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OVERVOLTAGE PROTECTION CIRCUIT,
POWER SUPPLY DEVICE, LIQUID CRYSTAL
DISPLAY DEVICE, ELECTRONIC DEVICE
AND TELEVISION SET

TECHNICAL FIELD

First Technical Field

[0001] A first invention of various inventions disclosed in
the present specification relates to an overvoltage protection
circuit and a semiconductor device formed by integrating
such an overvoltage protection circuit.

Second Technical Field

[0002] A second invention of the various inventions dis-
closed in the present specification relates to a step-up power
supply device.

Third Technical Field

[0003] A third invention of the various inventions disclosed
in the present specification relates to a power supply circuit
and a liquid crystal display device incorporating such a power
supply circuit.

BACKGROUND ART

Background Art Related to the First Invention

[0004] In recent years, ICs (integrated circuits) have been
required to have resistance to an instantaneous surge voltage
such as an EOS (electrical overstress). For example, when a
low-voltage resistant element within an IC is only resistant to
uptoavoltage of 7V, and a surge voltage of 20t0 30V is likely
to be applied for a few milliseconds, it is required to cope with
this surge voltage.

[0005] In a conventional technology, for example, an anti-
ESD (electrostatic discharge) element such as a varistor is
added to the outside of an IC or a high-voltage resistant LDO
(low drop out) chip is provided in the preceding stage of the
IC, and thus a predetermined voltage or more is prevented
from being applied to the input terminal of the IC. Alterna-
tively, all the interior of the IC is formed with high-voltage
resistant elements, and thus resistance to the surge voltage is
provided.

[0006] A technology is also designed in which a high-
voltage resistant emitter follower circuit is provided within
the IC, and thus the surge voltage is prevented from being
applied to a low-voltage resistant element within the IC.
Specifically, an emitter follower circuit is provided in which
the emitter of a high-voltage resistant NPN transistor is con-
nected to a low-voltage resistant element, and it base is con-
nected to a Zener diode having the breakdown voltage char-
acteristic of a predetermined voltage (for example, 5 V). In
this way, a voltage exceeding the breakdown voltage is pre-
vented from being applied to the low-voltage resistant ele-
ment.

[0007] An overvoltage protection circuit that uses a plural-
ity of discharge circuits and overvoltage detection circuits to
protect an internal circuit from ESD and EOS, and a timing
controller chip that uses a plurality of ESD protection circuits
and operational amplifiers to enhance resistance to EOS are
disclosed and proposed (see, for example, patent documents
1 and 2).
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Background Art Related to the Second Invention

[0008] FIG. 8isadiagram showing a conventional example
of a step-up power supply device. The step-up power supply
device of the present conventional example is configured to
turn on and off a transistor N1 to generate a step-up voltage
AVDD from an input voltage VIN. When its step-up operation
is stopped, the step-up power supply device of the present
conventional example turns on a transistor N2 to rapidly
discharge the step-up voltage AVDD.

[0009] As an example of the conventional technology
related to what has been described above, patent document 3
can be picked up.

Background Art Related to the Third Invention

[0010] Conventionally, as a circuit that performs, for
example, power supply to an electronic appliance, various
power supply circuits are utilized. While, as one form of such
a power supply circuit, a power supply IC that supplies a gate
voltage to a gate driver for driving a liquid crystal display
panel is being used, its configuration and the like will be
described briefly below.

[0011] FIG. 17 schematically shows part of the configura-
tion of the power supply IC (conventional example) and the
form of connection to its peripheral devices. As shown in the
figure, the power supply IC 100 includes external terminals
(Ta, Tb and T ). The external terminal Ta is used as an input
terminal of a reference gate voltage VGH, the external termi-
nal Tb is connected to a gate driver 200 and the external
terminal T, 1s used for connection to an external resistor 400
(which is an external component as seen from the power
supply IC 100).

[0012] The liquid crystal display panel is connected to the
external terminal Tb through the gate driver 200, and a con-
stant voltage source 500 (whose voltage value is assumed to
be Vc) is connected to the external terminal T, through the
external resistor 400. The gate driver 200 selects, as neces-
sary, a gate line (that is connected to the gate of a TFT (thin
film transistor)) of the liquid crystal display panel 300 so as to
synchronize with a video signal, and supplies a gate voltage
input to the gate line from the power supply IC 100. The
individual portions (100 to 500) shown in FIG. 17 form a
liquid crystal display device together with the other compo-
nents.

[0013] The power supply 1C 100 includes a controller 101
and switch elements (102, 103), and they are connected as
shown in FIG. 17. Based on a control signal FLK fed from the
preceding stage circuit, the controller 101 controls the switch-
ing of the turning on and off of the switch elements (102, 103).
More specifically, the control is performed such that a period
during which the switch element 102 is on and the switch
element 103 is off (on-period) and a period during which the
switch element 103 is on and the switch element 102 is off
(off-period) are switched according to timing indicated by the
control signal FLK.

[0014] Thus, the voltage of the external terminal Tb
becomes a gate voltage VGHM generated by the modulation
of the reference gate voltage VGH, and the gate voltage
VGHM is output to the gate driver 200. During the on-period,
the continuity between the external terminal Ta and the exter-
nal terminal Tb is achieved, and the gate voltage VGHM is
increased by charging using power input from the external
terminal Ta such that the gate voltage VGHM is equivalent to
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the reference gate voltage VGH. Thus, the gate voltage
VGHM is switched to H-level (the state where each TFT is
turned on).

[0015] On the other hand, during the off-period, the conti-
nuity between the external terminal Tb and the external ter-
minal T, is achieved, and the gate voltage VGHM is
decreased by discharge to the outside through the external
resistor 400 such that the gate voltage VGHM is equivalent to
the voltage Vc. Hence, the gate voltage VGHM is switched to
L-level (the state where each TFT is turned off). As described
above, the gate voltage VGHM has an approximate pulse
waveform where the H level and the L level alternately
appear.

[0016] Here, the external resistor 400 is a component that
realizes a so-called gate shooting function (hereinafter
shortly referred to as the “GS function”). The GS function is
a function mainly for reducing screen flickering (flicker). In
the GS function, the waveform of the gate voltage is inclined,
and thus the blurring of the waveform caused by the distance
from the gate driver is made uniform, and the displacement of
timing at which the TFT is turned on and off is reduced, and
thus the screen flickering is reduced.

[0017] The external resistor 400 forms a CR circuit
together with a panel capacitor included in the liquid crystal
display panel 300, and discharge to the outside through the
external resistor 400 is performed as CR discharge. In this
way, the falling portion of the waveform of the gate voltage
VGHM is inclined, and thus the GS function is realized. Not
a ground point (GND) but the constant voltage source 500 is
connected to the external resistor 400, and thus the gate volt-
age VGHM is prevented from being dropped excessively
(dropped below the voltage Vc).

[0018] As an example of the conventional technology
related to what has been described above, patent document 4
can be picked up.

RELATED ART DOCUMENT
Patent Document

[0019] Patent document 1: JP-A-2010-278419
[0020] Patent document 2: JP-A-2007-151065
[0021] Patent document 3: JP-A-2010-283950
[0022] Patent document 4: JP-A-2008-9364

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

Problem to be Solved by the First Invention

[0023] However, in the technology disclosed above, for

example, when an anti-ESD element or a high-voltage resis-
tant DO chip is provided inthe outside of the IC, the size and
the cost of the entire set are disadvantageously increased.
When all the interior of the IC is formed with high-voltage
resistant elements, the cost of the IC itself is disadvanta-
geously increased.

[0024] When an emitter follower circuit is provided within
the 1C, since only a voltage which is lower than an input
voltage by a voltage between the base and the emitter of an
NPN transistor can be supplied to an internal circuit, it may
not be operated when the input voltage is reduced. Hence,
even when the input voltage is within the operable voltage
range of the internal circuit, it is likely that the internal circuit
cannot be operated.
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[0025] 1In view of the foregoing problem found by the
inventor of the present application, an object of the first inven-
tion is to provide an overvoltage protection circuit which can
prevent, with a simple configuration, an internal circuit
including a low-voltage resistant element from being broken
by a surge voltage and in which the intemal circuit can be
operated even when the surge voltage is generated or reduced
and a semiconductor device which is formed by integrating
suich an overvoltage protection circuit.

Problem to be Solved by the Second Invention

[0026] Ascompared with a configuration in which the step-
up voltage AVDD is naturally discharged after the stop of the
step-up operation, the step-up power supply device of the
conventional example shown in FIG. 8 can rapidly discharge
the step-up voltage AVDD, and thus it is possible to prevent an
unintentional operation of a load.

[0027] However, in the step-up power supply device of the
conventional example described above, when the step-up
voltage AVDD becomes lower than the input voltage VIN by
the discharge of the step-up voltage AVDD, a current flows
through a path from the application end of the input voltage
VIN to a ground end through a coil L, a diode D, a resistor R
and the transistor N2, with the result that, disadvantageously,
the power consumption (for example, power consumption at
the time of standby) is unnecessarily increased.

[0028] In view of the foregoing problem found by the
inventor of the present application, an object of the second
invention is to provide a step-up power supply device that can
appropriately discharge a step-up voltage.

Problem to be Solved by the Third Invention

[0029] Inthe power supply IC of the conventional example
shown in FIG. 17, it is possible to supply the gate voltage to
the gate driver while the GS function is provided. However, in
order to achieve the GS function, it is necessary to provide an
external resistor for externally connecting the power supply
IC. Since this leads to an increase in the number of compo-
nents necessary for manufacturing a liquid crystal display
device, it is not preferable in terms of the manufacturing cost
and the like.

[0030] When the external resistor is externally connected to
the power supply IC, it is necessary to provide an external
terminal (PIN) for connecting the external resistor to the
power supply IC. Since this leads to an increase in the number
of external terminals of the power supply IC, it is not prefer-
able in terms of the manufacturing cost and the like.

[0031] In view of the foregoing problem, an object of the
third invention is to provide a power supply circuit that can
easily reduce the manufacturing cost and the like while it has
the GS function and can supply a gate voltage to a gate driver.
Another object is to provide a liquid crystal display device
including such a power supply circuit.

