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POWER SUPPLY CIRCUIT AND LIQUID
CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a power supply cir-
cuit having a function of regulating an output voltage, and to
a liquid crystal display apparatus including the same.

BACKGROUND ART

[0002] Inadevicesuch asaliquidecrystal display apparatus,
there is provided a power supply circuit for generating a
plurality of power supply voltages based on a single power
supply voltage so that different power supply voltages to be
supplied to each section of the device are prepared. Exempli-
fied as such a power supply circuit is a power supply circuit
disclosed in Patent Document 1, for example.

[0003] The power supply circuit has a charge pump circuit,
a voltage divider circuit, and a regulation circuit. The charge
pump circuit carries out a charge pump operation in sync with
a clock pulse so as to output an output voltage. The voltage
divider circuit divides a voltage difference between the output
voltage and an internal power supply voltage. The regulation
circuit controls supply and supply stop of the clock pulse to
the charge pump circuit, based on a comparison result of a
comparator between a reference voltage and a voltage out-
putted from the voltage divider circuit.

[0004] Power supply circuits having such a regulation func-
tion have been commercialized. In some of the power supply
circuits, the comparator is provided as a chopper type com-
parator. For example, Patent Document 2 discloses a chopper
type comparator, which has an input changing-over switch, a
capacitor, an inverter, and an input-output short circuiting
switch.

[0005] Inthe chopper type comparator, either a comparison
voltage or the reference voltage is selected by the input
changing-over switch so as to be supplied to the capacitor.
Then, a voltage charged by the capacitor is inverted by the
inverter. When the reference voltage is supplied to the capaci-
tor while an input terminal and an output terminal of the
inverter are short-circuited in response to the input-output
short circuiting switch being ON, the capacitor is charged in
accordance with a voltage difference between the reference
voltage and a threshold voltage of the inverter. When the
comparison voltage is supplied to the capacitor while the
input-output short circuiting switch is OFF, the comparator
compares the comparison voltage with the reference voltage
so as to output a signal having a High level or a Low level in
accordance with a compared result. In this chopper type com-
parator, a variation (offset) in output voltage due to the thresh-
old voltage of the inverter is canceled because the capacitor is
charged in accordance with the voltage difference.

[Patent Document 1]

[0006] Japanese Patent No. 3687597 (Tokkyo 3687597)
(publication date: Aug. 24, 2005)

[Patent Document 2]

[0007] Japanese Unexamined Patent Publication No.
9-197916 (Tokukaihei 9-197916) (publication date: Jul. 31,
1997)

[Patent Document 3]
[0008] Japanese Unexamined Patent Publication No. 2004-
184840 (Tokukai 2004-184840) (publication date: Jul. 2,
2004)

DISCLOSURE OF INVENTION

[0009] In the power supply circuit described above, the
regulation circuit operates only during a certain period, and
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its output is sampled and held. This causes, during a 1H
period (horizontal scanning period), the charge pump circuit
to become in a state in which it continues to operate or in a
state in which it continues to stop operation. This results in an
increase in difference of the output voltage between the two
states. As a result, the output voltage greatly fluctuates. Con-
sequently, there arises a problem that an image displayed in a
liquid crystal display apparatus is lowered in quality.

[0010] Moreover, the following problem is likely to occur
in a case where a power supply circuit having a chopper type
comparator is used as a power supply circuit for driving an
active matrix liquid crystal display apparatus.

[0011] Insome active matrix liquid crystal display appara-
tus, an electric potential of a common electrode (counter
electrode which faces pixel electrodes), that is provided in
common in pixels, is inverted, for example, for every scan-
ning period (1H period), since a liquid crystal should be
subjected to AC driving (Patent Document 3). In a case where
apower supply circuit having the chopper type comparator is
used in such an active matrix liquid crystal display apparatus,
a voltage (the difference voltage) charged by the capacitor
fluctuates when the common electric potential is inverted
while the chopper type comparator is carrying out a compatri-
son. As a result, the chopper type comparator outputs an
incorrect comparison result.

[0012] This phenomenon occurs as follows. Namely, a
parasitic capacitance exists between the common electrode
and the capacitor of the chopper type comparator. A change in
the common electric potential causes a change in electric
charge stored in the capacitor via the parasitic capacitance.
Such a phenomenon significantly occurs especially in aliquid
crystal display apparatus in which a power supply circuit is
provided on a transparent substrate such as glass, together
with pixel electrodes and driving circuits.

[0013] The present invention has been accomplished in
view of the problems above, and an object of the present
invention is to provide a charge pump type power supply
circuit which can stably output with little fluctuation and
without being affected by a change in the common electric
potential.

[0014] A first power supply circuit in accordance with the
present invention is a power supply circuit including: a charge
pump circuit for carrying out a charge pump operation so as to
supply a power supply voltage to a driving circuit of a liquid
crystal display apparatus in which an electric potential of a
common electrode shared by a plurality of pixels is inverted
s0 as to have two values in a predetermined cycle; a voltage
divider circuit for dividing a difference voltage between an
input power supply voltage and a voltage outputted from the
charge pump circuit; a regulation circuit including a compara-
tor with a capacitor to be charged by a reference voltage so
that the reference voltage is compared with a voltage output-
ted from the voltage divider circuit, the regulation circuit
stabilizing a power output by controlling the charge pump
circuit based on a compared result; and a control section for
resetting the comparator in the predetermined cycle, and for
controlling the comparator to carry out acomparison after the
electric potential of the common electrode is inverted.
[0015] In this arrangement, the comparator is reset by the
control section in the predetermined cycle (every 1H period,
for example), that is, in sync with each inversion of the elec-
tric potential of the common electrode (common electric
potential). Thus, the comparator carries out the comparison
after the common electric potential is inverted. The reset of
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the comparator causes an output signal of the comparator to
be maintained in a ground level. Therefore, even if a voltage
held by the capacitor is suddenly changed in response to the
inversion of the common electric potential, a wrong compara-
tor output signal cannot be outputted.

[0016] Further, the output voltage of the voltage divider
circuit repeatedly varies since a regulation operation is car-
ried out throughout a period in the predetermined cycle. This
causes the charge pump circuit to repeatedly carry out on-off
operation throughout the period, so that the output power
supply voltage of the charge pump circuit is constrained to
vary within a small range.

[0017] A second power supply circuit in accordance with
the present invention is a power supply circuit including: a
charge pump circuit for carrying out a charge pump operation
so as to supply a power supply voltage to a driving circuit of
a liquid crystal display apparatus in which an electric poten-
tial of a common electrode shared by a plurality of pixels is
inverted so as to have two values in a predetermined cycle; a
voltage divider circuit for dividing a difference voltage
between an input power supply voltage and a voltage output-
ted from the charge pump circuit; and a regulation circuit
including a comparator with a capacitor to be charged by a
reference voltage so that the reference voltage is compared
with a voltage outputted from the voltage divider circuit, the
regulation circuit stabilizing a power output by controlling
the charge pump circuit based on a compared result, the
capacitor being shielded with an electrode layer provided
between the capacitor and the common electrode.

