage VSS. Since the input impedance of the fifth 
operational amplifier OP5 is very high, current does not flow 
into the fifth operational amplifier OP5 through the inverting 
input terminal. Therefore, an output V1 of the inversion 
amplifier circuit shown in FIG. 18 is expressed by the 
following equation (1). 

0245 Specifically, the amplification factor can be deter 
mined by the ratio of the resistor elements R1 and R2 
irrespective of the amplification factor of the fifth opera 
tional amplifier OP5. Since the input voltage is supplied to 
the inverting input terminal, the polarities of the input Signal 
and the output signal are reversed. 
0246 FIG. 19 shows a configuration example of the 
noninverting amplifier circuit formed by using the fifth 
operational amplifier OP5. 

0247. In FIG. 19, the amplitude voltage VCOMW shown 
in FIG. 17 is the system ground power supply voltage VSS. 
Since the input impedance of the fifth operational amplifier 
OP5 is very high, current does not flow into the fifth 
operational amplifier OP5 through the inverting input ter 
minal. Therefore, an output V2 of the noninverting amplifier 
circuit shown in FIG. 19 is expressed by the following 
equation (2). 

0248 Specifically, the amplification factor can be deter 
mined by the ratio of the resistor elements R1, R2, r1, and 
r2 irrespective of the amplification factor of the fifth opera 
tional amplifier OP5, and the output voltage equal to or 
greater than the input Voltage can be output. Since the input 
Voltage is Supplied to the noninverting input terminal, the 
polarities of the input signal and the output signal are not 
reversed. 

0249. Therefore, the output VCOML of the subtractor 
circuit shown in FIG. 17 is “V1+V2. 

R1)) (r2/(r1+r2)) VCOMH (3) 
0250 Suppose that R1 equals R2 and r1 equals r2, the 
low-potential-side voltage VCOML is expressed by the 
following equation (4). 

WCOML-WCOMHVCOMW (4) 

0251) Therefore, the subtractor circuit shown in FIG. 17 
outputs the Voltage obtained by Subtracting the Voltage 
obtained by dividing the voltage between the low-potential 
side voltage VCOML and the amplitude voltage VCOMW 
using the resistor elements R1 and R2 from the Voltage 
obtained by dividing the high-potential-Side Voltage 
VCOMH using the resistor elements r1 and r2 as the 
low-potential-side voltage VCOML. The polarity of the 
low-potential-side voltage VCOML is the reverse of the 
polarity of the Voltage input to the inverting input terminal. 

0252) As described above, the fifth operational amplifier 
OP5 shown in FIG. 16 outputs the voltage obtained by 
subtracting the amplitude voltage VCOMW from the high 
potential-side voltage VCOMH as the low-potential-side 
voltage VCOML when the resistances of the resistor ele 
ments R1 and R2 are the same. 
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0253) The common voltage generation circuit in the 
comparative example shown in FIG. 16 outputs one of the 
high-potential-side voltage VCOMH output from the fourth 
operational amplifier OP4 and the low-potential-side voltage 
VCOML output from the fifth operational amplifier OP5 as 
the common Voltage VCOM corresponding to the logical 
level of the polarity reversal signal POL. 
0254 FIG. 20 schematically shows an example of vari 
ous power Supply Voltages of the common Voltage genera 
tion circuit in the comparative example shown in FIG. 16. 
0255 Suppose that the maximum amplitude of the drive 
Signal of the data line is 5.0 V and the System ground power 
supply voltage VSS is 0 V, the amplitude voltage VCOMW 
of the common voltage VCOM applied to the common 
electrode opposite to the pixel electrode to which the drive 
signal of the data line is supplied must be 5.0 V. Therefore, 
the high-potential-side power Supply Voltage of the third 
operational amplifier OP3 is set at 5.6 V as a voltage higher 
than the maximum output Voltage of 5.0 V, for example. 
Therefore, the power supply voltage VOUT is 5.6 V. 
0256 The common voltage VCOM has an offset poten 
tial in advance in the negative direction with respect to the 
pixel Voltage. Therefore, the low-potential-side Voltage 
VCOML of the common voltage VCOM is lower in poten 
tial than the system ground power supply voltage VSS. This 
is a measure to ensure that a desired Voltage is applied to the 
liquid crystal element even when electric charges Stored in 
the pixel electrode are divided by the parasitic capacitor of 
the TFT when the TFT which forms the pixel is turned off. 
0257 FIG. 21 is an explanatory diagram of the parasitic 
capacitor of the TFT. 