Means for Solving the Problem

[0032] <First Invention>

[0033] According to the first invention of the various inven-
tions disclosed in the present specification, there is provided
an overvoltage protection circuit including: a first transistor
which is a P-channel field-effect transistor, whose source is
connected to an input terminal and whose drain is connected
to an internal circuit; a first resistor which is connected
between a gate of the first transistor and a ground end; and a
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short circuit that short-circuits the source and the gate of the
first transistor while an application voltage of the input tet-
minal exceeds a predetermined threshold value (configura-
tion of 1-1).

[0034] Preferably, in the overvoltage protection circuit of
the configuration of 1-1, the short circuit includes: a second
transistor which is a P-channel field-effect transistor, whose
source is connected to the input terminal and whose drain is
connected to the gate of the first transistor; a second resistor
which is connected between the a gate of the second transistor
and the input terminal; and a first Zener diode which is con-
nected between the gate of the second transistor and the
ground end (configuration of 1-2).

[0035] Preferably, in the overvoltage protection circuit of
the configuration of 1-2, a bypass circuit which supplies a
constant voltage from the input terminal to the internal circuit
while the voltage of the input terminal exceeds the threshold
value (configuration of 1-3).

[0036] Preferably, in the overvoltage protection circuit of
the configuration of 1-3, the bypass circuit includes: an NPN
transistor whose collector is connected to the input terminal
and whose emitter is connected to the internal circuit; a sec-
ond Zener diode which is connected between a base of the
NPN transistor and the ground end; and a third resistor which
is connected between the base of the NPN transistor and the
input terminal (configuration of 1-4).

[0037] Preferably, in the overvoltage protection circuit of
the configuration of 1-3, each of the first transistor, the second
transistor and the NPN transistor is high-voltage resistant as
compared with an element of the internal circuit (configura-
tion of 1-5).

[0038] A semiconductor device according to the first inven-
tion is configured by integrating the overvoltage protection
circuit of any one of the configurations of 1-1to 1-5 (configu-
ration of 1-6).

[0039] A power supply device according to the first inven-
tion includes the semiconductor device of the configuration
1-6 (configuration of 1-7).

[0040] A liquid crystal display device according to the first
invention includes the power supply circuit of the configura-
tion 1-7 (configuration of 1-8).

[0041] An electronic device according to the first invention
includes the liquid crystal display device of the configuration
1-8 (configuration of 1-9).

[0042] Preferably, the electronic device of the configura-
tion 1-9 is a tablet PC (configuration of 1-10).

[0043] <Second Invention>

[0044] According to the second invention of the various

inventions disclosed in the present specification, there is pro-
vided a step-up power supply device including: a power sup-
ply circuit which generates a step-up voltage from an input
voltage; and an output discharge circuit which starts dis-
charge of the step-up voltage when an instruction to stop the
generation of the step-up voltage is provided based on a
predetermined control signal and which stops the discharge
of the step-up voltage when the step-up voltage is dropped
below a first threshold voltage (configuration of 2-1).

[0045] Preferably, in the step-up power supply device of the
configuration of 2-1, the output discharge circuit restarts the
discharge of the step-up voltage when, with the instruction to
stop the generation of the step-up voltage provided, the step-
up voltage exceeds a second threshold voltage higher than the
first threshold voltage (configuration of 2-2).
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[0046] Preferably, in the step-up power supply device of the
configuration of 2-2, the first threshold voltage and the second
threshold voltage are variable voltages which are varied
according to the input voltage (configuration of 2-3).

[0047] Preferably, in the step-up power supply device of the
configuration of 2-3, the output discharge circuit includes: a
comparator which compares the step-up voltage and the first
threshold voltage and the second threshold voltage to output
a comparison signal; a logical gate which generates a dis-
charge control signal based on the control signal and the
comparison signal; and a switch which achieves/interrupts
continuity between an application end of the step-up voltage
and a ground end according to the discharge control signal
(configuration of 2-4).

[0048] Preferably, in the step-up power supply device of the
configuration of 2-4, the switch is an N-channel field-effect
transistor (configuration of 2-5).

[0049] Preferably, in the step-up power supply device of the
configuration of 4, the switch is a P-channel field-effect tran-
sistor (configuration of 6).

[0050] Preferably, in the step-up power supply device of
any one of the configurations of 2-4 to 2-6, the output dis-
charge circuit further includes a resistor inserted between the
application end of the step-up voltage and the switch (con-
figuration of 2-7).

[0051] Aliquid crystal display device according to the sec-
ond invention includes the step-up power supply device of the
configuration of 2-7 (configuration of 2-8).

[0052] A television set according to the second invention
includes the liquid crystal display device of the configuration
of 2-8 (configuration of 2-9).

[0053] <Third Invention>

[0054] According to the third invention of the various
inventions disclosed in the present specification, there is pro-
vided a power supply circuit that supplies a gate voltage to a
gate driver which drives a liquid crystal display panel, where
the power supply circuit is formed as an integrated circuit
where a connection terminal connected to the gate driver and
a gate voltage generation circuit which generates the gate
voltage of an approximate pulse waveform to output the gate
voltage to the gate driver through the connection terminal are
provided, and, within the integrated circuit, an inclination
provision portion which provides an inclination to the wave-
form of the gate voltage is provided (configuration of 3-1).
[0055] 1In the configuration of 3-1, it is possible to supply
the gate voltage to the gate driver while achieving the GS
function and also easily reduce the manufacturing cost and
the like.

[0056] Preferably, in the configuration of 3-1, the power
supply circuit includes: a voltage input terminal to which a
reference gate voltage is input; and a low-voltage portion
which s set at a voltage lower than the reference gate voltage,
where, in the gate voltage generation circuit, the connection
terminal is connected to the voltage input terminal such that
the gate voltage is switched to H-level, and the connection
terminal is connected to the low-voltage portion such that the
gate voltage is switched to L-level (configuration of 3-2). In
the configuration of 3-2, it is possible to generate the gate
voltage so as to modulate the reference gate voltage.

[0057] Specifically and preferably, in the configuration of
3-2, the inclination provision portion sets the inclination such
that the inclination can be varied according to a given instruc-
tion (configuration of 3-3).
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[0058] Specifically and preferably, in the configuration of
3-3, the inclination provision portion is formed with a vari-
able current source circuit which sets a value of a current
flowing from the connection terminal to the low-voltage por-
tion according to the instruction (configuration of 3-4).
[0059] Specifically and preferably, in the configuration of
3-4, the variable current source circuit includes: a resistor
which is provided between the connection terminal and the
low-voltage portion; a switch element which is provided
between the resistor and the connection terminal; and an
operation amplifier which controls the switch element such
that a voltage value between the resistor and the switch ele-
ment is a voltage value corresponding to the instruction (con-
figuration of 3-5).

[0060] Specifically and preferably, in the configuration of
3-3, the inclination provision portion is provided between the
connection terminal and the low-voltage portion and is
formed with a variable resistor which sets a resistance value
according to the instruction (configuration of 3-6).

[0061] Specifically and preferably, in the configuration of
3-6, the variable resistor forms a CR circuit together with a
panel capacitor included in the liquid crystal display panel,
and performs, as CR discharge. discharge from the liquid
crystal display panel to the low-voltage portion (configura-
tion of 3-7).

[0062] Specifically and preferably, in any one of the con-
figurations of 3-1 to 3-7, the power supply circuit further
includes a voltage protection circuit which achieves non-
continuity between the connection terminal and the low-volt-
age portion when the gate voltage reaches a predetermined
lower limit value (configuration of 3-8).

[0063] Aliquid crystal display device according to the third
invention includes the power supply circuit of any one of the
configurations of 3-1 to 3-8 (configuration of 3-9). With the
present configuration, it is possible to obtain the advantages
of the power supply circuit configured as described above.
[0064] A television set according to the third invention
includes the liquid crystal display device of the configuration
of 3-9 (configuration of 3-10).

Advantages of the Invention

Advantages of the First Invention

[0065] In the first invention, it is possible to provide an
overvoltage protection circuit which can prevent, with a
simple configuration, an internal circuit including a low-volt-
age resistant element from being broken by a surge voltage
and in which the internal circuit can be operated even when
the surge voltage is generated or reduced and a semiconductor
device which is formed by integrating such an overvoltage
protection circuit.

Advantages of the Second Invention

[0066] In the second invention, it is possible to provide a
step-up power supply device that can appropriately discharge
a step-up voltage.

Advantages of the Third Invention

[0067] In the power supply circuit of the third invention, it
is possible to easily reduce the manufacturing cost and the
like while the GS function is provided and it is possible to
supply a gate voltage to a gate driver. With the liquid crystal
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display device of the third invention, it is possible to obtain
the advantages of the power supply circuit according to the
third invention.

BRIEF DESCRIPTION OF DRAWINGS

[0068] FIG. 1 A block diagram showing an example of the
configuration of a liquid crystal display device;

[0069] FIG. 2 A circuit diagram showing an example of the
configuration of an overvoltage protection circuit;

[0070] FIG. 3 An input/output characteristic diagram of an
overvoltage protection portion 14;

[0071] FIG. 4 An external view of an electronic device
(tablet PC) incorporating the liquid crystal display device 1;
[0072] FIG. 5 A diagram showing a first configuration
example of a switching regulator portion 13;

[0073] FIG. 6 A time chart showing an example of an output
discharge operation:

[0074] FIG. 7 A diagram showing a second configuration
example of the switching regulator portion 13;

[0075] FIG. 8 A diagram showing a conventional example
of a step-up power supply device;

[0076] FIG. 9 A block diagram showing an example of the
configuration of a television set incorporating the liquid crys-
tal display device 1;

[0077] FIG. 10A A front view of the television set incorpo-
rating the liquid crystal display device 1;

[0078] FIG. 10B A side view of the television set incorpo-
rating the liquid crystal display device 1;

[0079] FIG. 10C A back view of the television set incorpo-
rating the liquid crystal display device 1,

[0080] FIG. 11 A diagram showing a first configuration
example of a gate pulse modulation portion 12 and its periph-

ery;

[0081] FIG. 12 A graph of the waveforms of a gate voltage
and the like;
[0082] FIG. 13 A diagram showing a second configuration

example of the gate pulse modulation portion 12 and its
periphery;

[0083] FIG. 14 A diagram showing a third configuration
example of the gate pulse modulation portion 12 and its
periphery;

[0084] FIG. 15 Anillustrative diagram on a circuit configu-
ration where a monitor circuit is provided:;

[0085] FIG. 16 An illustrative diagram on a ground circuit;
and
[0086] FIG. 17 Anillustrative diagram on the configuration

of a conventional power supply IC.