[0018] In this arrangement, in which the capacitor is
shielded with the electrode layer, a voltage held by the capaci-
tor is hardly affected by a variation in the electric potential of
the common electrode. Therefore, it is possible to avoid a
wrong output signal from being outputted from the compara-
tor as a result of being affected by the inversion of the com-
mon electric potential.

[0019] Further, in this arrangement, it is not necessary to
reset the comparator, unlike the aforementioned power sup-
ply circuit. This allows the comparator to efficiently carry out
a regulation operation. Therefore, the output power supply
voltage is constrained to vary within a small range.

[0020] In this way, the first power supply circuit controls
the comparator by resetting the comparator in the predeter-
mined cycle by using the control section so as to make the
comparator carry out the comparison after the electric poten-
tial of the common electrode is inverted. Further, the second
power supply circuit has the capacitor that is shielded with the
electrode layer provided between the capacitor and the com-
mon electrode.

[0021] This makes it possible to prevent, in the first and
second power supply circuits, the comparator from errone-
ously operating as a result of being affected by the inversion
of the common electric potential. Further, the output power
supply voltage of the charge pump circuit is constrained to
vary within a small range. This allows an improvement in
display quality of an image displayed by the liquid crystal
display apparatus, as well as obtaining a stable output power
supply voltage. Moreover, since it is not necessary to con-
stantly operate the charge pump circuit, it is possible to reduce
a power consumption of the power supply circuit.

[0022] Itis preferable to arrange the first and second power
supply circuits so that the reference voltage includes different
first and second reference voltages; and said power supply
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circuit, further including a switching circuit for switching
between the first and second reference voltages in response to
an output of the comparator.

[0023] With this arrangement, the output voltage of the
voltage divider circuit varies between the first reference volt-
age and the second reference voltage. In other words, the
output voltage of the voltage divider circuit stays within a
range from the first reference voltage to the second reference
voltage. This makes it possible to control the output power
supply voltage without being affected by an accuracy of the
comparator. Consequently, it becomes possible to obtain a
stable output power supply voltage.

[0024] In the second power supply circuit, even if the volt-
age held by the capacitor is changed by the inversion of the
common electric potential although the capacitor is shielded
with the electrode layer, a regulation operation is carried out
so that the voltage stays within the range from the first refer-
ence voltage to the second reference voltage. This is because
the second power supply circuit uses the first and second
reference voltages. Therefore, when the output power supply
voltage reaches a reference electric potential that has been
affected by the inversion of the common electric potential, a
reference voltage is switched to the first or second reference
voltage so that the output power supply voltage is corrected.
This only causes a slight increase in amplitude of the output
power supply voltage. This makes it possible to more surely
prevent the comparator from erroneously operating.

[0025] A liquid crystal display apparatus of the present
invention is a liquid crystal display apparatus including a
driving circuit for driving a plurality of pixels, and a power
supply circuit, provided, together with the driving circuit, on
a translucent substrate on which the plurality of pixels are
provided, for outputting a power supply voltage to the driving
circuit, the power supply circuit being any one of the above-
mentioned power supply circuits, in order to attain the object.
[0026] With this arrangement, it is possible to stably sup-
ply, to the driving circuit, an output power supply voltage that
varies within a small range. Therefore, as described above, it
is possible to constrain the output power supply voltage to
vary within a small range, as well as preventing the compara-
tor from erroneously operating in the power supply circuit.
This allows an improvement in display quality of an image
displayed by the liquid crystal display apparatus.

[0027] Additional objects, features, and strengths of the
present invention will be made clear by the description below.
Further, the advantages of the present invention will be evi-
dent from the following explanation in reference to the draw-
ings.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 is a block diagram showing an arrangement
of a liquid crystal display apparatus that shows an embodi-
ment of the present invention.

[0029] FIG. 2 is a circuit diagram showing an arrangement
of a pixel in the liquid crystal display apparatus.

[0030] FIG. 3 is a circuit diagram showing an arrangement
of a first power supply circuit served as a power supply circuit
provided in the liquid crystal display apparatus.

[0031] FIG. 4 is a circuit diagram showing an arrangement
of a comparator in the first power supply circuit.

[0032] FIG. 5isa timing chart showing an operation of the
first power supply circuit.
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[0033] FIG. 6 is a circuit diagram of the comparator. In (a)
through (c), an OFF-state operation of the comparator is
indicated by dashed lines.

[0034] FIG. 7 is a circuit diagram showing an arrangement
of a second power supply circuit served as a power supply
circuit provided in the liquid crystal display apparatus.
[0035] FIG. 8is a timing chart showing an operation of the
second power supply circuit.

[0036] FIG.9 is a circuit diagram showing an arrangement
of a third power supply circuit served as a power supply
circuit provided in the liquid crystal display apparatus.
[0037] FIG.10is acircuit diagram showing an arrangement
of a comparator of the third power supply circuit.

[0038] FIG.11isatiming chart showing an operationof the
third power supply circuit.

[0039] FIG. 12 is a view showing an arrangement of a
capacitor in the comparator shown in FIG. 10. (a) shows a side
structure of the capacitor. (b) shows a cross-sectional struc-
ture of the capacitor.

[0040] FIG.13 is acircuit diagram showing an arrangement
of a comparator that can be used in each of the power supply
circuit.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0041] One embodiment of the present invention is
described below with reference to FIGS. 1 through 12.
[0042] [Arrangementof Liquid Crystal Display Apparatus]
[0043] FIG. 1is a block diagram showing an arrangement
of a liquid crystal display apparatus 1. FIG. 2 is a circuit
diagram showing an arrangement of a pixel PIX in the liquid
crystal display apparatus 1.

[0044] As shown in FIG. 1, the liquid crystal display appa-
ratus 1 includes a controller 2 and a liquid crystal panel 3.
[0045] The controller 2 (control section) supplies various
signals to a gate driver 7, a source driver 8, and a power supply
circuit 9, each of which is described later. The controller 2
supplies signals such as a clock signal CKG and a start pulse
SPG to the gate driver 7. Further, the controller 2 supplies
signals such as a video signal DAT, a clock signal CKS, and a
start pulse SPS to the source driver 8. Furthermore, the con-
troller 2 supplies signals such as a clock signal CK, a reset
signal RST, a control signal CKcomp, and a clock signal CKD
to the power supply circuit 9.