0258 FIG. 21 shows only the thin film transistor TFT. 
Parasitic capacitors Cs, C, and Cs respectively exist 
between the Source and the drain, between the gate and the 
drain, and between the gate and the Source of the thin film 
transistor TFTs. A Scan Voltage having an amplitude 
between 15 V and -10V is supplied to the gate electrode of 
the thin film transistor TFT, for example. When the scan 
voltage having a potential of 15V is supplied to the thin film 
transistor TFT, the thin film transistor TFT is turned on, 
whereby the drive signal of 5 V at maximum applied to the 
data line S is Supplied to the pixel electrode PEk. 
0259 When the scan voltage of the thin film transistor 
TFT is set at a potential of -10 V, the thin film transistor 
TFT is turned off. Electric charges charged into the pixel 
electrode PEs are divided by the parasitic capacitors Cs, 
C, and Cs due to the gate Voltage having a very high 
amplitude, whereby the amount of electric charge charged 
into the pixel electrode PEk is decreased. 
0260 Therefore, an offset potential (-1 V or -2 V, for 
example) is provided in advance to the common voltage 
VCOM in the negative direction so that a voltage higher than 
the original Voltage is Supplied to the pixel electrode PEk 
when the thin film transistor TFT is turned on taking a 
decrease in the amount of electric charge due to capacitive 
division into consideration. 

0261). In FIG. 20, the offset potential is set at 1 V, the 
high-potential-side voltage VCOMH of the common voltage 
VCOM is set at 4.0 V, and the low-potential-side voltage 
VCOML is set at -1.0 V. Therefore, the low-potential-side 
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power supply voltage of the fifth operational amplifier OP5 
which outputs the low-potential-side voltage VCOML is set 
at –2.8 V as a voltage lower than -1.0 V. 
0262. As described above, in the comparative example, it 
is necessary to Supply the power Supply Voltage using a dual 
power Supply method in order to Sufficiently Secure the 
amplitude of the outputs from the third and fifth operational 
amplifiers OP3 and OP5. In this case, current paths P1 and 
P2 are formed from the common Voltage generation circuit 
to the common electrode CE. In the comparative example, 
Since the power Supply Voltages of the third to fifth opera 
tional amplifiers OP3 to OP5 are in the range from the power 
supply voltage VOUT to the low-potential-side power Sup 
ply voltage VOUTM, current is consumed in the range of 8.4 
(=5.6+2.8) V in order to drive the common electrode CE. 
0263. 2.2 Effect of Present Embodiment 
0264. The effect of the common voltage generation cir 
cuit in this embodiment is described below by comparing 
this embodiment with the comparative example described 
with reference to FIGS. 16 to 21. 

0265 FIG. 22 schematically shows an example of vari 
ous power Supply Voltages of the common Voltage genera 
tion circuit in this embodiment shown in FIG. 11. In FIG. 
22, sections the same as the sections shown in FIG. 11 are 
indicated by the same Symbols. Description of these Sections 
is omitted. 

0266. In FIG. 22, the system ground power supply volt 
age VSS is 0 V, the power supply voltage VOUT is 5.6 V, the 
high-potential-side voltage VCOMH of the common voltage 
VCOM is 4.0 V, and the low-potential-side voltage VCOML 
is -1.0 V. 

0267 In this embodiment, current paths P3 and P4 are 
formed from the common Voltage generation circuit to the 
common electrode CE. Therefore, the common electrode CE 
is driven by the flying capacitor FC in this embodiment. The 
Voltage Supplied across the ends of the flying capacitor FC 
is Switched by the charge-pump operation as described 
above, and an electric charge is charged into the flying 
capacitor FC by the first operational amplifier OP1 (path 
P5). Therefore, in this embodiment, it suffices that the power 
supply voltage of the first operational amplifier OP1 be in 
the range from the power supply voltage VOUT to the 
System ground power Supply Voltage VSS. Specifically, in 
this embodiment, current is consumed in the range of 5.6 V 
in order to drive the common electrode CE. 