DESCRIPTION OF EMBODIMENTS

[0087] <Liquid Crystal Display Device>

[0088] FIG. 1isablock diagram showing an example of the
configuration of a liquid crystal display device. The liquid
crystal display device 1 of the present configuration example
includes a power supply IC 10, a gate driver 20 and a liquid
crystal display panel 30, and also includes, as discrete ele-
ments externally connected to the power supply 1C 10, a coil
L1, a diode D1 and a capacitor C1. The liquid crystal display
device 1 also includes, in addition to the components
described above, a circuit that receives a video signal (for
example, a television broadcast signal) and the like; this video
signalis used, and thus video is displayed on the liquid crystal
display panel 30.
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[0089] The power supply IC 10 receives an input voltage
VIN (for example, 5 V) to supply power (such as AVDD or
VGHM) to the gate driver 20 and the like.

[0090] The gate driver 20 receives the supply of the gate
voltage VGHM from the power supply IC 10, and uses it to
output a gate signal (vertical scanning signal) to each of the
gate lines of the liquid crystal display panel 30. Specifically,
the gate driver 20 sequentially selects the gate lines of the
liquid crystal display panel 30 so as to synchronize with the
video signal, and connects them to the side of the power
supply IC 10. Thus, the gate voltage VGHM is input as the
voltage of the gate signal to the gate lines connected to the
side of the power supply IC 10.

[0091] Inthe liquid crystal display device 1, a source driver
(not shown) that outputs a source signal to the liquid crystal
display panel 30 is also provided. The source driver and the
gate driver 20 may be formed integrally as, for example, a
liquid crystal drive IC.

[0092] The liquid crystal display panel 30 includes a plu-
rality of pixel electrodes arranged in a matrix, TFTs (thin film
transistors) individually provided for the pixel electrodes, the
gate lines (scan lines) connected to the gates of the TFTs in
individual rows and source lines (data lines) connected to the
sources of the TFTs in the individual rows; the liquid crystal
display panel 30 displays an arbitrary character or image
according to the gate signal or the source signal supplied. In
other words, the liquid crystal display panel 30 is operated so
as to adjust, for each pixel, the degree of transmission of
backlight according to the gate signal and the source signal,
and consequently realizes the display described above.

[0093]

[0094] The power supply IC 10 (semiconductor device)is a
monolithic semiconductor integrated circuit device obtained
by integrating a control portion 11, a gate pulse modulation
portion 12, a switching regulator portion 13, an overvoltage
protection portion 14 (overvoltage protection circuit), a volt-
age reduction protection portion 15, a temperature protection
portion 16, a short protection portion 17 and a reset portion
18.

[0095] The power supply IC 10 also includes external ter-
minals T1 to T9 as means for achieving electrical connection
to the outside. The external terminal T1 (input terminal) is an
input terminal of the input voltage VIN. The external terminal
T2 is an input terminal of an enable signal EN. The external
terminal T3 is an input terminal of a serial clock signal SCLK.
The external terminal T4 is an input/output terminal of a serial
data signal SDA. The external terminal T5 is an input terminal
of amodulation control signal FLK (pulse signal). The exter-
nal terminal T6 is an input terminal of predetermined power (a
constant reference gate voltage VGH). The external terminal
T7 is an output terminal of the gate voltage VGHM, and the
gate driver 20 is connected thereto. The external terminal T8
is a feedback terminal of the step-up voltage AVDD. The
external terminal T9 is a switching terminal.

[0096] The control portion 11 comprehensively controls
the operations of the individual portions of the power supply
IC 10. For example, a protection current value Sv and a
discharge current value Si on the operation of the gate pulse
modulation portion 12 and a target voltage value of the
switching regulator portion 13 each are set by the control
portion 11 such that they can be varies. The control portion 11
has the function of performing, through the external terminals
T3 and T4, two-line serial two-way communication with the

<Power Supply IC>

May 29, 2014

outside of the power supply IC 10, and each of the various
setting values described above can be arbitrarily varied from
the outside.

[0097] The protection voltage value Sv is a value that is set
lower than the reference gate voltage VGH. Information
(digital information) on the protection voltage value Sv and
the discharge control value Si that has been set is fed out from
the control portion 11 to the gate pulse modulation portion 12,
and thus the information is reflected on the operation of the
gate pulse modulation portion 12.

[0098] The gate pulse modulation portion 12 performs,
according to the modulation control signal FLK, predeter-
mined modulation processing on the reference gate voltage
VGH (for example, 20 to 30 V) to generate the gate voltage
VGHM, and outputs it to the external terminal T7. The con-
figuration and the operation of the gate pulse modulation
portion 12 will be described in detail later.

[0099] The switching regulator portion 13 forms a step-up
switching regulator together with the coil L1, the diode D1
and the capacitor C1 externally attached to the power supply
1C 10. In the outside of the power supply IC 10, the first end
of the coil L1 is connected to the application end of the input
voltage VIN. The second end of the coil L1 and the anode of
the diode D1 each are connected to the external terminal T9.
The cathode of the diode D1 is connected to the output end of
the step-up voltage AVDD and is also connected to the exter-
nal terminal T8. The capacitor C1 is connected between the
output end of the step-up voltage AVDD and the ground end.
[0100] The overvoltage protection portion 14 monitors
whether or not the input voltage VIN is in an overvoltage
state, and achieves/interrupts, based on the result of the moni-
toring, the continuity of a power supply path to the internal
circuit (such as the control portion 11).

[0101] The voltage reduction protection portion 15 moni-
tors whether or not the input voltage VIN input through the
overvoltage protection portion 14 is in a voltage reduction
state, and transmits the result of the monitoring to the reset
portion 18.

[0102] The temperature protection portion 16 monitors
whether or not the junction temperature Tj of the power
supply IC 10 exceeds a predetermined upper limit value (for
example, 175° C.), and transmits the result of the monitoring
to the reset portion 18.

[0103] The short protection portion 17 monitors whether or
not grounding (short circuit to the ground end or a low-
voltage end equivalent thereto) occurs in the step-up voltage
AVDD, and transmits the result of the monitoring to the reset
portion 18.

[0104] Thereset portion 18 generates a shutdown signal SD
based on a voltage reduction protection signal input from the
voltage reduction protection portion 15, a temperature pro-
tection signal input from the temperature protection portion
16, a short protection signal input from the short protection
portion 17 and the enable signal EN input from the external
terminal T2, and outputs it to the individual portions (such as
the control portion 11, the gate pulse modulation portion 12
and the switching regulator portion 13) of the power supply
IC 10.

[0105] <Overvoltage Protection Portion>

[0106] FIG. 2 is a circuit diagram showing an example of
the configuration of the overvoltage protection portion 14.
The overvoltage protection portion 14 of the present configu-
ration example includes: a P-channel MOS (metal oxide
semiconductor) filed-effect transistor P1 (first transistor); a
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resistor R1 (first resistor); a P-channel MOS filed-effect tran-
sistor P2 (second transistor); a resistor R2 (second resistor); a
Zener diode ZD1 (first Zener diode); an NPN bipolar transis-
tor NTr1 (NPN transistor); a resistor R3 (third resistor); and a
Zener diode ZD2 (second Zener diode). The input voltage
VIN is input to the overvoltage protection portion 14 through
the external terminal T1. When the input voltage VIN is not in
the overvoltage state, the overvoltage protection portion 14
outputs the input voltage VIN, without being little lowered, as
the output voltage Vout to the internal circuit (which is the
control portion 11, the voltage reduction protection portion
15 and the like and which is not shown in FIG. 2) formed with
low-voltage resistant elements whereas, when the input volt-
age VIN s in the overvoltage state, the overvoltage protection
portion 14 clamps the input voltage VIN to a predetermined
upper limit value and then outputs it as the output voltage Vout
to the internal circuit. This overvoltage protection operation
will be described in detail later.

[0107] The source of the P-channel MOS filed-effect tran-
sistor P1 (hereinafter referred to as a “transistor P1”) is con-
nected to the external terminal T1. The drain of the transistor
P1 is connected to the internal circuit.

[0108] The first end of the resistor R1 is connected to the
ground end. The second end of the resistor R1is connected to
the gate of the transistor P1 and the drain of the P-channel
MOS filed-effect transistor P2 (hereinafter referred to as a
“transistor P2”).

[0109] The source of the transistor P2 is connected to the
connection node between the external terminal T1 and the
source of the transistor P1. The drain of the transistor P2 is
connected to the connection node between the gate of the
transistor P1 and the resistor R1. The gate of the transistor P2
is connected to the connection node between the resistor R2
and the cathode of the Zener diode ZD1.

[0110] The first end of the resistor R2 is connected to the
connection node between the external terminal T1 and the
source of the transistor P1. The second end of the resistor R2
is connected through the Zener diode ZD1 to the ground end.
[0111] The cathode of the Zener diode ZD1 is connected to
the second end of the resistor R2. The anode of the Zener
diode ZD1 is connected to the ground end.

[0112] The emitter of the NPN bipolar transistor NTrl
(hereinafter referred to as a “transistor NTr1”) is connected to
the connection node between the drain ofthe transistor P1 and
the internal circuit. The base of the transistor NTr1 is con-
nected to the connection node between the resistor R3 and the
cathode of the Zener diode ZD2. The collector of the transis-
tor NTr1 is connected to the connection node between the
external terminal T1 and the resistor R3.

[0113] The first end of the resistor R3 is connected to the
connection node between the external terminal T1 and the
source of the transistor P1. The second end of the resistor R3
is connected through the Zener diode ZD2 to the ground end.

[0114] The cathode of the Zener diode ZD2 is connected to
the second end of the resistor R3. The anode of the Zener
diode ZD2 is connected to the ground end.