[0046] The clock signal CK is a pulse signal, having a
certain cycle, for controlling a drive of a charge pump circuit
112 (see FIG. 3) described later. The reset signal RST is a
pulse signal, having a cycle of 1H period (horizontal scanning
period), for resetting a comparator 114 (see FIG. 3) described
later. The control signal CKcomp is a signal, for controlling
the comparator 114, in which a pulse exists within a period
during which a pulse of the reset signal RST exists. The clock
signal CKD is a clock signal to be supplied to switching
control circuits 122 and 132 (see FIGS. 7 and 9, respectively)
described later.

[0047] The liquid crystal panel 3 includes substrates 4 and
5 and a liquid crystal (not shown) filled into the space between
the substrates 4 and 5. The substrates 4 and 5 are made from
an insulating and translucent material such as glass.

[0048] Provided on the substrate 4 are a pixel array 6, the
gate driver 7, the source driver 8, the power supply circuit 9,
and a common signal generating circuit 10.

[0049] The pixel array 6 includes a number of gate lines GL.
(GL1,...,GLj, GLj+1,.. ., Gln) serving as scanning lines,
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anumber of source lines SL (SL1, ..., SL1, SLi+1, ..., SLm)
serving as data lines, and a plurality of pixels (indicated by
PIX in FIG. 1). The gate lines GL. and the source lines SL
intersect with each other. The pixels PIX are provided near the
intersections of the gate lines GL and the source lines SL,
respectively. This causes all of the pixels PIX to be arrayed in
a matrix manner in the pixel array 6.

[0050] As shown in FIG. 2, each of the pixels PIX includes
a pixel transistor SW (thin film transistor), serving as a
switching element, and a pixel capacitor section CP (an aux-
iliary capacitor section CS is added if necessary) including a
liquid crystal capacitor section CL. In such a pixel PIX, one
electrode (pixel electrode) of the pixel capacitor section CP is
connected to the source line SL, via a drain and source of the
pixel transistor SW. A gate of the pixel transistor SW is
connected to the gate line GL. The other electrode of the pixel
capacitor section CP is connected to a common electrode
COM that is provided in common in all of the pixels PIX.
[0051] The common electrode COM is provided on the
substrate 5. Supplied to the common electrode COM is a
common signal VCOM that alternately changes its value at
the start of each 1H period (see FIG. 5). Meanwhile, a voltage
which varies depending on the video signal DAT is applied to
the pixel electrode via the source line SL. A transmittance and
reflectance of the liquid crystal is modulated in response to a
voltage applied to the liquid crystal capacitor section CL via
the pixel electrode. This causes an image to be displayed on
the pixel array 6 in accordance with the video signal DAT.
[0052] The gate driver 7 (scanning line driving circuit)
generates scanning signals (gate pulse) by sequentially shift-
ing the start pulse SPG in sync with the clock signal CKG.
The scanning signals are supplied to the gate lines GL which
are connected to the pixels PIX provided in rows, respec-
tively. The scanning signals control switching of the switch-
ing elements SW so that pixel data supplied to the source lines
SL are written into and held by the pixels PIX, respectively.
[0053] The source driver 8 (data line driving circuit)
samples video signals DAT (video data) corresponding to one
line based on pulses generated by sequentially shifting the
start pulse SPS in sync with the clock signal CKS. The
sampled video signals DAT corresponding to one line are
supplied, as the pixel data, to the data signal lines SL which
are connected to the pixels PIX arranged in columns, respec-
tively.

[0054] The power supply circuit 9 is a circuit for generating
power supply voltages to be applied to the gate driver 7 and
the source driver 8. The gate driver 7 and the source driver 8
include shift registers for shifting the start pulse SPG and the
start pulse SPS, respectively. Each of the gate driver 7 and the
source driver 8 each include such a shift register is constituted
by a CMOS logic circuit. Each of the gate driver 7 and the
source driver 8 requires power supply voltages on the sides of
higher and lower electric potentials. The power supply circuit
9 supplies such a plurality of different power supply voltages
based on a single input power supply voltage VDD.

[0055] In order to realize demands for downsizing,
improvement in reliability, and cost reduction of a display
apparatus, there has become common a technique in which a
gate driver 7 and a source driver 8 are provided, on a single
substrate 4 where a pixel array 6 is provided, so as to be
integral with each other. In such a display apparatus in which
driving circuits are provided so as to be integral with each
other, especially in the liquid crystal display apparatus 1 (a
transmissive liquid crystal display apparatus that is widely
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used at present), the substrate 4 has to be made from a trans-
parent material. Therefore, polycrystalline silicon thin film
transistors which can be provided on a quartz substrate and a
glass substrate are often used as active elements of the pixel
array 6, the gate driver 7 and the source driver 8.

[0056] The common signal generating circuit 10 includes
an inverter circuit in order to generate the common signal
VCOM. In the common signal generating circuit 10, the
inverter circuit alternately switches between externally-in-
putted two voltages (inverts the externally-inputted voltage)
for every 1H period, and then outputs one of the voltages.
[0057] [Arrangement of First Power Supply Circuit]
[0058] A power supply circuit 11 (first power supply cir-
cuit) is described below as a concrete example of the power
supply circuit 9, with reference to FIGS. 3 through 6. FIG. 3
is a circuit diagram showing an arrangement of the power
supply circuit 11. FIG. 4 is a circuit diagram showing an
arrangement of a comparator 114 provided in the power sup-
ply circuit 11. F1G. 5 is a timing chart showing an operation of
the power supply circuit 11. (a) through (c) of FIG. 6 are
circuit diagrams each showing the comparator 114, in which
an OFF-state operation is indicated by dashed lines.

[0059] The power supply circuit 11 is a circuit for output-
ting a negative output power supply voltage VSS (more than
or equal to —=VDD) based on an input power supply voltage
VDD.

[0060] As shown in FIG. 3, the power supply circuit 11
includes a NAND gate 111, a charge pump circuit 112, a
voltage divider circuit 113, and a comparator 114.

[0061] The NAND gate 111 carries out a NAND operation
with respect to the clock signal CK supplied from the con-
troller 2 and an output signal OUTcomp of the comparator
114.

[0062] Thecharge pump circuit 112 is a circuit for carrying
out a charge pump operation based on the output signal of the
NAND gate 111. The charge pump circuit 112 has a circuit
configuration similar to that in the power supply circuit dis-
closed in Patent Document 1. An output voltage of the charge
pump circuit 112 is supplied, as an output power supply
voltage VSS of the power supply circuit 11, outside of the
power supply circuit 11.