0268 FIG. 23A is an explanatory diagram of power 
consumption of the common Voltage generation circuit in 
this embodiment. Suppose that the common Voltage genera 
tion circuit in this embodiment operates at a Voltage in the 
range of a voltage VX (5.6 V in FIG. 22), for example. 
Suppose that the amplitude of the common voltage VCOM 
applied to the common electrode CE which is a load is V0, 
and a current charged into and discharged from the common 
electrode CE is I. The amplitude V0 of the common voltage 
VCOM is a voltage between the high-potential-side voltage 
VCOMH and the low-potential-side voltage VCOML. Sup 
pose that the load capacitance of the common electrode CE 
is C and the frequency of the polarity reversal timing of the 
common voltage VCOM is f, the charge/discharge current I 
is f. C.V0. Therefore, power consumption W0 of the com 
mon Voltage generation circuit in this embodiment equals 
“I.VX-f.C.V.O.VX. 
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0269 FIG. 23B is an explanatory diagram of power 
consumption of the common Voltage generation circuit in 
the comparative example. Suppose that the common Voltage 
generation circuit in the comparative example operates at a 
voltage in the range of a voltage nV-X (n is a real number 
greater than 1) (8.4 V in FIG. 20), for example. The 
amplitude of the common voltage VCOM, the load capaci 
tance of the common electrode CE, and the frequency of the 
polarity reversal timing of the common voltage VCOM in 
the comparative example are the same as those in this 
embodiment. Therefore, the current I charged into and 
discharged from the common electrode CE in the compara 
tive example is the same as that in this embodiment. 
Therefore, power consumption W1 of the common voltage 
generation circuit in the comparative example equals 
“In VX-f.C.V.O.VX. 

0270. As described above, in this embodiment, power 
consumption can be reduced by 1/n in comparison with the 
comparative example. In the examples shown in FIGS. 20 
and 22, power consumption can be reduced by %, whereby 
a significant reduction of power consumption can be real 
ized. 

0271 In this embodiment, since an operational amplifier 
which outputs the low-potential-side voltage VCOML of the 
common voltage VCOM can be omitted, the number of 
paths through which current consumed by the common 
Voltage generation circuit flows can be reduced in compari 
Son with the comparative example. 
0272. In this embodiment, when the potential of the 
amplitude voltage VCOMW is higher than the potential of 
the high-potential-side voltage VCOMH, it is unnecessary 
for the first operational amplifier OP1 to decrease the 
potential of one end of the flying capacitor FC toward the 
low potential Side. Therefore, the first operational amplifier 
OP1 can be formed by a p-channel operational amplifier as 
shown in FIG. 14. Therefore, since the amount of current 
flowing through the current Source of the first driver Section 
of the p-channel operational amplifier can be reduced, power 
consumption can be further reduced. 
0273 When the potential of the amplitude voltage 
VCOMW is higher than the potential of the high-potential 
side voltage VCOMH, it suffices that the second operational 
amplifier OP2 Supply current to such an extent that the 
high-potential-side voltage VCOMH is not decreased. 
Therefore, the second operational amplifier OP2 can be 
formed by an n-channel operational amplifier as shown in 
FIG. 15. Therefore, since the amount of current flowing 
through the current Source of the Second driver Section of the 
n-channel operational amplifier can be reduced, power con 
Sumption can be further reduced. 
0274. As described above, according to this embodiment, 
the number of operational amplifiers can be reduced. More 
over, the operational amplifier which outputs the high 
potential-side voltage VCOMH can be prevented from con 
tributing to driving the common electrode CE differing from 
the comparative example. 
0275. In this embodiment, deterioration of the image 
quality can be prevented, even when using a charge pump 
output having a low drive capability, by decreasing the 
output impedance as described below. 
0276. In order to decrease the output impedance of the 
common Voltage generation circuit 200 in this embodiment 
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shown in FIG. 11, it is effective to decrease the impedance 
when the first and second output switch elements SWO1 and 
SWO2 which form the select circuit SEL are set in the 
conducting State. In the case where the first and Second 
output switch elements SWO1 and SWO2 are formed by 
MOS transistors, it is effective to increase the channel width 
W of each MOS transistor. 