[0115] As the transistor P1, the transistor P2 and the tran-
sistor NTr1 described above, transistors having the property
of higher-voltage resistance than the elements of the internal
circuit are used. More specifically, when the elements of the
internal circuit are only resistant to up to 7 V, and a surge
voltage of 20 to 30 V is assumed, transistors that can be
resistant to about 30V are used.
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[0116] The operation of the overvoltage protection portion
14 will now be described with reference to FIG. 3, as neces-
sary. FIG. 3 is an input/output characteristic diagram of the
overvoltage protection portion 14. The horizontal axis of FIG.
3 represents the passage of time and its vertical axis repre-
sents the magnitude of the voltage. The broken lines in FIG. 3
represent the behavior of the input voltage VIN and the sold
lines represent the behavior of the output voltage Vout. In
FIG. 3, for two cases, that is, a case where the input voltage
VIN is gently brought into the overvoltage state (the left side)
and a case where the input voltage VIN is rapidly brought into
the overvoltage state (the right side), the input/output charac-
teristic of the overvoltage protection portion 14 is illustrated.
[0117] In the present embodiment, when the input voltage
VIN (for example, normally 5 V) exceeds a predetermined
threshold value, that is, when the input voltage VIN is brought
into the overvoltage stage, the transistor P2, the resistor R2
and the Zener diode ZD1 are operated as a short circuit that
short-circuits the portion between the source and the gate of
the transistor P1. When the input voltage VIN is brought into
the overvoltage state, the transistor NTr1, the resistor R3 and
the Zener diode ZD2 are operated as a bypass circuit that
clamps the input voltage VIN input from the external terminal
T1 to a predetermined upper limit and that then outputs it as
the output voltage Vout to the internal circuit.

[0118] The threshold value described above is assumed to
be previously determined based on the voltage resistant per-
formance of the internal circuit. For example, when the inter-
nal circuit is resistant to up to an application voltage of 7V, a
voltage slightly lower than this voltage is determined as the
threshold value.

[0119] For example, if it is assumed that the breakdown
voltage of the Zener diode ZD1 is 5V and that an on-threshold
voltage of the transistor P2 is 0.7 V, when the input voltage
VIN exceeds 5.7 V, the transistor P2 is turned on, and a short
circuit occurs between the gate and the source ofthe transistor
P1. In other words, the Zener diode ZD1 having a breakdown
voltage of 5V is used, and thus the threshold value described
aboveissetat 5.7V.

[0120] An operation when the input voltage VIN does not
exceed the predetermined threshold value, that is, when the
input voltage VIN is not in the overvoltage state, will first be
described.

[0121] Whenthe input voltage VIN is not in the overvoltage
state, between the source and the gate of the transistor P2, a
potential difference that exceeds the on-threshold voltage of
the transistor P2 is not produced. Hence, the transistor P2 is
turned off, and thus a short circuit is prevented from occurring
between the source and the gate of the transistor P1.

[0122] Inthe above state, the input voltage VIN is input to
the source of the transistor P1. The gate of the transistor P1 is
made to have a reference potential by the ground end con-
nected through the resistor R1. Consequently, between the
source and the gate of the transistor P1, a potential difference
exceeding the on-threshold voltage of the transistor P1 is
produced.

[0123] Hence, the transistor P1 is turned on, and the input
voltage VIN input from the external terminal T1 is supplied to
the internal circuit as the output voltage Vout without being
little lowered.

[0124] Whenthe input voltage VIN is not in the overvoltage
state, since the transistor P1 is on, approximately the input
voltage VIN (normally, 5 V) is applied to the emitter of the
transistor NTrl. Here, when the breakdown voltage of the
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Zener diode ZD2 is assumed to be 5V, between the base and
the emitter of the transistor NTrl, a potential difference
exceeding the on-threshold voltage of the transistor NTrl is
not produced. Hence, the transistor NTr1 is turned off, and the
operation of the bypass circuit is stopped.

[0125] An operation when the input voltage VIN is in the
overvoltage state will now be described.

[0126] When the input voltage VIN is in the overvoltage
state, though the gate of the transistor P2 is maintained at a
constant voltage (for example, 5 V) by the Zener diode ZD1,
the input voltage VIN exceeding this constant voltage is
applied to the source of the transistor P2. Hence, between the
source and the gate of the transistor P2, a potential difference
exceeding the on-threshold voltage of the transistor P2 is
produced. Thus, the transistor P2 is turned on, and the source
and the gate of the transistor P1 are short-circuited.

[0127] Inthisway, the potential difference between the gate
and the source of the transistor P1 disappears, the transistor
P1 is turned off and the input voltage VIN in the overvoltage
state, that is, the surge voltage, is prevented from being
applied from the external terminal T1 to the internal circuit.
[0128] When the input voltage VIN is in the overvoltage
state, since the transistor P1 is off, the power supply path to
the internal circuit through the transistor P1 is interrupted.
However, from the emitter of the transistor NTrl, a constant
voltage (for example, 4.3 V) obtained by subtracting a drop
voltage (for example, 0.7 V) between the base and the emitter
of the transistor NTrl from the breakdown voltage (for
example, SV) of the Zener diode ZD2 is applied as the output
voltage Vout to the internal circuit. Consequently, in the over-
voltage state, the operation of the internal circuit is prevented
from being stopped.

[0129] In the present embodiment described above, when
the input voltage VIN is not in the overvoltage state, in the
path from the external terminal T1 to the internal circuit
through the transistor P1, the input voltage VIN is supplied as
the output voltage Vout to the internal circuit without being
little lowered, and the operation of the bypass circuit is
stopped. When the input voltage VIN is in the overvoltage
state, the surge voltage from the external terminal T1 to the
internal circuit is interrupted, and the output voltage Vout
with the upper limit value clamped by the bypass circuit is
supplied to the internal circuit.

[0130] In this way, it is possible to prevent, with a simple
configuration, the internal circuit including low-voltage resis-
tant elements from being broken by the surge voltage. Since
voltage can be supplied to the internal circuit by the bypass
circuit even when the surge voltage is produced, it is possible
to prevent the stop of the operation of the internal circuit and
the occurrence of the resetting.

[0131] A description will be further given of the situation at
the time of the voltage reduction. If as in the conventional
technology, a high-voltage resistant emitter follower circuit is
provided between the application end of the input voltage
VIN and the internal circuit, and only the emitter follower
circuit is used to supply the constant voltage to the internal
circuit, aloss corresponding to a voltage between the base and
the emitter of the NPN transistor of the emitter follower
circuit is constantly produced. Hence, even when the input
voltage VIN exceeds the operation limit voltage (for example,
3.3 V) of the internal circuit, if the voltage (VIN -0.7 V)
supplied to the internal circuit through the emitter follower
circuit is dropped below the operation limit voltage described
above, it is likely that the internal circuit cannot be operated.
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In the present embodiment, in order to overcome this prob-
lem, it is possible to supply, at the time of the normal opera-
tion, the input voltage VIN through the transistor P1 to the
internal circuit without the input voltage VIN being little
lowered. Thus, even when the input voltage VIN is lowered to
around the operation limit voltage (for example, 3.3 V) of the
internal circuit, the internal circuit can be operated.

[0132] <Application to a Tablet PC>

[0133] FIG. 4 is an external view of an electronic device
(tablet PC) incorporating the liquid crystal display device 1.
The electronic device A of the present configuration example
includes: an image sensing portion A1 that is incorporated in
the front surface or the back surface of the main body; an
operation portion A2 (such as various buttons) that receives a
user operation; and a display portion A3 that displays char-
acters and video (including a shotimage). The display portion
A3 has a touch panel function for receiving a touch operation
by the user. In the liquid crystal display device 1 described
above, as the display portion A3, the electronic device A can
be incorporated.

[0134] <Switching Regulator Portion>

[0135] FIG. 5 is a diagram showing a first configuration
example of the switching regulator portion 13. The switching
regulator portion 13 of the first configuration example
includes a power supply circuit X and an output discharge
circuit Y.

[0136] The power supply circuit X is a circuit block for
generating the step-up voltage AVDD from the input voltage
VIN, and includes an N-channel MOS (metal oxide semicon-
ductor) filed-effect transistor (output transistor) X1, a switch-
ing control portion X2, an air amplifier X3, a digital/analogue
converter X4, an oscillator X5, an overvoltage protection
portion X6, an overcurrent protection portion X7 and resis-
tors X8 and X9.

[0137] The drain of the transistor X1 is connected to the
external terminal T9. The source and the back gate of the
transistor X1 each are connected to the ground end. The gate
of the transistor X1 is connected to the switching control
portion X2.

[0138] The switching control portion X2 performs on/off
control (voltage feedback control) on the transistor X1 such
that an error voltage Verr input from the air amplifier X3 is
decreased. At the same time when the voltage feedback con-
trol described above is performed, the switching control por-
tion X2 performs on/off control (current feedback control) on
the transistor X1 such that a switch current I flowing through
the transistor X1 is equal to a predetermined target value. The
switching control portion X2 also has the function of stopping
an operation of generating the step-up voltage AVDD based
on the shutdown signal SD input from the reset portion 18.
More specifically, when the shutdown signal SD is switched
to low-level (logical level at the time of shutting down), the
switching control portion X2 turns off the transistor X1 to
stop the operation of generating the step-up voltage AVDD.
The switching control portion X2 also has the function of
stopping the operation of generating the step-up voltage
AVDD based on the protection signal input from an overvolt-
age detection portion X6 or an overcurrent detection portion
X7.

[0139] The air amplifier X3 amplifies a difference between
a feedback voltage Vib (a division voltage of the step-up
voltage AVDD) input from the connection node between the
resistors X8 and X9 to an inverting input end (-) and a
reference voltage Vref input from the digital/analogue con-
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verter X4 to a non-inverting input end (+), thereby generates
the error voltage Verr and feeds the error voltage Verr out to
the switching control portion X2. The air amplifier X3 is
operated by receiving the supply of the input voltage VIN.
[0140] The digital/analogue converter X4 convers a digital
signal REF (for example, a 6-bit signal) input from the control
portion 11 into an analog form to generate the reference
voltage Vref.

[0141] The oscillator X5 generates a clock signal for deter-
mining the switching frequency of the transistor X1, and
feeds it to the switching control portion X2.