[0063] The voltage divider circuit 113 is a circuit for divid-
ing a voltage difference between the input power supply
voltage VDD and the output voltage of the charge pump
circuit 112 (output power supply voltage VSS) in accordance
with aresistance ratio (a certain ratio of 1/2, for example), and
then outputting the voltage thus divided.

[0064] The comparator 114 compares a reference voltage
Vref to a comparison voltage Vcomp (output voltage of the
voltage divider circuit 113). The comparator 114 outputs a
comparison output signal OUTcomp having a High level
when the comparison voltage Vcomp is greater than the ref-
erence voltage Vref, whereas outputs a comparison output
signal OUTcomp having a Low level when the comparison
voltage Vcomp is smaller than the reference voltage Vref. An
arrangement of the comparator 114 is described later in detail.
[0065] Ttshould benoted that the reference voltage Vref'can
be generated by the controller 2, or can be generated inside or
outside the power supply circuit 11 based on the input power
supply voltage VDD, for example.

[0066] In the power supply circuit 11, the NAND gate 111
and the comparator 114 constitute a regulation circuit for
controlling supply and supply stop of the clock signal CK to
the charge pump circuit 112.
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[0067] An arrangement of the comparator 114 is described
below with reference to FIG. 4.

[0068] As shown in FIG. 4, the comparator 114, whichis a
chopper type comparator, includes transmission gates TMG1
through TMG4 (analog switch), a capacitor C1, inverters
INV1 and INV2, and an n-channel transistor Qnl.

[0069] Each of the transmission gates TMGI1 through
TMGH4 is a circuit in which a p-channel transistor Qp and an
n-channel transistor Qn are connected to each other in paral-
lel. Each of the transmission gates TMG1 through TMG4
turns ON when (i) the n-channel transistor Qn has a gate
electric potential of High level and (ii) the p-channel transis-
tor Qp has a gate electric potential of Low level. Meanwhile,
each of the transmission gates TMG1 through TMG4 turns
OFF when (i) the n-channel transistor Qn has a gate electric
potential of Low level and (ii) the p-channel transistor Qp has
a gate electric potential of High level.

[0070] The reference voltage Vref is supplied to the trans-
mission gate TMG1, and the comparison voltage Vcomp is
supplied to the transmission gate TMG2. Further, a clock
signal CKcomp is supplied to a gate of the n-channel transis-
tor Qn of the transmission gate TMG1 and a gate of the
p-channel transistor Qp of the transmission gate TMG2.
Meanwhile, an inverted clock signal ICKcomp, obtained by
inverting the clock signal CKcomp, is supplied to a gate of the
p-channel transistor Qp of the transmission gate TMG1 and a
gate of the n-channel transistor Qn of the transmission gate
TMG2.

[0071] With the circuit configuration, while the clock sig-
nal CKcomp is in a High level and the inverted clock signal
ICKcompisinaLow level, the transmission gate TMG1 turns
ON, whereas the transmission gate TMG2 turns OFF. Con-
versely, while the clock signal CKcomp is ina Low level and
the inverted clock signal ICKcomp is in a High level, the
transmission gate TMG1 turns OFF, whereas the transmis-
sion gate TMG2 turns ON.

[0072] The transmission gates TMG1 and TMG2 have out-
put terminals that are connected to input terminals of the
inverter INV1 and the transmission gate TMG3, respectively,
via the capacitor C1. The inverters INV1 and INV2 are
CMOS circuits. The inverter INV2 is connected in series with
the inverter INV1.

[0073] In the transmission gate TMG3, the clock signal
CKcomp is supplied to a gate of the n-channel transistor Qn,
whereas the inverted clock signal ICKcomp is supplied to that
of the p-channel transistor Qp. Therefore, the transmission
gate TMG3 operates in the same way as the transmission gate
TMGT. The transmission gate TMG3 has an output terminal
connected to an output terminal of the inverter INV1 and an
input terminal of the inverter INV2.

[0074] The transmission gate TMG4 has an input terminal
connected to the output terminal of the inverter INV2. Fur-
ther, an output signal of the transmission gate TMG4 is out-
putted from the comparator 114 as a comparator output signal
OUTcomp. In the transmission gate TMG4, a reset signal
RST is supplied to a gate of the p-channel transistor Qp,
whereas an inverted reset signal IRST, obtained by inverting
the reset signal RST, is supplied to a gate of the n-channel
transistor Qn.

[0075] With the circuit configuration, the transmission gate
TMGH4 turns OFF while the reset signal RST is in a High level
and the inverted reset signal IRST is in a Low level. Con-
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versely, the transmission gate TMG4 turns ON while the reset
signal RST isina Low level and the inverted reset signal IRST
is in a High level.

[0076] The n-channel transistor Qnl is connected between
aground line GND and an output terminal of the transmission
gate TMG4. Further, the reset signal RST is supplied to a gate
of the n-channel transistor Qnl. This causes the n-channel
transistor Qnl to turn ON while the reset signal RST is in a
High level, so as to electrically connect the output terminal of
the transmission gate TMG4 (output terminal of the compara-
tor 114) to the ground line GND. Conversely, the n-channel
transistor Qnl turns OFF while the reset signal RST is in a
Low level, thereby not electrically connecting the output ter-
minal ofthe transmission gate TMG4 to the ground line GND.

[0077] Theresetsignal RST changes into a High level from
a Low level when the common signal VCOM (electric poten-
tial of the common electrode COM, that is, a common electric
potential) starts to change, and then changes into a Low level
after the High level is maintained for a certain period. That is
to say, the reset signal RST rises in sync with a change in the
common signal VCOM. Further, the clock signal CKcomp
has a clock pulse in a High level during a period when the
reset signal RST is in a High level.

[0078] Inthe comparator 114, the first and second inverters
INV1 and INV?2 are provided. However, it is also possible to
provide only the first inverter INV1. Nonetheless, if there is a
small difference between the reference voltage Vref and the
comparison voltage Vcomp, then a signal to be outputted
from the inverter INV1 will gradually change to become, after
certain time elapses, an inverted output having a normal level.
In view of this, the second inverter INV2 is provided so as to
amplify the output signal of the first inverter INV1. This
causes the output of the comparator to be rapidly inverted to
a normal level. Consequently, the comparator circuit 114
attains a higher accuracy, thereby reducing an amplitude of
the output power supply voltage VSS.

[0079] An operation of the power supply circuit 11
arranged as above is described below with reference to a
timing chart shown in FIG. 5 and to FIG. 6, which shows
operation states of the comparator 114.