0277. In the case where the first and second output switch 
elements SWO1 and SWO2 are formed by MOS transistors, 
the first and second output Switch elements SWO1 and 
SWO2 may be respectively called first and second output 
transistors. In this case, the output impedance may be 
decreased by Setting the amplitude of the gate Voltages of the 
first and Second output transistors to be greater than the 
Voltage difference between the high-potential-side Voltage 
VCOMH and the low-potential-side voltage VCOML. 
0278. Since the low-potential-side voltage VCOML is 
lower than the System ground power Supply Voltage VSS, 
the common voltage generation circuit 200 in this embodi 
ment is formed by using a triple-well Structure. Therefore, 
the breakdown voltage of the MOS transistor formed by 
using a triple-well Structure formation proceSS is the highest 
breakdown Voltage in the process. In this case, the imped 
ance can be further decreased when the transistor is turned 
on by Setting the amplitude of the gate Voltages of the first 
and Second output transistors to be greater than the Voltage 
difference between the high-potential-side voltage VCOMH 
and the low-potential-side voltage VCOML in comparison 
with the case where the amplitude of the gate Voltages of the 
first and Second output transistorS is the Voltage difference 
between the high-potential-side voltage VCOMH and the 
low-potential-side voltage VCOML. 
0279 FIG. 24 is an explanatory diagram of the potential 
relationship in the power supply circuit shown in FIG. 4. 
0280. In the case where the power Supply circuit includ 
ing the common Voltage generation circuit in this embodi 
ment includes the Scan Voltage generation circuit as shown 
in FIG. 4, since the voltage between the high-potential-side 
Voltage and the low-potential-side Voltage of the Scan Volt 
age is very high, the power Supply circuit is formed by using 
a high Voltage process. Therefore, the impedance of the 
transistor can be further decreased by Setting the amplitude 
of the gate Voltages of the first and Second output transistors 
to be the same as the amplitude of the Scan Voltage applied 
to the Scan line. 

0281. In this case, a gate voltage shown in FIG. 25 is 
Supplied to the first and Second output transistors. 
0282. In the case where the first to fourth Switch elements 
SW1 to SW4 which form the low-potential-side voltage 
generation circuit 210 are formed by MOS transistors, it is 
preferable to Set the amplitude of the gate Voltage of each 
MOS transistor as described below. 

0283 Specifically, it is preferable that the amplitude of 
the gate voltages of the MOS transistors which form the first 
and second Switch elements SW1 and SW2 be greater than 
the Voltage difference between the amplitude Voltage 
VCOMW and the high-potential-side voltage VCOMH. It is 
preferable that the amplitude of the gate Voltages of the 
MOS transistors which form the third and fourth Switch 
elements SW3 and SW4 be greater than the voltage differ 
ence between the System ground power Supply Voltage VSS 
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(first power Supply Voltage) and the low-potential-side volt 
age VCOML. This enables the impedance to be further 
decreased when each MOS transistor is turned on, whereby 
the boost efficiency of the charge-pump operation can be 
improved. 

0284. In the case where the power supply circuit includ 
ing the common Voltage generation circuit in this embodi 
ment includes the Scan Voltage generation circuit as shown 
in FIG. 4, the impedance of the transistor can be further 
decreased by Setting the amplitude of the gate Voltages of the 
MOS transistors which form the first to fourth Switch 
elements SW1 to SW4 to be the same as the amplitude of the 
Scan Voltage applied to the Scan line. This enables the boost 
efficiency of the charge-pump operation to be further 
improved. 

0285) In this case, a gate voltage shown in FIG. 26 is 
supplied to the MOS transistors which form the first to 
fourth Switch elements SW1 to SW4. 