[0142] The overvoltage protection portion X6 monitors the
step-up voltage AVDD to generate an overvoltage protection
signal, and feeds it out to the switching control portion X2.
[0143] The overcurrent protection portion X7 monitors the
switch current I flowing through the transistor X1 to generate
an overcurrent protection signal, and feeds it out to the
switching control portion X2.

[0144] The resistors X8 and X9 are connected in series
between the external terminal T8 and the ground end, and
functions as a resistor division circuit that outputs the feed-
back voltage Vb (the division voltage of the step-up voltage
AVDD) from the connection node thereof.

[0145] The basic operation (direct current/direct current
conversion operation) of the power supply circuit X config-
ured as discussed above will be described.

[0146] When the transistor X1 is turned on, the switch
current I flows through the coil L1 from the application end of
the input voltage VIN via the transistor X1 to the ground end,
and its electrical energy is stored. When charge has already
been accumulated in the capacitor C1 during the on-period of
the transistor X1, an output current flows through a load (not
shown in FIG. 5) from the capacitor C1. Here, since the
potential of the external terminal T9 is lowered to about a
ground potential through the transistor X1, the diode D1 is
brought into a reverse biased state, and a current does not flow
from the capacitor C1 toward the transistor X1. On the other
hand, when the transistor X1 is turned off, the electrical
energy accumulated therein is discharged by a back electro-
motive force produced in the coil L1. Here, since the diode D1
is brought into a forward biased state, a current flowing
through the diode D1 is passed as an output current into the
load, and is also passed into the ground end through the
capacitor C1, with the result that the capacitor C1 is charged.
The operation described above is repeated, and thus the step-
up voltage AVDD higher than the input voltage VIN is sup-
plied.

[0147] As described above, the power supply circuit X
functions as a constituent element of a step-up power supply
device (step-up DC/DC converter) that generates the step-up
voltage AVDD from the input voltage VIN by driving the coil
L1 serving as an energy storage element through on/off con-
trol on the transistor X1.

[0148] The output discharge circuitY is a circuit block that
discharges the step-up voltage AVDD based on the shutdown
signal SD, and includes an N-channel MOS field-effect tran-
sistor (output discharge transistor) Y1, a comparator Y2, an
AND gate Y3 and resistors Y4 to Y6.

[0149] The drain of the transistor Y1 is connected through
the resistor Y6 to the external terminal T8. The source and the
back gate of the transistor Y1 each are connected to the
ground end. The gate of the transistor Y1 is connected to the
output end (the application end of the gate signal G1) of the
AND gate Y3. In other words, the transistor Y1 functions as a
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switch that achieves/interrupts the continuity between the
application end of the step-up voltage AVDD and the ground
end according to the gate signal (discharge control signal) G1.

[0150] The comparator Y2 compares a monitor voltage
Va(=AVDDxa. (where 0<ai=1)) input from the connection
node between the resistors Y4 and Y5 to the non-inverting
input end (+) and reference voltages Vthl and Vth2 input to
the inverting input end (=), and thereby generates a compari-
sonsignal Sc. Each of the reference voltages Vthl and Vth2 is
a variable voltage (for example, Vth1=VINxl.Ixa,
Vth2=VINx1.2xa) that is varied according to the input volt-
age VIN.

[0151] When the comparison signal Sc is high-level
(=VIN), the monitor voltage Va is compared with the refer-
ence voltage Vthl. Then, when the monitor voltage Va is
dropped below the reference voltage Vthl, the comparison
signal Sc is dropped from high-level to low-level (=0 V).
When the comparison signal Sc is low-level, the monitor
voltage Va is compared with the reference voltage Vth2.
Then, when the monitor voltage Va exceeds the reference
voltage Vth2, the comparison signal Sc is raised from low-
level to high-level. As described above, a hysteresis charac-
teristic is provided with the comparator Y2, and thus it is
possible to prevent the unintentional on/off oscillation of the
output discharge operation.

[0152] TheAND gateY3 performs a logical AND operation
on the shutdown signal SD input to the first input end (invert-
ing input polarity) and the comparison signal Sc input to the
second input end (non-inverting input polarity) to generate
the gate signal G1, and feeds it out to the gate of the transistor
Y1. Hence, only when the shutdown signal SD is low-level
(logical level at the time of shutting down), and the compari-
son signal Sc is high-level (logical level at the time of reduc-
tion of AVDD), the gate signal G1 is switched to high-level
(=VIN); in the other cases, the gate signal G1 is switched to
low-level (=0V).

[0153] The resistors Y4 and Y5 are connected in series
between the external terminal T8 and the ground end, and
fanctions as aresistor division circuit that outputs the monitor
voltage Va (the division voltage of the step-up voltage AVDD)
from the connection node thereof.

[0154] The resistor Y6 is inserted between the external
terminal T8 and the drain of the transistor Y1. In this configu-
ration, in the output discharge circuit Y, the step-up voltage
AVDD is discharged based on a time constant corresponding
to the capacitance value of the capacitor C1 and the resistance
value of the resistor Y6.

[0155] In the output discharge circuit Y configured as
described above, when based on the shutdown signal SD, an
instruction is provided to stop the generation of the step-up
voltage AVDD, the discharge of the step-up voltage AVDD is
started. Then, after the start of the discharge of the step-up
voltage AVDD, the output discharge circuit Y stops the dis-
charge of the step-up voltage AVDD when the monitor volt-
age Va (corresponding to the step-up voltage AVDD) is
dropped below the threshold voltage Vth1. Furthermore, after
the stop of the discharge of the step-up voltage AVDD, the
output discharge circuitY restarts the discharge of the step-up
voltage AVDD when the monitor voltage Va exceeds the
threshold voltage Vth2 higher than the threshold voltage Vthl
(forexample, when the threshold voltage Vth2 corresponding
to the input voltage VIN is dropped below the monitor voltage
Va by a voltage reduction failure in the input voltage VIN).
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The output discharge operation discussed above will be
described using a specific example.

[0156] FIG. 6 is a time chart showing an example of the
output discharge operation (how the shutting down is per-
formed by the occurrence of the voltage reduction failure in
the input voltage VIN), and show, from above, the step-up
voltage AVDD, the input voltage VIN, the gate signal G1, the
shutdown signal SD and the comparison signal Sc. Here, for
ease of description, it is assumed that the comparator Y2
directly compares the step-up voltage AVDD and the thresh-
old voltages Vthl and Vth2.

[0157] At time t1, the lowering of the input voltage VIN by
the voltage reduction failure is started; when at time 12, the
input voltage VIN is dropped below the threshold voltage Vth
(UVLO), the shutdown signal SD is dropped from high-level
to low-level. Here, since the step-up voltage AVDD is higher
than the threshold voltage Vth1 (=VINx1.1), the comparison
signal Sc is high-level. Hence, since the gate signal G1 is
switched to high-level, the transistor Y1 is turned on, and the
continuity between the external terminal T8 and the ground
end is achieved. Consequently, since the step-up voltage
AVDD is rapidly discharged, it is possible to prevent an
unintentional operation of a load.

[0158] Thereafter, when at time t3, the step-up voltage
AVDD is dropped below the threshold voltage Vthl, the
comparison signal Sc is dropped from high-level to low-level.
Hence, since the gate signal G1 is switched to low-level, the
transistor Y1 is turned off, and the continuity between the
external terminal T8 and the ground end is interrupted. Con-
sequently, since the discharge of the step-up voltage AVDD is
stopped, it is possible to prevent the step-up voltage AVDD
from being dropped below the input voltage VIN, and thus it
is possible to prevent an unnecessary current from being
drawn in the path from the application end of the input voltage
VIN to the ground end through the coil L1, the diode D1, the
resistor Y6 and the transistor Y1.

[0159] When after time t3, the input voltage VIN is con-
tinuously lowered due to the voltage reduction failure, as the
input voltage VIN is lowered, the threshold voltages Vth1 and
Vth2 are likewise lowered gradually. Then, when the step-up
voltage AVDD exceeds the threshold voltage Vth2 (in other
words, when the threshold voltage Vth2 is dropped below the
step-up voltage AVDD), the comparison signal Sc is raised
from low-level to high-level. Hence, since the gate signal G1
is switched to high-level, the transistor Y1 is turned on, and
the continuity between the external terminal T8 and the
ground end is achieved. Consequently, the discharge opera-
tion of the step-up voltage AVDD is restarted.

[0160] Thereafter, as long as the input voltage VIN is con-
tinuously lowered, the turning on and off of the transistor Y1
is repeated, and the discharge operation of the step-up voltage
AVDD is continuously performed. Since the AND gate Y3 for
generating the gate signal G1 of the transistor Y1 is operated
by receiving the supply of the input voltage VIN, when the
input voltage VIN is dropped below the on-threshold voltage
Vth of the transistor Y1, it is impossible to turn on the tran-
sistor Y1, with the result that the output discharge operation is
completed.

[0161] Although in FIG. 6, the description has been given
using the example where the shutting down 1s performed by
the voltage reduction protection, the same output discharge
operation as described above is basically performed at any of
the time when the shutting down is performed by temperature
protection, the time when the shutting down is performed by
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short-circuit protection and the time when the shutting down
is performed by the enable signal EN. However, when the
input voltage VIN is not lowered, since the output discharge
operation is prevented from being restarted after the output
discharge operation is stopped as a result of the step-up volt-
age AVDD being lowered below the threshold voltage Vth1,
the step-up voltage AVDD is lowered from the threshold
voltage Vth1 to the input voltage VIN by natural discharge.
[0162] FIG. 7is a diagram showing a second configuration
example of the switching regulator portion 13. The switching
regulator portion 13 of the second configuration example has
substantially the same configuration as in the first configura-
tion example, and is characterized in that a P-channel MOS
filed-effect transistor Y7 is used as the output discharge tran-
sistor, and that a level shifter Y8 for driving the transistor Y7
is added. Hence, the elements having the same configuration
as in the first configuration are identified with the same sym-
bols as in FIG. 5, and their description will not be repeated;
the following description will focus on the characteristic por-
tions of the second configuration example.

[0163] The source and the back gate of the transistor Y7
each are connected through the resistor Y6 to the external
terminal T8. The drain ofthe transistor Y7 is connected to the
ground end. The gate of the transistor Y7 is connected to the
output end (the application end of a gate signal G2) of the
level shifter Y8.