[0080] As shown in FIG. 5, the reset signal RST rises in
sync with rising and falling edges of the common signal
VCOM. At this point, as shown in (a) of FIG. 6, the n-channel
transistor Qnl turns ON so that the output terminal of the
comparator 114 is electrically connected to the ground line
GND. This causes the comparator output signal OUTcomp to
change into a Low level from a High level. As a result, the
clock signal CKcomp stops being supplied to the charge
pump circuit 112 via the NAND gate 111, so that the charge
pump circuit 112 stops operating. Note, at this point, each of
the transmission gates TMG1, TMG3, and TMG4 is in an
OFF state.

[0081] Then, as shown in FIG. 5, the clock signal CKcomp
becomes a High level slightly after the rising edge of the reset
signal RST. In a period T1 during which the clock signal
CKcomp is maintained in a High level, as shownin (b) of FIG.
6, the transmission gates TMG1 and TMG3 are in an ON
state, whereas the transmission gate TMG2 is in an OFF state
(indicated by dashed lines), so that the reference voltage Vref
charges the capacitor C1. Note that the period T1 is a prepa-
ration period for a comparison operation of the comparator
114. In this way, the preparation period is set in the period T1
within a reset period.
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[0082] Further, at this point, the input terminal and the
output terminal of the inverter INV1 are connected to each
other via the transmission gate TMG3. This causes a pass-
through current to flow through the inverter INV1 from a
p-channel transistor via an n-channel transistor. As a result, an
inverted threshold voltage Vth occurs at the input terminal
and the output terminal of the inverter INV1. Consequently,
the capacitor C1 is charged by a voltage Ve (Vref-Vth) that is
a difference between the reference voltage Vref and the
inverted threshold voltage Vth of the inverter INV1. This
makes it possible to charge the capacitor C1 without being
affected by a variation in threshold voltage of MOS transis-
tors that constitute the inverter INV1.

[0083] In case of an active matrix liquid crystal display
apparatus using a thin film transistor (TFT), materials and
processes for production are limited if a power supply circuit
and the like are monolithically formed on a glass substrate.
This causes a variation in characteristic of the TFT to become
larger than that in characteristic of a transistor produced by an
1C process. Used as a method for reducing the variation of the
TFTs that constitute a comparator is such a technique called
“correlated double sampling” that is generally used in design-
ing of a CCD of a digital camera. The correlated double
sampling is one of the techniques for sampling a signal, and is
amethod for sampling a difference between a reference level
and a signal level which are contained in a signal.

[0084] As mentioned above, the comparator 114 uses the
voltage Ve that is the difference between the reference volt-
age Vrefand the inverted threshold voltage Vth of the inverter
INV1. This causes the comparator 114 to compare the com-
parison voltage Vcomp, which is later supplied, with the
reference voltage Vref based only on whether or not the later
supplied comparison voltage Vcomp is greater or smaller
than the voltage V¢, independently of a variation in threshold
voltage of the p-channel transistor and n-channel transistor of
the inverter INV1. This allows the comparison not to depend
on the variation in characteristic of both of the transistors of
the inverter INV1. In this way, the comparator 114 attains an
offset function.

[0085] Further, as shown in FIG. 5, a period T2 during
which the comparison is carried out is a period during which
an inverted clock signal ICKcomp is maintained in a High
level after the clock signal CKcomp falls in sync with a falling
edge of the reset signal RST. During the period T2, eachofthe
transmission gates TMG1 and TMG3 and the n-channel tran-
sistor Qnl is in an OFF state as indicated by dashed lines in (c)
of FIG. 6, whereas each of the transmission gates TMG2 and
TMGH4 is in an ON state. This causes the comparison voltage
Veomp to be supplied across the capacitor C1, via the trans-
mission gate TMG2.

[0086] At this point, the voltage V¢ has been held by the
capacitor C1. This causes a voltage Vi (=Vcomp-(Vref-
Vth)) to be supplied to the inverter INV1. In this state, when
the comparison voltage Vcomp is greater than the reference
voltage Vref (Veomp-Vref=Vi-Vth>0), the inverter INV1
outputs a signal of a Low level. Accordingly, an output signal
of the inverter INV2, that is, the comparator output signal
OUTcomp, becomes in a High level. This causes the clock
signal CK to be supplied to the charge pump circuit 112 via
the NAND gate 111, so that the charge pump circuit 112
operates. Consequently, the output power supply voltage VSS
decreases.

[0087] On the other hand, when the comparison voltage
Veomp is smaller than the reference voltage Vref (=Vcomp-
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Vref<0), the inverter INV1 outputs a signal of a High level.
Accordingly, the comparator output signal OUTcomp has a
Low level. As a result, the clock signal CK is no longer
supplied to the charge pump circuit 112 via the NAND gate
111, so that the charge pump circuit 112 stops operating.
Consequently, the output power supply voltage VSS
increases by a voltage consumed by the source driver 8 and
the gate driver 7.

[0088] In this way, during 1H period (horizontal scanning
period), the comparison voltage Vcomp varies so as to be
greater or smaller than the reference voltage Vref. The output
power supply voltage VSS is outputted in response to the
comparison voltage Vcomp. The repeated variation results in
that the output power supply voltage VSS stably has a certain
electric potential (-VDD, for example).

[0089] As described above, according to the power supply
circuit 11, the reset signal RST rises and is in a High level (a
reset pulse is outputted) in sync with rising and falling edges
of the common signal VCOM. This causes the comparator
114 to be reset in sync with the rising and falling edges of the
common signal VCOM, so that the comparator output signal
OUTcomp is maintained in a ground level. Therefore, even if
the voltage Vc held by the capacitor C1 is suddenly changed
in response to the rising and falling edges of the common
signal VCOM, a wrong comparator output signal OUTcomp
cannot be outputted. This makes it possible to obtain a stable
output power supply voltage VSS.

[0090] Further, the comparison voltage Vcomp repeatedly
varies since the regulation is carried out throughout the 1H
period. This causes the charge pump circuit 112 to repeatedly
carry out on-off operation throughout the 1H period, so that
the output power supply voltage VSS is constrained to vary
within a small range. This allows an improvement in display
quality of an image displayed by the liquid crystal display
apparatus 1. Moreover, it is possible to reduce a power con-
sumption of the power supply circuit 11 since it is not neces-
sary to make the charge pump circuit 112 constantly operate.
[0091] [Arrangement of Second Power Supply Circuit]
[0092] A power supply circuit 12 (second power supply
circuit) is described below as another concrete example of the
power supply circuit 9 with reference to FIGS. 4, 7, and 8.
FIG. 7 is a circuit diagram showing an arrangement of the
power supply circuit 12. FIG. 8 is a timing chart showing an
operation of the power supply circuit 12.