0286 Although only some embodiments of the present 
invention have been described in detail above, those skilled 
in the art will readily appreciate that many modifications are 
possible in the embodiments without materially departing 
from the novel teachings and advantages of this invention. 
Accordingly, all Such modifications are intended to be 
included within Scope of this invention. For example, the 
present invention may be applied not only to drive the 
above-described liquid crystal display panel, but also to 
drive an electroluminescent device or plasma display device. 
0287 Part of requirements of any claim of the present 
invention could be omitted from a dependent claim which 
depends on that claim. Moreover, part of requirements of 
any independent claim of the present invention could be 
made to depend on any other independent claim. 

What is claimed is: 
1. A common Voltage generation circuit for generating a 

common Voltage applied to a common electrode which faces 
a pixel electrode Specified by a Scan line and a data line of 
an electro-optical device through an electro-optical Sub 
stance, the common Voltage generation circuit comprising: 

a first operational amplifier which outputs an amplitude 
Voltage of the common Voltage based on a first power 
Supply Voltage, 

a Second operational amplifier which outputs a high 
potential-side Voltage of the common Voltage based on 
the first power Supply Voltage, and 

a low-potential-Side Voltage generation circuit which gen 
erates a low-potential-Side Voltage of the common 
Voltage by a charge-pump operation and Supplies the 
low-potential-Side Voltage to a backup capacitor, to 
which a first Voltage is Supplied at one end, at the other 
end, the low-potential-Side Voltage being lower in 
potential than the high-potential-side Voltage for the 
amplitude Voltage, 

wherein the common Voltage generation circuit Supplies 
the high-potential-Side Voltage or the low-potential 
Side Voltage to the common electrode. 

2. A common Voltage generation circuit for generating a 
common Voltage applied to a common electrode which faces 
a pixel electrode Specified by a Scan line and a data line of 
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an electro-optical device through an electro-optical Sub 
stance, the common Voltage generation circuit comprising: 

a first operational amplifier which outputs an amplitude 
Voltage of the common Voltage based on a first power 
Supply Voltage, 

a Second operational amplifier which outputs a high 
potential-side Voltage of the common Voltage based on 
the first power Supply Voltage; and 

a low-potential-Side Voltage generation circuit which gen 
erates a low-potential-Side Voltage of the common 
Voltage by a charge-pump operation which causes the 
high-potential-Side Voltage to be Supplied to one end of 
a flying capacitor which Stores an electric charge cor 
responding to a Voltage difference between the first 
power Supply Voltage and the amplitude Voltage, the 
low-potential-Side Voltage being lower in potential than 
the high-potential-Side Voltage for the amplitude Volt 
aC, 

wherein the common Voltage generation circuit Supplies 
the high-potential-Side Voltage or the low-potential 
Side Voltage to the common electrode. 

3. The common Voltage generation circuit as defined in 
claim 1, 

wherein the low-potential-side Voltage generation circuit 
includes: 

first and Second Switch elements connected in Series, and 
third and fourth Switch elements connected in Series, 
wherein the amplitude Voltage is Supplied to one end of 

the first Switch element, 
wherein the high-potential-Side Voltage is Supplied to one 

end of the Second Switch element, 
wherein the first power Supply Voltage is Supplied to one 

end of the third Switch element, 
wherein the first power Supply Voltage is Supplied to one 

end of the backup capacitor, 
wherein, in a first period, the first Switch element is turned 

on and the Second Switch element is turned off to Supply 
the amplitude Voltage to one end of a flying capacitor, 
and the third Switch element is turned on and the fourth 
Switch element is turned off, and 

wherein, in a Second period Subsequent to the first period, 
the first Switch element is turned off and the second 
Switch element is turned on to Supply the high-poten 
tial-Side Voltage to one end of the flying capacitor, and 
the third Switch element is turned off and the fourth 
Switch element is turned on to Supply a Voltage of the 
other end of the flying capacitor to the other end of the 
backup capacitor. 