[0164] The level shifter Y8 receives the supply of the step-
up voltage AVDD, performs logical inversion and level shift
on the output signal of the AND gate Y3 to generate the gate
signal G2 and feeds it out to the gate of the transistor Y7.
Specifically, when the output signal of the AND gate Y3 is
high-level (=VIN), the low-level (=0 V) gate signal G2 is
generated whereas when the output signal of the AND gate Y3
is low-level (=0V), the high-level (=AVDD) gate signal G2 is
generated.

[0165] In this configuration, the switching regulator por-
tion 13 of the second configuration example can appropri-
ately discharge the step-up voltage AVDD as in the first con-
figuration example described above. In the configuration
where the P-channel MOS filed-effect transistor Y7 is used as
the output discharge transistor, unlike the configuration
where the N-channel MOS filed-effect transistor Y1 is used,
even when the input voltage VIN is lowered to 0 V, the
transistor Y7 is turned on, and thus it is possible to discharge
the step-up voltage AVDD.

[0166] Although the above description has been given
using the example where the step-up power supply device is
incorporated in the liquid crystal display device, wide appli-
cation to step-up power supply devices as a whole used in
other applications can be performed.

[0167] <Gate Pulse Modulation Portion>
First Configuration Example
[0168] The first configuration example of the gate pulse

modulation portion 12 will now be described in detail. FIG.
11 is a diagram showing the first configuration example of the
gate pulse modulation portion 12 and its periphery. As shown
in the figure, the gate pulse modulation portion 12 includes
switches (51, 52), a variable current source circuit 53, a DAC
(digital to analogue converter) 54, a comparator 55 and a
controller 56.

[0169] Inthe switch 51, one end is connected to the external
terminal T6, and the other end is connected to one end of the
switch 52. The other end of the switch 52 is grounded through
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the variable current source circuit 53 (a MOSFET 53¢ and a
resistor 535). The connection node between the switches (51,
52) is connected to the external terminal T7. Each of the
switches (51, 52) is formed with, for example, a transistor,
and opening and closing across both ends are switched
according to an instruction from the controller 56. In the
opened state, the continuity between both ends is not
achieved; inthe closed state, the continuity between both ends
is achieved.

[0170] The variable current source circuit 53 is a circuit
which makes a setting such that the value of a current flowing
between the switch 52 and the ground point can be varied. The
variable current source circuit 53 includes the MOSFET
(switch element) 53a, the resistor 535, a DAC 53¢ and an
operational amplifier 53d.

[0171] In the MOSFET 53a, its drain is connected to the
switch 52, and its source is connected to one end of the
resistor 535. The other end of the resistor 534 1s grounded. As
described above, the resistor 535 is provided between the
external terminal T7 and the ground point (low-voltage por-
tion).

[0172] In the DAC 53¢, its input side is connected to the
control portion 11, and its output side is connected to the
non-inverting input terminal of the operational amplifier 53d.
Information on the discharge control value Si is input from
the control portion 11 to the DAC 53¢. In the operational
amplifier 534, the inverting input terminal is connected to the
connection node between the MOSFET 53a and the resistor
535, and its output terminal is connected to the gate of the
MOSFET 53a. The MOSFET 53a is operated so as to adjust
the degree of the continuity between the resistor 535 and the
external terminal T7 according to the output signal of the
operational amplifier 534.

[0173] In this configuration, the variable current source
circuit 53 is operated such that a voltage appearing in the
connection node between the MOSFET 53a and the resistor
53bis equal to a voltage value corresponding to the discharge
control value Si and that the value of the current flowing from
the switch 52 to the ground point is substantially constant. As
the discharge control value Si is varied on the side of the
control portion 11, the value of the current flowing from the
switch 52 to the ground point is varied.

[0174] In the DAC 54, its input side is connected to the
control portion 11, and its output side is connected to the
non-inverting input terminal of the comparator 55. Informa-
tion on the protection voltage value Sv is input from the
control portion 11 to the DAC 54. In the comparator 55, its
inverting input terminal is connected to the external terminal
T7, and its output terminal is connected to the controller 56.
[0175] The controller 56 is connected to the external termi-
nal T5, and controls the switching of the opening and closing
of the switches (51, 52) based on the output signals of the
modulation control signal FLK and the comparator 55. More
specifically, when the modulation control signal FLK is
H-level, the controller 56 closes the switch 51 and opens the
switch 52 whereas when the modulation control signal FLK is
L-level, the controller 56 opens the switch 51 and closes the
switch 52. However, when the output signal of the comparator
55 is H-level (when the value of the gate voltage VGHM is
less than the protection voltage value Sv), the controller 56
keeps the switch 52 opened regardless of the state of the
modulation control signal FLK.

[0176] The operation of the gate pulse modulation portion
12 and the like will now be described in more detail. As
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described above, the controller 56 switches the opening and
closing of the switches (51, 52) according to the modulation
control signal FLK. When the switch 51 is closed (when the
modulation control signal FLK is H-level), the continuity
between the external terminal T6 and the external terminal T7
is achieved, and power input from the external terminal T6 is
used to perform charge toward the portion (the gate driver 20
or the liquid crystal display panel 30) to which the external
terminal T7 is connected. Thus, the gate voltage VGHM is
increased so as to be equivalent to the reference gate voltage
VGH, and becomes H-level (the state where the TFT of the
liquid crystal display panel 30 is turned on).

[0177] On the other hand, when the switch 52 is closed
(when the modulation control signal FLK is L-level), the
continuity between the external terminal T7 and the ground
point through the variable current source circuit 53 is
achieved, and discharge from the portion (the gate driver 20 or
the liquid crystal display panel 30) to which the external
terminal T7 is connected toward the ground point is per-
formed. Thus, the gate voltage VGHM is lowered. In this way,
the gate voltage VGHM is generated so as to have an approxi-
mate pulse waveform.

[0178] Here, the current value of the discharge is controlled
to be the discharge current value Si by the operation of the
variable current source circuit 53. As the discharge control
value Si is lower, the discharge is more gently performed.
Hence, in the falling portion of the waveform of the gate
voltage VGHM, an inclination corresponding to the discharge
control value Si is provided.

[0179] As described above, when the value of the gate
voltage VGHM is lower than the protection voltage value Sv,
the controller 56 keeps the switch 52 opened, and the dis-
charge is stopped. Specifically, the controller 56 monitors the
gate voltage VGHM, and opens the switch 52 when the gate
voltage VGHM reaches the protection voltage value Sv, and
achieves the non-continuity between the external terminal T7
and the ground point.

[0180] Hence, the protection voltage value Sv becomes the
lower limit value of the gate voltage VGHM, and thereby
prevents the gate voltage VGHM from being dropped below
the protection voltage value Sv. When the value of the gate
voltage VGHM is substantially equal to the protection voltage
value Sv, the gate voltage VGHM is L-level (the state where
the TFT of the liquid crystal display panel 30 is turned off).
[0181] FIG. 12 illustrates a graph of the waveforms of the
gate voltage VGHM and the modulation control signal FLK
and the waveform of the gate signal generated in the gate
driver 20. In the graph, the horizontal axis and the vertical axis
represent time and voltage, respectively. The reference gate
voltage VGH is modulated by the operation of the gate pulse
modulation portion 12 described above, and the gate voltage
VGHM of a waveform shown in FIG. 12 is generated.
[0182] As shown in FIG. 12, the waveform of the gate
voltage VGHM is substantially synchronous with the wave-
form of the modulation control signal FLK, and is a pulse
waveform where the H level and the L level appear alter-
nately, and the H level and the L level are the reference gate
voltage VGH and the protection voltage value Sv, respec-
tively.

[0183] However, in the falling portion of the waveform of
the gate voltage, an inclination corresponding to the dis-
charge control value Si is provided. Thus, the power supply
IC 10 achieves the GS function (gate shooting function).
Since the discharge control value Si can be changed, the
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inclination can be adjusted. Hence, with the power supply IC
10, it is possible to adjust the inclination such that the GS
function is the most effective according to, for example, the
specifications of the liquid crystal display panel 30.

[0184] Themain features of the power supply IC 10 includ-
ing the gate pulse modulation portion 12 of the first configu-
ration example in comparison with the conventional example
(the power supply IC 100) shown in FIG. 17 will be described
below.

[0185] The power supply IC 10 including the gate pulse
modulation portion 12 of the first configuration example is
provided with the variable current source circuit 53 there-
within, and thereby can achieve the GS function without need
of an external resistor (corresponding to the external resistor
400 shown in FIG. 17). Hence, with the power supply IC 10,
it is possible to reduce the increase in the number of compo-
nents necessary for the manufacturing of the liquid crystal
display device, the manufacturing cost and the like while
achieving the GS function.

[0186] Since the power supply IC 10 including the gate
pulse modulation portion 12 of the first configuration
example does not need the connection of an external resistor,
it is not necessary to provide an external terminal (corre-
sponding to the external terminal T, shown in FIG. 17) for
the connection of the external resistor. Hence, with the power
supply IC 10, it is possible to reduce the increase in the
number of external terminals (the number of pins), the manu-
facturing cost and the like.

[0187] Since the power supply IC 10 including the gate
pulse modulation portion 12 of the first configuration
example controls the switch 52 according to the result of the
monitoring of the gate voltage VGHM, it is possible to pre-
vent the gate voltage VGHM from being dropped excessively
without need of a constant voltage source (corresponding to
the constant voltage source 500 shown in FIG. 17). Hence,
with the power supply IC 10, it is possible to reduce the
increase in the number of components necessary for the
manufacturing of the liquid crystal display device, the manu-
facturing cost and the like while preventing the gate voltage
VGHM from being dropped excessively.

[0188] The power supply IC 10 including the gate pulse
modulation portion 12 of the first configuration example only
updates the setting values of the protection voltage value Sv
and the discharge control value Si, and thereby can change the
lower limit value of the gate voltage VGHM and the inclina-
tion of the falling portion of the waveform. Hence, with the
power supply IC 10, it is possible to easily adjust them.