[0093] In the power supply circuit 11, the variation of the
comparison voltage Vcomp with respect to a single reference
voltage Vref depends on an accuracy of the comparator 114.
In cases where the comparator 114 has a high accuracy, it is
possible to cause the output power supply voltage VSS to vary
within a small range by causing the comparison voltage
Veomp to repeatedly vary. However, in cases where the com-
parator 114 has a low accuracy, the variation of the compari-
son voltage Vcomp with respect to the single reference volt-
age Vref becomes large, so that the charge pump circuit 112
repeatedly carries out on-off operation at wider intervals. As
such, the output power supply voltage VSS varies within a
wider range. This causes deterioration in display quality of an
image displayed by the liquid crystal display apparatus 1.
[0094] The power supply circuit 12 described below is
arranged so as to avoid such inconvenience.

[0095] As shown in FIG. 7, the power supply circuit 12
includes a NAND gate 111, a charge pump circuit 112, a
voltage divider circuit 113, and a comparator 114, like the
power supply circuit 11. The power supply circuit 12 further
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includes a reference voltage switching circuit 121, a switch-
ing control circuit 122, and an inverter 123.

[0096] The reference voltage switching circuit 121
switches, in accordance with a level of a comparator output
signal OUTcomp, between two reference voltages Vrefl and
Vref2 (Vref2>Vrefl) so as to output either of them. For this
purpose, the reference voltage switching circuit 121 includes
transmission gates TMG11 and TMG12.

[0097] Vrefl is supplied to the transmission gate TMG11,
whereas Vref2 is supplied to the transmission gate TMG12.
Each of the transmission gates TMG11 and TMG12 is
arranged so that a pair of p-channel transistor and n-channel
transistor are connected in parallel with each other. The com-
parator output signal OUTcomp is supplied to a gate of the
n-channel transistor of the transmission gate TMG11 and a
gate of the p-channel transistor of the transmission gate
TMG12. On the other hand, a comparator output signal OUT-
comp inverted by the inverter 123 is supplied to a gate of the
p-channel transistor of the transmission gate TMG11 and a
gate of the n-channel transistor of the transmission gate
TMG12.

[0098] While the comparator output signal OUTcomp is in
a High state, the transmission gate TMG11 turns ON so that
the reference voltage Vrefl is outputted, whereas the trans-
mission gate TMG12 turns OFF so that the reference voltage
Vref2 is not outputted. Conversely, while the comparator
output signal OUTcomp is in a Low state, the transmission
gate TMG11 turns OFF so that the reference voltage Vrefl is
not outputted, whereas the transmission gate TMG12 turns
ON so that the reference voltage Vref2 is outputted. In this
way, the reference voltage Vrefl or Vref2 outputted from the
reference voltage switching circuit 121 is supplied to the
comparator 114 as a reference voltage Vref.

[0099] The switching control circuit 122 generates a con-
trol signal CNTcomp that substitutes for the clock signal
CKcomp which is supplied to the comparator 114 in the
power supply circuit 11. For this purpose, the switching con-
trol circuit 122 includes a D flip-flop (indicated by DFE in
FIG. 7) 122a, inverters 1225 and 122¢, an ENOR (Exclusive-
nor) gate 1224, an NAND gate 122e¢, an inverter 122/, and an
OR gate 122¢.

[0100] The D flip-flop 1224 has a data input terminal D to
which the comparator output signal OUTcomp is supplied,
and a clock input terminal CLK to which a clock signal CKD
is supplied. Further, the D flip-flop 1224 outputs, via a data
output terminal Q, data that has been held in sync with a rising
edge of the clock signal CKD. The clock signal CKD is
synchronized with a clock signal CKcomp, has a higher oscil-
lation frequency than the clock signal Ckcomp, and has a duty
ratio of 50%.

[0101] The ENOR 122d carries out an Exclusive NOR
operation with regard to (i) the comparator output signal
OUTcomp and (ii) the data of the D flip-flop 122a that has
been inverted by the inverter 1225, and outputs a result of the
Exclusive NOR operation. The NAND gate 122¢ carries outa
NAND operation with regard to (i) the output signal of the
ENOR 122d and (i) a reset signal RST that has been inverted
by the inverter 122¢. The OR gate 122¢ outputs the control
signal CNTcomp as a result of an OR operation with regard to
(1) the clock signal CKcomp and (ii) the output signal of the
NAND gate 122¢ that has been inverted by the inverter 122f.
The output signal of the OR gate 122¢ is supplied to the
comparator 114.



US 2009/0289932 A1

[0102] An operation of the power supply circuit 12 having
the above-mentioned arrangement is described below with
reference to the timing chart shown in FIG. 8.

[0103] As shown in FIG. 8, the reset signal RST rises in
sync with a rising edge of a common signal VCOM. At this
point, as in the power supply circuit 11, the charge pump
circuit 112 stops operating because the comparator output
signal OUTcomp is inverted so as to be changed from a High
level into a Low level. Further, at this point, in the reference
voltage switching circuit 121, the transmission gate TMG11
turns OFF, and the transmission gate TMG12 turns ON. This
causes the reference voltage Vref2 to be supplied to the com-
parator 114 as the reference voltage Vref.

[0104] Meanwhile, the switching control circuit 122 out-
puts the control signal CNTcomp in response to the compara-
tor output signal OUTcomp and the reset signal RST. The
control signal CNTcomp includes a pulse rising in sync with
the rising and falling edges of the comparator output signal
OUTcomp. The control signal CNTcomp also includes a
pulse-synchronized pulse that has the same phase and width
as a clock pulse of the clock signal CKcomp generated in a
reset period during which the reset signal RST is in a High
level.

[0105] In the power supply circuit 12, the capacitor C1 of
the comparator 114 (see FIG. 4) is charged by the reference
voltage Vref (reference voltage Vref2) during a period (period
T4) of the pulse-synchronized pulse in the control signal
CNTcomp. This makes the period T4 be a preparation period
for a comparison operation of the comparator 114. Further, a
period T5 during which the comparison is carried out as in the
period T2 is a period from when the control signal CNTcomp
becomes a Low level until the next rising edge of the control
signal CNTcomp.

[0106] As shown in FIG. 8, the comparison voltage Vcomp
is lower than the reference voltage Vref (reference voltage
Vref2) after the reset is carried out. This causes the compara-
tor output signal OUTcomp to be maintained in a Low level.
As a result, a clock signal CK is no longer supplied to the
charge pump circuit 112 via the NAND gate 111, so that the
charge pump circuit 112 stops operating. Consequently, the
output power supply voltage VSS increases by a voltage to be
consumed by the source driver 8 and the gate driver 7.
[0107] When the comparison voltage Vcomp reaches the
reference voltage Vref (reference voltage Vref2), the com-
parator output signal OUTcomp is inverted so as to be in a
High level. This causes the clock signal CK to be supplied to
the charge pump circuit 112 via the NAND gate 111, so that
the charge pump circuit 112 operates. Consequently, the out-
put power supply voltage VSS decreases. Further, the control
signal CNTcomp rises in sync with the comparator output
signal OUTcomp being inverted so as to be in a High level.
Therefore, like the period T4, a period during which the
control signal CNTcomp is maintained in a High level is for
preparation for the comparison operation.