4. The common Voltage generation circuit as defined in 
claim 2, 

wherein the low-potential-side Voltage generation circuit 
includes: 

first and Second Switch elements connected in Series, and 

third and fourth Switch elements connected in Series, 
wherein the amplitude Voltage is Supplied to one end of 

the first Switch element, 
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wherein the high-potential-side Voltage is Supplied to one 
end of the Second Switch element, 

wherein the first power Supply Voltage is Supplied to one 
end of the third Switch element, 

wherein the first power Supply Voltage is Supplied to one 
end of the backup capacitor, 

wherein, in a first period, the first Switch element is turned 
on and the Second Switch element is turned off to Supply 
the amplitude Voltage to one end of a flying capacitor, 
and the third Switch element is turned on and the fourth 
Switch element is turned off, and 

wherein, in a Second period Subsequent to the first period, 
the first Switch element is turned off and the second 
Switch element is turned on to Supply the high-poten 
tial-Side Voltage to one end of the flying capacitor, and 
the third Switch element is turned off and the fourth 
Switch element is turned on to Supply a Voltage of the 
other end of the flying capacitor to the other end of the 
backup capacitor. 

5. The common Voltage generation circuit as defined in 
claim 3, 

wherein the first and second Switch elements are MOS 
transistors, amplitude of gate voltages of the MOS 
transistors which form the first and second Switch 
elements being greater than a Voltage difference 
between the amplitude Voltage and the high-potential 
Side Voltage, and 

wherein the third and fourth Switch elements are MOS 
transistors, amplitude of gate voltages of the MOS 
transistors which form the third and fourth Switch 
elements being greater than a Voltage difference 
between the first power Supply Voltage and the low 
potential-side Voltage. 

6. The common Voltage generation circuit as defined in 
claim 4, 

wherein the first and second Switch elements are MOS 
transistors, amplitude of gate voltages of the MOS 
transistors which form the first and second Switch 
elements being greater than a Voltage difference 
between the amplitude Voltage and the high-potential 
Side Voltage, and 

wherein the third and fourth Switch elements are MOS 
transistors, amplitude of gate voltages of the MOS 
transistors which form the third and fourth Switch 
elements being greater than a Voltage difference 
between the first power Supply Voltage and the low 
potential-side Voltage. 

7. The common Voltage generation circuit as defined in 
claim 5, 

wherein the amplitude of the gate voltages of the MOS 
transistors which form the first to fourth Switch ele 
ments is the same as amplitude of a Scan Voltage 
applied to the Scan line. 

8. The common Voltage generation circuit as defined in 
claim 6, 

wherein the amplitude of the gate voltages of the MOS 
transistors which form the first to fourth Switch ele 
ments is the same as amplitude of a Scan Voltage 
applied to the Scan line. 

Sep. 8, 2005 

9. The common Voltage generation circuit as defined in 
claim 1, 

wherein the Second operational amplifier is a Voltage 
follower-connected operational amplifier, output of the 
Second operational amplifier being driven by an 
n-channel driver transistor, and 

wherein the amplitude Voltage is a potential higher than 
the high-potential-Side Voltage. 

10. The common Voltage generation circuit as defined in 
claim 2, 

wherein the Second operational amplifier is a Voltage 
follower-connected operational amplifier, output of the 
Second operational amplifier being driven by an 
n-channel driver transistor, and 

wherein the amplitude Voltage is a potential higher than 
the high-potential-Side Voltage. 

11. The common Voltage generation circuit as defined in 
claim 9, 

wherein the Second operational amplifier includes a Sec 
ond differential Section and a Second driver Section 
which are Voltage-follower-connected, and 

wherein the Second driver Section includes: 

a current Source which is connected with a Second power 
Supply Voltage at one end and is connected with the 
output of the Second operational amplifier at the other 
end; and 

an n-channel driver transistor which is connected with the 
first power Supply Voltage at one end and is connected 
with the output of the Second operational amplifier at 
the other end. 

12. The common Voltage generation circuit as defined in 
claim 10, 

wherein the Second operational amplifier includes a Sec 
ond differential Section and a Second driver Section 
which are Voltage-follower-connected, and 

wherein the Second driver Section includes: 

a current Source which is connected with a Second power 
Supply Voltage at one end and is connected with the 
output of the Second operational amplifier at the other 
end; and 

an n-channel driver transistor which is connected with the 
first power Supply Voltage at one end and is connected 
with the output of the Second operational amplifier at 
the other end. 