Second Configuration Example

[0189] The second configuration example of the gate pulse
modulation portion 12 will now be described. The second
configuration example is basically equivalent to the first con-
figuration example except that instead of the variable current
source circuit, a variable resistance circuit is provided and
points related thereto are added. The following description
will focus on portions different from the first configuration
example, and the description of the same portions as in the
first configuration sample may not be repeated.

[0190] FIG. 13 is a diagram showing the second configu-
ration example of the gate pulse modulation portion 12 and its
periphery. As shown in the figure, the gate pulse modulation
portion 12 includes the switches (51, 52), the DAC 54, the
comparator 55, the controller 56 and a variable resistance
circuit 57.
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[0191] Thevariable resistance circuit 57 includes a variable
resistor 57a and a DAC 575. In the variable resistor 57a, one
end is connected to the switch 52, and the other end is
grounded. Information on a setting resistance value Sris input
from the control portion 11 to the DAC 57h. The setting
resistance value Sr is a value which is set such that it can be
varied in the control portion 11 as with the protection voltage
value Sv or the like. The resistance value of the variable
resistor 57a is set equal to the current setting resistance value
Sr based on the output signal of the DAC 57b.

[0192] As described above, in the gate pulse modulation
portion 12 of the second configuration example, the variable
resistor 57a is provided between the external terminal T7 and
the ground point. Thus, since the panel capacitor (C) and the
variable resistor 57a (R) of the liquid crystal display panel 30
form a CR circuit, the discharge from the portion (the gate
driver 20 or the liquid crystal display panel 30) to which the
external terminal T7 is connected toward the ground point is
performed as CR discharge due to the action of the CR circuit.
[0193] Consequently, in the falling portion of the waveform
of the gate voltage VGHM, an inclination corresponding to
the time constant (determined by the resistance value of the
variable resistor 57a or the like) of the CR circuit is provided.
This inclination can be adjusted by the change of the resis-
tance value (that is, the setting resistance value Sr) of the
variable resistor 57a.

[0194] As described above, the variable resistance circuit
57 achieves the function corresponding to the variable current
source circuit 53 of the first configuration example. Thus, the
power supply 1C 10 including the gate pulse modulation
portion 12 of the second configuration example also has the
same features as the power supply IC 10 including the gate
pulse modulation portion 12 of the first configuration
example.

Third Configuration Example

[0195] The third configuration example of the gate pulse
modulation portion 12 will now be described. The third con-
figuration example is basically equivalent to the first configu-
ration example except the main configuration of the gate
pulse modulation portion 12 and points related thereto. The
following description will focus on portions different from
the first configuration example, and the description of the
same portions as in the first configuration sample may not be
repeated.

[0196] FIG. 14 is a diagram showing the third configuration
example of the gate pulse modulation portion 12 and its
periphery. As shown in the figure, the gate pulse modulation
portion 12 of the third configuration example includes the
variable current source circuit 53, the controller 56, MOS-
FETs (58, 60) and a back-flow prevention diode 59. The
configuration of the variable current source circuit 53 is
equivalent to that of the first configuration example.

[0197] In the MOSFET 60, its source is connected to the
external terminal T6, and its drain is grounded through the
variable current source circuit 53 (the MOSFET 53¢ and the
resistor 53b). Between the MOSFET 60 and the MOSFET
53a, the diode 59 is provided such that the anode is connected
to the MOSFET 60. The connection node between the source
ofthe MOSFET 60 and the anode of the diode 59 is connected
to the external terminal T7.

[0198] In the MOSFET 58, its drain is connected to the
connection node between the output end of the operational
amplifier 53d and the gate ofthe MOSFET 53a, and its source
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is grounded. The gates of the MOSFETs (58, 60) are con-
nected to the controller 56. Thus, in each of the MOSFETs
(58, 60), the turning on and off (the continuity and the non-
continuity between the source and the drain) are switched
according to an instruction from the controller 56.

[0199] The controller 56 is connected to the external termi-
nal T5, and controls the switching of the opening and closing
of the switches (51, 52) base on the modulation control signal
FLK. More specifically, when the modulation control signal
FLK is H-level, the controller 56 turns on the MOSFETSs (58,
60) whereas when the modulation control signal FLK is
L-level, the controller 56 turns off the MOSFETs (58, 60).
[0200] In the configuration described above, the gate pulse
modulation portion 12 of the third configuration example is
operated as follows. When the modulation control signal FLK
is H-level, the MOSFET 60 is turned on to achieve the con-
tinuity between the external terminal T6 and the external
terminal T7, and uses power input from the external terminal
T6 to perform charge toward the portion (the gate driver 20 or
the liquid crystal display panel 30) to which the external
terminal T7 is connected. Thus, the gate voltage VGHM is
increased so as to be equivalent to the reference gate voltage
VGH and becomes H-level (the state where the TFT of the
liquid crystal display panel 30 is turned on). Here, since the
MOSFET 58 is on, the MOSFET 53a is off.

[0201] On the other hand, when the modulation control
signal FLK is L-level, the MOSFET 58 is turned off to
achieve the continuity between the external terminal T7 and
the ground point through the variable current source circuit
53. Thus, discharge from the portion (the gate driver 20 or the
liquid crystal display panel 30) to which the external terminal
T7 is connected toward the ground point is performed, and the
gate voltage VGHM is lowered. Consequently, the gate volt-
age VGHM becomes L-level (the state where the TFT of the
liquid crystal display panel 30 is turned off).

[0202] Here, as in the case of the first configuration
example, the current value of the discharge is controlled to be
the discharge control value Si by the operation of the variable
current source circuit 53. Hence, in the falling portion of the
waveform of the gate voltage VGHM, an inclination corre-
sponding to the discharge control value Si is provided. Con-
sequently, the power supply IC 10 can achieve the GS func-
tion as in the case of the first configuration example.

Other Configuration Examples

[0203] In the circuit configuration of the power supply IC
10 including the gate pulse modulation portion 12 of the first
configuration example described above, as compared with the
conventional example (see FIG. 17), a monitor circuit (circuit
including the DAC 54 and the comparator 55) used for the
monitoring of the gate voltage VGHM, the variable current
source circuit 53 and the like are added. In this respect, for
example, as shown in FIG. 15, without addition of the vari-
able current source circuit 53, the circuit configuration where
the monitor circuit is added can be achieved.

[0204] In the circuit configuration shown in FIG. 15,
though an external resistor 40 (corresponding to the external
resistor 400 shown in FIG. 17) and the external terminal Ty,
for connecting it are not omitted, without need of a constant
voltage source (corresponding to the constant voltage source
500 shown in FIG. 17), the gate voltage VGHM is prevented
from being lowered excessively, and in this respect, this is
advantageous over the conventional example.
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[0205] 1In the circuit configuration of the power supply IC
10 according to the embodiment described above, a rapid
discharge circuit that grounds the external terminal T7
according to a predetermined signal (for example, a signal of
the result of the monitoring by the voltage reduction protec-
tion portion 15 or the temperature protection portion 16) may
be provided. FIG. 16 shows, as an example thereof, a circuit
configuration in which a rapid discharge circuit 19 is added to
the power supply IC 10 including the gate pulse modulation
portion 12 of the first configuration example. The rapid dis-
charge circuit 19 includes a MOSFET 19a in which the turn-
ing on and off are switched according to a predetermined
signal; when the MOSFET 19a is turned on, the rapid dis-
charge circuit 19 grounds the external terminal T7. The rapid
discharge circuit 19 grounds the external terminal T7 when,
for example, a failure occurs in voltage or temperature,
thereby allows rapid discharge to be performed and functions
to protect the device.

[0206] As described above, the power supply IC 10 is a
circuit that supplies the gate voltage VGHM to the gate driver
20 which drives the liquid crystal display panel 30, and is
formed as an integrated circuit (IC) where the external termi-
nal 17 connected to the gate driver 20 and the gate pulse
modulation portion 12 that generates the gate voltage VGHM
of an approximate pulse waveform to output it to the gate
driver 20 through the external terminal T7 are provided.
Within the integrated circuit, a function portion (inclination
provision portion) that provides an inclination to the wave-
form of the gate voltage VGHM is provided.

[0207] With the power supply IC 10, itis possible to supply
the gate voltage VGHM to the gate driver 20 while achieving
the GS functionand also easily reduce the manufacturing cost
and the like.

[0208] The power supply IC 10 includes the external ter-
minal T6 to which the constant reference gate voltage VGH is
input and the low-voltage portion (for example, in the first
embodiment, the ground point connected to the resistor 534)
that is set at a voltage lower than the reference gate voltage
VGH; the gate pulse modulation portion 12 connects the
external terminal T7 to the external terminal T6 to switch the
gate voltage VGHM to H-level, and connects the external
terminal T7 to the low-voltage portion to switch the gate
voltage VGHM to L-level. Thus, the power supply IC 10
modulates the reference gate voltage VGH to generate the
gate voltage VGHM.

[0209] The inclination provision portion sets, according to
a given instruction, the inclination described above such that
it can be changed. Specifically, in the cases of the first and
third configuration examples, the inclination provision por-
tion is formed with the variable current source circuit 53 that
sets, according to the discharge control value Si (the given
instruction), the value of the current flowing from the external
terminal T7 to the low-voltage portion. On the other hand, in
the case of the second configuration example, the inclination
provision portion is provided between the external terminal
T7 and the low-voltage portion, and is formed with the vari-
able resistor 57a that sets the resistance value according to the
setting resistance value Sr (the given instruction). The vari-
able resistor 57a forms the CR circuit together with the panel
capacitor included in the liquid crystal display panel 30, and
performs the discharge from the liquid crystal display panel
30 to the low-voltage portion as the CR discharge.

[0210] <Application to Television Set>

[0211] FIG. 9isablock diagram showing an example of the
configuration of a television set incorporating the liquid crys-
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tal display device 1. FIGS. 10A to 10C are respectively a front
view, a side view and a back view of the television set incot-
porating the liquid crystal display device 1. The television set
B of the present configuration example includes a tuner por-
tion B1, a decoder portion B2, a display portion B3, a speaker
portion B4, an operation portion BS, an interface portion B6,
a control portion B7 and a power supply portion BS.

[0212] The tuner portion B1 selects the broadcast signal of
a desired channel from reception signals received through an
antenna B0 externally connected to the television set B.