[0108] When the comparator output signal OUTcomp is
inverted so as to be in a High level, the transmission gate
TMGT11 turns ON, and the transmission gate TMG12 turns
OFF in the reference voltage switching circuit 121. This
causes the reference voltage Vrefl to be supplied to the com-
parator 114 as the reference voltage Vref.

[0109] When the comparison voltage Vcomp decreases so
as to reach the reference voltage Vref (reference voltage
Vrefl), the comparator output signal OUTcomp is inverted so
as to be in a Low level. As a result, the clock signal CK is no
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longer supplied to the charge pump circuit 112 viathe NAND
gate 111, so that the charge pump circuit 112 stops operating.
Consequently, the output power supply voltage VSS
increases again.

[0110] Repeating such an operation causes the comparison
voltage Vcomp to vary between the reference voltage Vrefl
and the reference voltage Vref2. In other words, the compari-
son voltage Vcomp stays within a range from the reference
voltage Vrefl to the reference voltage Vref2. This makes it
possible to control the output power supply voltage VSS
without being affected by the accuracy of the comparator 114.
Consequently, it becomes possible to obtain a stable output
power supply voltage VSS.

[0111] [Arrangement of Third Power Supply Circuit]
[0112] Thefollowing description deals with a power supply
circuit 13 (third power supply circuit), which is a further
concrete example of the power supply circuit 9, with refer-
ence to FIGS. 9 through 12. FIG. 9 is a circuit diagram
showing an arrangement of the power supply circuit 13. FIG.
10 is a circuit diagram showing an arrangement of a compara-
tor 131 in the power supply circuit 13. FIG. 11 is a timing
chart showing an operation of the power supply circuit 13. (a)
of FIG. 12 is a side view showing an arrangement of a capaci-
tor C2 in the comparator 131. (b) of FIG. 12 is a cross-
sectional view showing the arrangement of the capacitor C2.
[0113] As shown in FIG. 9, the power supply circuit 13
includes a NAND gate 111, a charge pump circuit 112, a
voltage divider circuit 113, and a reference voltage switching
circuit 121, like the power supply circuit 12. The power
supply circuit 13 further includes a comparator 131 and a
switching control circuit 132, instead of the comparator 114
and the switching control circuit 122, respectively.

[0114] As shown in FIG. 10, the comparator 131 includes
transmission gates TMG1 through TMG3 and inverters INV1
and INV2, like the comparator 114. Note, however, that the
comparator 131 does not include a transmission gate TMG4
and an n-channel transistor Qnl (see FIG. 4). Further, the
comparator 131 includes a capacitor C2 instead of the capaci-
tor C1 in the comparator 114.

[0115] As shown in FIG. 9, the switching control circuit
132 includes a D flip-flop 1224, an inverter 1225, and an
ENOR gate 1224, like the switching control circuit 122. Note,
however, that the switching control circuit 132 does not
include an inverter 122¢, an NAND gate 122¢, an inverter
122f, and an OR gate 122g (see F1G. 7). Further, the switching
control circuit 132 supplies, as a control signal CNT comp, a
output signal of the ENOR gate 1224 to the comparator 131.
In addition, an inverted control signal CNTcomp (not shown)
is also supplied to the comparator 131.

[0116] Asshownin (a)and (b) of FIG. 12, the capacitor C2
includes an input electrode Ein, an output electrode Eout, a
dielectric layer D.

[0117] The input electrode Ein has a square shape, and is
formed so as to be integral with an input line electrode Lin that
extends to the left in (b) of FIG. 12. The output electrode Fout
has a square shape which is slightly smaller than the input
electrode Ein, and is formed so as to be integral with an output
line electrode Lout that extends to the right in (b) of FIG. 12.
A part of the input line electrode Lin, where the input elec-
trode Ein is connected, corresponds to an input node. Like-
wise, a part of the output line electrode Lout, where the output
electrode Eout is connected, corresponds to an output node.
[0118] Further, the input electrode Ein is provided on a
substrate (substrate 4, not shown). The output electrode Fout
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is provided above the input electrode Ein so as to be parallel
to the input electrode Fin. The dielectric layer D is sand-
wiched between the input electrode Fin and the output elec-
trode Eout.

[0119] A ground electrode Eg constituting a ground line
GND is provided above the output electrode Eout as an elec-
trode layer, and provided on the substrate on which the input
electrode Ein is provided. The ground electrode Eg has shape
and size so as to cover the input electrode Ein, the output
electrode Eout, the input node in the input line electrode Lin,
and the output node in the output line electrode Lout. Further,
a common electrode COM is provided on the other substrate
(substrate 5, not shown) so as to face the ground electrode Eg.
[0120] Such an arrangement causes the capacitor C2 to be
shielded with the ground electrode Eg. As such, a voltage held
by the capacitor C2 is hardly affected by a variation in com-
mon signal VCOM that is applied to the common electrode
COM. Therefore, the power supply circuit 13 does not require
the reset signal RST that is used in the power supply circuits
11 and 12 (see FIGS. 3 and 7) for the purpose of avoiding
being affected by the variation in the common signal VCOM.
[0121] An operation of the power supply circuit 13
arranged as above is described below with reference to the
timing chart shown in FIG. 11.

[0122] As shown in FIG. 11, the switching control circuit
132 outputs a control signal CNTcomp including a pulse that
rises in sync with rising and falling edges of a comparator
output signal OUTcomp. In the comparator 131, a prepara-
tion (charging of the capacitor C2) for a comparison is carried
out in a period (period T6) during which the pulse is main-
tained. The comparison is carried out during a period (period
T7) between the pulse and its subsequent pulse. This causes
the comparator output signal OUTcomp to be inverted every
time a comparison voltage Vcomp reaches a reference voltage
Vrefl or Vref2. Further, the charge pump circuit 112 operates
and stops operating, repeatedly, in response to each inversion
of the comparator output signal OUTcomp. An output power
supply voltage VSS varies in response to the change in opera-
tion of the charge pump circuit 112.

[0123] In this way, without using the reset signal RST, the
power supply circuit 13 is able to efficiently carry out a
regulation operation by carrying out the comparison in the
above-mentioned manner, unlike the power supply circuit 12
which carries out the comparison every time the common
signal VCOM is inverted. Therefore, it is possible to make the
output power supply voltage VSS vary within a smaller range
than the output power supply voltage VSS in the power supply
circuit 12.