13. The common Voltage generation circuit as defined in 
claim 1, 

wherein the first operational amplifier is a Voltage-fol 
lower-connected operational amplifier, output of the 
first operational amplifier being driven by a p-channel 
driver transistor. 

14. The common Voltage generation circuit as defined in 
claim 2, 

wherein the first operational amplifier is a Voltage-fol 
lower-connected operational amplifier, output of the 
first operational amplifier being driven by a p-channel 
driver transistor. 
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15. The common Voltage generation circuit as defined in 
claim 13, 

wherein the first operational amplifier includes a first 
differential section and a first driver section which are 
Voltage-follower-connected, and 

wherein the first driver section includes: 

a p-channel driver transistor which is connected with a 
Second power Supply Voltage at one end and is con 
nected with the output of the first operational amplifier 
at the other end; and 

a current Source which is connected with the first power 
Supply Voltage at one end and is connected with the 
output of the first operational amplifier at the other end. 

16. The common Voltage generation circuit as defined in 
claim 14, 

wherein the first operational amplifier includes a first 
differential section and a first driver section which are 
Voltage-follower-connected, and 

wherein the first driver section includes: 

a p-channel driver transistor which is connected with a 
Second power Supply Voltage at one end and is con 
nected with the output of the first operational amplifier 
at the other end; and 

a current Source which is connected with the first power 
Supply voltage at one end and is connected with the 
output of the first operational amplifier at the other end. 

17. The common Voltage generation circuit as defined in 
claim 11, 

wherein the first operational amplifier is a Voltage-fol 
lower-connected operational amplifier, output of the 
first operational amplifier being driven by a p-channel 
driver transistor. 

18. The common Voltage generation circuit as defined in 
claim 12, 

wherein the first operational amplifier is a Voltage-fol 
lower-connected operational amplifier, output of the 
first operational amplifier being driven by a p-channel 
driver transistor. 

19. The common Voltage generation circuit as defined in 
claim 17, 

wherein the first operational amplifier includes a first 
differential section and a first driver section which are 
Voltage-follower-connected, and 

wherein the first driver section includes: 

a p-channel driver transistor which is connected with the 
Second power Supply Voltage at one end and is con 
nected with the output of the first operational amplifier 
at the other end; and 

a current Source which is connected with the first power 
Supply Voltage at one end and is connected with the 
output of the first operational amplifier at the other end. 

20. The common Voltage generation circuit as defined in 
claim 18, 

wherein the first operational amplifier includes a first 
differential section and a first driver section which are 
Voltage-follower-connected, and 
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wherein the first driver section includes: 

a p-channel driver transistor which is connected with the 
Second power Supply Voltage at one end and is con 
nected with the output of the first operational amplifier 
at the other end; and 

a current Source which is connected with the first power 
Supply Voltage at one end and is connected with the 
output of the first operational amplifier at the other end. 

21. The common Voltage generation circuit as defined in 
claim 1, comprising: 

a first output transistor to which the high-potential-Side 
Voltage is Supplied at one end; and 

a Second output transistor to which the low-potential-Side 
Voltage is Supplied at one end, 

wherein the other end of the first output transistor is 
connected with the other end of the Second output 
transistor, and 

wherein amplitude of gate Voltages of the first and Second 
output transistorS is greater than a Voltage difference 
between the high-potential-Side Voltage and the low 
potential-side Voltage. 

22. The common Voltage generation circuit as defined in 
claim 2, comprising: 

a first output transistor to which the high-potential-Side 
Voltage is Supplied at one end; and 

a Second output transistor to which the low-potential-Side 
Voltage is Supplied at one end, 

wherein the other end of the first output transistor is 
connected with the other end of the Second output 
transistor, and 

wherein amplitude of gate Voltages of the first and Second 
output transistorS is greater than a Voltage difference 
between the high-potential-Side Voltage and the low 
potential-side Voltage. 