[0213] Thedecoder portion B2 generates a video signal and
a sound signal from the broadcast signal selected by the tuner
portion B1. The decoder portion B2 also has the function of
generating a video signal and a sound signal based on an
external input signal from the interface portion B6.

[0214] The display portion B3 outputs, as video, the video
signal generated in the decoder portion B2. As the display
portion B3, the liquid crystal display device 1 described
above can be preferably used.

[0215] The speaker portion B4 outputs, as sound, the sound
signal generated in the decoder portion B2.

[0216] The operation portion B5 is one of the human inter-
faces that receive the user operation. As the operation portion
BS, a button, a switch, a remote controller or the like can be
used.

[0217] The interface portion B6 is a front end that receives
an eternal input signal from an external device (such as an
optical disc player or a hard disk drive).

[0218] The control portion B7 comprehensively controls
the operations of the portions B1 to B6 described above. As
the control portion B7, a CPU (central processing unit) or the
like can be used.

[0219] The power supply portion B8 supplies power to the
portions B1 to B7. As the power supply portion B8, the power
supply IC 10 described above can be preferably used.

[0220] <Other Variations>

[0221] In addition to the embodiments described above, in
the configurations of the various inventions disclosed in the
present specification, various modifications can be made
without departing from the spirit of the inventions. For
example, the exchange of the bipolar transistor and the MOS
field-effect transistor and the logical level inversion of various
signals are arbitrarily performed. In other words, it should be
considered that the embodiments described above are illus-
trative in all respects, not restrictive, that the technical scope
of the present invention is indicated not by the description of
the embodiments described above but by the scope of claims
and that meanings equivalent to the scope of claims and all
modifications belonging to the scope are included.

INDUSTRIAL APPLICABILITY

[0222] The overvoltage protection circuit disclosed in the
present specification is a useful technology for enhancing the
overvoltage protection in devices such as a table PC (see FIG.
4), a microprocessor, an image processing processor, a mul-
timedia processor, an IP core, a personal computer, a network
server, a mobile device, a game machine and a PDA.

[0223] The step-up power supply device disclosed in the
present specification can be utilized as a power supply for
various applications such as a LCD-TV (see FIGS.9 and 10A
to 10C), a PDP-TV, a DVD recorder and a BD recorder.
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[0224] The power supply circuit disclosed in the present
specification can be utilized as, for example, a power supply
circuit for a liquid crystal display device (see FIGS. 9and 10A
to 10C).

LIST OF REFERENCE SYMBOLS

[0225] 1 liquid crystal display device

[0226] 2 power supply IC (semiconductor device)
[0227] 11 control portion

[0228] 12 gate pulse modulation portion (gate voltage

generation portion)

[0229] 13 switching regulator portion

[0230] 14 overvoltage protection portion (overvoltage
protection circuit)

[0231] 15 voltage reduction protection portion
[0232] 16 temperature protection portion
[0233] 17 short protection portion

[0234] 18 reset portion

[0235] 19 rapid discharge circuit

[0236] 194 MOSFET

[0237] 20 gate driver

[0238] 30 liquid crystal display panel
[0239] 40 external resistor

[0240] 51, 52 switch

[0241] 53 variable current source circuit
[0242] 54 DAC

[0243] 55 comparator

[0244] 56 controller

[0245] 57 variable resistance circuit
[0246] 58, 60 MOSFET

[0247] 59 diode

[0248] L1 coil

[0249] D1 diode

[0250] C1 capacitor

[0251] T1 to T9 external terminal

[0252] P1, P2 P-channel MOS field-effect transistor

(first transistor, second transistor)

[0253] NTrl NPN bipolar transistor (NPN transistor)

[0254] 7ZD1, ZD2 Zener diode (first Zener diode, second
Zener diode)

[0255] RI1 to R3 resistor (first resistor, second resistor,
third resistor)

[0256] A electronic device (tablet PC)

[0257] Al image sensing portion

[0258] A2 operation portion

[0259] A3 display portion

[0260] X power supply circuit

[0261] X1 N-channel MOS field-effect transistor (output
transistor)

[0262] X2 switching control portion

[0263] X3 air amplifier

[0264] X4 digital/analogue converter

[0265] XS5 oscillator

[0266] X6 overvoltage protection portion

[0267] X7 overvoltage protection portion

[0268] X8, X9 resistor

[0269] Y output discharge circuit

[0270] Y1 N-channel MOS field-effect transistor (output

discharge transistor)

[0271] Y2 comparator

[0272] Y3 AND gate

[0273] Y4 to Y6 resistor

[0274] Y7 P-channel MOS field-effect transistor (output

discharge transistor)
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[0275] Y8 level shifter
[0276] B television set
[0277] BO antenna

[0278] BI tuner portion
[0279] B2 decoder portion
[0280] B3 display portion
[0281] B4 speaker portion
[0282] BS5 operation portion
[0283] B6 interface portion
[0284] B7 control portion
[0285] B8 power supply portion

1. An overvoltage protection circuit comprising:

afirst transistor which is a P-channel field-effect transistor,
whose source is connected to an input terminal and
whose drain is connected to an internal circuit;

afirst resistor which is connected between a gate of the first
transistor and a ground end; and

ashort circuit that short-circuits the source and the gate of
the first transistor while an application voltage of the
input terminal exceeds a predetermined threshold value.

2. The overvoltage protection circuit of claim 1,

wherein the short circuit includes:

a second transistor which is a P-channel field-effect
transistor, whose source is connected to the input
terminal and whose drain is connected to the gate of
the first transistor;

a second resistor which is connected between the a gate
of the second transistor and the input terminal; and

a first Zener diode which is connected between the gate
of the second transistor and the ground end.

3. The overvoltage protection circuit of claim 2, further
comptrising:
abypass circuit which supplies a constant voltage from the
input terminal to the internal circuit while the voltage of
the input terminal exceeds the threshold value.
4. The overvoltage protection circuit of claim 3,
wherein the bypass circuit includes:

an NPN transistor whose collector is connected to the
input terminal and whose emitter is connected to the
internal circuit;

asecond Zener diode which is connected between a base
of the NPN transistor and the ground end; and

a third resistor which is connected between the base of
the NPN transistor and the input terminal, and

wherein each of the first transistor, the second transistor
and the NPN transistor is high-voltage resistant as
compared with an element of the internal circuit.

5. (canceled)

6. A semiconductor device that integrates the overvoltage

protection circuit of claim 1.

7. (canceled)

8. A liquid crystal display device comprising:

the power supply circuit including the semiconductor
device of claim 6.

9-10. (canceled)

11. A step-up power supply device comprising:

a power supply circuit which generates a step-up voltage
from an input voltage; and

an output discharge circuit which starts discharge of the
step-up voltage when an instruction to stop the genera-
tion of the step-up voltage is provided based on a prede-
termined control signal and which stops the discharge of
the step-up voltage when the step-up voltage is dropped
below a first threshold voltage.
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12. The step-up power supply device of claim 11,

wherein the output discharge circuit restarts the discharge
of the step-up voltage when, with the instruction to stop
the generation of the step-up voltage provided, the step-
up voltage exceeds a second threshold voltage higher
than the first threshold voltage.

13. The step-up power supply device of claim 12,

wherein the first threshold voltage and the second thresh-
old voltage are variable voltages which are varied
according to the input voltage.

14. The step-up power supply device of claim 13,

wherein the output discharge circuit includes:

a comparator which compares the step-up voltage and
the first threshold voltage and the second threshold
voltage to output a comparison signal;

alogical gate which generates a discharge control signal
based on the control signal and the comparison signal;
and

a switch which achieves/interrupts continuity between
an application end ofthe step-up voltage and a ground
end according to the discharge control signal, and

wherein the output discharge circuit further includes a
resistor inserted between the application end of the
step-up voltage and the switch.

15-17. (canceled)

18. A liquid crystal display device comprising:

the step-up power supply device of claim 11.

19. (canceled)

20. A power supply circuit that supplies a gate voltage to a

gate driver which drives a liquid crystal display panel,

wherein the power supply circuit is formed as an integrated
circuit where a connection terminal connected to the
gate driver and a gate voltage generation circuit which
generates the gate voltage of an approximate pulse
waveform to output the gate voltage to the gate driver
through the connection terminal are provided, and

within the integrated circuit, an inclination provision por-
tion which provides an inclination to the waveform of
the gate voltage is provided.

21. The power supply circuit of claim 20, comprising:

avoltage input terminal to which a reference gate voltage is
input; and

a low-voltage portion which is set at a voltage lower than
the reference gate voltage,

wherein, in the gate voltage generation circuit, the connec-
tion terminal is connected to the voltage input terminal
such that the gate voltage is switched to H-level, and the
connection terminal is connected to the low-voltage por-
tion such that the gate voltage is switched to L-level.

22. The power supply circuit of claim 21,

wherein the inclination provision portion sets the inclina-
tion such that the inclination can be varied according to

a given instruction.

23. The power supply circuit of claim 22,
wherein the inclination provision portion is formed with a

variable current source circuit which sets a value of a

current flowing from the connection terminal to the low-

voltage portion according to the instruction.
24. The power supply circuit of claim 23,
wherein the variable current source circuit includes:

a resistor which is provided between the connection
terminal and the low-voltage portion;

a switch element which is provided between the resistor
and the connection terminal; and
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an operation amplifier which controls the switch ele-
ment such that a voltage value between the resistor
and the switch element is a voltage value correspond-
ing to the instruction.
25. The power supply circuit of claim 22,
wherein the inclination provision portion is provided
between the connection terminal and the low-voltage
portion and is formed with a variable resistor which sets
a resistance value according to the instruction.
26. The power supply circuit of claim 25,
wherein the variable resistor forms a CR circuit together
with a panel capacitor included in the liquid crystal
display panel, and performs, as CR discharge, discharge
from the liquid crystal display panel to the low-voltage
portion.
27. The power supply circuit of claim 20, further compris-
ing:
avoltage protection circuit which achieves non-continuity
between the connection terminal and the low-voltage
portion when the gate voltage reaches a predetermined
lower limit value.
28. A liquid crystal display device comprising:
the power supply circuit of claim 20.
29. (canceled)
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