[0124] Note that, in the power supply circuit 13, the com-
parator 131 may erroneously operate as a result of being
affected by the common signal VCOM, although the capaci-
tor C2 is shielded with the ground electrode Eg. However,
even if a voltage Vc held by the capacitor C2 is changed by a
sudden change in the common signal VCOM due to each
inversion, this only causes a slight increase in amplitude of
the output power supply voltage VSS. This is because the
power supply circuit 13 uses the two reference voltages Vrefl
and Vref2 as the reference voltage Vref.

[0125] The embodiments deal with an arrangement in
which a negative output power supply voltage VSS is
obtained by the charge pump circuit 112. However, the charge
pump circuit 112 can be arranged so as to supply a positive or
negative voltage that is n times (1 is an integer number that is
not less than 1) of an input power supply voltage VDD.
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[0126] Further, the embodiments deal with an arrangement
in which each of the comparators 114 and 131 is a chopper
type comparator. However, the comparators 114 and 131 are
not limited to the chopper type comparator, and can be a
differential comparator shown in FIG. 13, for example. The
differential comparator includes transmission gates TMG1
through TMG3 and a capacitor C1, like the chopper type
comparator. The differential comparator includes a differen-
tial amplifier AMP instead of the inverters INV1and INV2. In
the differential comparator, a transmission gate TMG3 is
provided between an input terminal and an output terminal of
the differential amplifier AMP.

[0127] Note that, in the differential comparator shown in
FIG. 13, the transmission gate TMG4 and the n-channel tran-
sistor Qn1 that are used in the comparator 114 shown in FIG.
4 are omitted for convenience sake.

[0128] The embodiments and concrete examples of imple-
mentation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present
invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but
rather may be applied in many variations within the spirit of
the present invention, provided such variations do not exceed
the scope of the patent claims set forth below.

INDUSTRIAL APPLICABILITY

[0129] A power supply circuit of the present invention is
arranged so as to become less likely to be affected by a
variation in common signal that is applied to a common
electrode in a liquid crystal display apparatus, and therefore it
is applicable to a use in which a display quality of the liquid
crystal display apparatus is intended to be improved.

1. A power supply circuit comprising:

a charge pump circuit for carrying out a charge pump
operation so as to supply a power supply voltage to a
driving circuit of a liquid crystal display apparatus in
which an electric potential of a common electrode
shared by a plurality of pixels is inverted so as to have
two values in a predetermined cycle;

a voltage divider circuit for dividing a difference voltage
between an input power supply voltage and a voltage
outputted from the charge pump circuit;

aregulation circuit including a comparator with a capacitor
to be charged by a reference voltage so that the reference
voltage is compared with a voltage outputted from the
voltage divider circuit, the regulation circuit stabilizing
a power output by controlling the charge pump circuit
based on a compared result; and

a control section for resetting the comparator in the prede-

termined cycle, and for controlling the comparator to
carry out a comparison after the electric potential of the
common electrode is inverted.

. A power supply circuit comprising:

charge pump circuit for carrying out a charge pump
operation so as to supply a power supply voltage to a
driving circuit of a liquid crystal display apparatus in
which an electric potential of a common electrode
shared by a plurality of pixels is inverted so as to have
two values in a predetermined cycle;

a voltage divider circuit for dividing a difference voltage
between an input power supply voltage and a voltage
outputted from the charge pump circuit; and

aregulation circuit including acomparator witha capacitor
to be charged by a reference voltage so that the reference

o
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voltage is compared with a voltage outputted from the
voltage divider circuit, the regulation circuit stabilizing
a power output by controlling the charge pump circuit
based on a compared result,

the capacitor being shielded with an electrode layer pro-
vided between the capacitor and the common electrode.

3. The power supply circuit according to claim 1, wherein:

the reference voltage includes different first and second
reference voltages; and

said power supply circuit, further comprising:

a switching circuit for switching between the first and
second reference voltages in response to an output of the
comparator.

4. A liquid crystal display apparatus, comprising:

a driving circuit for driving a plurality of pixels, and

apower supply circuit, provided, together with the driving
circuit, on a translucent substrate on which the plurality
of pixels are provided, for outputting a power supply
voltage to the driving circuit:

said power supply circuit, including:

a charge pump circuit for carrying out a charge pump
operation so as to supply a power supply voltage to a
driving circuit of a liquid crystal display apparatus in
which an electric potential of a common electrode
shared by a plurality of pixels is inverted so as to have
two values in a predetermined cycle;

a voltage divider circuit for dividing a difference voltage
between an input power supply voltage and a voltage
outputted from the charge pump circuit;

aregulation circuit including a comparator with a capacitor
to be charged by a reference voltage so that the reference
voltage is compared with a voltage outputted from the
voltage divider circuit, the regulation circuit stabilizing
a power output by controlling the charge pump circuit
based on a compared result; and

a control section for resetting the comparator in the prede-
termined cycle, and for controlling the comparator to
carry out a comparison after the electric potential of the
common electrode is inverted.

5. A liquid crystal display apparatus, comprising:

a driving circuit for driving a plurality of pixels, and

apower supply circuit, provided, together with the driving
circuit, on a translucent substrate on which the plurality
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of pixels are provided, for outputting a power supply
voltage to the driving circuit:

said power supply circuit, including:

a charge pump circuit for carrying out a charge pump
operation so as to supply a power supply voltage to a
driving circuit of a liquid crystal display apparatus in
which an electric potential of a common electrode
shared by a plurality of pixels is inverted so as to have
two values in a predetermined cycle;

a voltage divider circuit for dividing a difference voltage
between an input power supply voltage and a voltage
outputted from the charge pump circuit; and

aregulation circuit including acomparator witha capacitor
to be charged by a reference voltage so that the reference
voltage is compared with a voltage outputted from the
voltage divider circuit, the regulation circuit stabilizing
a power output by controlling the charge pump circuit
based on a compared result,

the capacitor being shielded with an electrode layer pro-
vided between the capacitor and the common electrode.

6. The liquid crystal display apparatus according to claim

4, wherein:

the reference voltage includes different first and second
reference voltages; and
said power supply circuit, further comprising:

a switching circuit for switching between the first and
second reference voltages in response to an output of
the comparator.

7. The power supply circuit according to claim 2, wherein:

the reference voltage includes different first and second
reference voltages; and

said power supply circuit, further comprising:

a switching circuit for switching between the first and
second reference voltages in response to an output of the
comparator.

8. The liquid crystal display apparatus according to claim

5, wherein:

the reference voltage includes different first and second
reference voltages; and
said power supply circuit, further comprising:
a switching circuit for switching between the first and
second reference voltages in response to an output of
the comparator.
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