23. The common Voltage generation circuit as defined in 
claim 21, 

wherein the amplitude of the gate Voltages of the first and 
Second output transistorS is the same as amplitude of a 
Scan Voltage applied to the Scan line. 

24. The common Voltage generation circuit as defined in 
claim 22, 

wherein the amplitude of the gate Voltages of the first and 
Second output transistorS is the same as amplitude of a 
Scan Voltage applied to the Scan line. 

25. A power Supply circuit which includes the common 
Voltage generation circuit defined in claim 1. 

26. A power Supply circuit which includes the common 
Voltage generation circuit defined in claim 2. 

27. A power Supply circuit for providing a power Supply 
to an electro-optical device including a plurality of Scan 
lines and a plurality of data lines, the power Supply circuit 
comprising: 

the common Voltage generation circuit as defined in claim 
1; and 

a Scan Voltage generation circuit which generates a Scan 
Voltage of the Scan line and Supplies a high-potential 
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Side Voltage and a low-potential-Side Voltage of the 
Scan Voltage to the common Voltage generation circuit. 

28. A power Supply circuit for providing a power Supply 
to an electro-optical device including a plurality of Scan 
lines and a plurality of data lines, the power Supply circuit 
comprising: 

the common Voltage generation circuit as defined in claim 
2, and 

a Scan Voltage generation circuit which generates a Scan 
Voltage of the Scan line and Supplies a high-potential 
Side Voltage and a low-potential-Side Voltage of the 
Scan Voltage to the common Voltage generation circuit. 

29. A display driver for driving an electro-optical device 
including a plurality of Scan lines and a plurality of data 
lines, the display driver comprising: 

the power Supply circuit as defined in claim 27; and 
a Scan line driver circuit which drives the Scan line by 

using the Scan Voltage. 
30. A display driver for driving an electro-optical device 

including a plurality of Scan lines and a plurality of data 
lines, the display driver comprising: 

the power Supply circuit as defined in claim 28; and 
a Scan line driver circuit which drives the Scan line by 

using the Scan Voltage. 
31. The display driver as defined in claim 29, comprising: 

a data line driver circuit which drives the data line based on 
display data. 

32. The display driver as defined in claim 30, comprising: 
a data line driver circuit which drives the data line based on 
display data. 

33. A display driver for driving an electro-optical device 
including a plurality of Scan lines and a plurality of data 
lines, the display driver comprising: 

the power Supply circuit as defined in claim 25; and 
a data line driver circuit which drives the data line based 
on display data. 
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34. A display driver for driving an electro-optical device 
including a plurality of Scan lines and a plurality of data 
lines, the display driver comprising: 

the power Supply circuit as defined in claim 26; and 
a data line driver circuit which drives the data line based 

on display data. 
35. A display device, comprising the common Voltage 

generation circuit as defined in claim 1, and performing a 
liquid crystal display by using the common Voltage gener 
ated by the common Voltage generation circuit. 

36. A display device, comprising the common Voltage 
generation circuit as defined in claim 2, and performing a 
liquid crystal display by using the common Voltage gener 
ated by the common Voltage generation circuit. 

37. A common Voltage generation method for generating 
a common Voltage applied to a common electrode which 
faces a pixel electrode specified by a Scanline and a data line 
of an electro-optical device through an electro-optical Sub 
stance, the common Voltage generation method comprising: 

outputting an amplitude Voltage of the common Voltage 
based on a first power Supply Voltage by using a 
p-channel driver transistor of a Voltage-follower-con 
nected first operational amplifier, and generating a 
high-potential-Side Voltage of the common Voltage 
based on the first power Supply Voltage by using an 
n-channel driver transistor of a Voltage-follower-con 
nected Second operational amplifier; 

generating a low-potential-side voltage of the common 
Voltage by a charge-pump operation by using a flying 
capacitor connected between output of the first opera 
tional amplifier and the first power Supply Voltage, the 
low-potential-Side Voltage being lower in potential than 
the high-potential-Side Voltage for the amplitude Volt 
age; and 

Supplying the high-potential-side Voltage or the low 
potential-side Voltage to the common electrode. 

k k k k k 


